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P1

Infusion of sodium sulfide improves myocardial and
endothelial function in a canine model of cardiopulmonary
bypass

C Szabó1, G Veres2, T Radovits2, M Karck2, G Szabó2

1Ikaria Inc., Seattle, WA, USA; 2University of Heidelberg, Germany
Critical Care 2007, 11(Suppl 2):P1 (doi: 10.1186/cc5161)

Hydrogen sulfide is produced endogenously by a variety of
enzymes involved in cysteine metabolism. Clinical data indicate
that endogenous levels of hydrogen sulfide are diminished in
various forms of cardiovascular diseases. The aim of the current
study was to investigate the effects of hydrogen sulfide supple-
mentation on cardiac function during reperfusion in a clinically
relevant experimental model of cardiopulmonary bypass. Twelve
anesthetized dogs underwent hypothermic cardiopulmonary
bypass. After 60 minutes of hypothermic cardiac arrest, reper-
fusion was started after application of either saline vehicle (control,
n = 6), or the sodium sulfide infusion (1 mg/kg/hour, n = 6).
Biventricular hemodynamic variables were measured by combined
pressure–volume–conductance catheters. Coronary and pulmonary
blood flow, vasodilator responses to acetylcholine and sodium-
nitroprusside and pulmonary function were also determined.
Administration of sodium sulfide led to a significantly better
recovery of left and right ventricular systolic function (P < 0.05)
after 60 minutes of reperfusion. Coronary blood flow was also
significantly higher in the sodium sulfide-treated group (P < 0.05).
Sodium sulfide treatment improved coronary blood flow, and
preserved the acetylcholine-induced increases in coronary and
pulmonary blood (P < 0.05). Myocardial ATP levels were markedly
improved in the sulfide-treated group. Thus, supplementation of
sulfide improves the recovery of myocardial and endothelial
function and energetic status after hypothermic cardiac arrest
during cardiopulmonary bypass. These beneficial effects occurred
without any detectable adverse hemodynamic or cardiovascular
effects of sulfide at the dose used in the current study.

P2

Cytoprotective and anti-inflammatory effects of hydrogen
sulfide in macrophages and mice

C Szabo, L Kiss, E Pankotai
University of Medicine and Dentistry of New Jersey, Newark, NJ, USA
Critical Care 2007, 11(Suppl 2):P2 (doi: 10.1186/cc5162)

The aim of the current study was to test potential cytoprotective
and anti-inflammatory effects of the novel biological mediator
hydrogen sulfide in murine models. Murine J774 macrophages
were grown in culture and exposed to cytotoxic concentrations of
nitrosoglutathione, or peroxynitrite (a reactive species formed from
the reaction of nitric oxide and superoxide). Pretreatment of the

cells with sodium sulfide (60–300 µM) reduced the loss of cell
viability elicited by the nitric oxide donor compound (3 mM) or by
peroxynitrite (3 mM), as measured by the MTT method. Sodium
sulfide did not affect cell viability in the concentration range tested.
In mice subjected to bacterial lipopolysaccharide (LPS, 5 mg/kg
i.p.), treatment of the animals with sodium sulfide (0.2 mg/kg/hour
for 4 hours, administered in Alzet minipumps) reduced the LPS-
induced increase in plasma IL-1β and TNFα levels. These
responses were attenuated when animals were pretreated with the
heme oxygenase inhibitor tin-protoporphyrin IX (6 mg/kg). The
current results point to the cytoprotective and anti-inflammatory
effects of hydrogen sulfide, in cells exposed to nitrosative stress,
and in animals subjected to endotoxemia.

P3

Epithelial cell apoptosis is similar but hypoxic-inducible
factor expression is weaker in acute acalculous
cholecystitis than in calculous cholecystitis

M Vakkala1, J Laurila1, J Saarnio2, V Koivukangas2, H Syrjälä3, 
T Karttunen4, Y Soini4, T Ala-Kokko1

1Department of Anesthesiology, 2Department of Surgery,
3Department of Infection Control and 4Department of Pathology,
Oulu University Hospital, Oulu, Finland
Critical Care 2007, 11(Suppl 2):P3 (doi: 10.1186/cc5163)

Introduction It has been previously shown that the two forms of
acute cholecystitis, acute acalculous cholecystitis (AAC) and acute
calculous cholecystitis (ACC), have significantly different
histopathological features suggesting that AAC is a manifestation
of systemic critical illness whereas ACC is a local disease of the
gallbladder. A balance between cell proliferation and cell death is
essential for cell homeostasis. The purpose of this study was to
compare the markers of apoptosis, cell proliferation, and
expression of hypoxic-inducible factor alpha (HIF-1α) in AAC, ACC
and normal gallbladders.
Methods The AAC group consisted of 30 patients who underwent
open cholecystectomy due to acute acalculous cholecystitis during
their ICU stay. The ACC group consisted of 21 hospitalized
patients who underwent cholecystectomy due to acute calculous
cholecystitis. The control group consisted of nine samples taken
from normal gallbladders extirpated during pancreatic tumor
surgery. The immunohistochemical analysis was done according to
the manufacturer’s recommendations and they consisted of Ki-67
(proliferation), M30 (apoptosis) and HIF-1α antibodies. Cell
proliferation and degree of apoptosis were expressed as the
percentage of positive cells. HIF-1α expression was expressed as
absent or weak (Score 1) or strong (Score 2).
Results Apoptosis (median, 25th, 75th percentiles) was significantly
increased in AAC 1.3% (1.0%, 3.3%), P = 0.001 and ACC 0.93%
(0.40%, 3.25%), P = 0.011 compared with controls 0.32% (0.20%,
0.40%). Proliferation rate was also significantly increased in AAC
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8.0% (4.0%, 17.0%), P < 0.001 and ACC 14% (7.5%, 26.5%),
P = 0.001 compared with controls 1.0% (1.0%, 3.0%). Strong HIF-
1α staining was observed in 100% of ACC, in 57% of AAC and in
44% of control specimens (P < 0.001). Strong HIF-1α expression
was associated with increased cell proliferation (P = 0.002).
Conclusions Cell proliferation and apoptosis were increased in
AAC and ACC. The expression of hypoxic-inducible factor was,
however, stronger in ACC compared with AAC.

P4

Effect of prostaglandin E2 on ATP-induced Ca2+ responses
in human THP-1 monocytic cells

M Goto1, M Murakawa1, J Kimura1, I Matsuoka2

1Fukushima Medical University, Fukusima, Japan; 
2Takasaki University of Health and Welfare, Gunma, Japan
Critical Care 2007, 11(Suppl 2):P4 (doi: 10.1186/cc5164)

Introduction To clarify the relation between ATP and prostaglandin
E2 (PGE2) in the immunologic system, we investigated the acute
and chronic effects of PGE2 on activation of purinergic signaling in
monocytes by measuring the ATP-induced elevation of intracellular
Ca2+ ([Ca]i) in fura-2-loaded THP-1 monocytes.
Method THP-1 monocytes were grown for about 2 days. To
examine the chronic effects, PGE2 and dibutyryl cAMP (dbcAMP)
were added and incubated for another day. The cell suspensions
were washed, loaded with fura-2-AM, and transferred into a quartz
cuvette and placed in the thermostat-regulated sample chamber of
a dual excitation beam spectrophotometer. To examine the acute
effects, ATP was added immediately after PGE2 and dbcAMP into
the cuvette. In the chronic experiment, ATP alone was added into
the cuvette. Fura-2 fluorescence emission was measured at
510 nm. The [Ca]i was calculated from the ratio of the
fluorescence at the two excitation wavelengths.
Results ATP induced a transient increase in [Ca]i followed by a
sustained elevation of [Ca]i. Acutely, PGE2 inhibited both the
transient and sustained ATP-induced elevations of [Ca]i. However,
this acute inhibitory effect diminished gradually with time and
chronic PGE2 accelerated the transient and sustained ATP-
induced [Ca]i elevations for 24 hours. Both the acute and chronic
effects of PGE2 were mimicked by dbcAMP. In Ca2+-free solution,
ATP did not induce the sustained elevation of [Ca]i in control cells
or cells pretreated for 24 hours with dbcAMP. This indicates that
the ATP-induced sustained elevation of [Ca]i was due to Ca2+

entry. In addition, receptor-operated Ca2+ channel blockers
inhibited the sustained ATP-induced elevation of [Ca]i in control
cells and cells pretreated with for 24 hours dbcAMP.
Conclusion Acute PGE2 inhibited the ATP-induced activation of
monocytes. On the other hand, chronic PGE2 accelerated monocyte
activation by upregulation of receptor-operated Ca2+ channels
(ROCs). If this mechanism exhibits a physiological role, ROC
inhibitors should be developed as new anti-inflammatory agents.

P5

Interferon gamma levels are reduced by adenosine 
5′′-triphosphate in lipopolysaccharide-stimulated whole
human blood

M Nalos1, S Huang1, A Khan2, A McLean1

1Nepean Hospital, Penrith, Australia; 2Macquarie University, North
Ryde, Australia
Critical Care 2007, 11(Suppl 2):P5 (doi: 10.1186/cc5165)

Introduction Extracellular release of ATP is an important modulator
of immune response. ATP plasma concentration is increased in

sepsis [1]. IFNγ plays a critical role in host defense by promoting
Th1 phenotype and bacterial clearance. Low IFNγ levels are
associated with the Th2 phenotype consistent with critical illness
anergy [2]. It has been reported that 100 and 300 mM ATP
increased LPS/PHA-stimulated IL-10 secretion in human blood [3].
Higher IL-10/IFNγ ratio shifts the immune phenotype from Th1 to
Th2 response. We studied the effect of ATP on LPS-stimulated
IL-10 and IFNγ secretion in a standardized ex-vivo whole human
blood culture.
Methods Venous blood from 10 healthy volunteers was drawn into
tubes containing 10 ng LPS/ml (ILCSÒ; EDI GmBH, Reutlingen,
Germany) and incubated with or without 100 mM ATP, respectively,
at 37°C for 24 hours. The supernates were separated and frozen
at –20°C. Cytokine levels were analysed on a robotic workstation
(epMotion 5075; Eppendorf AG, Hamburg, Germany) in duplicate
using the ELISA Cytokine kit (Luminex; Biosource Int., Camarillo,
CA, USA).
Results Added ATP reduced the mean concentration of IFNγ in LPS-
stimulated blood from 1,206 ± 1,667 pg/ml to 140 ± 128 pg/ml;
P = 0.006. There was no consistent effect of ATP on IL-10
secretion in our study (21.6 ± 16.9 pg/ml to 17.2 ± 18.8 pg/ml).
Interestingly, three subjects of Indian/Indonesian origin had IL-10
levels below the assay detection limit. The mean IL-10/IFNγ ratio
was increased from 0.05 ± 0.04 to 0.16 ± 0.09 in the remaining
Caucasian subjects (P = 0.015). See Figure 1.
Conclusions Our results suggest an immunosuppressive effect of
extracellular ATP that is evident by the decrease of IFNγ and
therefore the relative shift of the immune response towards Th2
phenotype. Although this may represent a self-protective
mechanism, it may contribute to critical illness anergy.
References
1. Bours MJ, Swennen EL, Di Virgilio F, et al.: Adenosine 5′′-

triphosphate and adenosine as endogenous signaling
molecules in immunity and inflammation. Pharmacol Ther
2006, 112:358-404.

2. Ertel W, Keel M, Neidhardt R, et al.: Inhibition of the defence
system stimulating interleukin-12 interferon-gamma
pathway during critical illness. Blood 1997, 89:1612-1620.

3. Swennen EL, Bast A, Dagnelie PC: Immunoregulatory effects
of adenosine 5′′-triphosphate on cytokine release from
stimulated whole blood. Eur J Immunol 2005, 35:852-858.

Figure 1 (abstract P5)
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Tyrosine phosphorylation modulates rat vascular response
to experimental endotoxemia in vivo and in vitro

C Lehmann, T Hammann, O Adamek, H Erber, M Manthey, 
T Wenzel, A Stier, M Wendt, D Pavlovic
Ernst-Moritz-Arndt-Universität Greifswald, Germany
Critical Care 2007, 11(Suppl 2):P6 (doi: 10.1186/cc5166)

Introduction Endotoxemia is characterized by vascular hypo-
reactivity, hypotension and microcirculatory changes that are
partially linked to the excess of nitric oxide production. The agents
that can influence Ca2+ transport (affect Ca-ATPase) or modulate
Ca2+ sensitivity of the smooth muscle contraction (modulate phos-
phorylation) may theoretically influence some of the above-
mentioned effects.
Methods We evaluated the effects of tyrosine phosphatase or
kinase inhibitors, sodium orthovanadate (SOV) or genistein (GEN).
The effects of these agents were examined in vitro, in a model of
vascular hyporeactivity of sepsis, in rings of rat aorta (RA), with or
without endothelium (±ENDO), or in human mesenteric artery
(HMA). In vivo, the intestinal microcirculation (terminal ileum) of
endotoxemic rats (LEW.1A) that received i.v. lipopolysaccharide
(LPS), 15 mg/kg BW, was examined using intravital microscopy.
Results In vitro. The nitric oxide production inhibitor L-NAME
(5 × 10–4) and cGMP inhibitor ODQ (5 x 10–5) abolished LPS-
induced hyporeactivity. GEN attenuated maximal tension (Tmax)
while SOV increased the response to PE; Tmax (kg/g, dry muscle):
controls vs SOV, RA (–ENDO): 0.87 ± 0.19 vs 1.42 ± 0.23
(10–7); 1.56 ± 0.28 (10–6) and 2.33 ± 0.69 (10–5); RA (+ENDO):
0.88 ± 0.21 vs 1.53 ± 0.35 (10–7); 1.35 ± 0.30 (10–6) and
2.55 ± 0.68 (10–5); and HMA (+ENDO): 1.12 ± 0.23 vs
0.37 ± 0.14 (10–7); 2.06 ± 0.21 (10–6) and 3.00 ± 0.07 (10–5).
In vivo. In the LPS group GEN increased mucosal functional
capillary density (FCD, cm/cm2; mean ± SD; LPS vs GEN,
105.5 ± 44.6 vs 174.7 ± 39.1; P = 0.018). SOV (7.5 mg/kg)
increased FCD not only in mucosa (163.7 ± 40.0; P = 0.024) but
also in the longitudinal muscular layer (LPS vs SOV, 111.9 ± 24.0
vs 172.2 ± 19.5; P < 0.001). Surprisingly, the SOV (15 mg/kg)
alone (without LPS) increased leukocyte sticking in the venules V1
(LPS vs SOV, number of stickers/mm2, 403.3 ± 113.9 vs
669.8 ± 150.8; P = 0.027).
Conclusions The tyrosine phosphorylation pathway may play an
important role in modulation of the LPS-induced vascular
hyporeactivity and could enhance terminal ileum microcirculation.
This might be a result of both modulation of tyrosine
phosphorylation by genistein and sodium orthovanadate, and/or
plasma membrane Ca-ATPase inhibition by SOV.

P7

Glibenclamide dose response in patients with septic shock

A Morelli1, C Ertmer2, M Lange2, K Broeking2, H Van Aken2, 
A Orecchioni1, M Rocco1, P Pietropaoli1, M Westphal2
1University of Rome ‘La Sapienza’, Rome, Italy; 
2University Hospital of Muenster, Germany
Critical Care 2007, 11(Suppl 2):P7 (doi: 10.1186/cc5167)

Introduction (K+ATP) channels are implicated in the
pathophysiology of catecholamine tachyphylaxis in septic shock.
This prospective, randomized, double-blinded, clinical study was
designed to determine whether different doses of glibenclamide
have any effects on norepinephrine requirements and cardio-
pulmonary hemodynamics in patients with septic shock.

Methods We enrolled 30 patients with septic shock requiring
invasive hemodynamic monitoring and norepinephrine infusion ≥
0.5 µg/kg/min to maintain MAP between 65 and 75 mmHg.
Patients were randomized to receive either 10, 20, or 30 mg
enteral glibenclamide. Systemic hemodynamics, global oxygen
transport, arterial lactate concentrations, gas exchange, and
plasma glucose concentrations were determined at baseline, and
following 3, 6 and 12 hours after administration of the study drug.
Results Glibenclamide decreased plasma glucose concentrations
in a dose-dependent manner, but failed to reduce norepinephrine
requirements. None of the doses had any effects on
cardiopulmonary hemodynamics. See Table 1.

Table 1 (abstract P7)

Plasma glucose concentration (mg/dl)

Time

Glibenclamide 0 hours 3 hours 6 hours 12 hours

10 mg 118 ± 13 110 ± 9 109 ± 10 107 ± 10

20 mg 117 ± 5 106 ± 4 93 ± 7* 98 ± 9*

30 mg 113 ± 6 86 ± 3* 89 ± 4* 98 ± 3*

Data presented as mean ± SEM. *P < 0.05 vs baseline (0 hours) within
groups.

Conclusion Oral glibenclamide is an ineffective adjunct in the
treatment of catecholamine-dependent human septic shock.
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Molecular mechanism of glutamine induction of HSP70
involves activation of the O-linked-N-acetylglucosamine
pathway in murine embryonic fibroblast cells

C Hamiel1, S Pinto2, K Singleton1, P Wischmeyer1

1University of Colorado, Denver, CO, USA; 2Valparaiso University,
IN, USA
Critical Care 2007, 11(Suppl 2):P8 (doi: 10.1186/cc5168)

Introduction The purpose of this study was to determine whether
glutamine (GLN)-mediated cellular protection is dependent on the
O-linked-N-acetylglucosamine (O-glcNAc) pathway. GLN can
protect against critical illness via induction of HSP70. The molecular
mechanism by which GLN enhances HSP70 is unknown. GLN can
increase flux through the hexosamine biosynthetic pathway and
activate transcription factors by O-glcNAc. We investigated GLN’s
effect on O-glcNAc levels and nuclear translocation of SP1 and
HSF-1, which are vital to HSP70 expression. To determine the
importance of O-glcNAc, we used silencing RNA (siRNA) against O-
linked-N-acetylglucosamine transferase (OGT), the enzyme that
catalyzes addition of O-glcNAc to proteins.
Methods Mouse embryonic fibroblast cells were treated with
0 mM GLN (CT) or 10 mM GLN (GLN), heat stressed (HS) and
allowed to recover for 20 minutes. Cells were stained and mean
fluorescent intensities (MFIs) measured for total O-glcNAc and
nuclear HSF-1 and SP1. For OGT silencing, cells were transfected
with either no siRNA, siRNA to OGT, or negative control oligos (nc
siRNA) and then treated as above (but with 4 hours recovery).
HSP70 and OGT were evaluated by western blot.
Results Microscopy showed GLN treatment increased nuclear
MFI for HSF-1 by 40% (HS-CT: 1,005 ± 146 vs HS-
GLN:1403 ± 102, P < 0.05) and SP1 by 54% (HS-CT: 214 ± 14
vs HS-GLN: 330 ± 13, P < 0.05). Total O-glcNAc levels showed
44% MFI increase in HS-GLN compared with HS-CT (HS-CT:
360 ± 24 vs HS-GLN: 518 ± 51, P < 0.05). Following OGT
silencing, HS-GLN showed a threefold increase in HSP70
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(P = 0.04). These increases were completely blocked by OGT
silencing (P = 0.02 vs non-siRNA GLN groups). GLN-nc siRNA
groups did not decrease in HSP70 production. OGT was knocked
down 86% compared with controls (siRNA: 0.999 ± 0.19 vs CT:
0.131 ± 0.05). N = 3.
Conclusions These results show GLN can activate the O-glcNAc
pathway and enhance nuclear translocation of HSF-1 and SP1.
Inhibition of OGT blocked GLN-mediated induction of HSP70.
Thus, it appears the mechanism of GLN-mediated HSP70 expres-
sion is dependent on enhanced O-glcNAc pathway activation.

P9

The effects of N-acetylcysteine on the levels of glutathione,
serum TNFαα, and tissue malondialdehyde in sepsis

M Gul, M Ayan, A Seydanoglu, B Cander, S Girisgin, I Erayman
Selcuk University Meram Medical School, Konya, Turkey
Critical Care 2007, 11(Suppl 2):P9 (doi: 10.1186/cc5169)

Objectives This study was designed to determine the effects of N-
acetylcysteine (NAC) as an antioxidant agent on the free oxygen
radicals and their plasma levels.
Methods In this study, 40 Sprague–Dawley rats were randomly
divided into three groups as sham (n = 10), sepsis (n = 10), and
sepsis + NAC (20 mg/kg/24 hours) (n = 10). An experimental
sepsis model was performed by a cecal ligation and perforation
(CLP). NAC was administered at 0, 8 and 16 hours after CLP. The
blood samples were taken at 24 hours to determine the levels of
serum TNFα and erythrocyte glutathione (GSH), and renal and liver
tissue malondialdehyde (MDA).
Results The serum TNFα levels were significantly decreased in
group 3 compared with group 2 (P < 0.05). The erythrocyte GSH
levels significantly increased in group 3 compared with group 2
(P < 0.05). In group 3, the liver MDA levels were decreased
compared with group 2, but not statistically significant (P > 0.05)
In group 3, the renal MDA levels were significantly decreased
compared with group 2 (P < 0.05). The lung tissue PMNL levels
significantly decreased in group 3 compared with group 2
(P < 0.05).
Conclusion In an experimental sepsis model, with the administra-
tion of NAC as an antioxidant agent at lower doses, many meaning-
ful positive effects were detected on the levels of erythrocyte GSH,
serum TNFα, respiration function, and renal tissue MDA. In spite of
the low dose, NAC therapies decrease the organ function abnor-
malities; these effects were not reflected in the histopathological
investigations. These findings suggest that NAC could be a
possible therapeutic agent for sepsis and its mortality. However,
further studies are needed to elucidate the effects of these drugs
at higher doses.

P10

Exogenous adrenomedullin reduces the arterial lactate
concentration and mean pulmonary arterial pressure in
ovine endotoxemia

C Ertmer1, M Lange1, H Van Aken1, K Bröking1, S Vocke1, 
F Daudel1, M Booke2, M Westphal3
1University of Muenster, Germany; 2Hospital of the 
Main-Taunus-Kreis, Hofheim, Germany; 3UTMB, Galveston, USA
Critical Care 2007, 11(Suppl 2):P10 (doi: 10.1186/cc5170)

Introduction Sepsis-associated arterial hypotension may be
complicated by inadequate systemic and regional oxygen delivery
resulting in lactic acidosis and multiple organ failure. We hypothe-
sized that exogenous administration of adrenomedullin (AM), a

vasodilatory peptide hormone with anti-inflammatory properties,
may improve the oxygen delivery–demand relationship, thereby
limiting the increase in arterial lactate concentrations in ovine endo-
toxemia.
Methods Fourteen adult ewes were instrumented for chronic hemo-
dynamic monitoring. Following 16 hours of endotoxemia (Salmonella
typhosa endotoxin, 10 ng/kg/min) the animals received either a
continuous infusion of AM at incremental doses (10, 50,
100 ng/kg/min; each for 30 min) or the vehicle (normal saline; n = 7
each).
Results Endotoxin infusion contributed to a hypotensive–
hyperdynamic circulation characterized by decreases in mean
arterial pressure (MAP) and systemic vascular resistance index as
well as increases in heart rate (HR), cardiac index (CI) and arterial
lactate concentrations. AM infusion at 100 ng/kg/min increased
the CI (12.2 ± 0.8 vs 7.8 ± 0.5 l/min) and oxygen delivery index
(1,734 ± 121 vs 1,075 ± 63 ml/min/m2), thereby decreasing the
arterial lactate concentration (0.7 ± 0.2 vs 1.7 ± 0.3 mg/dl) and
mean pulmonary arterial pressure (18 ± 1 vs 24 ± 1 mmHg; each
P < 0.001 vs control) noticed in the control group. However, AM
infusion at 100 ng/kg/min was linked to a decrease in MAP
(64 ± 2 vs 80 ± 4 mmHg, P < 0.001 vs control).
Conclusions Despite decreasing MAP, infusion of AM reversed
pulmonary hypertension and improved the oxygen supply–demand
relationship in a dose-dependent manner, as indicated by a
reduced arterial lactate concentration. However, due to the
vasodilatory properties of AM, it may be rationale to combine AM
with a vasopressor agent.

P11

Angiopoietin-2 correlates with pulmonary capillary
permeability and disease severity in critically ill patients

M van der Heijden1, V van Hinsbergh2, G van Nieuw
Amerongen2, P Koolwijk2, R Musters2, J Groeneveld1

1VU University Medical Center, Amsterdam, The Netherlands;
2Institute for Cardiovascular Research, VU University Medical
Center, Amsterdam, The Netherlands
Critical Care 2007, 11(Suppl 2):P11 (doi: 10.1186/cc5171)

Introduction It has previously been shown that angiopoietin-1
(Ang1) protects the adult vasculature against plasma leakage,
whereas Ang2 and VEGF destabilize the vascular endothelium
resulting in vascular leakage. Consequently they might be involved
in the pathophysiology of acute lung injury (ALI) and acute
respiratory distress syndrome (ARDS) in sepsis patients. We
hypothesized that plasma Ang2 levels are associated with
pulmonary capillary protein permeability, the lung injury score (LIS),
length of stay on the ICU, the APACHE II score and survival in
septic patients with ALI or ARDS.
Methods A prospective observational study was performed in an
ICU of an university hospital on 112 patients: 38 after elective
cardiac surgery, 26 after major vascular surgery, 24 with sepsis
and 24 with trauma. Plasma levels of Ang1, Ang2 and VEGF were
measured and a mobile probe system was used to measure the
pulmonary leak index (PLI) (that is, the transvascular transport rate
of gallium-67-radiolabeled transferrin).
Results Plasma levels of Ang2 and the PLI were significantly
higher in patients with sepsis compared with other patient groups.
In the sepsis group, a positive linear correlation was observed
between plasma levels of Ang2 and length of stay on the ICU
(rs = 0.509, P < 0.05) as index for disease severity. For all patients
together, Ang2 had a positive linear correlation with PLI (rs = 0.374,
P < 0.01), LIS (rs = 0.489, P < 0.01) and APACHE II score
(rs = 0.287, P < 0.01). Furthermore, Ang2 was significantly increased
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in nonsurvivors. Plasma Ang1 levels did not differ between groups.
VEGF levels were undetectable in the plasma of the majority of
patients.
Conclusions Our results suggest that Ang2 is a mediator of
pulmonary capillary permeability and a marker of disease severity in
critically ill patients. Furthermore, the plasma levels of Ang2 and
the ratio between Ang1 and Ang2 are more important in pulmonary
capillary permeability and disease severity than absolute levels of
Ang1 and VEGF.

P12

Dose-dependent effects of octreotide on plasma activities
of IL-6 and lung tissue levels of malondialdehyde in sepsis

M Gul, A Seydanoglu, M Ayan, B Cander, I Erayman, S Girisgin
Selcuk University Meram Medical School, Konya, Turkey
Critical Care 2007, 11(Suppl 2):P12 (doi: 10.1186/cc5172)

Background and aim Sepsis, a complex and rapidly progressing
infectious disease with high levels of mortality, is widely regarded
as the most challenging problem in intensive care. The lung is
frequently the first failing organ during septic conditions. Although
the etiology of sepsis is multifactorial, early release of proinflam-
matory cytokines and oxidative damage are probably most impor-
tant factors that lead to cell damage, organ dysfunction, and death.
This study aimed to determine the effects of treatment with octreo-
tide (OCT), on plasma activities of IL-6 and tissue levels of malon-
dialdehyde (MDA) in an experimental model of sepsis.
Methods Sepsis was induced in female Sprague–Dawley rats by
cecal ligation and puncture (CLP) as previously described. Group 1
(n = 10), sham operated animals; Group 2 (n = 10), sepsis served
as control; Group 3 (n = 10) and Group 4 (n = 10), respectively,
OCT 50 µg/kg twice a day and OCT 100 µg/kg twice a day
administered subcutaneously immediately after the induction of
sepsis and at 12 hours. Rats were sacrificed 24 hours after the
surgical procedure. Blood and lung tissue samples were taken
24 hours after sepsis induction. Plasma activities of IL-6 and lung
tissue levels of MDA were measured.
Results The results showed that the plasma levels of IL-6, an
inflammatory indicator, and tissue levels of MDA, an oxidative
indicator, are significantly increased during experimental model of
sepsis (P < 0.05). Increase in MDA levels and IL-6 activities after
CLP-induced sepsis was significantly prevented by OCT
(100 µg/kg, s.c.) administration (P < 0.05).
Conclusion Octreotide seems to have a dose-dependent
antioxidative and immunomodulator effect in CLP-induced sepsis in
rats. Further trials are necessary to reveal the therapeutic effect of
OCT in sepsis. On the other hand, further studies should be
performed aiming to reveal the optimal OCT doses. As a drug with a
wide margin of safety and less adverse reaction profile, OCT merits
consideration as a choice of treatment in sepsis and septic shock.

P13

Escherichia coli porcine peritonitis induces histological
and transcriptome evidence of cardiac injury

R Goldfarb1, I Cinel1, S Gandhi1, L Cinel2, M Levine1, Q Wang3,
A Brooks3, J Parrillo1

1Cooper University Hospital and UMDNJ, Camden, NJ, USA;
2Thomas Jefferson University Hospital, Philadelphia, PA, USA;
3EOHSI, UMDNJ, Piscataway, NJ, USA
Critical Care 2007, 11(Suppl 2):P13 (doi: 10.1186/cc5173)

Introduction Cardiac dysfunction is a feature of sepsis. In order to
gain insight into the fundamental mechanisms of this phenotype,

gene expression analysis (Affymetrix) was applied to serial cardiac
biopsies of sham (n = 2) and E. coli infected pigs (n = 3).
Methods Cardiac samples were taken basal and hourly after
infection for gene analysis and at the end of the experiment for
histopathological examination. Genes were determined to be
differentially regulated at a greater than or less than twofold
change and P < 0.05.
Results Sham pigs had stable heart rate, cardiac output (CO) and
core temperature for the 5-hour period; infected pigs demon-
strated an early elevation in CO and ventricular shortening and/or
ejection (assessed by echocardiography) followed by development
of hypodynamics. In infected animals, increasing numbers of genes
were upregulated or downregulated (36, 278, 514, 842 and 1,238
at 1, 2, 3, 4 and 5 hours) (Figure 1) whereas sham infection altered
fewer (247, 67 and 384 genes at 2, 3 and 4 hours). Comparing
sham vs infected animals at the same time, numbers of significantly
altered genes increased with time (32 at basal, to 74, 189 and
601 at 2, 3 and 4 hours post infection). In hematoxylin–eosin-
stained sections, histopathological assessment revealed acute
inflammation in pericardium and myocardium in infected pigs.
Conclusions These results will provide biomarker and mechanistic
insights to pathogenesis of cardiac dysfunction of septic peritonitis
and may also help identify some altered novel gene transcription
pathways that can serve as new targets for diagnostic tools and
therapeutic strategies. All candidate genes will be validated by
quantitative PCR.

P14

Alkaline phosphatase treatment improves renal function in
patients with severe sepsis or septic shock

S Heemskerk1, R Masereeuw1, O Moesker2, M Bouw2, J van
der Hoeven2,3, W Peters4, M Velders5, F Russel1, P Pickkers2

1Department of Pharmacology and Toxicology, Nijmegen Centre for
Medical Life Sciences, 2Department of Intensive Care Medicine,
3Nijmegen University Centre for Infectious Diseases and 4Department
of Gastroenterology, Radboud University Nijmegen Medical Centre,
Nijmegen, The Netherlands; 5AM-Pharma, Bunnik, The Netherlands
Critical Care 2007, 11(Suppl 2):P14 (doi: 10.1186/cc5174)

We previously demonstrated that upregulation of renal inducible
nitric oxide synthase (iNOS) during systemic inflammation is
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associated with proximal tubule injury. In several in vitro and animal
studies alkaline phosphatase (AP) was found to be effective in
attenuating the inflammatory response by dephosphorylating LPS
and may prevent organ damage. The objective of this study was to
investigate the effect of AP on renal iNOS expression and kidney
damage in patients with severe sepsis or septic shock.
Fifteen patients (nine male/six female, age 55 ± 5 years) with
Gram-negative bacterial infection, two out of four SIRS criteria
(<24 hours) and acute onset of end-organ dysfunction (<12 hours)
were included in a randomized, double-blind, placebo-controlled
phase IIa study (2:1 ratio). An intravenous bolus injection of
67.5 U/kg bovine intestinal AP was followed by a maintenance
dose of 177.5 U/kg for 24 hours. Arterial blood and urine were
collected at different time points and analyzed for stable metabo-
lites of NO. iNOS mRNA was determined by quantitative real-time
RT-PCR using RNA isolated from renal cells in urine. The urinary
excretion of the cytosolic glutathione S-transferase-A1 (GSTA1-1),
a marker for proximal tubule damage, was measured using an
ELISA. Data are depicted as the median (25–75% range).
NO metabolites in blood were not significantly different between
AP-treated (n = 10) and placebo-treated (n = 5) patients. However,
the urinary excretion of NO metabolites decreased by 80%
(75–85) from 227 (166–531) at baseline to 41 (28–84) µmol/
10 mmol creatinine (P < 0.05) after 24 hours of AP administration.
After placebo treatment, the amount of urinary NO metabolites
increased by 70% (45–570) (from 81 (64–419) to 628 (65–
1,479) µmol/10 mmol creatinine, P < 0.05). Baseline expression
levels of iNOS in renal cells were 42-fold induced at baseline (vs
healthy subjects), and AP administration reduced this induction by
80 ± 5% (Figure 1). Creatinine clearance improved by 45%
(30–180) in patients treated with AP and declined by 25%
(15–35) in placebo-treated patients. During the first 24 hours the
amount of GSTA1-1 in urine of AP-treated patients decreased by
70% (50–80), compared with an increase of 200% (45–525) in
placebo-treated patients, which correlated with urinary NO
metabolites, indicating NO-induced proximal tubular damage.
In conclusion, in septic patients, infusion of AP results in an
attenuated upregulation of iNOS and, subsequent, reduced NO
production in the kidney, associated with an improvement in renal
function.

P15

Moderate hypothermia attenuates changes in respiratory
system mechanics and cytokine production during low
lung volume ventilation in rats

P Dostal1, M Senkerik1, V Cerny1, R Parizkova1, J Suchankova1,
D Kodejskova1, D Bares1, P Zivny1, H Zivna2

1University Hospital Hradec Kralove, Czech Republic; 2Charles University
in Prague, Faculty of Medicine Hradec Kralove, Czech Republic
Critical Care 2007, 11(Suppl 2):P15 (doi: 10.1186/cc5175)

Introduction Hypothermia was shown to attenuate ventilator-
induced lung injury (VILI) in high end-inspiratory lung volume
models of VILI [1-3]. Experimental evidence suggests that
moderate tidal volumes may, under certain clinical conditions that
induce alveolar instability, lead to a lung injury [4]. Recent studies
have also suggested that insults like shock [5] or surgery [6]
sensitize the lung to injury by priming for an exaggerated response
to a second stimulus. The aim of this study was to investigate
whether moderate hypothermia attenuates low lung volume injury
during low PEEP, high FiO2 and moderate tidal volume ventilation
in animals sensitized to injury by previous anesthesia and surgery.
Methods Sixteen male adult Sprague–Dawley rats, instrumented
under ether anesthesia with vascular catheters on the previous day,
were anesthetized, tracheostomized, connected to a ventilator and
randomly allocated to groups of normothermia (37 ± 0.5°C, group N,
n = 8) or hypothermia (33 ± 0.5°C, group H, n = 8). After 2 hours of
mechanical ventilation (FiO2 1,0, respiratory rate 60/min, tidal volume
10 ml/kg, PEEP 2 cmH2O) inspiratory pressures were recorded, rats
were sacrificed, the P–V curve of the respiratory system constructed,
and bronchoalveolar lavage and aortic blood samples obtained.
Results Group H animals exhibited in comparison with group N
animals a lower increase in peak inspiratory pressures (0.7 ± 1.1
vs 2.4 ± 0.5 mmHg, P < 0.001), significant shift of the P–V curve
to the left and lower total protein (113 ± 42 vs 201 ± 97 µg/ml,
P = 0.047) and TNF (23.5 ± 8.0 vs 35.2 ± 8.5 pg/ml, P = 0,022)
levels in BAL samples.
Conclusion Moderate hypothermia attenuated lung injury during
low PEEP, high FiO2 and moderate tidal volume ventilation in
animals sensitized to injury by previous anesthesia and surgery.
Acknowledgement Supported by the Research project MZO
00179906.
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Effects of neuronal nitric oxide synthase in ovine lung injury
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Introduction Excessive production of nitric oxide is a major factor
contributing to acute lung injury and systemic inflammation after
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burn and smoke inhalation injury. We hypothesized that the use of
7-nitroindazole (7-NI), a selective nNOS inhibitor, blocks molecular
mechanisms in this pathogenesis.
Methods Eleven ewes were surgically instrumented and randomly
allocated to either an injured untreated control group (40% total
body surface area flame burn and 48 breaths of cotton smoke,
n = 6), or an injury group treated with 7-NI (1 mg/kg/hour, n = 5).
Results This insult was associated with systemic inflammation and
oxidative stress, as evidenced by a 2.5-fold increase in plasma
nitrite/nitrate (NOx) levels, as well as sixfold, twofold, threefold and
twofold increases in IL-8, myeloperoxidase (MPO), malondialde-
hyde (MDA) and poly-ADP-ribose-polymerase (PARP) lung tissue
concentrations, respectively. These molecular changes were linked
to severe pulmonary derangements. Compared with untreated
controls, 7-NI significantly reduced NOx plasma levels (8.4 ± 1 vs
26 ± 10 µmol/l) and decreased IL-8, MPO (3.9 ± 0.2 vs
5.8 ± 0.7 U/g tissue), MDA (2.7 ± 0.3 vs 6.6 ± 1.1 nmol/mg
protein) and PARP lung tissue content (3.4 ± 0.7 vs 6.7 ± 0.7),
thereby decreasing pulmonary obstruction (12.4 ± 2.2 vs
28.7 ± 5.2 obstruction score) and increasing the PaO2/FiO2 ratio
(456 ± 40 vs 313 ± 56, each P < 0.05).
Conclusions These data suggest that nNOS-derived NO plays a
pivotal role in the pathophysiology of this double-hit injury and that
selective nNOS inhibition may represent a useful approach to
attenuate the degree of pulmonary damage.

P17

nNOS and Nox4 go nuclear: nNOS-derived and NADPH
oxidase-derived reactive oxygen/nitrogen species
promote oxidative nuclear damage in alveolar epithelial
cells

R Connelly, F Schmalstieg, D Traber
University of Texas Medical Branch, Galveston, TX, USA
Critical Care 2007, 11(Suppl 2):P17 (doi: 10.1186/cc5177)

Emerging evidence implicates a role for angiotensin II (Ang II)-
stimulated reactive oxygen and nitrogen species (ROS/RNS)
formation in acute lung injury (ALI). However, details of the
mechanism are lacking. We hypothesized that compartmentalized
generation of superoxide (O2

–) and nitric oxide (•NO) may be key
events in the Ang II-stimulated progression of ALI. In the present
study, we found that Ang II markedly enhanced ROS/RNS
production 7.4-fold, an effect blocked by the specific nNOS
inhibitor N(G)-propyl-L-arginine, the NADPH oxidase inhibitor
apocynin, or small interfering RNA (siRNA)-specific gene silencing
targeted against nNOS or Nox4. nNOS/Nox4 transiently co-
immunoprecipitates, and co-localizes at the peri-nuclear region 15
minutes post Ang II stimulation. Subsequently, confocal and
western blot analyses show that nNOS/Nox4 translocates to the
nucleus, suggesting that nNOS/Nox4 may directly regulate nuclear
signaling. Furthermore, PAR polymers, which are undetectable in
resting conditions, were generated following Ang II stimulation, an
effect blocked with apocynin or N(G)-propyl-L-arginine. In
conclusion, these data suggest Ang II causes nNOS/Nox4 to co-
localize at the peri-nuclear region of A549 cells, where superoxide
produced by Nox4, and •NO produced by nNOS immediately react
to form peroxynitrite, which leads to subsequent nuclear oxidative
damage as evidenced by increased PAR polymer formation.
Furthermore, these experiments demonstrate inflammatory-stimulated
nuclear translocalization of nNOS/Nox4, which has important
implications for direct ROS/RNS-mediated nuclear activities.
Therefore, inhibition of nNOS/Nox4 may be an effective thera-
peutic target in patients with ALI.

P18

Dose effects of recombinant human IL-11 on the systemic
hemodynamic function in hemorrhagic shock

K Honma1, N Koles2, H Alam2, P Rhee2, J Keith, Jr3, M Pollack2
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Critical Care 2007, 11(Suppl 2):P18 (doi: 10.1186/cc5178)

Introduction We have previously demonstrated that administration
of recombinant human IL-11 (rhIL-11) during resuscitation improves
the cardiovascular functions in a rodent model of hemorrhagic
shock. The purpose of this study was to elucidate: (1) whether
these beneficial effects were dose related, and (2) whether the
effects of rhIL-11 could be reproduced in a large animal model.
Methods Swine (n = 56, weight = 25–35 kg) underwent 40%
blood volume hemorrhage, and a 1-hour shock period, followed by
resuscitation with 0.9% sodium chloride (three times the shed
blood volume). The animals were randomized to receive: (1) group
I, 5 µg/kg rhIL-11 (n = 6); group II, 20 µg/kg rhIL-11 (n = 5); group
III, 50 µg/kg rhIL-11 (n = 6) – and then, (2) group IV, sham
hemorrhage (sham, n = 10); group V, sham hemorrhage and
50 µg/kg rhIL-11 (sham + IL-11, n = 6); group VI, no drug (saline,
n = 15); group VII, 50 µg/kg rhIL-11 (IL-11, n = 14). Blood
samples and urine were obtained and analyzed at baseline, the end
of hemorrhage, and at every hour.
Results (1) The mean arterial pressure was higher post-
resuscitation (PR) in group III (62.9 ± 8.2 mmHg) than in groups I
and II (54.9 ± 1.7, 53.9 ± 4.3 mmHg; P < 0.01). The urine output
(I: 999 ± 428, II: 1,249 ± 180, III: 1,434 ± 325 ml) and the cardiac
output (CO) (I: 3.01 ± 0.66, II: 3.30 ± 0.49, III: 3.43 ± 0.57 l/min)
increased dose dependently. The volume of third space fluid loss
of group III decreased significantly (I: 157 ± 32, II: 138 ± 32, III:
82 ± 21 ml; P < 0.05). (2) Mean arterial pressure was higher PR
among groups IV, V and VII (71.4 ± 7.5, 71.0 ± 8.9,
72.9 ± 12.3 mmHg) compared with group VI (59.9 ± 10.9) and
CO of PR was higher in group VII (3.46 ± 0.56 l/min) than group
IV (2.99 ± 0.62; P < 0.01). Following resuscitation, the urine
output was higher, and the urine specific gravity and third space
fluid loss were lower in group VII (1,434 ± 325 ml, 1.0035,
82 ± 21 ml) compared with group VI (958 ± 390 ml, 1.0053,
125 ± 32 ml; P < 0.05).
Conclusion The effects of rhIL-11 on the cardiovascular functions
were influenced by the dose of rhIL-11, although the relationship
did not follow simple linearity. A 50µg/kg dose rhIL-11 significantly
improves cardiovascular functions in a porcine model of hemor-
rhagic shock.

P19

Degradation of endothelial glycocalyx provides new insights
in the pathogenesis of septic shock microvascular failure

R Nevière1, R Favory2, X Marechal1
1School of Medicine, Lille, France; 2Calmette Hospital, Lille, France
Critical Care 2007, 11(Suppl 2):P19 (doi: 10.1186/cc5179)

Introduction Glycocalyx (GLX) is implicated in mechanotrans-
duction of shear stress and microvascular blood flow. We tested
whether GLX loss accounts for the microvascular dysfunction in
sepsis and whether activated protein C (APC) preserves
endothelial GLX integrity.
Methods Endotoxin LPS (10 mg/kg) was infused in rats treated or
not with APC (240 µg/kg/hour). Changes in GLX were assessed
by circulating levels of hyaluronan (a GLX constituent) and by GLX
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apparent thickness evaluated using intravital microscopy by
comparing 4 and 150 kDa dextran distribution as markers of GLX
permeable and impermeable tracers, respectively. Intravital micro-
scopy was used to characterize mesentery functional capillary
density. Because glycocalyx is extremely sensitive to free radical,
oxidative stress was evaluated by oxidation of dihydrorhodamine
(DHR) in microvascular beds and by concentrations of heart
malondialdehyde (MDA) and plasma carbonyl proteins (CP).
Results LPS elicited a 4 hours later profound reduction in GLX
layer thickness and increase in plasma hyaluronan levels. LPS rats
had decreases in capillary continuous flow, and significant increases
in intermittent and stopped flow capillaries compared with controls.
The pressor responses to norepinephrine were greatly reduced,
indicative of vascular hyporeactivity. In vivo oxidation of DHR and
levels of heart MDA and plasma CP were all increased in LPS-
treated rats. Interestingly, in LPS rats, APC reduced plasma
hyaluronan levels and GLX destruction, which was accompanied
with major improvements in vasopressor response and functional
capillary density. APC treatment also prevented increases in
biochemical and in vivo microvascular oxidative stress markers.
Conclusion In our model of septic shock, increased plasma
hyluronan levels and reduction in endothelial layer thickness
indicated GLX degradation. APC prevented vascular oxidative
stress and limited GLX loss. GLX degradation plays a critical role
in the septic vasculature and generation of free radicals during
septic shock is potentially toxic to GLX function.

P20

Exhaled breath condensate mediators in mechanically
ventilated brain-injured patients with no acute lung injury
are mostly related to markers of systemic inflammation

I Korovesi1, E Papadomichelakis2, O Livaditi1, E Giamarellos-
Bourboulis3, C Sotiropoulou1, A Koutsoukou4, I Dimopoulou2,
A Armaganidis2, C Roussos4, N Marczin5, A Kotanidou4, 
S Orfanos2

1University of Athens, Greece; 2Attikon Hospital, 2nd Critical
Care Department, Haidari (Athens), Greece; 3Attikon Hospital,
4th Department of Medicine, Haidari (Athens), Greece;
4Evangelismos Hospital, Athens, Greece; 5Imperial College
London, UK
Critical Care 2007, 11(Suppl 2):P20 (doi: 10.1186/cc5180)

Introduction Mechanical ventilation may induce lung injury in
patients with normal lungs. Application of PEEP appears protective.
Lung injury is associated with the production and release of
inflammatory mediators. Such mediators have been identified in
patients’ exhaled breath condensate (EBC) in various lung

pathologies. In this study we identified EBC inflammatory markers
in 27 mechanically ventilated brain-injured subjects with neither
acute lung injury (ALI) nor sepsis.
Methods Patients were ventilated with 8 ml/kg tidal volume and
were put either on PEEP = 0 (ZEEP, n = 12) or 8 cmH2O (PEEP,
n = 15). EBC was collected using the RTube device (Respiratory
Research Inc., Charlottesville, VA, US) on the first, third, and fifth
day of mechanical ventilation, and pH, IL-10, IL-1β, IL-6, IL-8,
IL-12p70 and TNFα were measured. Applying mixed effects
models, we further investigated potential relationships of the above
EBC markers with indices of: i, lung injury (LIS score, PaO2/FiO2,
detected pathologies on lung CT); ii, brain injury (ICP, CPP, GCS,
serum (s) S100 protein, pentothal and mannitol administration); iii,
endothelial injury (sICAM-1, sVCAM-1, von Willebrand factor
antigen); iv, systemic inflammation (temperature, leukocyte counts
and neutrophil counts in blood, albumin, soluble triggering receptor
expressed on myeloid cells (sTREM), CRP, procalcitonin (PCT)
and all above-mentioned cytokines in serum or plasma); and v,
disease severity (APACHE II score, 24 hour ICU trauma score,
presence of SIRS, mean arterial pressure).
Results No significant differences in EBC measurements were
observed between the two groups except a time-dependent
decrease in IL-10 (P < 0.05, by ANOVA) in the PEEP group. EBC pH
and IL-10 showed no significant relationships (mixed effects models)
with any parameter measured. All other EBC cytokines were inversely
related to sTREM levels. Additional significant relationships were
obtained between individual EBC cytokines and sIL-8 (IL-8, IL-12p70,
TNFα), sIL-6 (IL-1β), PCT (IL-1β, IL-12p70), the existence of SIRS (IL-
6, IL-8), sVCAM-1 (IL-6), and pentothal administration (IL-1β).
Conclusion In our population of mechanically ventilated, brain-
injured patients with no ALI, ZEEP or applied PEEP did not induce
detectable changes in most lung inflammatory mediators in EBC;
the latter appear mostly related to markers of systemic
inflammation (especially sTREM-1) rather than to indices of brain
and endothelial injury.

P21

Reduced local inflammatory reactivity in septic patients
compared with healthy controls

D Ikeoka1, C Pachler1, S Korsatko1, M Bodenlenz2, J Mader1, 
H Weinhandl1, A Plasnik1, M Suppan1, K Smolle1, J Plank1, 
T Pieber1, M Ellmerer1

1Medical University Graz, Austria; 2Joanneum Research, Graz, Austria
Critical Care 2007, 11(Suppl 2):P21 (doi: 10.1186/cc5181)

Introduction The aim of this study was to access the local
inflammatory reactivity by measurement of the cytokine response
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after catheter insertion into subcutaneous adipose tissue (SAT) of
patients with severe sepsis compared with healthy volunteers.
Methods Eight healthy volunteers and 10 patients with severe
sepsis were included. One 18-gauge open-flow microperfusion
double-lumen catheter was inserted into SAT of the abdominal wall
and perfused with an isotonic solution at a flow rate of 1 µl/min.
Blood samples and probe effluent samples from interstitial fluid of
SAT were withdrawn in two hourly intervals for a period of 8 hours
and retrospectively analysed using a Multiplex ELISA system for
IL-1β, IL-6, IL-8 and TNFα.
Results Concentrations of IL-1β, IL-6 and IL-8 were substantially
higher in SAT (13.3 (11.2; 31.0); 1,934 (1,650; 2,730); 917 (656;
2,672) pg/ml; median (25th; 75th percentile)) than in serum (0.8
(0.6; 1.3); 49.2 (3.8; 67.6); 36.1 (6.3; 89.1) pg/ml) for both
groups, whereas TNFα concentrations were similar in serum and
SAT (Figure 1). Serum concentrations of all cytokines remained
stable over time. However, a significant increase was observed for
IL-1β and IL-8 in SAT in both groups. This increase was
significantly in septic patients vs healthy controls.
Conclusion Insertion of a catheter into subcutaneous adipose
tissue promotes a local inflammatory response in both healthy
individuals and critically ill patients. The attenuated response in
patients with severe sepsis might be caused by reduced
inflammatory reactivity in this group.

P22

The evaluation of sivelestat sodium hydrate in acute lung
injury/acute respiratory distress syndrome patients in the
intensive care unit

T Ikeda, K Ikeda, T Ueno, Y Kuroki, T Yokoyama, K Yoshikawa
Hachiouji Medical Center, Tokyo Medical University, Tokyo, Japan
Critical Care 2007, 11(Suppl 2):P22 (doi: 10.1186/cc5182)

The onset mechanism of ALI/ARDS and subsequent tissue injury
are considered to be associated with neutrophil elastase, and the
main causes of ALI/ARDS are considered to be sepsis or aspiration
pneumonia. In Japan, sivelestat sodium hydrate (Elaspol), a
selective elastase inhibitor, was approved in 2002 for ALI/ARDS
accompanied by SIRS, and this medicine has been evaluated in a
clinical situation. In this study, we performed a retrospective
comparison of the sivelestat sodium administration between two
groups of patients: Group Elaspol, consisting of 308 patients(209
males and 99 females, aged 66 ± 15 years) with ALI/ARDS
accompanied by SIRS who were treated with sivelestat sodium at
a dose of 0.2 mg/kg/hour for 72 hours or more, after approval of
this drug; and Group Control, consisting of 41 patients (28 males
and 13 females, aged 66 ± 14 years) with ALI/ARDS accompanied
by SIRS who were treated in the ICU under similar conditions, but
using traditional methods for respiratory control, prior to approval
sivelestat sodium. The APACHE II scores of Group Elaspol and
Group Control were 23 ± 9 and 23 ± 8, SOFA scores were
8.7 ± 3.8 and 8.9 ± 4.1, and the lung injury scores were 2.1 ± 0.7
and 2.1 ± 0.6, respectively, with no significant differences between
the groups. The initial PEEP value of Group Elaspol was 5.9 ± 3.3,
which was significantly higher than that of Group Control
(3.4 ± 2.7 cmH2O). The PaO2/FIO2 ratios under mechanical
ventilation management 24, 48 and 72 hours after the beginning of
drug administration were 209 ± 87, 222 ± 92, and 222 ± 82 mmHg
in Group Elaspol, and were 191 ± 91, 207 ± 91, and
211 ± 100 mmHg in Group Control. The ventilator-free days of
Group Elaspol and Group Control were 18 ± 9 and 10 ± 12 days,
respectively, and these values showed a significant difference
(P < 0.001). Furthermore, the survival rate after 28 days was
significantly higher in Group Elaspol than in Group Control (Group

Elaspol: 75%, Group Control: 52%; P < 0.001). These results
suggest that sivelestat sodium hydrate is a good option as a
treatment strategy for neutrophil elastase-associated septic
ALI/ARDS accompanied by SIRS.

P23

Pharmacological modulation with prolonged
administration of moderate doses of steroid in a murine
model of septic acute lung injury after burn insult

J Sasaki1, S Fujishima2, K Takuma1, Y Shinozawa1, N Aikawa2

1Tohoku University Hospital, Sendai, Japan; 
2Keio University, Tokyo, Japan
Critical Care 2007, 11(Suppl 2):P23 (doi: 10.1186/cc5183)

Introduction Many patients who experience surgical stress
including burn injury become susceptible to severe sepsis and
septic organ dysfunction including acute lung injury (ALI), which
remains the primary contributor to morbidity and mortality in burn
patients. Proinflammatory cytokines including several chemokines
are implicated in this process. The pharmacological modulation
with steroid inhibiting the process of cytokine synthesis may serve
as effective therapy for the prevention of tissue injury and the
resultant organ dysfunction including respiratory failure. We
developed a murine model of septic ALI after burn insult and
examined the effects of prolonged administration of moderate
doses of steroid.
Methods Male BALB/c mice were divided into three groups.
Group I served for sham burns. In groups II and III, a 15% BSA full-
thickness burn was made on the dorsum under ether anesthesia,
followed by adequate fluid resuscitation. After the burn injury,
3 mg/kg prednisolone (PSL) in group III was administered sub-
cutaneously daily for 10 days. On the 11th day, 10 mg/kg
lipopolysaccharide (LPS) was injected intravenously. In the first
experiment, we observed the survival within 72 hours after LPS
injection in each group (n = 10). In the second experiment, we
sacrificed the animals at 12 hours after LPS injection, then
obtained plasma and lung tissue to determine the levels of TNFα
and macrophage inflammatory protein-2 (MIP-2, a functional homo-
logue of human IL-8 in mice) in these samples (n = 8, sandwich
ELISA). We also determined gene expression (n = 4, MIP-
2/GAPDH mRNA ratio by RT-PCR), myeloperoxidase activities
(MPO, n = 8) and histopathological findings in the lung tissue.
Results The survival and production of cytokines are shown in Table
1. Histopathological findings in group III were obviously attenuated.

Table 1 (abstract P23)

Lung 
MIP-2/

Plasma Plasma Lung GAPDH Lung 
Survival TNF MIP-2 MIP-2 mRNA MPO 

Group (%) (pg/ml) (pg/ml) (pg/mg) ratio (U/mg)

I (sham–LPS) 100 1,190 6,396 70.0 0.345 0.405

II (burn–LPS) 0† 3,024** 13,766** 142.5** 0.975‡ 0.574**

III (PSL) 50* 749§ 791§ 11.6§ 0.052§ 0.244§

Mean values are presented. *P < 0.05 vs group II, **P < 0.005 vs group I,
†P < 0.01 vs group I, ‡P < 0.05 vs group I, §P < 0.005 vs group II.

Conclusions In this animal model, a pretreatment with PSL as the
cytokine synthesis inhibitor improved the survival and attenuated
the production of cytokines. The complications associated with
sepsis after burn insults, especially ALI, could be preventable by
the pharmacological modulation with prolonged administration of
moderate doses of steroid.
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Glucosamine enhances heat shock protein 70 expression
in vitro and in vivo following injury

K Singleton, C Hamiel, P Wischmeyer
University of Colorado Health Sciences Center, Denver, CO, USA
Critical Care 2007, 11(Suppl 2):P24 (doi: 10.1186/cc5184)

Introduction Enhanced activity of the O-glycosylation pathway (O-
glcNAc) has been shown to enhance increase heat shock protein
(HSP70) expression. Glucosamine (GA) is a vital intermediate in
this pathway.
Methods Mouse fibroblast (MEF) cells underwent heat stress (HS)
at 43°C for 45 minutes. GA doses from 1.25 to 20 mM were given
immediately prior to HS. Cell survival was assessed via MTS assay.
GA’s effect on HSP70 expression in vivo was assessed using a
mouse model of cecal ligation and puncture (CLP). Mice were
given 0.26 g/kg GA i.v. 1 hour post CLP.
Results In MEF cells, 10 mM GA led to a 164% increase in HSP70
expression over control 4 hours post HS (P < 0.05 vs control).
Further, GA treatment led to an increase in cell survival post HS
injury at all doses tested (P < 0.01 vs control). Following CLP-
induced sepsis, a single dose of GA led to an increase in lung and
heart HSP70 at 1 and 2 hours post CLP vs saline control (SC). This
effect was lost at 6 and 24 hours (see Figure 1, *P < 0.05 versus
SC at each timepoint). Similarly, GA led to an increase in HSP70 in
colon tissue as well, with the effect lasting to 6 hours (*P < 0.05
versus SC). The effect in colon was lost by 24 hours.
Conclusions To our knowledge, this is the first report that shows
GA treatment can increase HSP70 expression both in vivo and in
vitro. Previous data have demonstrated beneficial effects of GA
treatment following ischemia/reperfusion injury and hemorrhagic
shock early after injury. GA’s effect on HSP70 expression in
multiple tissues may help to explain these effects. Further, GA’s
effect on HSP70 expression may be an important factor involved in
GA’s benefits in arthritis and joint disease.

P25

Pharmacologic inhibition of cholinesterase improves
survival in experimental sepsis

S Hofer, C Eisenbach, I Lukic, L Schneider, E Martin, 
M Büchler, A Bierhaus, M Weigand
University of Heidelberg, Germany
Critical Care 2007, 11(Suppl 2):P25 (doi: 10.1186/cc5185)

Introduction Lethal sepsis occurs if an excessive inflammatory
response evolves that cannot be controlled by physiological anti-

inflammatory mechanisms. Vagus nerve stimulation showed improved
survival in sepsis; however, this seems not to be feasible in septic
patients. We therefore investigated the effect of activation of the
cholinergic anti-inflammatory pathway by pharmacologic cholin-
esterase inhibition on survival and inflammation in a septic mouse
model.
Methods To investigate the therapeutic effect of nicotine and
physostigmine we performed cecal ligation and puncture (CLP) in
female C57/B6 mice (each group n = 21). Substances were
administered by intraperitoneal injection. Control groups received
the same volume (50–180 µl) of LPS-free 0.9% NaCl (solvent).
CLP was performed blinded to the identity of the treatment group.
In addition to survival experiments we performed measurements of
cytokines in plasma and the electrophoretic mobility shift assay
(EMSA) for NF-κB in peritoneal skin, liver and kidneys.
Results (1) Animals treated with nicotine (400 µg/kg) or
physostigmine (80 µg/kg) survived significantly better than control
mice (P < 0.05). There was no difference between the treatment
groups. (2) Dose escalation of physostigmine was not superior to
the normal dose. Survival in the high-dose group, however, was still
significantly better than in the control group. (3) Proinflammatory
cytokine levels of TNFα, IL-6 and IL-1β were significantly reduced
in animals treated with physostigmine (P < 0.01). (4) Cholin-
esterase inhibition with physostigmine in CLP reduced NF-κB
activation in the peritoneum, kidney and liver compared with the
control and sham-operated group (P < 0.01).
Conclusion We show that pharmacological cholinesterase
inhibition with physostigmine improves survival in experimental
sepsis, most probably by activation of the cholinergic anti-inflam-
matory pathway. One possible mechanism is modulation of the NF-
κB pathway. Therefore, cholinesterase inhibition may have
important implications for treatment of sepsis.

P26

Relationship between the presence of serum high-
mobility-group box protein 1 and the injury severity score
in trauma patients

Y Sakamoto1, K Mashiko1, H Matsumoto1, Y Hara1, 
Y Yamamoto2

1Chiba Hokusou Hospital, Nippon Medical School, Chiba, Japan;
2Department of Emergency Medicine, Nippon Medical School,
Tokyo, Japan
Critical Care 2007, 11(Suppl 2):P26 (doi: 10.1186/cc5186)

Introduction High-mobility-group box protein 1 (HMGB1) is a
highly conserved, ubiquitous protein present in the nuclei and
cytoplasm of nearly all cell types and, secreted into the extracellular
milieu, acts as a proinflammatory cytokine. The function of HMGB1
has been widely studied for sepsis and inflammation. HMGB1 was
reported as a late mediator in endotoxic shock and was known as
an abundant protein present in nuclei and cytoplasm and involved
in maintaining nucleosome structure and regulation of gene
transcription. Moreover, elevated, circulating levels of HMGB1 also
have been described in a case of human hemorrhagic shock due to
abdominal aortic aneurysm without evidence of infection. However,
the relationship between HMGB1 and trauma has not been
studied except for the report of a rat model of burn.
Materials and methods The study cases consisted of 20 trauma
patients who were admitted to the emergency room by ambulance.
As soon as they arrived in the emergency room, their blood sample
were collected, centrifuged, and stored at –80°C. The serum
HMGB1 concentration was measured by ELISA. We compared
the injury severity score (ISS), probability of survival values and the
revised trauma score (RTS) of the patients with the presence of
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Lung heat shock protein (HSP70) expression in glucosamine vs saline
following cecal ligation and puncture.
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serum HMGB1 (group A) and without the presence (group B). We
therefore divided into two groups, high ISS group (≤25) and low
ISS group (>25), and examined the relation with the serum
HMGB1 level.
Results Our data showed that the number in group A was nine
cases and group B was 11 cases. The ISS of group A was
significantly higher than that in group B (P = 0.0013). The P value
of group A was significantly lower than in group B (P = 0.0131).
The serum HMGB1 level of the >25 ISS group was significantly
higher than in the ≤25 ISS group.
Discussion These data suggest that HMGB1 seems to be a
primary mediator of trauma-induced pathology. Because the ISS
was significantly correlated with the presence of serum HMGB1,
HMGB1 may be expressed in severe injuries and it may be a
important parameter that indicates the severity of injury.

P27

Beneficial effects of antiplatelet drugs in patients with
community-acquired pneumonia and in endotoxin shock in
mice

J Winning1, J Baranyai1, R Claus1, I Eisenhut2, J Hamacher2, 
K Reinhart1, M Bauer1, W Lösche1

1University Hospital Jena, Germany; 2University Hospital Homburg,
Germany
Critical Care 2007, 11(Suppl 2):P27 (doi: 10.1186/cc5187)

Aims Systemic inflammation and sepsis are associated with blood
platelet activation, which may contribute to the development of
organ failure. In this study we proved whether antiplatelet drugs
have a benefit in patients who may develop sepsis as well as in a
mouse model of endotoxin shock.
Methods Data obtained from 224 patients with community-
acquired pneumonia (CAP) were retrospectively analysed for an
association between prehospital treatment with long-acting
antiplatelet drugs such as acetyl salicylic acid (n = 36) or
thienopyridine ADP-receptor antagonists (clopidogrel or ticlopidin,
n = 8) and clinical outcome. Use of statins was an exclusion
criterion. BALB/c mice were pretreated with clopidogrel for 4 days
prior to an intraperitoneal injection of LPS (Escherichia coli
0111:B4). For platelet counts and blood gas analysis, standard
procedures were used. Lung tissues were stained with HE or a
FITC-labelled anti-fibrin(ogen) antibody.
Results CAP patients with antiplatelet drugs (n = 44) were older
than control patients (n = 180; 69 ± 7 vs 58 ± 13 years,
P < 0.00001). At the day of hospital admission there were no
differences in platelet or leukocyte counts, CRP and SOFA scores
between both groups. However, patients on antiplatelet drugs
developed organ failure less frequently than control patients (ICU
admission: 9.1% vs 26.1%; P < 0.02). In the mouse model of
endotoxin shock, clopidogrel reduced the drop in platelet count
and the degree of lung injury. Compared with controls we found
20 hours after LPS injection in the clopidogrel-treated animals a
lower number of thrombi in the lung vasculature (6.1 ± 2.3 vs
11.5 ± 4.4 thrombi per screen, P < 0.025) as well as higher blood
pH and bicarbonate levels (7.01 ± 0.01 vs 6.93 ± 0.04, P < 0.04
and 10.2 ± 0.14 vs 7.3 ± 0.14 mmol/l, P < 0.03, respectively).
Conclusions Antiplatelet drugs may have a beneficial effect in
systemic inflammation and sepsis, and could be a novel therapy
option, at least in patients of low bleeding risk. One mechanism of
their effects could be a reduction in the microvascular thrombus
formation.

P28

Aggressive and moderate fluid resuscitation in septic pigs:
consequences on morbidity

S Brandt, A Elftheriadis, T Regueira, H Bracht, J Gorrasi, 
J Takala, S Jakob
University Hospital Inselspital, Bern, Switzerland
Critical Care 2007, 11(Suppl 2):P28 (doi: 10.1186/cc5188)

Introduction While early aggressive fluid administration has been
associated with improved outcome in sepsis [1], this approach
may increase the risk of lung edema and abdominal compartment
syndrome when capillary permeability is increased. The aim of this
study was to test two different approaches of volume resuscitation
in septic animals.
Methods Thirty pigs were anaesthetized and invasively monitored
(systemic and regional flows and pressures). They were
randomized to control, moderate volume (C; n = 7), control, high
volume (CH; n = 8), peritonitis, moderate volume (P; n = 8) and
peritonitis, high volume (PH; n = 7). Peritonitis was induced by
instillation of 1 g/kg autologous faeces dissolved in glucose
solution. Ventilation was adjusted to maintain an arterial pO2
>100 mmHg. Groups CH and PH received 15 ml/kg/hour Ringer’s
solution plus 5 ml/kg/hour HES 6%, whereas groups C and P
received 10 ml/kg/hour Ringer’s solution. If clinical signs of
hypovolaemia were present, additional boluses of HES 6%
(maximally 100 ml/hour) were given. The animals were treated and
observed for 24 hours or until death.
Results Cardiac output was higher in group PH as compared with
the other groups (P < 0.05), while mean arterial pressure was
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similar in all groups. While the oxygenation index (paO2/FiO2)
decreased in all groups, group PH had the lowest values after 6 hours
and throughout the rest of the experiments (P < 0.05) (Figure 1).
Survival was lowest in group PH, followed by group P, while all
animals in the control groups survived until 24 hours (Figure 2).
Conclusion High-volume administration decreased oxygenation
and survival in peritonitis but not in control animals. A high-volume
approach may not be generally beneficial in abdominal sepsis.
Reference
1. Rivers E, et al.: N Engl J Med 2001, 345:1368-1377.

P29

Effects of volume resuscitation on hepatosplanchnic
oxygen consumption, liver mitochondrial function and
mortality in endotoxemia

T Regueira1, E Borotto1, S Brandt2, H Bracht1, J Gorrasi1, 
P Lepper1, J Takala1, S Jakob1

1Intensive Care Medicine and 2Department of Anesthesiology,
University Hospital, Bern, Switzerland
Critical Care 2007, 11(Suppl 2):P29 (doi: 10.1186/cc5189)

Introduction Fluid resuscitation is necessary in sepsis, but positive
fluid balance may increase the risk of mortality. We tested the
hypothesis that a volume resuscitation strategy may modify liver
mitochondrial function and outcome.
Methods Twenty-nine anesthetized pigs received for 24 hours
either endotoxin or placebo, and either Ringer’s lactate 10 ml/kg/hour
or 15 ml/kg/hour + 5 ml/hour HES. Systemic and regional hemo-
dynamics were measured. Liver mitochondrial state 3 and state 4
oxygen consumption were determined.
Results Hepatosplanchnic oxygen delivery was similar in endotoxic
pigs with high (2.97 ± 1.58 ml/min/kg) vs moderate volume
administration (3.06 ± 0.6 ml/min/kg), but hepatosplanchnic VO2
was lower in animals with high (1.32 ± 0.4 ml/min/kg) vs moderate
volume administration (1.75 ± 0.3 ml/min/kg, P = 0.019). Endotoxin
high-volume pigs exhibited a decrease in state 3 respiration for
complex I and complex II (not significant) in comparison with
control high-volume and with endotoxin low-volume pigs (Figure 1).
They also had an increased mortality rate during the 24-hour study
period (60% vs 0% in controls).
Conclusion A prolonged high-volume resuscitation approach
during endotoxemia may be associated with impaired hepato-
splanchnic oxygen consumption, liver mitochondrial dysfunction

and high mortality. The impact of aggressive and prolonged volume
administration on hepatosplanchnic oxygenation and mitochondrial
function in human sepsis should be determined.

P30

Effect of C1-esterase inhibitor treatment on
microcirculatory perfusion after superior mesenteric artery
ischemia

M Lauterbach, G Horstick, N Plum, J Lotz, E Lauterbach, 
L Weilemann, O Kempski
University Hospital Mainz, Germany
Critical Care 2007, 11(Suppl 2):P30 (doi: 10.1186/cc5190)

Multiple studies have stressed the importance of the contribution
of activated complement to the pathology of reperfusion injury after
tissue ischemia. Using intravital microscopy, this study explores
functional consequences of the inhibition of the classical pathway
of complement activation with C1-esterase inhibitor (C1-INH) in
the context of superior mesenteric artery occlusion (SMAO)/
reperfusion.
Thirty anesthetized, spontaneously breathing, male Sprague–
Dawley rats underwent SMAO for 60 minutes followed by
reperfusion (4 hours). C1-esterase inhibitor (100 IU/kg, 200 IU/kg
body weight) or saline (0.9%) was given as a single bolus before
reperfusion. Sham-operated animals (n = 10) without SMAO served
as controls. Systemic hemodynamics were monitored continuously,
arterial blood gases analyzed intermittently, and leukocyte/
endothelial interactions in the mesenteric microcirculation
quantified at intervals using intravital microscopy. Ileal lipid-binding
protein (I-LBP) levels were measured from serum samples with an
ELISA at the end of the experiments.
C1-INH restored microcirculatory perfusion of postcapillary venules
to baseline levels in a dose-dependent manner and reduced
leukocyte adhesion following SMAO/reperfusion to similar levels in
both C1-INH-treated groups during reperfusion. Furthermore, C1-
INH treatment efficiently prevented metabolic acidosis, and
reduced the need for intravenous fluids to support blood pressure.
Furthermore, I-LBP levels decreased in a dose-dependent manner,
and were comparable with the levels of sham-operated animals at
the end of the experiments. Survival rates were 100% in controls
and after 200 IU/kg C1-INH, 90% after 100 IU/kg C1-INH, and
30% in saline-treated animals.
In the setting of mesenteric ischemia, C1-INH given as a bolus
infusion shortly before reperfusion efficiently restored microcirculatory
perfusion in a dose-dependent manner, reduced local and systemic
inflammatory response, and improved outcome. I-LBP levels
correlated well with the functional consequences of mesenteric
ischemia/reperfusion and treatment at the end of the experiments.

P31

Dobutamine protects lymphocyctes against staurosporin-
induced apoptosis via a receptor-independent and p38-
independent pathway

F Jans1, T Piegeler2, R De Jongh1, R Heylen1, T Loop2, 
M Roesslein2

1Ziekenhuis Oost-Limburg, Genk, Belgium; 2University Hospital,
Freiburg, Germany
Critical Care 2007, 11(Suppl 2):P31 (doi: 10.1186/cc5191)

Introduction Since catecholamines have been shown to modulate
various immunological functions, the goal of this work was to
investigate their effects on staurosporin-induced apoptosis of
Jurkat T cells, a well-established model for human T lymphocytes.
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Methods Jurkat T cells passages 1–12 were used. Apoptosis was
measured with a caspase-activity assay and with FACS analysis of
annexin–propidium iodide double-stained cells.
Results Exposure of Jurkat T cells for 2 hours to staurosporin
(2 µM) induced apoptosis: the number of apoptotic cells increased
to 14.0 ± 0.8% versus 2.3 ± 0.4% in the control group. Pre-
treatment (4 hours) with dobutamine 100 and 500 µM decreased
the staurosporin-induced apoptosis to 11.6 ± 0.6% and 8.7 ± 0.7%,
respectively (P < 0.01, mean ± SEM, n = 44). Other catechol-
amines like epinephrine and norepinephrine (both up to 500 µM)
had no effect on staurosporin-induced apoptosis. To investigate
whether this protective effect of dobutamine was mediated via β-
receptors, specific β-blockers were used: neither atenolol (β1)
(100 mM), nor ICI 118,551 (β2) (10 mM) blocked the protective
effect of dobutamine. Furthermore, dobutamine (1–500 µM) did
not increase cAMP production in these cells. Therefore, the
protective effect of dobutamine is not β-receptor-mediated. Since it
was previously demonstrated that MAPKs p38 and JNK, but not
ERK, are activated by dobutamine in Jurkat T cells, we investigated
whether the activation of these MAPKs are involved in the
protection by dobutamine: inhibition of JNK activation with SP
600125 (1 µM) did not influence the protective effect of dobuta-
mine. Inhibition of p38 activation with SBI 202190 (5 µM) even
seemed to reinforce the protection afforded by dobutamine.
Conclusions These experiments demonstrate that dobutamine
pretreatment protects T cells from staurosporin-induced apoptosis.
This protective effect is not β-receptor-mediated. Also, activation of
MAPKs p38 or JNK by dobutamine is not responsible for the
protective effect. The molecular mechanisms by which dobutamine
exerts this protective effect remain to be elucidated.

P32

Serum vasopressin concentrations in critically ill patients
in the intensive care unit

A Melissaki, A Efthymiou, T Kyriakopoulou, G Kribeni, 
E Evaggelaki, A Tsikali, D Andreopoulos, A Zaglis, N Baziotis
Saint Savvas General Hospital, Athens, Greece
Critical Care 2007, 11(Suppl 2):P32 (doi: 10.1186/cc5192)

Introduction The aim of the study is the measurement of serum
vasopressin concentrations in the mixed critically ill patients,
24 hours after admission to the ICU and just before the discharge.
Methods In this study there were included patients admitted to the
ICU from June until November 2006 (n = 22; 12 males, 10
females), mean age 46.45 ± 22.03, APACHE II score 8.59 ± 4.76,
length of stay 9.68 ± 6.52. Patients with central nervous system
failure, neurosurgical patients and patients remaining in the ICU for
no longer than 72 hours were excluded. Serum vasopressin
concentrations were measured 24 hours after their admission to
the ICU and just before their discharge. The control group was 20
healthy volunteers (blood donors). Vasopressin was measured by
the radioimmunoassay method in pmol/l. The sensitivity of the
method is 0.5 pmol/l and the specificity is 100%. The statistical
analysis was done with the t test.
Results Vasopressin serum concentrations at 24 hours after
admission were 32,618 ± 20,570 pmol/l. Vasopressin serum
concentrations in critically ill patients were significantly higher than
in the healthy control group (11,302 ± 31,002, P < 0.001). Serum
vasopressin concentrations on admission compared with vaso-
pressin concentrations at discharge were statistically significantly
increased (P < 0.001).
Conclusions Serum vasopressin concentrations in critically ill
patients in a mixed ICU are increased 24 hours after admission
compared with the control group. The value at discharge is lower

than the value on admission and it approaches the value of
vasopressin in healthy volunteers. To confirm these results, more
studies will be needed.

P33

Effects of simultaneously infused terlipressin and
dobutamine in septic shock

A Morelli1, C Ertmer2, M Lange2, K Broeking2, A Orecchioni1, 
M Rocco1, H Van Aken2, P Pietropaoli1, M Westphal2
1University of Rome ‘La Sapienza’, Rome, Italy; 2University Hospital
of Muenster, Germany
Critical Care 2007, 11(Suppl 2):P33 (doi: 10.1186/cc5193)

Introduction Terlipressin is increasingly used in the treatment of
sepsis-associated hypotension. However, terlipressin may reduce
cardiac output and global oxygen supply.
Methods We performed a prospective, randomized, controlled
clinical study to determine whether dobutamine may counter-
balance the depressions in cardiac index and mixed-venous oxygen
saturation resulting from sole terlipressin infusion. We enrolled 60
septic shock patients requiring high doses of norepinephrine
(0.9 µg/kg/min) to maintain mean arterial pressure at 70 ± 5 mmHg.
Patients were randomly allocated to be treated either with (a) 1 mg
terlipressin, (b) 1 mg terlipressin followed by incremental dobuta-
mine doses to reverse the anticipated reductions in mixed-venous
oxygen saturation, or (c) sole norepinephrine infusion (control;
each n = 20).
Results Data from right heart catheterization, thermo-dye dilution
catheter, gastric tonometry, as well as organ function and
coagulation were obtained at baseline and after 2 and 4 hours.
Terlipressin (with and without dobutamine) infusion preserved the
mean arterial pressure at threshold values of 70 ± 5 mmHg, while
allowing one to reduce norepinephrine doses to 0.18 ± 0.04 and
0.2 ± 0.05 µg/kg/min, respectively (vs 1.4 ± 0.07 µg/kg/min in
controls at 4 hours; each P < 0.01). The terlipressin-linked
decrease in mixed-venous oxygen saturation was reversed by
dobutamine (at 4 hours: 59 ± 2 vs 69 ± 3%, P = 0.023). No
statistically significant differences were found intra-group and
between groups in terms of differences between gastric mucosal
and arterial carbon dioxide partial pressure, blood clearance of
indocyanine green, as well as the plasma disappearance rate of
indocyanine green
Conclusions In catecholamine-dependent human septic shock,
terlipressin (with and without concomitant dobutamine) stabilizes
hemodynamics and reduces norepinephrine requirements.
Dobutamine is a useful inotropic agent to reverse the depression in
global oxygen transport resulting from sole terlipressin infusion
without obvious side effects.

P34

Vasopressin substitution causes microcirculatory changes
in patients with septic shock

S Klinzing, C Reinhard, T Simon, T Schürholz, Y Sakr, 
K Reinhart, G Marx
Friedrich Schiller Universität, Jena, Germany
Critical Care 2007, 11(Suppl 2):P34 (doi: 10.1186/cc5194)

Introduction We tested the effects of arginine vasopressin on
tissue oxygenation, microvascular reactivity and oral mucosa
microcirculation in patients with septic shock.
Methods In 20 patients with septic shock, tissue microcirculation
was determined before treatment with AVP (2 IU/hour), after
2 hours of treatment and 2 hours after treatment.
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The thenar muscle StO2 was measured by near-infrared
spectroscopy (InSpectra; Hutchinson Technology, Hutchinson,
MN, USA). Oral mucosal tissue oxygen saturation, microcirculatory
blood flow and blood flow velocity were measured in depths of 1
and 4 mm with a laser Doppler flowmetry and remission
spectroscopy system (O2C).
Results See Table 1. Vasopressin infusion led to a significant
decrease of oral mucosal oxygen saturation and blood flow, and a
significant decrease of flow velocity in a depth of 1 mm. Changes
in thenar tissue perfusion were not detectable.
Conclusion Vasopressin causes a deterioration of oral mucosal
blood flow but not in thenar tissue perfusion.

P35

Rebound hypotension following terlipressin bolus infusion
can be prevented by continuous low-dose infusion of
terlipressin

M Lange1, K Bröking1, C Ertmer1, D Traber2, C Hucklenbruch1,
H Van Aken1, M Westphal1
1University of Münster, Germany; 2The University of Texas Medical
Branch, Galveston, TZ, USA
Critical Care 2007, 11(Suppl 2):P35 (doi: 10.1186/cc5195)

Introduction Bolus infusion of terlipressin, a vasopressin analog,
increases the mean arterial pressure (MAP) in patients with sepsis-
related arterial hypotension. However, bolus infusion of terlipressin
may be associated with severe side effects like excessive systemic
and pulmonary vasoconstriction. We hypothesized that continuous
low-dose infusion of terlipressin may reverse arterial hypotension
with reduced side effects.

Methods Sixteen ewes were chronically instrumented to determine
the hemodynamics of the systemic and pulmonary circulation. After
16 hours of endotoxin infusion, all sheep exhibited a hypotensive–
hyperdynamic circulation. Thereafter, the animals were randomized
to be treated with either a continuous (2 mg over 24 hours) or
bolus infusion (1 mg every 6 hours) of terlipressin.
Results Continuous infusion of terlipressin reversed the endotoxin-
induced decrease in MAP during the entire 24-hour study period
(P < 0.001). Intermittent bolus injections of terlipressin contributed
to overshooting increases in MAP, as well as in systemic and
pulmonary vascular resistance index (each P < 0.001), which were
followed by sudden and strong rebound effects (Figure 1).
Conclusion A goal-directed continuous infusion of terlipressin may
be superior to terlipressin bolus injection to treat patients with
sepsis-related arterial hypotension.

P36

Apparent heterogenity in splanchnic vascular response to
norepinephrine during sepsis

J Gorrasi1, V Krejci2, L Hiltebrand2, S Brand2, H Bracht1, 
B Balsiger3, J Takala1, S Jakob1

1Department of Intensive Care Medicine, 2Department of
Anesthesia and 3Departament of Gastroenterology, University
Hospital Bern, Switzerland
Critical Care 2007, 11(Suppl 2):P36 (doi: 10.1186/cc5196)

Introduction Sepsis alters vascular reactivity. We studied the
impact of peritonitis and endotoxemia on hepatic and superior
mesenteric arterial contractility.
Materials and methods We studied fecal peritonitis (P, n = 7),
endotoxin-infusion (E, n = 8) and control (C, n = 6) for 24 hours
after abdominal surgery and eight control pigs without surgery
(SPA). Systemic and regional hemodynamics and ex-vivo
splanchnic vascular reactivity to norepinephrine (NE; tissue bath)
were measured and cumulative dose–response curves to NE were
constructed. Tension was expressed in grams.
Results CO increased (P < 0.05) in P and E. SMA flow (median
(range)) decreased in C from 24 (15–30) to 15 (11–21) ml/kg/min
(P = 0.022) (Table 1).

Table 1 (abstract P36)

N of arterial rings SMA (g) HA (g)

C (17) 3 (2–4) 2 (1–3)
P (21) 3 (2–4) 3 (2–4)
E (17) 1 (0.3–2)*;‡ 2 (1–3)
SPA (18) 10 (8–16)**,† 8 (7–10)**,†

Data presented as median (range). *P = 0.002 E vs P and C; **P < 0.01 vs
C, P, and E; †P < 0.001 vs C, E and P; ‡P = 0.008 vs C.

Conclusions The splanchnic vascular response to NE is
heterogenous in sepsis, and SMA is most affected. This may
modify blood flow distribution if high NE doses are used.
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Base level 2 hours AVP 2 hours after AVP P value step 1 P value step 2

SO2 1 mm (%) 79; 40–99 72.5; 59–88 83; 45–93 <0.05 <0.05

SO2 4 mm (%) 79; 48–97 68; 50–93 81; 24–99 <0.05 <0.01

Flow 1 mm 56; 11–390 33; 10–212 39; 10–249 <0.01 <0.01

Flow 4 mm 332.5; 149–517 280; 119–511 331; 150–581 <0.05 <0.05

Velocity 1 mm 22.5; 12–45 17.5; 11–33 20; 11–33 <0.01 <0.05

Figure 1 (abstract P35)

Mean arterial pressure (MAP) during continuous and intermittent bolus
infusion of terlipressin in endotexemic ewes.
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Effect of norepinephrine on cardiac output and preload in
septic shock patients

O Hamzaoui, H Ksouri, C Richard, J Teboul
Bicetre Hospital, Le Krêmlin Bicetre, France
Critical Care 2007, 11(Suppl 2):P37 (doi: 10.1186/cc5197)

Introduction Norepinephrine (NE) is a first-line vasopressor used
in patients with septic shock. Because of its predominant α-
agonist effect, it is assumed to increase vasomotor tone and hence
the mean arterial pressure (MAP) without significant effect on the
cardiac index (CI). However, a potential beneficial effect on CI can
be expected from its venoconstrictor α-agonist-mediated effect
combined with an inotropic β1 agonist effect, provided that the
increase in left ventricular afterload is not excessive (high levels of
MAP). The aim of our study was to examine the cardiovascular
effect of NE when it induces marked changes in MAP.
Methods In an observational study of patients (n = 37) resuscitated
for septic shock, we analysed hemodynamic PiCCO data at two
consecutive time points where the MAP changed by more than
15% in response to either initiation or to change of doses of NE.
Two subgroups of patients were identified. The first subgroup
(MAPincr) consisted of 21 patients in whom the MAP increased by
more than 15% in response to either initiation of NE infusion
(n = 8) or increase in NE dose (from 1.7 ± 1.7 to 2.2 ± 1.4 mg/hour;
n = 13). The second subgroup (MAPdecr) consisted of 16 patients
in whom the MAP decreased by more than 15% in response to the
decrease in NE doses. For both subgroups, the time between the
two consecutive sets of measurements did not exceed 2 hours and
no other treatments that may alter hemodynamics were adminis-
tered within this period (fluids, hemofiltration, diuretics or other
catecholamines).
Results In the MAPincr subgroup, MAP increased from 56 ± 17 to
84 ± 12 mmHg (P < 0.05) while significant increases in CI (from
3.4 ± 1.0 to 3.7 ± 0.9 l/min/m2), stroke volume index (SVi) (from
37 ± 12 to 41 ± 11 ml/m2) and global end diastolic volume index
(GEDVi) (from 706 ± 203 to 767 ± 225 ml/m2) were observed.
Neither the heart rate nor the global ejection fraction (GEF) signifi-
cantly changed. In seven patients, the GEF markedly increased by
>15% in parallel to the increase in SVi. In the MAPdecr subgroup,
MAP decreased from 95 ± 12 to 70 ± 9 mmHg (P < 0.05). The CI
(from 3.5 ± 1.4 to 3.0 ± 0.9 l/min/m2) and GEDVi (from 815 ± 319
to 721 ± 253 ml/m2) decreased significantly, while the heart rate,
SVi (P = 0.07) and GEF did not change.
Conclusion In our septic shock patients, changes in MAP resulting
from increases or decreases in the doses of NE, were associated
with changes in CI related to changes in GEDVi (cardiac preload)
and in some patients to changes in systolic left ventricular function
evaluated by GEF. These findings suggest that administration of
NE in septic shock is associated not only with an increase in MAP
but also with an increase in systemic blood flow.

P38

Tissue Doppler imaging suggests an association between
endotoxemia and impaired myocardial relaxation

D Sturgess, B Haluska, B Venkatesh
University of Queensland, Brisbane, Australia
Critical Care 2007, 11(Suppl 2):P38 (doi: 10.1186/cc5198)

Introduction Tissue Doppler imaging (TDI) is a novel technique
that measures myocardial velocity. The peak early diastolic mitral
annulus velocity (E′) offers a relatively preload-insensitive measure
of LV relaxation. There are scant data regarding its use in sepsis or

endotoxemia. This study sought to determine the effect of
endotoxemia upon TDI variables.
Methods With ethics committee approval, 10 male Sprague–
Dawley rats were studied. Anesthesia was induced with alfaxalone
and maintained with isofluorane. Mechanical ventilation was
performed via tracheostomy. All rats received 0.9% NaCl 3 ml/hour
via a carotid line. Immediately after baseline assessment (T = 0),
rats received 1 ml/kg i.v. infusion over 30 minutes (study group
(n = 5), endotoxin 10 mg/ml (Escherichia coli O55:B5; Sigma,
MO, USA); control group, 0.9% NaCl). Echocardiography was
performed (15 MHz transducer, Vivid5; GE Healthcare) at T = 0,
60 minutes (T = 60) and 2.5 hours (T = 150). Measurements
included the heart rate, mean arterial pressure (MAP), femoral
venous pressure, LV outflow tract diameter and flow (peak velocity
(Vpeak), cardiac output (CO)), peak early diastolic mitral inflow (E),
peak systolic mitral annulus velocity (S′) and E′.
Results There was no significant difference in mean ± SD weight
(study 539 ± 88 g, control 504 ± 108 g, P = 0.6) or hemodynamic
variables at T = 0. At T = 60, only Vpeak was higher in the study
group compared with controls (1.29 ± 0.24 vs 0.86 ± 0.21 m/s,
P = 0.03). The study group demonstrated lower MAP, E and E′ at
T = 150 (Table 1).

Table 1 (abstract P38)

Control Study P

MAP (mmHg) 118 ± 21 75 ± 35 0.05

CO (l/min) 0.156 ± 0.02 0.181 ± 0.07 0.5

E (m/s) 1.02 ± 0.2 0.76 ± 0.11 0.04

E′ (m/s) 0.095 ± 0.02 0.061 ± 0.02 0.03

Conclusion In this model, endotoxemia was associated with a
decrease in E and E′. This decrease in E′ suggests a decreased
rate of myocardial relaxation. This has not previously been reported.

P39

Hemodynamic and cardiac peptide in septic myocardial
depression: the effects of calcium sensitizer

C Cariello, F Guarracino, L Giannecchini, P Giomi, S Lorenzini
University Hospital, Pisa, Italy
Critical Care 2007, 11(Suppl 2):P39 (doi: 10.1186/cc5199)

Introduction The aim of this retrospective study is to evaluate
hemodynamic and neurohormonal effects of levosimendan in
cardiac patients with sepsis-induced cardiac dysfunction. Septic
shock is characterized by profound cardiovascular alterations
including myocardial depression. Levosimendan has recently been
shown to improve cardiac function in septic shock.
Methods Fifteen patients with myocardial depression related to
septic shock were enrolled. All patients had SIRS criteria, culture
isolation of one or more pathogens, positive procalcitonin, SBP
< 90 mmHg unresponsive to load challenge. We defined myo-
cardial depression as a reduced SvO2 in the presence of increased
brain natriuretic peptide secretion and Troponin I release, and
systolic and/or diastolic dysfunction by transoesophageal echo
evaluation of ejection fraction and mitral annulus tissue Doppler
imaging velocities. All patients received levosimendan infusion for
24 hours at 0.1 µg/kg/min combined with norepinephrine.
Results Data were obtained by evaluating the average of the
percentage variation between T0 (starting infusion) and T1
(24 hours after infusion), T2 (48 hours), T3 (72 hours), T4
(96 hours), T5 (120 hours) and T6 (144 hours). Levosimendan
significantly increased SvO2 and ejection fraction, and decreased

Available online http://ccforum.com/supplements/11/S2



S16

Troponin I and brain natriuretic peptide. Levosimendan improved
diastolic function by increasing the E′ velocity at tissue Doppler
imaging at 48 hours. All data were analysed by the Fisher F test.

Table 1 (abstract P39)

T0 T1 T2 T3 T4 T5 T6

SvO2 (%) 0 4 10 17 22 19 22

Trop I (ng/ml) 0 –65 –86 –82 –78 –62 –62

BNP (%) 0 –45 –41 –56 –50 –42 –44

E′ (cm/s) <8 >8 >8 >8 >8 >8 >8

EF (%) <30 >40 >40 >40 >40 >40 >40

Conclusions Levosimendan seems to improve systemic
hemodynamics and neurohormonal cardiac function in patients
with septic cardiac dysfunction.

P40

Neutrophil oxidative burst evaluation during acute
normovolemic hemodilution: preliminary results

M Kahvegian, D Tabacchi Fantoni, DA Otsuki, C Holms, 
C Oliveira Massoco, J Costa Auler Jr
University of São Paulo Medical School, São Paulo, Brazil
Critical Care 2007, 11(Suppl 2):P40 (doi: 10.1186/cc5200)

Introduction In recent years there has been increasing evidence
that a resuscitation strategy with different fluids can have widely
divergent impacts on the immune response, neutrophil activation
and tissue injury. This prospective study was undertaken to
determine the neutrophil oxidative burst in the swine model during
an acute normovolemic hemodilution (ANH) procedure with
hydroxyethyl starch.
Methods Twelve pigs were anesthetized, instrumented and
randomized into two groups: control and hemodilution (H). The
control group was only anesthetized and instrumented while
animals in the ANH group were submitted to acute normovolemic
hemodilution to a target hematocrit of 15% with volume
replacement performed with hydroxyethyl starch 130/0.4 at a 1:1
ratio. The withdrawn blood was returned to the animals
120 minutes after the end of hemodilution. Neutrophil oxidative
burst was performed with blood samples collected at the femoral
vein at the following time points: before ANH (baseline), after
instrumentation (INST), immediately after ANH (H), 60 minutes
after ANH (60H), 120 minutes after ANH (120H), 60 minutes after
blood infusion (60BI) and 120 minutes after blood infusion
(120BI), and determined with a flow cytometer. Spontaneous and
stimulated oxidative burst activation of neutrophils were performed
with dichlorofluorescein diacetate and phorbol myristate acetate.
Statistical analyses were performed using one-way analysis of
variance followed by a Dunnett test or t test. A P value of 0.05 was
considered statistically significant.
Results Spontaneous oxidative burst activity in group H increased
significantly from baseline (30.19 ± 4.79) to H (57.45 ± 9.86) and
60H (56.26 ± 14.64) (P < 0.01) while the control group did not
present significant variation. Between groups there were
significant differences at H (ANH = 57.45 ± 9.86; control =
23.18 ± 7.16; P = 0.0007), 60H (ANH = 56.26 ± 14.64; control =
34.53 ± 9.06; P = 0.0225), 120H (ANH = 43.59 ± 5.46; control =
28.65 ± 10.44; P = 0.0220) and 60BI (ANH = 38.60 ± 1.85;
control = 25.59 ± 8.12; P = 0.0082).
Conclusion ANH with hydroxyethyl starch influences oxidative
burst activity under experimental conditions.

P41

Relationship of IL-12 and thyroid indices in sepsis

E Karakoc, I Karayaylali, T Sunbul
Cukurova University, Adana, Turkey
Critical Care 2007, 11(Suppl 2):P41 (doi: 10.1186/cc5201)

Introduction Sickeuthroid syndrome is very frequent in critically ill
patients. Cytokines may have a role in this syndrome. IL-12 is
involved in the central regulation of the hypothalamic–pituitary–
thyroid (HPT) axis during illness. The aim of this study is to evaluate
the relationship of IL-12 and thyroid functions in septic patients.
Materials and methods Twenty-four septic patients and 18
healthy controls were enrolled into the study with the mean ages of
49.9 ± 20.6 and 45.8 ± 22.3 years, respectively. Hyperthyroid and
hypothyroid patients were excluded. Free triiodothyronine (fT3),
free thyroxine (fT4) and TSH were measured simultaneously with
IL-12.
Results The mean IL-12, fT3, fT4 and TSH values of septic
patients and the control group are presented in Table 1. IL-12 was
significantly higher in septic patients (19.05 ± 10.7 pg/ml vs
4.8 ± 2.0 pg/ml, P < 0.005). fT3 and TSH values were significantly
low in septic patients. There was a significantly strong correlation
between IL-12 and fT4 in septic patients but not fT3 and TSH
(r = 0.88, P = 000). There was no correlation between IL-12 and
other thyroid indices in the control group.

Table 1 (abstract P41)

IL-12 (pg/ml) TSH (mIU/l) fT3 (pg/ml) fT4 (ng/dl)

Control group 4.8 ± 2.1 2.25 ± 2.1 2.93 ± 0.5 1.18 ± 0.14

Septic patients 19.05 ± 10.7 1.173 ± 1.85 1.56 ± 0.6 1.06 ± 0.3

P <0.001 0.001 <0.001 0.118

Conclusion According to our findings, IL-12 has a role in HPT
dysfunction in most critically ill patients.

P42

A network system for the treatment of pediatric septic shock

M Sasse1, M Kirschstein2, H Köditz1, K Seidemann1, A Wessel1
1Medical University Children’s Hospital, Hannover, Germany;
2Children Hospital AKH Celle, Germany
Critical Care 2007, 11(Suppl 2):P42 (doi: 10.1186/cc5202)

Introduction We show the effect of a network system in the
treatment of pediatric septic shock, especially for children with
Waterhouse–Friderichsen syndrome. In 2003 we founded a
pediatric intensive care network with 15 children’s hospitals in
Lower Saxony, Germany. The aims were the standardisation of
clinical therapies, implementation of training programs and the
installation of an emergency system in the region of lower Saxony.
Methods The first standard was implemented for the treatment of
the Waterhouse–Friderichsen syndrome. At first, we started with
the educational program. The program included different central
symposia about septic shock in children. The second step was the
standardisation of the diagnosis and the therapy, including the
administration of human protein C concentrate (PC), and the
clinical pathways. We implemented a round-the-clock emergency
system with the possibility for transportation of critically ill patients,
permanent consultation of the tertiary medical center and onsite
treatment through the tertiary center staff if the patient could not be
transferred. All patients were announced to the tertiary medical
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center directly after admission into the network hospitals. The final
step was the presentation of the project in the different hospitals.
Results We treated 10 children with Waterhouse–Friderichsen
syndrome in the network. Three of them were attended on site and
seven were transferred in the tertiary center. The announcement
time in eight cases was 15 minutes–1 hour. Primarily, a
consultation was accomplishing routinely. The transportation team
of the tertiary center continued the treatment on site and
afterwards in the center. All patients showed typical signs of
Waterhouse–Friderichsen syndrome with purpura fulminans and
severe multiorgan failure. No patient died and only one patient had
necrosis of the skin, which existed already at admission. The others
had a restitution ad integrum. No adverse effects were observed
with the PC concentrate administration.
Conclusions The network system and the standard treatment with
PC worked without severe problems. The survival rate and the
outcome in our small study group were excellent. Our experience
allows us to enlarge the system on other diseases.

P43

Intensive care unit outcome versus haemodynamic status
on arrival at a general intensive care unit

T Reynolds, A Theodoraki, I Ketchley, A Tillyard, R Lawson, 
N Al-Subaie, M Cecconi, R Grounds, A Rhodes
St George’s Hospital, London, UK
Critical Care 2007, 11(Suppl 2):P43 (doi: 10.1186/cc5203)

Introduction Goal-directed therapeutic protocols such as that
described by Rivers and colleagues [1] have taken an important
place in efforts to increase survival in septic patients. We looked at
ICU outcomes for patients meeting the haemodynamic criteria of
the Rivers trial on admission to our general ICU.
Methods We prospectively recorded haemodynamic parameters
of 98 consecutive patients admitted to a mixed medical/surgical
ICU and compared these with the ICU outcome. Patients who met
systemic inflammatory response syndrome (SIRS) criteria [2] and
had lactate ≥4 mmol/l or systolic blood pressure ≤90 mmHg met
the Rivers criteria.
Results We included 98 patients admitted to the ICU (60 males)
of mean age 61 ± 17 years. Fourteen patients (14%) died in the
ICU, and the median length of stay was 3 (IQR 3) days. Overall 16
of the 98 patients met the Rivers criteria, four of whom died (25%).
The median length of ICU stay for the Rivers patients was 5 (1.25)
days (see Table 1).
Conclusions Sixteen out of 98 patients (16%) met Rivers criteria.
Of medical and surgical emergency patients, this proportion rose
to 16 of 55 patients (29%).
References
1. Rivers E, et al.: N Engl J Med 2001, 345:1368-1377.
2. Levy M, et al.: Crit Care Med 2003, 31:1250-1256.
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Optimization of antibacterial treatment in pediatric
intensive care units using procalcitonin

N Beloborodova1, D Popov1, M Traube2, E Ochakovskaya1, 
E Chernevskaya1

1Bakoulev Scientific Center for Cardiovascular Surgery, Moscow,
Russian Federation; 2Filatov Children’s Hospital, Moscow, Russia
Federation
Critical Care 2007, 11(Suppl 2):P44 (doi: 10.1186/cc5204)

Introduction Neonates and infants in the ICU are at high risk of
severe infections and sepsis. Often it is not easy to diagnose
sepsis based only on clinical findings; reliable biomarkers are
needed to prove the diagnosis.
Objective To study the value of procalcitonin (PCT) as a marker,
verifying the diagnosis, which enables the start of de-escalating
ABT in patients with clinical signs of sepsis.
Methods Three hundred and seventy-four patients on artificial lung
ventilation from two pediatric ICUs of two Russian hospitals were
enrolled. Blood samples for PCT testing (PCT LIA; BRAHMS AG,
Germany) were taken under suspicion of sepsis or exacerbation of
bacterial infection. In the first stage (January–December 2005), 50
neonates (age 6 (4–12) days) with various perinatal pathologies
were studied (Group A), and routine ABT was prescribed, with
blood samples taken and stored for further PCT assessment. In the
second stage (January–November 2006), 324 infants (age 6
(1.5–9.4) months) after cardiac surgery were enrolled (Group B),
and ABT was adjusted based on PCT-testing results. PCT
> 2 ng/ml indicative of systemic bacterial inflammation in addition
to clinical signs of sepsis was an indication for ABT with
carbapenems. Data are shown as the median and interquartile
range.
Results Group A. Sepsis was diagnosed in 16/50 (32%) patients.
PCT > 2 ng/ml was observed in 23/50 (46%) cases, including
15/16 (94%) patients with clinically diagnosed sepsis. In patients
with PCT > 2 ng/ml the mortality rate was 7.7% if carbapenems
(meropenem or imipenem/cilastatin) were administered (n = 13),
compared with 20% with different ABT (n = 10) – although in
patients with PCT < 2 ng/ml (n = 27), ABT with carbapenems
(n = 12) resulted in paradoxically higher mortality compared with
other ABT schemes (n = 15): 17% vs 6.6%. Group B. Sepsis was
defined in 24/324 (7.4%) patients. PCT > 2 ng/ml was in 53/324
(16%) cases, including all patients with clinically diagnosed sepsis.
Early ABT with meropenem, combined with vancomycin or
linezolid, allowed one to decrease sepsis-related mortality in these
patients to 29%, which used to be as high as 74% before the
introduction of this algorithm (P = 0.0028).
Conclusion Early verification of sepsis using PCT combined with
carbapenems-based ABT enables decreasing sepsis-related
mortality in critically ill infants and newborns staying in the ICU.
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Table 1 (abstract P43)

Patients Patients reaching Rivers criteria

Mortality Median length of stay Mortality Median length of stay 
n (n (%)) (days) n (n (%)) (days)

Total 98 14 (14%) 3 (IQR 3) 16 4 (25%) 5 (IQR 1.25)

Medical 33 9 (27%) 5 (IQR 2) 11 3 (27%) 5 (IQR 1.5)

Elective surgical 43 1 (2%) 2 (IQR 1) 0

Emergency surgical 22 4 (18%) 3 (IQR 4.5) 5 1 (20%) 5 (IQR 1)
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Do they know what is sepsis time? Septic Patients Survey
Enrolling Staffs study

M Assuncao1, F Machado1, N Akamine2, G Cardoso1, P Mello3,
J Telles4, A Nunes5, M Oliveira6, A Rea-Neto7, R Clleva8, F Dias9

1Universidade Federal de Sao Paulo, Brazil; 2Latin American
Sepsis Institute, Sao Paulo, Brazil; 3Universidade Estadual do
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Introduction The aim of this study was evaluation of physicians’
knowledge about SIRS, sepsis, severe sepsis and septic shock.
Methods A multicenter study in 21 ICUs in seven university, five
public and seven private hospitals. A questionnaire with five clinical
cases was first validated by five critical care boarded intensivists
(INT) with 100% agreement. All interviewed physicians (Phys)
received each question separately, in a predefined sequence, and
no answer could be reviewed. After answering, the questionnaire
was put in a sealed envelope with no identification. Statistical
analysis was performed: chi-square, Kruskall–Wallis and linear
correlation tests. P < 0.05 was considered statistically significant.
Results A total of 917 Phys (mean age 32.7 ± 7.21 years, 61.9%
males, 38.1% females) were enrolled with 20.0% (n = 55) INT and
80.0% (n = 220) of nonintensivists (non-INT). Phys correctly
recognized SIRS, infection, and septic shock in 80.4%, 92.4% and
85.1% of the cases, respectively. The lowest rate of recognition
was observed in sepsis and severe sepsis cases (26.5% and
55.6%). Considering all questions, the overall percentage of
correct answers was 68.1 ± 21.1%. INT performed better than
non-INT (84.7 ± 17.2% and 64.0 ± 20.0%, P < 0.00001). Phys
working at public and university hospitals performed better
(70.2 ± 18.7% and 71.2 ± 19.5%) than those in private hospitals
(59.7 ± 23.4%, P = 0.001).
Conclusion The recognition of sepsis and its severity are not
satisfactory, mostly among non-INT and those working at private
hospitals. Possibly, reviewing sepsis-related and organ dysfunction
concepts are necessary for early identification of septic patients.

P46

Prevalence of endotoxemia in a population of patients
admitted to an intensive care unit after elective surgery

F Valenza, L Fagnani, S Coppola, S Froio, C Tedesco, 
C Marenghi, C Galbusera, P Caironi, L Gattinoni
Fondazione IRCCS Ospedale Maggiore Policlinico Mangiagalli
Regina Elena, Milano, Italy
Critical Care 2007, 11(Suppl 2):P46 (doi: 10.1186/cc5206)

Introduction The aim of this study was to investigate the
prevalence of endotoxemia early after elective surgical procedures
in patients admitted to an ICU of a university hospital.
Methods One hundred and four nonselect patients were recruited.
Patients were excluded if they were admitted during the weekend
or from another ICU and if they were on chronic dialysis. Within
4 hours of admission functional data were collected and severity
scores (APACHE, SOFA) calculated. Arterial blood samples were
also taken and processed according to Spectral Diagnostics’
endotoxin activity (EA) assay [1]. The method allows one to
express EA as a function of each patient’s neutrophil chemi-
luminescence activity (on a scale from 0 to 1). An EA level of 0.4 is

approximately equivalent to an endotoxin concentration of
25–50 pg/ml, and a level of 0.6 is approximately equivalent to a LPS
concentration of 100–200 pg/ml. Data were analysed according to
EA ranges: low (EA < 0.4), intermediate (0.4 ≤ EA < 0.6), and high
(EA ≥ 0.6). Differences between ranges of EA were assessed by
analysis of variance (Sigma Stat, SPSS), accepting P < 0.05 as
significant. Data are expressed as the mean ± SD.
Results In our case mix, patients were 68 (65%) in the low group,
17 (17%) in the intermediate group and 19 (18%) in the high
group. Age (61 ± 17 years) was not significantly different in the
three groups (P = 0.493). Functional and severity scores were not
significantly different between groups. Average values were as
follows: WBC 11,093 ± 4605 n/mm3 (P = 0.385), HR 76 ± 16 bpm
(P = 0.898), MAP 88.8 ± 13.6 mmHg (P = 0.576), lactate
1.18 ± 0.77 mmol/l (P = 0.370), PaO2/FiO2 383 ± 109 mmHg
(P = 0.474), APACHE II score 8.3 ± 3.7 (P = 0.542) and SOFA
score 1.5 ± 1.4 (P = 0.245). Interestingly, those patients with
higher levels of EA were characterized by longer length of stay in
the ICU. The ICU length of stay was 1.9 ± 3.1 days in the low
group, 8.7 ± 6.7 days in the intermediate group and 4.7 ± 7.7 days
in the high group (P = 0.038).
Conclusions A rather high number of patients admitted to the ICU
following elective surgery are characterized by intermediate-high
levels of endotoxemia, as assessed by the EA assay, despite their
relative low level of complexity on admission. High levels of EA
were associated with a longer length of stay.
Reference
1. Romaschin AD, et al.: J Immunol Methods 1998, 212:169-

185.
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sTREM-1 is not suitable to discriminate survivors and
nonsurvivors in surgical patients with severe sepsis or
septic shock
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M Buechler1, M Weigand1

1University of Heidelberg, Germany; 2Bayer CropScience,
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Critical Care 2007, 11(Suppl 2):P47 (doi: 10.1186/cc5207)

Objectives To evaluate in septic patients the plasma levels of
sTREM-1, a soluble form of TREM-1, which seems to play an
important role in inflammatory diseases, and to determine whether
plasma sTREM-1 could be used as a diagnostic and prognostic
marker in sepsis in the surgical ICU.
Design An observational clinical study.
Setting The surgical ICU of the University Hospital of Heidelberg,
Germany.
Patients Patients admitted to the ICU over a 6-month period with
clinical evidence of severe sepsis or septic shock.
Interventions None.
Measurements and results Sixty-six intensive care patients were
enrolled in the study within the first 24 hours after the onset of
severe sepsis or septic shock. Twenty-one healthy individuals
served as controls. At day 0, day 1 and day 3 after diagnosis of
severe sepsis or septic shock, plasma sTREM-1 was measured by
ELISA. Plasma sTREM-1 concentrations of healthy controls did not
differ from patients with severe sepsis or septic shock at day 0
(42.8 ± 44.9 pg/ml vs 40.8 ± 45.5 pg/ml, not significant), day 1
(42.8 ± 44.9 pg/ml vs 48.6 ± 57.2 pg/ml, not significant) nor at
day 3 (42.8 ± 44.9 pg/ml vs 51.9 ± 52.8 pg/ml, not significant).
Survivors were defined as patients surviving to at least day 28.
There were no differences of plasma sTREM-1 between survivors
and nonsurvivors at day 0, day 1 and day 3 (34.8 ± 44 52.4 pg/ml
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vs 49.5 ± 35.9 pg/ml, 42.6 ± 61.1 pg/ml vs 59.6 ± 47.1 pg/ml,
and 47.9 ± 60.2 pg/ml vs 58.2 ± 37.1 pg/ml, not significant).
Conclusion In this study including surgical patients with severe
sepsis or septic shock, plasma sTREM-1 is not elevated compared
with healthy controls. Furthermore, the measurement of plasma
sTREM-1 did not allow one to differ between survivors and
nonsurvivors. The suggested role of sTREM-1 as a diagnostic and
prognostic marker in sepsis was not confirmed in this study.

P48

Can plasma-free DNA concentration be a diagnostic tool in
critically ill septic patients?

B Orbey1, H Cuhruk1, M Tulunay1, M Oral2, N Unal1, H Ozdag3

1Ankara University Medical Faculty, Anesthesiology and ICM,
Ankara, Turkey; 2AÜTF, Anesthesiology and ICU, Ankara, Turkey;
3Ankara University, Biotechnology Institute, Ankara, Turkey
Critical Care 2007, 11(Suppl 2):P48 (doi: 10.1186/cc5208)

Recent evidence suggests that the plasma-free DNA concentration
has potential use as a prognostic marker in many clinical situations
including sepsis, trauma, and acute stroke [1]. However, its
predictive value is arguable. We hypothesized that plasma DNA is
increased in septic patients admitted to the ICU compared with
nonseptic ICU patients, and it is correlated with disease severity
and clinical outcome.
Forty-two consecutive patients (11 septic, 31 nonseptic) admitted
to a mixed ICU and mechanically ventilated were recruited. Plasma-
free DNA concentration was measured by real-time PCR assay for
the β-globin gene, and the APACHE II score, SOFA score, serum
C-reactive protein (CRP) concentrations, procalcitonin (PCT)
concentrations, serum lipid concentrations, and clinical outcome
(ICU/hospital days and mortality) were assessed on admission to
the ICU. Assessments and samplings were repeated as the
diagnosis of the patients changed (sepsis, severe sepsis and
septic shock). Finally, 86 plasma samples were collected. Descrip-
tive statistics, Mann–Whitney U, Kruskall–Wallis and Spearman’s
tests, and receiver operating characteristic analysis were used
when appropriate.
Demographic data were similar. ICU and hospital mortalities were
26.2% and 33.3%, respectively. The mean DNA concentrations on
admission were significantly higher in ICU patients compared with
healthy subjects (n = 11) (13,405 GE/ml versus 390 GE/ml,
P < 0.05) and septic patients compared with nonseptic patients
(33,170 GE/ml versus 1,171 GE/ml, P < 0.001). Furthermore,
during the overall ICU stay, increased DNA concentration asso-
ciated with the increase of severity of illness was noted; however,
this increase was statistically significant only between septic and
septic shock samples (26,624 GE/ml versus 42,861 GE/ml,
P < 0.05). The area under the curve obtained for the plasma-free
DNA concentration in distinguishing between septic and nonseptic
patients on admission was 0.9 (sensitivity 84%, specificity, 95%;
cutoff 4,083 GE/ml). Also, the plasma-free DNA concentration was
found to be higher in patients who died in the ICU compared with
patients who survived, although not statistically significant. The
DNA concentration demonstrated a significant correlation with
CRP (P = 0.037, r = 0.365), PCT (P = 0.007, r = 0.457) and high-
density lipoprotein (P = 0.015, r = –0.415) concentrations.
In conclusion, plasma DNA may be a potentially valuable tool to
confirm the diagnosis of sepsis on admission to the ICU and to
monitor disease severity.
Reference
1. Rhodes A, et al.: Plasma DNA concentration as a predictor

of mortality and sepsis in critically ill patients. Crit Care
2006, 10:142.
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Greater than the sum of its parts: C-reactive protein and
the calculated ion gap together are superior in predicting
mortality in critically ill surgical patients
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Critical Care 2007, 11(Suppl 2):P49 (doi: 10.1186/cc5209)

Introduction Inadequate tissue perfusion and an uncontrolled
systemic inflammatory response are associated with poor outcome
in critically ill surgical patients. An increased concentration of un-
measured anions, reflecting hypoperfusion, and the magnitude of
the early inflammatory response both correlate strongly with
mortality. Our aim was to assess the relationship between these
factors, and their ability in combination to predict outcome.
Methods In a prospective study we evaluated 108 consecutive
patients admitted to a surgical high dependency unit. Regional
Ethics Committee approval was obtained. Serum electrolytes,
albumin, phosphate, lactate and C-reactive protein (CRP) were
measured on admission and on day 1. We derived the calculated
ion gap (CIG) using a simplified modification of the Stewart–Figge
equations.
Results Based on previous work, thresholds of 10 mmol/l for CIG
and 100 mg/l for CRP were used to categorise patients. Of the
patients with a CRP < 100 mg/l, 15.4% had an elevated CIG. Of
the patients with a CRP > 100 mg/l, 36.7% had an elevated CIG
(P = 0.016, chi-square test). Patients (n = 63) with a CIG
< 10 mmol/l and CRP < 100 mg/l had a 1.5% mortality, whereas
those (n = 11) with a CIG > 10 mmol/l and CRP > 100 mg/l had a
54.5% mortality (P < 0.0001, chi-square test) (Table 1).

Table 1 (abstract P49)

CRP < 100 mg/l, CRP > 100 mg/l, 
CIG < 10 mmol/l CIG > 10 mmol/l

Inhospital mortality 1.5% (n = 63) 54.5% (n = 11)

Conclusion Inflammation is a potent cause of oxidative stress,
which in turn results in endothelial damage and increased
concentrations of unmeasured anions. The combination of CRP
and the CIG, as markers of inflammation and inadequate tissue
perfusion, respectively, is a powerful predictor of mortality in the
critically ill surgical patient.

P50

C-reactive protein predicts mortality on admission to a
surgical high-dependency unit

F Leitch1, E Dickson1, A McBain1, S Robertson2, D O’Reilly1, 
C Imrie1

1Glasgow Royal Infirmary, Glasgow, UK; 2Johannesburg Hospital,
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Critical Care 2007, 11(Suppl 2):P50 (doi: 10.1186/cc5210)

Introduction C-reactive protein (CRP) is a non-specific marker that
may be used to assess the magnitude of the inflammatory response
in critically ill surgical patients. Our aim was to determine the
temporal relationship between CRP measurement and mortality.
Methods In a prospective study conducted in a surgical high-
dependency unit (HDU), 132 consecutive patients were evaluated.
Regional Ethics Committee approval was obtained. Serum CRP
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was measured on admission, day 1 and day 2 and was evaluated
with respect to inhospital mortality.
Results CRP on admission to HDU discriminated survivors from
nonsurvivors (P < 0.0001, analysis of variance). A CRP greater
than 100 mg/l correlated very strongly with mortality. The mortality
in patients with a CRP less than 100 mg/l (n = 93) was 2.2%. The
mortality in patients with a CRP greater than 100 mg/l (n = 39)
was 25.6% (P < 0.0001, chi-square test), (Table 1). However,
there were no significant differences in CRP with respect to
mortality on day 1 or day 2 (P = 0.136 and 0.236, respectively).

Table 1 (abstract P50)

CRP <100 mg/l CRP >100 mg/l P value

Inhospital mortality 2.2% (n = 93) 25.6% (n = 39) <0.0001 
(chi-square)

Conclusion CRP on admission to the surgical HDU is a powerful
predictor of mortality (P < 0.0001), but this correlation does not
persist after the initial measurement. Our data suggest that early
CRP measurement should be undertaken in all critically ill surgical
patients in order to quantify the ultimate magnitude of the
inflammatory response and the associated mortality.
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The biphasic aPTT waveform to diagnose sepsis in
patients with systemic inflammatory response syndrome

D Hagg, S Malkoski, C Phillips, D Nichols, D Jacoby
Oregon Health & Science University, Portland, OR, USA
Critical Care 2007, 11(Suppl 2):P51 (doi: 10.1186/cc5211)

Introduction We tested the ability of the biphasic aPTT waveform to
diagnosis sepsis in patients presenting to the Emergency Department
(ED) with the systemic inflammatory response syndrome (SIRS). The
biphasic aPTT waveform (BPW), which results from rapid complexing
of VLDL and C-reactive protein during aPTT testing, has
demonstrated promise as an early diagnostic test for sepsis.
Methods A prospective, observational study was designed in
which all patients presenting to the ED of an urban university
hospital were screened for SIRS. Patients with SIRS unrelated to
trauma or myocardial infarction were eligible. Plasma for BPW
testing was obtained at the time of enrollment and daily for 7 days
in admitted subjects. The primary outcome was a diagnosis of
sepsis related to the presence of a BPW at enrollment. Secondary
measures were mortality related to the BPW, correlation of any
positive BPW with sepsis, and of the BPW with statin therapy.
Two criteria for a positive test, light transmittance at 18 seconds
(TL18) and the initial slope of the waveform (slope) are used. Two
independent experts made the final diagnosis.
Results We screened 5,400 consecutive admissions to the ED,
identified 207 eligible subjects and enrolled 105 participants. The
BPW was present at enrollment in 12 subjects by TL18 and in 28
subjects by slope. Forty-six out of 105 subjects eventually
developed a BPW, 54 were diagnosed with sepsis. The sensitivity
and specificity for sepsis were 17% (95% CI, 7–27.6) and 93.8%
(95% CI, 87–100) by TL18 and 26.9% (95% CI, 14.9–38.9) and
71.4% (95% CI, 58.7–84.1) by slope. The positive predictive value
of the test was 75 by TL18 and 50 by slope criteria. The AUC for
ROC analysis of the BPW for diagnosis of sepsis is 0.469 by TL18
and 0.560 by slope. The odds ratio for developing sepsis related to
any positive BPW was 2.977. The odds ratio for development of a
BPW in patients on a statin at the time of presentation was 0.597.
Five subjects died by 28 days, 4/5 having a BPW.

Conclusion The BPW has no utility in the ED to predict the
development of sepsis in at-risk patients. The development of a
BPW at any time during the hospital stay correlates with an
increased risk of sepsis and mortality. Baseline statin therapy may
reduce the chance of developing a BPW.
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Functional protein C levels in septic patients

E Lafuente, I Pratima, M Fernandes, J Gomes da Silva, 
F Moura, F Santos, I Guimaraes, R Lopes, P Santos
Padre Americo, Penafiel, Portugal
Critical Care 2007, 11(Suppl 2):P52 (doi: 10.1186/cc5212)

Objective To know whether functional protein C (FPC) levels in
critical septic patients could be intended as an evolution marker
correlated with prognosis and mortality.
Materials and methods A prospective study with determination of
FPC levels in all septic patients admitted to the ICU. We used the
IL test™ PC kit (Instrumentation Laboratory; synthetic chromogenic
substrate). We considered an abnormal low FPC when levels were
below 40%, normal FPC when levels were above 80% and low
FPC when levels where between 40% and 80%. Data included
patient age, diagnosis, SAPS II, SOFA score, OSF and mortality.
The analytical data included serum lactate and FPC. Patients were
divided into three groups: group I (FPC below 40%), group II (FPC
40–80%) and group III (FPC above 80%). The statistical study
was performed with the Analyse-it® program. The severity was
defined by the usual criteria of SAPS II score and lactate levels and
then compared with the different FPC groups. Mortality was
considered.
Results We included 65 patients. The total mortality rate was
16.9% (11 patients).

Table 1 (abstract P52)

n = 65 FPC Lactate P Mortality (%)

Group I 30.9 ± 9 15.7 ± 5.8 <0.05 78

Group II 58.1 ± 13 1.8 ± 0.35 22

Group III 100.8 ± 12.8 1.3 ± 0.9 <0.05 0

Conclusions We found a direct and a progressive relation with
statistical significance between the higher mortality rate and the
lower protein C values. The results could mean that the level of
protein C can be used as an evolution marker in septic patients.
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Severe protein C deficiency association with organ
dysfunction and mortality in patients with severe sepsis

M Vail, M Williams, J Janes, C Huang
Lilly Pharmaceutical Co., Indianapolis, IN, USA
Critical Care 2007, 11(Suppl 2):P53 (doi: 10.1186/cc5213)

Introduction We sought to determine whether severe protein C
(PC) deficiency was associated with organ dysfunction (OD) and
mortality in adult patients with severe sepsis.
Methods Retrospective examination of Lilly trials in adult patients
with severe sepsis in which PC measurements were obtained at
baseline. Severe PC deficiency was defined as ≤ 40% of normal.
The Student t test was used to compare mean APACHE II and OD
differences, while the chi-squared or Fisher’s exact test was used
for mortality.
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Results Severe PC deficiency was associated with a statistically
significant increase in the mean APACHE II score in two of four
trials, a significant increase in the mean OD in three of four trials,
and a significant increase in mortality in two of three trials (Table 1).
Conclusion Severe PC deficiency at baseline appears to be
associated with a greater degree of organ dysfunction, and
increased mortality in adult patients with severe sepsis.
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Human protein C concentrate in the treatment of hemolytic
uremic syndrome

M Sasse, L Pape, H Koeditz, A Wessel, K Seidemann, 
J Thomas, B Brent
Medical University Children’s Hospital, Hannover, Germany
Critical Care 2007, 11(Suppl 2):P54 (doi: 10.1186/cc5214)

Introduction Human protein C (PC) concentrate may anticipate
thrombotic microangiopathy and facilitate fibrinolysis in the severe
hemolytic uremic syndrome (HUS). We report the effects of PC in
six HUS patients. HUS is characterized by a simultaneous occur-
rence of hemolytic anemia, thrombocytopenia and acute renal
failure. Postdiarrheal HUS is often based on an infection with
EHEC producing Shiga toxins. Our current pathogenetic under-
standing is that Shiga toxins cause endothelial injury, leading to
thrombotic microangiopathy. There is still a 5% rate of mortality
particularly caused by cerebral involvement.
Methods We treated six children with a severe cerebral manifes-
tation, five of them suffered from a multiple organ dysfunction
syndrome (MODS), of HUS with PC over 7–10 days. All patients
suffered peritoneal dialysis, one patient a plasmapheresis. In
addition to the treatment of the MODS, all of them received
100–200 U/day PC.
Results All of the patients showed signs of disseminated
intravascular coagulation. We found typical hypodense lesions in
basal ganglia and edema of the brain in CT. During the therapy
with PC, MODS was remarkable improved and abnormal D-dimer
and PAI-1 levels could be normalised. All of the patients recovered
a nearly normal kidney function. Two patients persisted in a severe
reduced neurological status. The others showed only slight or no
neurological disabilities on discharge. No adverse effects were
observed with the PC concentrate administration.
Conclusions There is no generally accepted therapy regimen to
treat HUS in case of neurological involvement. Mortality in HUS
accompanied with cerebral microangiopathy is high and difficult to
alter. This is the first trial of human PC concentrate administration
to anticipate thrombotic microangiopathy in HUS. All of our
patients showed rapid clinical improvement under PC
administration. Four of six patients were discharged in a healthy
condition despite their severe disease. The containment of the
severe neurological involvement and the lack of side effects in the
treatment with human PC concentrate administration in our

patients yield hope that PC treatment may be an effective therapy
regimen in the treatment of severe HUS.
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Increasing microcirculation after drotrecogin alfa
(activated)

A Donati, M Romanelli, L Romagnoli, M Ruzzi, V Beato, 
V Gabbanelli, S Nataloni, T Principi, P Pelaia
AOU Umberto I Ancona, Rianimazione Clinica, Ancona, Italy
Critical Care 2007, 11(Suppl 2):P55 (doi: 10.1186/cc5215)

In severe sepsis, microcirculatory dysfunction caused by inflam-
mation, endothelial activation and procoagulant response leads to
mithocondrial dysfunction (termed microcirculatory and mito-
chondrial distress syndrome). If undetected, this condition can lead
to parenchymal cellular distress and so to organ failure. As regional
and microcirculatory distress are independent of systemic hemo-
dynamic-derived and oxygen-derived variables, we recorded the
course of microvascular parameters with a Microscan Video Micro-
scope (Microvision, The Netherlands) in four patients with severe
sepsis. We studied the sublingual region because of its embryo-
logic correlation to splanchnic circulation, its thin mucosa. The
instrument used a new improved imaging modality for observation
of the microcirculation called sidestream dark-field imaging. We
consider here four patients with severe sepsis related to
esophagectomy, severe polytrauma with splanchnic organ damage
and mediastinitis treated with drotrecogin alpha (activated) (DA) at
24 µg/kg/hour for 96 hours. The patients were admitted to the
ICU, ventilated mechanically, monitored hemodynamically via a
PICCO system and supported with dobutamine. Videomicroscopy
was made before administration of DA and was repeated every
24 hours during the treatment with DA and at 24 hours after its
suspension. We recorded values of blood pressure, cardiac func-
tion, lactate levels, acid–base balance, temperature and dobuta-
mine dosage.
At admission the sublingual microcirculation showed a low
capillary density, vessel heterogeneity with a qualitative low flow
and flow–no flow. After the first 24 hours from the beginning of DA
infusion, sublingual flow showed an increase of vessel density,
particularly of the number of small vessels, and the number of
continuously perfused vessels increased during and post therapy
with DA. We analyzed the microvascular flow with a simple semi-
quantitative method dividing the images into four equal quadrants
and quantificating flow (hyperdynamic, continuous, sluggish,
flow–no flow, no flow) for each cohort of vessel diameter (small,
medium, large). We analyzed the mean value of results of three
images for each patient pre and post DA therapy. Data are
presented as the median. Before starting therapy with DA, the
microvascular flow index (MFI) was 2.06 for small vessels, 2.09 for
medium vessels, and 2.37 for large vessels. After DA infusion, the
MFI was 3, 3, and 3, respectively, for small, medium and large
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Table 1 (abstract P53)

Study EVAA PROWESS ENHANCE ADDRESS

Protein C ≤40% >40% ≤40% >40% ≤40% >40% ≤40% >40%

n 65 60 615 959 795 1127 593 1154

Mean APACHE II 17.4 17.1 P = 0.79 25.9 24.1 P < 0.001 23.2 20.9 P < 0.001 18.5 18.1 P = 0.14
score

Mean OD 1.5 1.4 P = 0.42 2.8 2.2 P < 0.001 3.1 2.4 P < 0.001 1.6 1.4 P < 0.001

Placebo mortality 50.0% 20.0% P = 0.07 41.8% 25.3% P < 0.001 19.7% 12.0% P = 0.002
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vessels. Differences between groups were assessed using the
Mann–Whitney U test. We showed a statistically significant differ-
ence with P < 0.0001 between MFI before and post DA therapy.
We demonstrated a quantitative and qualitative improvement of
sublingual microcirculation with an increase of capillary density
distribution (area–width) and average velocity versus vessel width.
The course of microvascular blood flow may play an important role
in sepsis and septic shock because of its relation to the
development of multiple organ failure and death. Several studies
have demonstrated that changes in microvascular perfusion are an
independent predictor of outcome. The improvement of the micro-
circulation and vascular tone in septic shock by DA is probably
related to its anticoagulant/antithrombotic and antiinflammatory
action, to the decrease of TNFα production and inhibition of iNOS
induction, and to improvement of endothelial barrier function and
inhibition of chemotaxis, but further investigations are required to
elucidate the exact mechanisms. These observations could
suggest that DA could have a particular interest in the early
management of severe sepsis.
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Multicentre audit of the use of drotrecogin alfa (activated)
in UK critical care units

K Rowan, C Welch, E North, D Harrison
Intensive Care National Audit & Research Centre, London, UK
Critical Care 2007, 11(Suppl 2):P56 (doi: 10.1186/cc5216)

Background Following positive results from PROWESS,
drotrecogin alfa (activated) (DrotAA) was approved for use in
Europe in August 2002. At this time, ICNARC commenced an
audit to monitor the diffusion of the drug into routine UK practice
and to undertake a nonrandomised evaluation of its effectiveness.
Methods A data collection form was developed and tested to mirror
the information collected in PROWESS. This form was completed
for every admission that received DrotAA and a senior clinician
confirmed completeness. Data were entered centrally and validated.
Analysis Admissions receiving DrotAA and with severe sepsis and
two or more organ dysfunctions in the first 24 hours following
admission to the unit were matched to controls on: source of
admission; organ dysfunctions; ICNARC physiology score; and
age. Four pools of control patients were used for matching: (a)
historic admissions (January 2000–August 2002) from the same
unit; (b) contemporaneous admissions from the same unit; (c)
contemporaneous admissions from units that never used DrotAA;
and (d) contemporaneous admissions from units prior to their first
use of DrotAA. Analyses were undertaken using conditional, fixed-
effects, Poisson regression.
Results One hundred and twelve units participated in the audit;
1,079 admissions (one in 16) with severe sepsis and two or more
organ dysfunctions in the first 24 hours following admission to the
unit received DrotAA. For the four control pools, matching was
successful for: (a) 657 (61%); (b) 820 (76%); (c) 702 (65%); and
(d) 965 (89%). Matched cases were older, more acutely ill and had
higher hospital mortality than unmatched cases. The relative risks
(95% confidence interval) associated with DrotAA were: (a) 0.84
(0.77–0.92); (b) 0.85 (0.78–0.93); (c) 0.75 (0.68–0.83); and (d)
0.80 (0.73–0.86). A priori subgroup analyses indicated greater
effect for patients with three or more organ dysfunctions.
Interpretation All results were consistent with PROWESS, but
need to be interpreted with caution due to their nonrandomised
nature and the potential existence of important unknown
confounders. In addition, the fact that only one in 16 potentially
suitable admissions received DrotAA suggests a strong possibility
for treatment bias.
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Surviving ratio of severe sepsis treated with activated
protein C in one university intensive care unit during
2003–2006

A Tokarz, T Gaszynski, W Gaszynski
Medical University of Lodz, Poland
Critical Care 2007, 11(Suppl 2):P57 (doi: 10.1186/cc5217)

Introduction Treatment of severe sepsis with infusion of activated
protein C (APC) (Xigris) in the ICU of Barlicki University Hospital
was initiated in 2003. From 2003 the number of treated patients
increased significantly. This is due to better recognition. The
introduced program consists of education of working staff in all
hospitals in the region. Barlicki Hospital is a reference hospital for
treatment of sepsis, and patients with diagnosis of sepsis are
transferred to this ICU. University ICU doctors are teaching
workshops how to recognize and treat sepsis.
Methods The surviving ratio in patients treated with APC was
estimated retrospectively. Analysis included the years from 2003 to
10 December 2006.
Results A total number of 61 patients, aged 18–65 years, were
included in the analysis. The pathogens and infection location were
different. Patients were diagnosed according to recommendations
of the Polish Sepsis Group and treatment with APC was
introduced. The increase in number was: in 2004 vs 2003, 200%;
in 2005 vs 2004, 111%; in 2006 up to 10 December vs 2005,
57.8%. The surviving ratio increased every year but in 2006 it
decreased compared with 2005.

Table 1 (abstract P57)

2003 2004 2005 2006 (10 Dec)

Number of treated 3 9 19 30
patients

Surviving ratio 33% (1/3) 43.5% (4/9) 62.7% 47%

Discussion During 4 years of treatment of severe sepsis in the
ICU with APC, important changes were observed: faster
recognition and diagnosis, transfer to the reference hospital, and
introduction of adequate therapy. The decrease in the surviving
ratio in 2006 is probably due to a more serious state of the
admitted patients – more initial infection located in the abdomen
after surgery.
Conclusion The education program is essential in increasing the
number of fast recognitions, which influences the surviving ratio.

P58

A large, single-centre UK registry of drotrecogin 
alfa-activated use

L Macchiavello, G Ellis, S Bowden, M Smithies
University Hospital of Wales, Cardiff, UK
Critical Care 2007, 11(Suppl 2):P58 (doi: 10.1186/cc5218)

Introduction As one of the few treatment interventions to
demonstrate mortality efficacy at a randomized controlled trial level
[1], the prescription of drotrecogin alfa-activated (DrotAA) (Xigris™),
where appropriate, plays an important role in the management of
severe sepsis. However, concerns regarding the potential for
serious bleeding events have helped sustain a degree of
scepticism regarding the use of DrotAA [2]. As early adopters of
evidence-based medicine, Cardiff Critical Care Unit has prescribed
DrotAA since late 2002 and has considerable experience with

Critical Care    March 2007 Vol 11 Suppl 2 27th International Symposium on Intensive Care and Emergency Medicine



S23

respect to its use. The aim of this study was to demonstrate the
safety profile and efficacy of DrotAA treatment within a large, 29-
bed university hospital critical care unit.
Methods Demographic data were obtained from the unit’s daily
updated Riyadh ICU programme database and clinical data were
collected from patients’ medical notes and observation charts. All
data were prospectively entered into our DrotAA registry, the
results of which are shown below.
Results Between October 2002 and November 2005, 133
patients with severe sepsis were treated with DrotAA. The mean
age was 61 years (range: 20–87 years) and 54% were male. The
mean admission APACHE II score was 22 (range: 11–48), and on
day 1 of DrotAA infusion the median number of organs that failed
was 2.0 (range: 0–4), 129/133 (97%) were mechanically
ventilated and 131/133 (98.5%) were on vasopressors. The
median time to start DrotAA after documented diagnosis of severe
sepsis was 12.6 hours (range: 0–41 hours) and the median
duration of DrotAA infusion was 89.5 hours (range: 10–105 hours).
The incidence of serious (life-threatening) bleeding events was
2.3% (n = 3): gastrointestinal (n = 1), intraabdominal (n = 1) and
intrathoracic (n = 1); all were nonfatal and there were no
intracranial bleeds. The 28-day mortality was 31.6%, the ICU
mortality was 33.1%, the hospital mortality was 36.8% and the
1-year mortality was 47%.
Conclusions This is one of the largest UK registries of DrotAA
usage published to date. Our results demonstrate a very low
incidence of serious bleeding events associated with DrotAA treat-
ment (2.3% vs 3.5% in PROWESS); it is interesting to note that all
three adverse events occurred prior to 2004. This detail, combined
with our low median time to start DrotAA infusion (which has
steadily decreased over the past 4 years), would suggest the
presence of a learning curve for DrotAA usage on ICUs. It is also
encouraging to note that our overall hospital mortality was lower
than the predicted APACHE II hospital mortality for these patients
(36.8% vs 42.4%). Finally, this is one of the first UK studies to
describe long-term mortality outcome in patients receiving DrotAA
therapy. Further studies are required to more formally assess the
impact of DrotAA treatment on long-term survival from severe
sepsis.
References
1. Bernard GR, Vincent JL, Laterre PF, et al.: Efficacy and

safety of recombinant human activated protein C for
severe sepsis. N Engl J Med 2001, 344:699-709.

2. Mackenzie AF: Activated Protein C: do more survive? Inten-
sive Care Med 2005, 31:1624-1626.
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Audit of adherence to National Institute of Clinical
Excellence guidelines for the use of drotrecogin alfa
(activated)

R Vedantham, B Iyowu
University Hospital Lewisham, London, UK
Critical Care 2007, 11(Suppl 2):P59 (doi: 10.1186/cc5219)

Introduction Activated protein C (APC) is an endogenous protein,
which has fibrinolytic and anti-inflammatory properties. This is
available as human recombinant APC and is used in the treatment
of patients with severe sepsis [1]. The National Institute of Clinical
Excellence (NICE) suggested guidelines for the use of APC [2].
We retrospectively audited the records of patients who received
APC during their admission to our ICU between January 2003 and
August 2006. We audited our practice against three parameters:
compliance with the NICE guidelines, accuracy of data forms, and
outcomes of treatment.

Materials and methods From January 2003 to August 2006 we
used APC to treat 44 severely septic patients in our ICU. We
obtained complete data for 37 patients. We collected data from the
case notes, ICU charts and drotrecogin alfa (activated) data forms
and recorded relevant data on an Excel spreadsheet proforma.
Results NICE guidelines. We were 100% compliant with patient
selection criteria for APC administration, which included a known
or suspected site of infection, SIRS criteria and organ dysfunction
criteria. All prescriptions were made by intensive care consultants.
We were not fully compliant in excluding patients who met
exclusion criteria (2/37 patients), although these cases were
justified clinically by the consultants prior to administration.
Data entry. In 90% of cases the patient selection fields were
completed, but only 30% of the exclusion and outcome fields were
completed. In 30% of patients where a lactate ≥1.5 times normal was
listed as one of the inclusion criteria, it was not associated with a pH
≤ 7.30 or a base deficit ≥5.0; however, all these patients had ≥3
organ-dysfunction criteria and hence still met the inclusion criteria.
Outcomes. Seven patients (15.9%) died during or within 28 days
of APC administration. The standardised mortality ratio (SMR) was
lower in patients receiving APC when compared with the rest of
patients admitted over the same period (SMR ~0.5 vs ~1.0).
Twenty-eight patients had an APACHE II score <25 and the
effective cost per survivor was ~€16,800. Patients with APACHE
II scores ≥25 had an effective cost per survivor of ~€22,400. Nine
patients (20.5%) had their drotrecogin alfa (activated) infusions
interrupted or discontinued for various reasons (including seven
patients who had hemorrhagic complications, three of which were
serious).
Conclusions and recommendations We use APC in compliance
with the NICE guidelines. APC is cost-effective in patients with an
APACHE II score <25 in our ICU.
References
1. Bernard GR, et al.: N Engl J Med 2001, 334:699-709.
2. National Institute of Clinical Excellence [http://www.nice.

org.uk/guidance/TA84]
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Introduction Grand River Hospital (GRH) is a 495-bed non-
teaching, acute care referral center in Southwestern Ontario,
supporting regional programs including dialysis, oncology, surgery
and stroke thrombolysis. Since the introduction of drotrecogin alfa
(activated) (DAA) in 2003, GRH has treated 58 patients with this
agent for severe sepsis and septic shock. We sought to compare,
where possible, GRH ICU/hospital outcomes and bleeding
complications with those from published literature.
Methods All charts for patients treated with DAA in our CAICU for
severe sepsis and septic shock between February 2003 and June
2006 were reviewed retrospectively for infection source, ICU/
hospital mortality, survival by age and incidence of hemorrhagic
complications. Where possible, we compare our data with those
from PROWESS, ENHANCE and a recent Ontario/Quebec-based
multicenter usage evaluation. A two-organ system failure threshold
for DAA consideration is used. Outcomes were categorized as ICU
mortality and hospital mortality, as opposed to 28-day mortality
used in PROWESS and ENHANCE.
Results All 58 patients who received DAA at GRH were included
in our analysis. The mean age of patients treated with DAA was
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59.4 years. Primary sources of infection were: intra-abdominal
36.2%, respiratory 27.6%, genitourinary 8.6%, and 27.6% from
other sources. GRH ICU mortality was 44.8% and hospital
mortality was 51.7%. Analysis by age revealed overall survival rates
of 78.6% for patients ≤50 years, 54.5% for 51–60 years, 52.9%
for 61–70 years, 20% for 71–80 years, and 0% for patients >80
years of age. Hemorrhagic complication rates were higher than in
published reports. Of 58 treatments, we recorded a total of nine
hemorrhages (15.5%). The mortality rate in this cohort was 33.3%.
Conclusions These data suggest that ‘field performance’ of DAA
may not be replicating the favorable clinical endpoints as reported
in PROWESS. The Ontario Ministry of Health should consider
implementing a provincial registry system for patients with severe
sepsis and septic shock, empowering ICUs to track relevant
demographic, acuity, and outcome data with a view to optimizing
DAA use through patient selection and risk stratification.
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Risk/benefit analysis of activated protein C in patients with
intra-abdominal sepsis

E Borthwick, D Stewart, E Mackle, C McAllister
Craigavon Area Hospital, Co. Armagh, UK
Critical Care 2007, 11(Suppl 2):P61 (doi: 10.1186/cc5221)

Introduction and objective To establish whether activated protein
C (APC) is safe in surgical patients with intra-abdominal sepsis
(IAS). APC has been used in the treatment of IAS in our hospital
since 2003. Fears persist regarding the potential for clinically
significant bleeding in this surgical subgroup of patients.
Methods Forty-four patients with IAS received APC as a
standardized regime between March 2003 and August 2006. A
retrospective medical and ICU chart review was undertaken. Data
collected included clinically significant bleeding episodes and
mortality. Descriptive subgroup analysis of unexpected non-
survivors(died in the ICU with APACHE II (APII) predicted mortality
< 50%) and unexpected survivors (survived to ICU discharge with
APII predicted mortality > 50%) was performed as statistical
analysis of such small patient numbers was inappropriate.
Results There was one episode of clinically significant bleeding
(from a mucous fistula: self-limiting). There were no intracranial
haemorrhagic events. ICU mortality was 38.6% with mean APII
predicted mortality of 37.16% and inhospital mortality of 47.7%.
These exceeded rates for APC-treated surgical cohorts in the
literature [1]. Unexpected survivors (5/44) were more likely to have
been admitted from theatre. They had a shorter mean time from
hospital–ICU admission (10.5 vs 5.6 days), duration on a ventilator
(10.8 vs 17.5 days), vasopressor (9 vs 17.7 days) and renal
replacement therapy (10.5 vs 23.5 days) dependence. All un-
expected nonsurvivors (11/44) had a diagnosis of fistula or
perforation. They were more likely to have been transferred to the
ICU from another hospital or ward than from theatre. Co-
morbidities were more severe.
Conclusion 1. APC was very safe to use in this group of critically
ill surgical patients. 2. Although patients may fulfil standard criteria
for APC use, if there is no definitive surgical cure for the IAS, then
APC is inappropriate. 3. Delay in commencement of APC in
surgical patients due to bleeding concerns may be contributing to
the high mortality. Earlier perioperative use of APC in selected
cases may offer improved mortality benefit, and we are undertaking
a prospective audit to investigate this.
Reference
1. Barie PS, et al.: Benefit/risk profile of drotAA in surgical

patients with severe sepsis. Am J Surg 2004, 188:212-
220.
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Objective To evaluate the role of activated protein C (APC) in
severe sepsis and septic shock.
Method The data were collected in a prospective manner from July
2002 to November 2006 in the adult medical/surgical ICU at
Salmaniya Medical Complex Bahrain. The number of demographic
variables were collected from patients’ files.
Results A total of 444 patients were admitted to the ICU with the
diagnosis of sepsis or severe sepsis. One hundred and forty-nine
severe septic patients were assessed for APC: 85 patients received
APC, and 64 patients could not receive APC due to financial
problems or due to bleeding, coagulation derangement or very
recent surgeries. In the total 444 septic patients admitted to the ICU,
152 patients expired (mortality 34.2%) and 141 had positive blood
culture; 233 patients received inotrops. The total average APACHE II
score was 28.9 and for expired patients was 35.1.
Out of the total 444 septic patients 149 were assessed for APC;
in the 85 patients fulfilling criteria for and receiving APC the
mortality was 43.5%, and for the 64 patients not receiving APC the
mortality was 64%. All suspected septic patients admitted to the
ICU received appropriate antibiotic therapy within 4 hours of ICU
admission and were upgraded/changed according to culture/
sensitivity reports if necessary. In the nonreceiving group (i.e. 64
patients) 12 patients could not receive APC due to financial
restriction because initially foreigners were not entitled to this drug
in Bahrain, but later this restriction was removed, and the remaining
52 patients could not receive either due to bleeding or very recent
surgeries. Some patients could not receive complete treatment
either due to bleeding complications or because they died. The
mortality was measured at 28 days.
Furthermore, as per our experience, if APC started in the early
stage of sepsis and the course is completed the outcome is better
– out of 85 patients who received APC, 45 patients received in the
early stage and completed the dose and 32 of these patients
survived at 28-day mortality. An average three (ventilator-free)
organs failed in the survival group and two (ventilator-free) organs
failed in the expired group. Seventeen patients started treatment in
the early stage and could not complete the course due to bleeding
or other complications, 11 patients expired; 13 patients started in
the late stage and completed the course, five patients expiring; and
10 patients started in the late stage and eight of these patients
expired.
Conclusion On the basis of our experience and the results of
multiple trials, we recommend APC should be given to the patients
who meet all the inclusion criteria.
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Drotrecogin alfa in patients with severe sepsis: experience
from a tertiary care center in North India

R Chawla, S Kansal, A Lall, M Kanwar, D Rosha, A Bansal, V Sikri
Indraprastha Apollo Hospitals, New Delhi, India
Critical Care 2007, 11(Suppl 2):P63 (doi: 10.1186/cc5223)

Introduction Drotrecogin alfa (DA) remains the only approved drug
for the specific treatment of severe sepsis. Although it has been in
wide clinical usage, there are no data on its use in Indian patients.
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Methods Fifty-seven patients with severe sepsis (age 51 ± 15
years, range 20–77 years, male:female 32:25) admitted to the ICU
were included. All patients had three or more signs of systemic
inflammation with at least two major organ dysfunctions or the
presence of ARDS. Demographic, clinical and laboratory profiles at
baseline, and during the hospital stay, development of complica-
tions, duration of hospital/ICU stay and hospital survival were
recorded. All management decisions including initiation of DA
(24 µ/kg/hour), duration of treatment as well as its discontinuation
were the prerogative of the ICU team.
Results The majority of patients had a confirmed infection (n = 36,
63.2%), with the commonest site of focus being the lung (n = 25,
43.9%) followed by the abdomen (n = 13, 22.8%). A significant
number of patients had at least three major organ dysfunctions
(n = 37, 64.9%). A large number of patients had an APACHE II
score in the range 25–29 (n = 22, 38.6%). Whereas 44 patients
(77.2%) were on some kind of vasopressor support, 51 needed
ventilatory support (89.5%). A total of 20 patients (35.1%) survived
to hospital discharge. Patients received DA for a mean duration of
74.8 ± 26.2 hours (range 25–96 hours) and only 32 patients could
complete treatment (56.1%). The outcome was significantly better
in patients who could complete therapy (53.1% vs 13.6%,
P = 0.001). Major bleeding necessitating discontinuation was seen
in four patients (7%) whereas the other 21 patients (36.9%) died
before completing 96 hours of therapy. DA was initiated within
48 hours of development of organ dysfunction in the majority of
patients (n = 31, 54.4%), and a trend towards better outcome in
patients with early treatment was noted although the difference did
not reach statistical significance (mortality rate 58% for early
treatment vs 73.1% for delayed treatment, P = not significant).
Conclusion Mortality of patients with severe sepsis remains high
despite the introduction of DA. Early institution may be associated
with better outcomes. Patients receiving a complete course of
treatment have better survival.
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Severe sepsis and drotrecogin alfa (activated) use: results
from the PROGRESS registry

R Beale1, F Brunkhorst2, G Martin3, M Williams4, D Nelson4, 
J Janes4

1St Thomas’ Hospital, London, UK; 2Friedrich-Schiller University,
Jena, Germany; 3Emory University School of Medicine, Atlanta, GA,
USA; 4Lilly Research Laboratories, Indianapolis, IN, USA
Critical Care 2007, 11(Suppl 2):P64 (doi: 10.1186/cc5224)

Introduction Since the launch of drotrecogin alfa (activated)
(DAA) a number of institutions and countries have published data
on its use in clinical practice, based on audit or registry data. Such
publications have tended to report DAA use in higher disease
severity populations together with higher mortality outcomes
compared with clinical trials. We utilized the Global PROGRESS
(Promoting Global Research Excellence in Severe Sepsis)
database to examine the baseline characteristics and outcome of
patients with and without DAA treatment.
Methods PROGRESS is a global, noninterventional, multicenter,
prospective, observational study of severe sepsis patients treated
in ICUs. Patients must have had a diagnosis of severe sepsis and
have been treated in an ICU at a participating institution. All treat-
ment modalities were as per standard of care at the participating
institutions. We analyzed baseline characteristics and hospital
mortality. We also performed an adjusted mortality analysis for
DAA patients due to baseline imbalances in patients with and
without DAA therapy.

Results Overall, 12,492 patients with severe sepsis from 37
countries were enrolled and 882 (7%) patients received DAA
therapy. The highest rate of use of DAA was seen in the United
States at 27% (206/760). Patients who received DAA versus
those who did not receive DAA were younger (median age 59
versus 64 years), had greater organ dysfunction (cardiovascular
dysfunction (90% versus 74%), respiratory dysfunction (90%
versus 81%), renal dysfunction (60% versus 45%), metabolic
abnormalities (63% versus 42%), three or more organ dys-
functions (84% versus 67%)) and higher median APACHE II
scores (25.0 vs 23.0), all P < 0.001. The mortality rate for patients
treated with DAA was 49.6% and for those not treated with DAA
was 49.7%. Although imbalances in other baseline characteristics,
not collected in PROGRESS, may have also been present, when
adjusted for age and number of organ dysfunctions the odds ratio
for hospital mortality associated with DAA use was 0.75
(0.63–0.90, P = 0.002).
Conclusion In a large global registry, patients receiving DAA
therapy were younger with higher disease severity than patients
not treated with DAA. When adjusted for age and number of organ
dysfunctions, DAA was associated with a reduction in the odds of
hospital mortality similar to that seen at day 28 in PROWESS.
These data are supportive of the effectiveness of DAA in clinical
practice.

P65

Epidemiology of severe sepsis in India

S Todi, S Chatterjee, M Bhattacharyya
AMRI Hospitals, Kolkata, India
Critical Care 2007, 11(Suppl 2):P65 (doi: 10.1186/cc5225)

Introduction A multicentre, prospective, observational study was
conducted in 12 intensive therapy units (ITUs) in India from June
2006 to November 2006 to determine the incidence and outcome
of severe sepsis among adult patients.
Methods All patients admitted to ITUs were screened daily for
SIRS, organ dysfunction and severe sepsis. Patients with severe
sepsis were further studied.
Results A total of 1,344 ITU admissions were studied. There were
no SIRS in 31.3% and SIRS without organ dysfunction in 51.6%.
SIRS with organ dysfunction was found in 230 (17.1%) patients,
of which 54 (23.5%) were not due to sepsis and 176 (76.5%)
were due to sepsis. The incidence of severe sepsis was 13.1% of
all admissions. The mean age of the study population was 54.9
years (SD 17.6), of which 67% were male. The median APACHE II
score was 22 (IQR 17–28) with predominant (88%) medical
admission. ITU mortality of all admissions was 13.9% and that of
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severe sepsis was 54.1%. Hospital mortality and 28-day mortality
of severe sepsis were 59.3% and 57.6%, respectively. The
standardized mortality ratio of severe sepsis patients was 1.40.
The median duration of stay in ITUs of the severe sepsis cohort
who survived was 6 days (IQR 3–12). The number of episodes
where infection was the primary reason for admission to the ITU
was 89.8% and the rest of episodes were ITU acquired. See
Figure 1 for infection characteristics.
Conclusion Sepsis was common in Indian ITUs and had
predominant medical populations. ITU mortality was higher
compared with western literature. Gram-positive infections were
less common although the incidence of parasitic and viral
infections were higher than in the West.

P66

PISA: the prevalence of infection in intensive care units in
South Africa

S Bhagwanjee, J Scribante, H Perrie, F Paruk
University of the Witwatersrand and the CCSSA, Johannesburg,
South Africa
Critical Care 2007, 11(Suppl 2):P66 (doi: 10.1186/cc5226)

Introduction Sepsis in the ICU is a major cause of morbidity and
mortality. In addition it increases the direct and indirect cost of
care. Effective intervention to improve patient outcome and ensure
optimal use of resources depends on the availability of data. No
epidemiological data are available on the prevalence of sepsis in
South Africa. This study was a 1-day sepsis prevalence study
conducted in an attempt to address this lack of data.
Method Following appropriate institutional approval, 43 ICUs were
selected using the proportional probability sampling technique.
This was applied to a national database of ICUs. Every seventh
bed was selected from all the serially placed units. Data collected
identified the profile of the unit and the patient details for the day in
question (15 August 2005). The primary endpoint was a peer-
reviewed determination of the need for antibiotic prescription as
determined by two independent reviewers. Sepsis was defined
according to the ACCP/SCCM criteria. Secondary end-points
included determination of diagnostic ability of attending clinicians,
antibiotic prescribing patterns and appropriateness of modification
of therapy based on microbiological data.
Results The mean age of patients was 55 years (n = 248) with a
male:female ratio of 60:40. Sixty-eight per cent of patients were
admitted post surgery. There was reasonable concordance for
sepsis, severe sepsis and septic shock (Table 1). A total of
196/248 (79%) patients were deemed to require antibiotics by the
attending clinician, compared with 69/248 (28%) who were
deemed to have sepsis by independent review. Fifty-one per cent
of patients were inappropriately diagnosed as having sepsis. The
commonest site of sepsis (as determined by the assessors) was
the lung (45%) followed by the abdomen (10%). In 42% of cases
antimicrobial prescription was adjudged as being appropriate,
while in 11% of cases antimicrobials were appropriately modified
following microbiology results. The duration of therapy was
appropriate in 26% of cases.
Conclusion The national prevalence of sepsis, the site of sepsis
and the patient profile in South Africa is similar to that described in
other studies [1]. Treating doctors are reasonably accurate in
diagnosing sepsis but prescribe antiobiotics inappropriately in the
vast majority of cases.
References
1. An expert report of the European Society of Intensive

Care Medicine. The problem of sepsis. Intensive Care Med
1994, 20:300-304.
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Introduction Sepsis occurs in 16.6% of the patients in the
Brazilian ICU and is associated with a high mortality rate (46.6%).
Several studies show different pathogenic agents among countries
and increased antibiotic resistance. This study aims to describe the
pathogen profile in Brazil’s ICU septic patients.
Methods A prospective cohort study involving 75 ICUs all over
Brazil was performed. All patients who were admitted or developed
sepsis during a 1-month period were enrolled and followed until
the 28th day and/or until their discharge.
Results A total of 521 patients filled the criteria of sepsis and were
studied. The two main sources of infection were pneumonia and
the abdominal tract. Gram-negative bacteria were isolated in
40.1%, followed by Gram-positive (38.8%) and fungus (5%). The
most prevalent bacteria were Staphylococcus aureus (31.3%) and
Pseudomonas aeruginosa (26.8%). Methicilin-resistant Staphylo-
coccus aureus (MRSA) were present in 64.8%. Bacteria were
isolated in blood samples in 19.57% and S. aureus was prevalent.
The prevalence of antimicrobial-resistant bacteria was 26.6% and
was associated with higher mortality at the 28th day (resistant
bacteria 50.9% vs nonresistant bacteria 43.5%). Septic shock was
related to the highest mortality, with rates ranging from 45.8%,
63.7% and 83.3% due to S. aureus, P. aeruginosa and Acineto-
bacter spp, respectively.
Conclusions Gram-negative bacteria were the most frequently
isolated pathogens in the ICU in septic patients. MRSA
represented the majority of S.aureus strains isolated. Antibiotic-
resistant bacteria were associated with higher mortality. It is
important to recognize the Brazilian ICU organisms’ profile and
their resistance pattern to guide rational administration of
antimicrobial agents.
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Incidence of bacteraemia in a neurocritical care unit

L Colorado, M Vizcaychipi, S Herbert, O Sule, R Burnstein
Addenbrooke’s Hospital, Cambridge, UK
Critical Care 2007, 11(Suppl 2):P68 (doi: 10.1186/cc5228)

Introduction The incidence of bacteraemia and bloodstream
infection, as defined by the CDC, in our neurosciences critical care
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Diagnostic concordance

Treating doctor Assessors

None 169 54

SIRS 16 120

Sepsis 36 41

Severe sepsis 7 12

Septic shock 9 16
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unit (NCCU) is at the moment unknown. It is known that being a
patient in the intensive care environment is in itself a risk factor for
the development of bacteraemia (3.2–4.1 per 100 admissions in
several papers). The higher amount of invasive procedures and the
severity of illness in this group of patients have been blamed. The
aims of our study are: (1) to identify the incidence of bacteraemia
in the NCCU, (2) to recognise the incidence of bloodstream
infection (SIRS with bacteraemia), (3) to identify the most common
pathogens associated with bacteraemia, and (4) to promote the
continuous collection of data aiming to follow the behaviour of this
problem in time.
Methods This is a prospective observational study looking at the
presence of positive blood cultures in all the patients admitted to
the NCCU during the period from 1 June to 31 August 2006.
Blood cultures were taken from a peripheral site under aseptic
conditions as per the NCCU guidelines. We tried to identify how
many of the patients with positive blood cultures had evidence of
concomitant SIRS/sepsis, as described by the modified Bone
criteria, and the severity of this. An attempt was made to identify
the most frequent microorganisms involved in this problem as well
as their antibiotic susceptibility. As a secondary aim of our study
we described the number of fatalities in the patients with
bacteraemia. We tried to focus our approach to the fact that we
serve a large neurological/surgical population as well as general
patients and to see whether we could pinpoint differences in these
two groups.
Results There were 201 patients admitted to the unit during the
period of our study; 140 of these were neurosciences (NS)
patients and the rest (61) were general (G) (either medical or
surgical). Most of the patients were men and had a mean APACHE
II score of 39 (NS group 33, G group 45).There were in total 64
episodes of positive blood cultures (BC); 39 of these episodes
were accompanied by inflammatory signs (incidence of blood-
stream infections of 19.4% of total admissions). Twenty-five of the
episodes were not associated to clinical signs of infection. There
were more patients with at least one episode of positive BC in the
NS group (29 (20.7%)) than in the G group (10 (16.39%)). Out of
49 episodes in the NS group, 59.18% (29) were associated to
some degree of inflammatory response (SIRS, severe sepsis, and
MODS). Out of 15 episodes in the G group, 66.6% (10)
developed inflammatory response. In 59% (25) of the positive
BCs, the organism isolated was coagulase-negative staphylo-
coccus (CNS). In the G group, 47% (7) grew CNS, 33% were
diverse Gram-negatives and in 20% other Gram-positives. In the
NS group, 64% (31) of isolates grew CNS, 21% were other Gram-
positives and 15% were Gram-negatives. In 47 (73.4%) episodes
of positive BC, the patients had either a central venous catheter or
an arterial catheter. In 36 (56.2%) of the episodes the patients
were already on antibiotics at the time of the sampling. The most
frequent agent isolated was coagulase-negative Staphylococcus
aureus, in 39 (59%) of the cases.
From the patients that had at least one positive BC, nine died;
seven (78%) patients were in the G group, and two (22%) in the
NS group. Twenty-five (68%) patients with at least one episode of
positive BC had a systemic inflammatory response at the time of
sampling. Seven (28%) of these died during the first 30 days in the
NCCU. Nine (23%) patients had severe sepsis and four (44%) of
these died. Four (10.2%) patients had MODS and three (75%) of
these died.
Conclusions We had an incidence of positive blood cultures of
almost 32% of the total admissions; 19.4% of admissions
developed bloodstream infections. These numbers are very high if
we consider the published data. Due to the specialist origin of our
unit, we had more cases in the neurosciences group than in the
general group. However, the incidence of sepsis and MOF in these

patients was almost the same for both groups. We noted, as well,
a larger number of deaths in the patients with sepsis and MOF.
There needs to be more studies aiming to establish a casual
relationship to explain this. CNS was the most frequently isolated
organism and there was no difference among the groups. There is
a potential for increased mortality in the patients that develop
bloodstream infections in our unit, and we need to implement
urgent measures to decrease them while further research is done
in this area.
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Introduction The early recognition and rapid start of goal-directed
treatment (EGDT) are important elements for better outcome in
severe sepsis. These actions should take place in the emergency
department (ED) before admission to the ICU. The aim of our study
was to determine how the EGDT was performed and to evaluate
the impact of EGDT principles on mortality in septic shock in
Finland. Our study was conducted before national guidelines for
severe sepsis were published.
Methods A prospective observational study of patients with severe
sepsis and septic shock admitted to 21 ICUs in Finland from 1
November 2004 to 28 February 2005 (Finnsepsis). Only patients
with community-acquired sepsis, who fulfilled the criteria of septic
shock and were admitted directly from the ED to the ICU, were
included. The following treatment targets were evaluated: (1)
measurement of lactate during the first 6 hours from admission to
the ED; (2) obtaining the blood cultures before antibiotics; (3)
starting the antibiotics within 3 hours from admission; and reaching
the (4) mean arterial pressure over 65 mmHg, (5) central venous
pressure over 8 mmHg and (6) central venous oxygen saturation
over 70% or mixed venous oxygen saturation over 65% during the
first 6 hours with fluids and vasopressors.
Results Sixty-three patients were included. The median age was
57 years (IQR 18.5) and the median APACHE II score was 28
(IQR 10). The ICU, hospital and 1-year mortality rates were 25%,
38% and 52%, respectively. Only five (8%) patients reached all
treatment targets and 24 patients (38%) reached four or more
targets (group A).
The hospital mortality of group A was 29% (95% CI 15–49%)
compared with 44% (95% CI 29–59%) of those who reached only
three or less targets (group B) (P = 0.3). The median delay from
ED arrival to ICU admission in group A and group B was 1.1 and
3.7 hours (P < 0.001), and the median SOFA score for the first
day was 10 and 11 (P = 0.4), respectively. The median APACHE II
score was 28 in both groups (P = 0.9). In multivariate analysis
including all separate targets, delay for ICU admission and
APACHE II score, the APACHE II value and measurement of
lactate were independent predictors of mortality (P = 0.001 and
0.02). Only 18% of patients had serum lactate measured during
the ED stay. The 1-year mortality of group A was 42% (95% CI
24–61%) and of group B was 59% (95% CI 43–73%) (P = 0.2).
Conclusions The adoption of EGDT protocol was poor in Finnish
hospitals. The impaired early recognition of sepsis may lead to a
delay in ICU admission. The rate of reached EGDT targets
reflected mortality. In this study the most critical EGDT target was
the measurement of lactate during first 6 hours after arrival in the
ED. A forthcoming follow-up study will evaluate the impact of
guidelines to treatment and outcome of septic shock in Finland.
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Introduction The purpose of the study was to describe the
effectiveness of the Surviving Sepsis Campaign (SSC) bundles
with regard to both implementation and outcome in patients with
septic shock.
Methods This was a single-center prospective observational study
of patients admitted to the medical–surgical ICU of an urban
tertiary care teaching hospital meeting criteria for the international
sepsis definitions. Patients were entered in the database from
September 2005 to October 2006. After a widespread 2-month
educational program, implementation of SSC Resuscitation
Bundles (RB) and Management Bundles (MB) were accomplished.
We determined the rate of compliance and the prognostic value of
the RB, the MB and of each bundle element.
Results We analyzed 135 consecutive episodes of septic shock.
The main sources of infection were: abdomen 39.5%, lung 29.9%,
and urinary tract infection 11.1%. Global hospital mortality was
44.4%. Nonsurvivors were older (71 vs 64 years; P = 0.01), and
had a higher APACHE II score (25 vs 20; P = 0.000), a higher
SOFA score (10 vs 9; P = 0.001) and a higher number or organ
dysfunctions at sepsis presentation (4 vs 3; P = 0.007). The rate of
compliance with the RB was 38%. There were significant
differences in mortality between compliant (C) and noncompliant
(NC) groups despite the similar characteristics and the severity of
septic shock. The NC group had a 58% mortality rate and the C
group 22% (RR 2.6 (95% CI 1.49–4.5, P = 0.001)). The number
needed to treat to save one life was 3. The compliance rate with
MB was only 20%, and there were no differences in mortality
between the C and NC groups (57.9% vs 52.6%). We only found
differences in mortality between the C and NC groups in four
bundle elements: serum lactate measured before 6 hours (35.2%
vs 65.4%; P = 0.007), early broad-spectrum antibiotics (36.2.5%
vs 56.1%; P = 0.051), ScvO2 > 70% (35.7% vs 52.1%; P =
0.057) and activated protein C (65% vs 11% P = 0.000). In the
multivariate analysis, activated protein C, early broad-spectrum
antibiotics, PaO2/FiO2 < 200 and complete RB were associated
independently with mortality.
Compliance rates with RB during three consecutive 4.6-month
time periods were 28%, 41.4% and 33.3%, respectively.
Compliance with MB was unchanged at 20%. The present dataset
is underpowered to determine whether implementation of SSC
bundles had some effect on mortality reduction.
Conclusions Implementation of SSC bundles was associated with
less adherence than expected. However, septic shock patients
receiving the complete resuscitation bundle had substantially lower
mortality. Efforts to increase compliance with these interventions
should be made. The poor adherence to management bundles
probably shows the many uncertainties that remain within this
group of interventions.
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Introduction Data presented at the 2006 Barcelona conference of
the European Society of Intensive Care Medicine showed that, where
implemented, the Surviving Sepsis Campaign guidelines have
improved mortality from sepsis. However, because of overall poor
adherence to the guidelines, the stated aim of the campaign to
reduce mortality from severe sepsis by 25% is unlikely to be met. In
the United Kingdom, patients with sepsis of surgical origin will
typically be seen by emergency medicine (EM) before being admitted
to a surgical ward and are unlikely to be initially managed by the ICU.
Both the EM and surgical juniors should therefore be aware of the
guidelines. The aim of this study was to determine the level of
awareness of the SSC guidelines in surgical and EM trainees.
Methods A questionnaire-based survey was undertaken of all EM
and surgical trainees in the Eastern region of the United Kingdom.
Participants were recruited by post, telephone, email and in person.
The questionnaire assessed whether participants had experience in
critical care, were aware of the campaign or its guidelines and
assessed the level of familiarity of key concepts of the resuscitation
bundle of the guidelines. In addition, participants were encouraged
to comment on any aspect of sepsis management.
Results Summarised in Table 1. There are 29 EM and 52 surgical
trainees in the Eastern region; responses were obtained from 22
and 34, respectively. The responses to the key concepts of the
resuscitation bundle varied greatly, even between different
participants from the same speciality in the same institution,
suggesting a lack of clear direction. Free text responses included
‘the only people that know about guidelines for sepsis are the ICU
physicians’ and ‘the only time I have heard of early goal directed
therapy was on ER’.
Conclusion Awareness is reasonable amongst EM trainees but
poor amongst surgeons. If the aims of the SSC are to be met,
consideration must be given to differences in healthcare systems in
different countries. In the United Kingdom, educational activities
should be directed towards EM and surgical trainees as well as
those working in intensive care.
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Compliance with the surviving sepsis guidelines: a review
of South African intensive care units

S Bhagwanjee, F Paruk, J Scribante, H Perrie
University of the Witwatersrand and the CCSSA, Johannesburg,
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Critical Care 2007, 11(Suppl 2):P72 (doi: 10.1186/cc5232)

Introduction Despite the availability of guidelines for practice in
many clinical domains, it is common for clinicians to practice
outwith these guidelines. As part of a 1-day sepsis prevalence study
in ICUs in South Africa, a review was undertaken to determine the
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Worked in ICU Claimed to be Able to name Any training on sepsis Claim to be Able to name piece of 
Trainees in past 2 years? aware of campaign SSC in past 2 years? aware of research relevant research

Emergency medicine 8 (36%) 15 (68%) 10 (45%) 13 (59%) 13 (59%) 10 (45%)

Surgery 2 (6%) 6 (18%) 3 (8%) 9 (26%) 13 (38%) 8 (24%)
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extent to which units comply with the surviving sepsis guidelines as
promulgated by the International Sepsis Forum [1].
Method Following appropriate institutional approval, 43 ICUs were
selected using the proportional probability sampling technique. This
was applied to a national database of ICUs. Every seventh bed was
selected from all the serially placed units. Data collected included
the presence of an infection control policy (including guidelines for
performance of blood cultures), recording of culture results,
microbiological support structures, glucose control protocols and
protocols for sedation analgesia and muscle relaxation.
Results Forty-three out of a total of 458 units were sampled. The
mean age of patients was 55 years with a male:female ratio of
60:40. Sixty-eight per cent of patients were admitted post surgery.
An infection control policy was present in 77% of units. A practice
procedure for blood culture sampling was used in 51% of units,
with records of culture results being documented in 56% of units.
Microbiologists were available in 65% of units and they were
involved in ward rounds in 26% of units. Physical consultation by a
microbiologist in 47% of units and telephone consultations in 54%
of units were possible. Sixty-one per cent of units had a glucose
control policy. Sedation, analgesia and neuromuscular blockade
protocols were present in 33%, 26% and 21% of units,
respectively. See Table 1.

Table 1 (abstract P72)

Percentage of units utilizing protocols

Domain Use (%)

Microbiologist available 65

Infection control policy 77

Glucose control protocol 61

Sedation protocol 33

Analgesia protocol 26

Neuromuscular blockade protocol 21

Conclusion The majority of units have an infection control policy,
utilize glucose control regimens and have access to a
microbiologist. Sedation, analgesia and neuromuscular blockade
are infrequently utilized. Despite the availability of guidelines, it is
common for many recommendations not to be implemented.
Further work is required to determine the reasons for
noncompliance with attention to educational programs and other
strategies to improve practice.
Reference
1. Dellinger RP, Carlet JM, Masur H, et al., for the Surviving

Sepsis Campaign Management Guidelines Committee:
Guidelines for the management of severe sepsis and
septic shock. Crit Care Med 2004, 32:858-873.
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Introduction The outcome of sepsis and septic shock patients
admitted to the ICU from the Emergency Department (ED) in
Australia and New Zealand was investigated using prospectively
collected data from the Australian and New Zealand Intensive Care
Society Adult Patient Database.

Methods All adult patients with an APACHE III medical admission
diagnosis of nonurinary or urinary sepsis, or nonurinary or urinary
sepsis with shock, admitted directly to the ICU from the ED between
1 January 1997 and 31 December 2005 were identified. Predictor
variables for hospital mortality were analysed using logistic
regression with cross-validation (80% determination and 20%
validation) and robust, cluster-specific (ICU site) standard errors.
Results A total of 7,649 patients (54% male) of mean (SD) age
60.2 (18.1) years and APACHE III score 74.0 (34.7) were
identified. The number of patients admitted per year increased
progressively (1997, n = 368 (7.7 admissions per contributing
ICU); 2005, n = 1,409 (14.0 admissions per contributing ICU)).
Nonurinary sepsis with shock was the most common admission
diagnosis (n = 3,394, 44.4%) and urinary sepsis with shock the
least common (n = 607, 7.9%). Overall ICU mortality and hospital
mortality were 20.9% and 27.6%, respectively. Hospital mortality
was predicted by hospital type (tertiary: 0.67 (0.51–0.90),
P = 0.007; metropolitan: 0.63 (0.48–0.83), P = 0.001; private:
0.65 (0.47–0.91), P = 0.011; reference category rural), age
(1.026 (1.019–1.034), P = 0.0001), APACHE III score (1.043
(1.038–1.048), P = 0.0001) and APACHE III score squared
(P = 0.032), sepsis category (nonurinary shock versus the other
three categories combined, 1.79 (1.48–2.16), P = 0.001), mecha-
nical ventilation within 24 hours of ICU admission (1.38
(1.14–1.66), P = 0.001) and calendar year as a single main linear
effect (0.94 (0.90–0.97), P = 0.0001). Significant interactions
were demonstrated between (i) sepsis classification and calendar
year (linear decrease in mortality, nonurinary shock x year 0.92
(0.86–0.99), P = 0.019), (ii) sepsis classification and age
(nonurinary shock x age 0.986 (0.977–0.996), P = 0.008), and (iii)
ventilation and time from hospital to ICU admission (<4.5 hours or
≥4.5 hours 1.38 (1.12–1.69), P = 0.002). The model ROC curve
area and the P value for the Hosmer–Lemeshow C statistic were
0.86 and 0.37, respectively. Restricting the model to only those
ICUs that contributed data for all 9 years of the study period
yielded similar parameter estimates, including calendar year effect.
Conclusions The reported incidence of sepsis and septic shock in
ICU patients presenting to the ED in Australia and New Zealand
has increased since 1997; hospital mortality has decreased. These
data require confirmation with a prospective study.

P74

Clinical simulation: caring for a critically ill patient with sepsis

K Giuliano, A Johannessen, S Crockett
Philips Medical Systems, Andover, MA, USA
Critical Care 2007, 11(Suppl 2):P74 (doi: 10.1186/cc5234)

Introduction The purpose of this simulation research was to
assess whether bedside nurses could better apply currently
recommended therapeutic interventions for patients with sepsis by
using a horizons trends clinical decision support tool, rather than
just standard monitoring screen displays alone.
Methods Simulation research participants (n = 75) were first
required to attend a didactic training session focusing on
recognition and evidence-based treatment for critically ill patients
with sepsis. Participants were then directed to apply these
treatments in a simulated sepsis experience. Data were collected
at two sites (AACN National Teaching Institute Critical Care
Nursing Conference, New Orleans, May 2005 and Long Beach
Memorial Medical Center’s Health Skills Education Center). A
METI HPS (human patient simulator) was connected to a Philips
Medical Systems Intellivue MP 70 in a simulated critical care
environment. Participants were given the patient history, and
completed the rest of their assessment using the HPS and
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Intellivue patient monitoring. Data were collected to compare the
use of bedside monitor displays with and without horizon screen
trends in the care of patients with sepsis. Group 1 (n = 37)
completed the sepsis scenario using a standard screen display, and
group 2 (n = 38) had the addition of horizon trends on the display.
Results The point that marked the onset of sepsis was when each
of the physiologic parameters met the current evidence-based
screening criteria (HR > 90, RR > 20, MAP < 65, temperature
>38°C). Results of this study found statistically significant
differences between the standard screen and horizons screen
participant groups in the speed in which clinicians were able to
reach each measured outcome. This was true in each of the five
outcome measurements: onset of sepsis (P < 0.001), initiation of
fluid bolus (P < 0.001), initiation of vasopressor (P < 0.001), blood
culture order (P = 0.012), and antibiotic administration (P = 0.020).
Conclusions These results support the hypothesis that monitoring
using horizons trending does indeed contribute to faster clinical
decision-making in the simulated septic patient experience. Future
research should concentrate on replicating these results in a real
clinical environment.

P75

Medical microbiology ward rounds in critical care

L Wilson, G Dempsey
University Hospital Aintree, Liverpool, UK
Critical Care 2007, 11(Suppl 2):P75 (doi: 10.1186/cc5235)

Background Direct microbiological input to critical care is
essential for the management of the septic patient. Early broad-
spectrum antimicrobial therapy with appropriate diagnostic studies
to ascertain causative organisms is well established; there should
be reassessment with the aim of using narrow-spectrum antibiotics
to prevent the development of antimicrobial resistance, to reduce
toxicity and to reduce costs [1]. In systematic analysis of ward
rounds in ICUs the information most commonly missing from a
patient’s file concerned microbiology findings [2].
Methods We performed a telephone survey of all NHS critical care
units in the North West of England (n = 31). Each unit was
telephoned and the duty consultant was asked a series of
questions relating to the type of microbiology input to their critical
care unit.
Results We achieved a 100% response rate. The study looked at
11 teaching hospitals and 21 district general hospitals represen-
ting 12% of UK ICUs: 26 (83%) critical care units had live
computerised access to microbiology data, 21 (68%) units had an
antibiotic policy in place, and 19 (61%) units had a formal
microbiology ward round. With the frequency ranging from once
per week (one unit) to 7 days per week (four units), most units with
a microbiology ward round had this service Monday–Friday
(12 units). When asked to rate the value of this ward round, the
mean score was 8.6 out of a possible 10 (range 10–5, mode 9). In
those units without a microbiology ward round the desirability of
such a service was scored on average at 8.5 out of 10 (range
10–3, mode 9).
Conclusion Direct microbiological advice at the bedside is highly
valued by ICU consultants. Antibiotic prescribing is generally well
controlled, with two-thirds of units having an agreed antibiotic
policy in place. Work will continue to determine whether these
results reflect the national picture in the United Kingdom.
References
1. Widmer AF: Intensive Care Med 1994, 20 (Suppl 4):
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Impact of a selective digestive decontamination and nasal
mupirocin on the incidence of ventilatory-associated
pneumonia and the emergence of bacterial resistance
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E Bizzarro, G Prizio, A Capasso
Hospital ‘G. Rummo’, Benevento, Italy
Critical Care 2007, 11(Suppl 2):P76 (doi: 10.1186/cc5236)

Introduction Selective digestive decontamination (SDD) can
reduce the incidence of ventilatory-associated pneumonia (VAP).
Some concerns have been raised about the risk of selection of
resistant bacteria. We evaluated the impact of a SDD regimen on
the incidence of VAP and the development of resistant pathogens.
Methods In a polyvalent eight-bed ICU, a retrospective analysis
was performed of two periods of 8 months before (no-SDD, 178
patients, mean SAPS II 44.8) and after (SDD, 110 patients, mean
SAPS II 48.9) the use of SDD with amphotericin, tobramycin and
colistin for oropharyngeal and gastric decontamination and
mupirocin for nasal decontamination. The results were analyzed
with the chi-square test.
Results The incidence of VAP was reduced in the SDD group,
even though it was not statistically significant (26.9% vs 16.3%,
P = 0.138). The mortality of VAP and septic shock was reduced
respectively from 39.6% to 16.7% (P = 0.312) and from 60% to
37.5% (P = 0.835). During the SDD period, Gram-positive
infections increased while Gram-negative infections and Candida
infections showed a reduction. The percentage of resistant
species showed a reduction from 49.1% to 30.5% in all the
categories of pathogens (Table 1).

Table 1 (abstract P76)

Percentages of pathogens

no-SDD no-SDD SDD SDD
Infection total resistant total resistant

Gram-positive 32.5 31% 41.5 20%
(% of all (% of all (% of all (% of all 

VAP) G+) VAP) G+)

Gram-negative 54 69% 50 44%
(% of all (% of all (% of all (% of all 

VAP) G–) VAP) G–)

Candida 13.5 12.5% 8.5 0%
(% of all (% of all (% of all (% of all 

VAP) candida) VAP) candida)

Conclusions SDD and mupirocin were correlated to a reduced
incidence of VAP and mortality and to a reduction of resistant
species.
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Comparison of bloodstream infections in intensive care
unit patients, due to different Gram-negative bacteria

M Pratikaki, E Platsouka, C Sotiropoulou, K Kritikos, 
M Agrafiotis, S Kolias, S Nanas, O Paniara, C Roussos, C Routsi
Evangelismos, Athens, Greece
Critical Care 2007, 11(Suppl 2):P77 (doi: 10.1186/cc5237)

Introduction To compare the incidence and risk factors of
bloodstream infections (BSIs) due to Acinetobacter baumannii,
Pseudomonas aeruginosa and Klebsiella pneumoniae and to
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assess which of them is associated with higher mortality in ICU
patients.
Patients and methods This study was conducted in the 28-bed
multidisciplinary ICU of Evangelismos Hospital in Athens, during an
18-month period (August 2004–January 2006). All ICU patients
with blood cultures due to A. baumannii or P. aeruginosa or K.
pneumoniae bacteremia, obtained >48 hours after ICU admission,
were studied. Patients with BSIs due to more than one of those
three pathogens were excluded. Information included patients’ age,
gender, underlying disease, admission category, hospitalization
before ICU admission, length of ICU stay, source of BSIs and ICU
mortality were compared. The illness severity was assessed by
APACHE II score on admission and on the day of BSI was
calculated prospectively for all patients.
Results During the study period, among 855 consecutively
admitted patients, with ICU stay longer than 48 hours, 197
patients developed BSIs due to A. baumannii (96 patients,
incidence 11.23%), P. aeruginosa (44 patients, incidence 5.15%)
and K. pneumoniae (57 patients, incidence 6.67%). Of these
patients, 85 developed BSIs with two or more pathogens and were
excluded. Thus, finally, 64 patients with A. baumannii BSI, 23 with
P. aeruginosa, and 25 with K. pneumoniae were compared.
Hospitalization before ICU was shorter for K. pneumoniae
bacteremic patients compared with those with A. baumannii (1 vs
3 days, P = 0.028) and with those with P. aeruginosa (1 vs 6 days,
P = 0.005). On ICU admission, patients with A. baumannii had a
higher APACHE II score compared with those with K. pneumoniae
(19.53 ± 7.6 vs 15.0 ± 5.4, respectively, P = 0.017) and lower
hematocrit and hemoglobin values (29.8 ± 6.5 vs 35.4 ± 6.5,
P = 0.002 and 9.9 ± 2.2 vs 11.9 ± 2.2, P = 0.001) respectively.
Also on BSI day, hematocrit was lower in patients with A.
baumannii and with P. aeruginosa bacteremia, compared with
those with K. pneumoniae bacteremia (26.6 ± 4.5 vs 29.6 ± 4.5,
P = 0.016 and 26.1 ± 3.8 vs 29.6 ± 4.5, P = 0.021). The
respiratory tract was the most common source of BSIs due to A.
baumannii compared with P. aeruginosa and K. pneumoniae
(56.3% vs 26.1%, P = 0.013 and 56.3% vs 12.0%, P = 0.001).
Mortality was higher in the presence of P. aeruginosa and A.
baumannii BSIs, compared with K. pneumoniae (56.5% vs 24.0%,
P = 0.021 and 48.4% vs 24.0%, P = 0.036, respectively).
Conclusion In ICU patients, the development of BSI due to A.
baumannii is associated with a higher severity of illness on
admission compared with those due to P. aeruginosa and K.
pneumoniae. However, P. aeruginosa BSI is associated with the
higher mortality.
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Maximal barrier precautions, intensivist supervision, and
catheter-related bloodstream infections

T Papadimos, S Hensley, J Hofmann, A Casabianca, M Borst, 
J Fath, J Duggan
University of Toledo College of Medicine, Toledo, OH, USA
Critical Care 2007, 11(Suppl 2):P78 (doi: 10.1186/cc5238)

Introduction Catheter-related bloodstream infections (CR-BSI)
have significant costs. Use of maximal barrier precautions (MBP)
may reduce the incidence of CR-BSI. We studied MBP with/
without intensivist supervision of residents on CR-BSI incidence.
Methods We prospectively studied CR-BSI incidence in an ICU
following the implementation of MBP (hand washing before line
placement, sterile site preparation, draping the entire patient in
sterile fashion, use of hat, mask, gloves and gown, maintenance of
a sterile field, assistants following the same precautions, and sterile
dressing application). The Centers for Disease Control definition of

CR-BSI was used. Data were compared with historical controls at
the same ICU. Also, independent observers evaluated the
procedure for technique break (omitting any conditions listed
under MBP). Subsequently, in addition to MBP, all central venous
catheters were placed under intensivist supervision. Data analysis
included one-tailed z tests for proportions and t tests.
Results From 1 January 2000 to 31 December 2002 (control
period) the CR-BSI incidence was 12.1/1,000 catheter-days.
Following implementation of MBP (1 January 2003–31 October
2004) the CR-BSI incidence decreased to 3.5/1,000 catheter-
days (19/5,499 catheter-days), P < 0.02; in 85 independently
observed line placements using MBP, 7/85 patients had CR-BSI
(8.2%). Technique breaks occurred in 34/85 procedures and were
associated with six CR-BSI (17.6%); the 51/85 procedures
without technique breaks had one infection (1.9%), P < 0.01.
Intensivist supervision (11 January 2004 to 30 April 2006), in
addition to MBP, further reduced the incidence to 1.5/1,000
catheter-days (7/4,667 catheter-days), P < 0.04.
Conclusion While MBP can reduce the incidence of CR-BSI,
placement of central venous catheters by residents under
intensivist supervision can further lower the incidence.

P79

Risk of catheter-related bloodstream infection: higher in
more severe patients?

N Cortez-Dias, A Pais de Lacerda, Z Costa e Silva, C França
Hospital de Santa Maria, Lisboa, Portugal
Critical Care 2007, 11(Suppl 2):P79 (doi: 10.1186/cc5239)

Introduction Vascular devices are associated with the risk of
catheter-related bloodstream infection (Cr-BSI). The aim of this
study was to evaluate the risk of Cr-BSI in our ICU.
Methods A nonconcurrent cohort study at an adult, 11-bed
medical/surgical unit, between 1 January and 31 December 2005.
Data were retrospectively reviewed from clinical records and
bacteriological data concerning the presence of central venous
(CVC) or haemodialysis catheter (HDC) colonization and Cr-BSI
(no data on arterial catheters) were collected. Catheter insertion
and dressing of the insertion site were done according to CDC
guidelines for Cr-BSI prevention. Diagnosis of Cr-BSI required
microbial concordance between a culture of the removed catheter
and a separate percutaneously drawn blood culture, and the
exclusion of other overt source of bacteraemia. Intravascular
devices were cultured for evidence of colonization whenever there
was clinical suspicion of Cr-BSI. Severity scores (SOFA, SAPS II)
were assessed and analysed facing Cr-BSI data.
Results During the study period, 378 patients were admitted to
the ICU (59% male; mean age 58.3 ± 19.8 years), the mean
SOFA score (admission) being 7.9 ± 4.0 and the mean SAPS II (at
24 hours) being 47.6 ± 19.7. In the 266 patients with CVC, the
total duration of implantation was 3.190 days, with a mean duration
of CVC placement/patient of 12 days. Positive cultures of CVC
were found in 18 patients (6.8%). The incidence density of positive
catheter cultures was 6.3/1,000 days of CVC use. CVC-related
BSI was diagnosed in 5 patients, the risk of CVC-related BSI
being 1.6/1,000 days of CVC use. Fifty-two patients also had a
HDC. Positive cultures of HDC occurred in two of these patients
(3.8%), none of them with Cr-BSI. The isolated microorganisms
from CVC and HDC were typical skin bacteria, excluding two
cases with catheter colonization in patients with other overt
sources of bacteraemia. The mean SOFA score in patients with
positive catheter cultures was 10.2 ± 3.1, the mean SAPS II was
63 ± 19.6 and the mean catheter placement duration in these
patients was 32.1 ± 15.7 days. The overall ICU mortality rate was
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20.1%, being 40% in the subgroup of patients in whom Cr-BSI
was diagnosed.
Conclusions Preventing Cr-BSI is important, but special care is
particularly relevant in patients with higher SAPS II scores and a
longer duration of catheter placement. More studies are needed to
confirm this possible higher risk of Cr-BSI in this more severe
patient subgroup.
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Tunnelled central venous catheter-related infection in
cardiothoracic critical care

J Mitchell, P Shetty, F Cox, P Vuddamalay
Royal Brompton & Harefield NHS Trust, Harefield, UK
Critical Care 2007, 11(Suppl 2):P80 (doi: 10.1186/cc5240)

Introduction Tunnelled central venous cannulae (CVC) are used in
cardiothoracic (CT) critical care for long-term inotrope, antibiotic
and renal replacement therapy (RRT). The incidence of blood-
stream-related infection (BSI) related to all types of CVC is
between 2.9 and 11.3 per 1,000 catheter-days [1]. In CT or
cardiology practice the incidence for all CVC-related infection is
2.9–4.5 per 1,000 catheter-days. The incidence of BSI is reduced
using tunnelled CVC, although there are little published data on
the incidence of BSI in tunnelled CVC in CT critical care. CVC-
related infection has been recognised as a priority in the UK
initiative ‘Saving Lives’ [2]. We reviewed tunnelled CVC-related
infection in a tertiary UK CT centre with a significant transplant
population.
Methods A retrospective analysis from November 2001 to 2006
of culture and sensitivity results of tunnelled CVC tips (Bard
Groshong® cuffed catheter and HemoGlide®) and blood cultures
from the same patients.
Results Ninety-three CT critical care patients received a tunnelled
subclavian CVC. The indications were inotropes (n = 40 (43%)),
antibiotic administration (n = 27 (29%)), RRT (n = 14 (15.1%))
and unknown (n = 10 (10.8%)). The mean duration of the catheter
remaining in situ was 36 days (SD 44.0, range 1–164). Culture
results are presented in Table 1. Twelve patients had an
established CVC-related BSI. The mean infection rate/1,000
catheter-days was 3.6.

Table 1 (abstract P80)

Positive CVC Positive Positive 
tip culture blood culture from both

Positive culture results (%) 36.6 18.3 12.9

Mean infection rate/ 10.2 5.1 3.6
1,000 catheter-days

Conclusion The incidence of tunnelled CVC colonisation and
positive blood cultures in this group of CT critical care patients is
in line with previously published data for all types of CVC.
Coagulase-negative staphylococcus was the predominant isolate
in both this audit and previously published data [1].
References
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ANCCADI – Antibiotic Coated Catheter to Decrease
Infection: a pilot trial
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P Rosa, G Penna, L Drumond, R Vegni, M Freitas, M Pinto
Casa de Saude Sao Jose, Rio de Janeiro, Brazil
Critical Care 2007, 11(Suppl 2):P81 (doi: 10.1186/cc5241)

Background Nosocomial catheter-related bloodstream infections
(CR-BSI) have been associated with increased morbidity and
possibly increased mortality in critically ill patients. Central venous
catheters impregnated with rifampin and minocycline (RM) have
been shown to decrease rates of colonization and CR-BSI when
compared with controls and with the chlorhexidine/silver
sulfadiazine catheter. However, recent randomized trials challenged
the clinical impact of such catheters, showing decreased rates in
colonization but not in CR-BSI. We designed this pilot trial to
compare the rates of colonization and CR-BSI in RM catheters and
controls in a Brazilian population of critically ill patients.
Methods A prospective, nonrandomized, controlled clinical trial
was conducted in one medico-surgical 19-bed ICU. Adult patients
needing a double or triple central venous catheter were
sequentially assigned in permuted blocks of five to undergo
insertion of a control or RM-impregnated catheter. After removal, all
tips were cultured by the roll-plate method in association with one
or two peripheral blood cultures. Rates of colonization and CR-BSI
were recorded and compared.
Results Of 120 catheters inserted, 100 could be evaluated for
colonization and CR-BSI. Forty-nine in the uncoated group and 51
in the coated group. Clinical characteristics of patients and risk for
infection were similar in the two groups, use of propofol was more
frequent in the uncoated group and the presence of a vascular
device, other than the study catheter, was more frequent in the
antibiotic-coated group. Three RM-coated catheters (5.9%) were
colonized compared with nine (18.4%) control catheters (relative
risk, 0,28; 95% confidence interval, 0.07–1.096; P = 0.05). Three
cases of CR-BSI (5.9%) occurred in patients who received RM
catheters compared with five in the control group (10.2%). There
was no significant differences in the incidence of CR-BSI between
RM-coated and uncoated catheters. Uncoated catheters were
more frequently colonized but this difference just failed to show
statistical significance. When the duration of catheter placement
were taken into consideration, Kaplan–Meier analysis showed no
significant differences in the risk of colonization or CR-BSI
between RM-coated and uncoated catheters. Rates of CR-BSI
were seven per 1,000 catheter-days in the RM-coated group
compared with 11.4 per 1,000 catheter-days in the uncoated
group (P = 0.7). Gram-positive and Gram-negative organisms were
similarly responsible for colonizing catheters in our study; there
was no difference in rates of colonization by Candida species.
Conclusion In this pilot study, we showed a trend toward lower
rates of colonization in RM-coated catheters when compared with
uncoated control catheters. The incidence and rates of CR-BSI
were similar in the two groups, probably because of a small
number of catheters studied. Development of a prospective
randomized trial with a larger number of patients is underway to
confirm or refute these results.
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Is the blood culture useful in febrile immunocompetent
patients in the Emergency Department?

J Moon
Chonnam National University Hospital, Gwang-ju, Republic of Korea
Critical Care 2007, 11(Suppl 2):P82 (doi: 10.1186/cc5242)

Introduction Blood culture was commonly performed, without any
specific indication, at the Emergency Department. However, the
true positive rate was found to be very low (1.8–5%) and patients
with true bacteremia usually had such risk factors as an indwelling
catheter, severe underlying disease or an immunocompromised
state. This study was performed to determine the usefulness of
performing blood culture for managing febrile immunocompetent
patients who present to the Emergency Department.
Method We prospectively analyzed the medical characteristic and
the results of blood culture of febrile immunocompetent patients
who were more than 18 years old and who presented to the
Chonnam National University Hospital Emergency Center from
April 2005 to October 2005. Fever was defined as a single axillary
temperature higher than 38.0°C. The two sets of blood for culture
were drawn at the antecubital area by the emergency physician
who knew well how to obtain blood for culture. The bacteremia
was classified as true bacteremia or contamination, based on the
presence of clinical signs and symptoms and also on the criteria of
MacGregor. For the true bacteremia group, we further investigated
the changes that occurred with the previously administered
antibiotic therapy according to the results of blood culture.
Results This study included 182 patients: of the 182 cultures, only
36 were positive with 10 contaminants (5.5%) and 26 true
positives (14.3%). The most common disease that required blood
culture in the Emergency Department was respiratory infection
(57/182) and the most common disease with true bacteremia was
urinary infection (41.9%). A low initial level of albumin was the
characteristic associated with a positive blood culture result on
multivariate analysis. Management of only five patients was
influenced by the blood culture results (2.7%).
Conclusion The blood cultures, as were usually ordered for febrile
immunocompetent patients in the Emergency Department, rarely
altered patient management and the results had limited usefulness.
The emergency physician who initially treats these patients has to
consider this limitation of blood culture. Also, eliminating blood
cultures for immunocompetent patients may hold down unneces-
sary medical expenses.
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Impact of early antibiotics on severe sepsis – are we doing
a good job?
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Aga Khan University & Hospital, Karachi, Pakistan
Critical Care 2007, 11(Suppl 2):P83 (doi: 10.1186/cc5243)

Introduction Despite improvements in technology and healthcare
services, mortality rates from severe sepsis have remained
unchanged over the past few decades. Exciting new data are
emerging about the benefits of early, aggressive management in
the Emergency Room (ER). We carried out this study to study the
patterns of antibiotic administration in our ER and their effects on
the length of hospitalization and survival.
Methods This was a prospective, observational cohort study that
reviewed all adult patients presenting with systemic inflammatory
response syndrome (SIRS) to the ER of the Aga Khan University
Hospital, which is a 554-bed primary care/tertiary care referral

facility, over a period from February to June 2006. SIRS was
defined according to the criteria proscribed by the Society of
Critical Care Medicine. A research officer stationed in the ER
identified patients. Exclusion criteria were age < 18 years, patients
transferred from other hospitals or chronic care facilities. Demo-
graphic and study-specific data were collected. The patient was
followed until subsequent death or discharge. The primary
outcome variable was survival to hospital discharge and the
secondary outcome was length of hospitalization. An independent
t-test analysis was carried out for the primary independent variable
(timing of administration of antibiotics) and primary outcome
(mortality) for significant differences between the groups. A two-
sided P value <0.05 was considered as statistical significance.
Logistic regression modeling was used to examine survival as a
function of timing of antibiotic administration.
Results Patients enrolled in the study numbered 111. At presen-
tation 36 patients (32.4%) had 1/4 criteria for SIRS, 67 (60.4%)
had 2/4 criteria and only eight (7.2%) patients had 3/4 criteria.
Sixteen patients (14.4%) were in shock. Sepsis was confirmed by
cultures in 96 (86.5%) patients. One hundred (90.1%) patients
received intravenous antibiotics in the ER; the average time from
triage to actual administration was 2.8 (± 1.86) hours. The timing
of administration of antibiotics was statistically significant in
determining survival. Patients with sepsis and receiving antibiotics
in <1 hour had a mean survival of 99% and a length of
hospitalization of 3 days as compared with those receiving anti-
biotics in 1–4 hours (84.5% survival, LOS 5.25 days) and patients
who received antibiotics in >4 hours (76% survival, LOS 7 days,
P < 0.003). Using a Cox regression model, we were able to
demonstrate that survival dropped acutely with an hourly delay in
antibiotic administration. Overall mortality with sepsis was 34.2%.
Conclusions Administration of appropriate antibiotics within
4 hours of arrival in the ER has a significantly favorable impact on
survival in patients with sepsis.
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Protective effect of antibiotic prophylaxis against early-
onset nosocomial pneumonia in comatose patients

J Navellou, C Manzon, M Puyraveau, D Perez, E Laurent, 
C Patry, G Capellier
CHU Jean Minjoz, Besancon, France
Critical Care 2007, 11(Suppl 2):P84 (doi: 10.1186/cc5244)

Objective To study the impact of prophylactic antibiotics on the
occurrence of early-onset nosocomial pneumonia in patients with
medical coma.
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Patients and methods An open, before and after, single-center
trial, in the medical ICU of the University Hospital of Besancon,
France. A first period (A, retrospective) extended during 18 months
(April 2003–October 2004) without antibiotic prophylaxis and was
followed by a second period (B, prospective) during 18 months
(November 2004–April 2006). Patients received prophylaxis
treatment by amoxicillin and clavulanic acid, shortly after intubation
and during a 24-hour period. Inclusion criteria were medical loss of
consciousness, Glasgow Coma Score < 8, and length of intubation
> 48 hours.
Results A total of 101 patients were enrolled, 61 patients during
period A and 40 patients during period B. No significant
differences were found between mean age (48.6 years vs 50.4
years old), SAP II score (44.5 vs 46.5), aetiology of coma (mainly
ischaemic stroke, cardiac arrest, refractory epilepsy, intoxication),
and early-onset (n = 12 vs n = 6) or late-onset pneumonia (n = 1
vs n = 2). During period B, the time for onset of colonisation (6.6
days vs 3 days, P = 0.008) or pneumonia (8.4 days vs 4.2 days,
P = 0.03) was increased compared with period A. We did not
diagnose multidrug-resistant infection or colonisation. No
difference was found with regard to mortality and morbidity:
duration of mechanical ventilation (5.7 days vs 6.7 days) or total
hospitalisation stay (26.6 days vs 16.9 days), total mortality (n = 9
vs n = 10 patients) or at day 28 (n = 6 vs n = 7 patients),
respectively, in periods A and B. In multivariate analysis, tobacco,
cardiac arrest and ischaemic stroke were independent risk factors
of pneumonia.
Conclusion In our study, contrary to previous ones [1,2], anti-
bioprophylaxy did not show a decrease in the incidence of
nosocomial pneumonia in medical comatose patients with
Glasgow Coma Score < 8 under mechanical ventilation. On the
other hand, antibiotics induce a later onset of colonisation and lung
infections. Despite a prevention of early-onset nosocomial
pneumonia, our data do not support the use of regular prophylactic
antibiotics.
References
1. Sirvent JM, et al.: Protective effect of intravenously admin-

istered cefuroxime against nosocomial pneumonia in
patients with structural coma. Am J Respir Crit Care Med
1997, 155:1729-1734.

2. Acquarolo A, et al.: Antibiotic prophylaxis of early onset
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Introduction Considerable variability exists in antibiotic prescribing
practices. A dichotomous health care system in South Africa has
created the opportunity for vastly differing practices. As part of a
national 1-day sepsis prevalence study (PISA), a review was
undertaken of antibiotic prescribing practices in public and private-
sector ICUs.
Method Following appropriate institutional approval, 43 ICUs were
selected using the proportional probability sampling technique.
This was applied to a national database of ICUs. Every seventh
bed was selected from all the serially placed units. Antibiotic
therapy was reviewed by two independent reviewers. Data
collected included the appropriateness of pretherapy cultures,

postculture modification of therapy, duration of therapy and, finally,
impact of appropriate antibiotic choice on mortality.
Results See Table 1. Public-sector practice is better with respect
to pretherapy sampling and duration of treatment. Better
modification of treatment occurs in the private sector.
Overall mortality of both groups was 10/82 (12%) when antibiotic
choice was appropriate compared with 28/90 (31%) (P < 0.05)
when therapy was inappropriate.

Table 1 (abstract P85)

Appropriateness of antibiotic therapy

Intervention Sector Number Percentage

Preculture sampling Private 27/62 43*
Public 73/120 61

Modification of antibiotics Private 49/61 80
Public 18/27 67

Duration of treatment Private 25/134 19*
Public 26/49 53

*P < 0.05.

Conclusion There are significant differences in antibiotic prescribing
practices when public and private sectors are compared.
Appropriate early antibiotic prescriptions reduce mortality. Attention
to education and systems that address prescribing practices is
indicated.
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Introduction This study aims to assess the association between
the timing of admission and outcome in patients admitted with
pneumonia to ICUs in the United Kingdom.
Methods All patients admitted to an ICU with a primary reason for
admission of pneumonia were extracted from the Case Mix
Programme Database. ‘Early’ admissions, admitted to the ICU on
the day of admission to hospital (12,475), were compared with
‘late’ admissions, admitted to the ICU on a later date (21,948). The
ICU and hospital mortality, number of organs failed, renal
dysfunction, and length of stay in hospital were compared between
the two groups. An association was sought between timing of
admission and mortality. Patients were stratified by CURB 65
score on admission to the ICU. Mortality was compared between
the two groups. Odds ratios were used to analyse data. P < 0.05
was considered significant.
Results There were small but statistically significant differences
between the two groups in mean age, APACHE II score, CURB 65
score and number of organ failures, and the presence of
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CURB65 Odds ratio 95% CI P value

1 1.02 0.9–1.16 0.8

2 1.23 1.13–1.34 <0.0001

3 1.25 1.16–1.35 <0.0001

4 1.46 1.29–1.65 <0.0001

5 1.41 1.03–1.91 0.03
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respiratory organ failure. There was no difference in the presence
of renal dysfunction. Late admissions with pneumonia had higher
ICU and hospital mortality, and longer hospital stay. At each CURB
65 score the late admissions had higher hospital mortality, which
was significant at scores of 2–5 (Table 1).
Conclusion Early admission may reduce mortality in patients
admitted to ICUs with pneumonia. CURB 65 scores could facilitate
triage of patients with pneumonia.
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Are routine endotracheal aspirates predictive of the
etiology of ventilator-associated pneumonia?
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Critical Care 2007, 11(Suppl 2):P87 (doi: 10.1186/cc5247)

Introduction Most investigators discuss the predictive value of
respiratory surveillance cultures in mechanically ventilated patients
and doubt on the appropriate selection of the antibiotic therapy
based on these findings, when pneumonia develops. The aim of
our study was to evaluate whether microorganisms cultured from
semiquantitative tracheal aspirates (SQTA) in the 48 hours prior to
the clinical suspicion of ventilator-associated pneumonia (VAP)
were predictive of the etiology, compared with the bronchoalveolar
lavage (BAL) results performed on the same day that the clinical
diagnosis was considered
Methods Routine SQTA were performed twice weekly in all
intubated patients for over 72 hours according to the methodology
described elsewhere [1]. Fiberoptic bronchoscopy with BAL was
preformed the same day that VAP was suspected according to
Johanson criteria (fever, leucocytosis, purulent secretions and
infiltrate on radiograph) plus gas-exchange deterioration.
Results In our 22-bed ICU, during a 27-month period, 156
patients underwent BAL procedures due to clinical suspicion of
VAP. Out of these, 118 patients (120 BAL) had semiquantitative
tracheal aspirate (SQTA) performed 48 hours prior to the clinical
diagnosis of VAP (males 71/118; mean age 47 ± 16 years; SAPS II
35 ± 10). See Table 1 for pathogen prediction by SQTA surveil-
lance cultures. See Table 2 for concordance of SQTA–BAL when
only multiresistant microorganisms are considered. Negative BAL

cultures with SQTA growth were never found. Polymicrobial SQTA
cultures: 13 concordant, seven only partial concordant, four not
concordant. There was no incidence in our results related to
previous antibiotic therapy: 33% of the concordant, 24% of the
partial concordant and 29% of the no concordant were on
antibiotics when SQTA was obtained.
Conclusions In our patient population, routine surveillance SQTA
cultures accurately predict more than 60% of the etiologic agents
of VAP. This prediction increases to 80% when multiresistant
microorganisms are considered. Due to routine surveillance
cultures, our antibiotic prescriptions can become more adequate.
Reference
1. James L, Hoppe-Bauer JE: Processing and interpretation of

lower resp tract in specimens. In Clinical Microbiology Pro-
cedures Handbook. Edited by Isenberg HD. Washington, DC:
ASM Press; 1992:1.15.1–1.15.8.
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Introduction The medical literature shows that the most important
prognosis factor in nosocomial pneumonia is the correct empirical
antimicrobial therapy. Recently the microorganisms have been
becoming more resistant to the usual antibiotics and there are
many reports of Gram-negative bacilli (GNB) only susceptible to
Polimixyn b (PB). The ATS guideline does not suggest the use of
PB as an empirical therapy, while the Brazilian Sepsis Guideline
(BG) allows the use of this antibiotic in special circumstances. The
aim of this study was to compare the efficacy of both guidelines,
based on the microbiological data.
Methods This is a retrospective study with 93 cases of nosocomial
pneumonia diagnosed according to the ATS criteria, managed in
our ICU from 1 February 2005 to 16 September 2006. We
analyzed the efficacy of both guidelines, using them during all the
study period or stratifying the patients into two groups according
to the research median period (24 November 2005).
Results There were 67 cases of ventilator-associated pneumonia
(VAP) and 26 cases of non-VAP. The overall result shows that the
ATS would be effective in 76% (CI 67–85%) and the BG in
87.9% (CI 81–94.7%) of the cases. This difference was
statistically significant (P = 0.035). The most prevalent bacteria
were Acinetobacter sp. and Pseudomonas aeruginosa. From
February to August 2005 there were a burden of multiresistant
(MR) GNB, only susceptible to PB. Using the ATS or the BG in
this period, the guidelines would be effective in 64% (CI 51–77%)
and 84.4% (CI 74.8–94%) respectively (P = 0.017). In the second
half of the study we controlled the MR GNB, and the efficacy of
both guidelines were similar between ATS and BG (97% vs
93.9%; P = 1).
Conclusions Our data show that the more restrictive ATS
guideline can significantly lead to a wrong empirical therapy in MR
GNB high-prevalence situations. The use of the BG can lead to a
better empirical treatment in this situation. This information
enhances the need for ICU flora knowledge, which are seasonal,
so there is no ‘all time and place perfect guideline’, although the
BG was a better option in our ICU than the ATS guideline.
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Table 1 (abstract P87)

Concordance, a) Same microorganisms SQTA–BAL 66/76 (87%)
76/120 (63%) b) No significant growth 10/76 (13%)

Partial a) 2 microorganisms SQTA–1 BAL 4/17 (24%)
concordance, b) 1 microorganism SQTA–1 BAL 13/17 (76%)
17/120 (14%)

No concordance, a) No significant growth 14/127
27/120 (23%) SQTA–1 or 2 microorganisms BAL

b) Different microorganisms SQTA–1 BAL 13/27

Table 2 (abstract P87)

Multiresistant 
microorganism SQTA BAL Concordant %

Ps. aeruginosa 22 22 20/24 83

Acinetobacter 14 11 10/15 67

MRSA 8 9 8/9 89

Klebsiella 2 2 2/2 100

Stenotrophomona 1 1 1/1 100

Total multiresistant 41/51 80
microorganisms
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Introduction Patients who develop ventilator-associated pneumonia
(VAP) caused by either multidrug-resistant organisms (MDRO) or
Pseudomonas may have poor clinical outcomes. We sought to
further clarify this potential relationship using a database from a
large multicenter trial of diagnostic and therapeutic strategies in
patients who had suspected VAP.
Methods Patients receiving mechanical ventilation (MV) for ≥96 hours
and who developed suspected VAP (new or worsening pulmonary
opacities on CXR, and at least two of fever, leukocytosis, change
in sputum purulence, increased O2 needs, or isolation of potentially
pathogenic bacteria from sputum) were eligible. At enrolment, all
patients had cultures obtained from either BAL or endotracheal
aspirates. MDRO were defined as those resistant to ≥2 classes of
antibiotics. Patients were followed until 28 days after enrolment,
death, or hospital discharge.
Results Seven hundred and thirty-nine patients from 28 ICUs in
Canada and USA were enrolled. At enrolment, cultures from
10.0% (95% CI 7.9–12.4%) of the patients grew MDRO or
Pseudomonas. The prevalence of MDRO at enrolment was 5.2%
(3.6–6.8%). There were no differences in APACHE II, MODS, or
PaO2/FiO2 at baseline between those whose specimens grew
MDRO or Pseudomonas and those whose specimens did not.
Patients with MDRO or Pseudomonas had higher 28-day mortality
(RR 1.59, 95% CI 1.07–2.37, P = 0.04) and inhospital mortality
(RR 1.48, 95% CI 1.05–2.07, P = 0.05) and a trend towards
higher ICU mortality (RR 1.42, 95% CI 0.90–2.23, P = 0.14) than
those whose specimens did not grow these organisms. Median
duration of MV (12.6 vs 8.7 days), ICU length of stay (16.2 vs 12.0
days) and hospital length of stay (55.0 vs 41.8 days) was greater
in patients with MDRO or Pseudomonas than in those whose
specimens did not grow these pathogens (P = 0.05). Adequacy of
initial empiric therapy was 68.5% in patients whose specimens
grew MDRO or Pseudomonas compared with 93.9% in those
without these organisms (P < 0.001).
Conclusion The isolation of MDRO or Pseudomonas from
respiratory tract specimens of patients with suspected VAP is
associated with prolonged MV, increased ICU and hospital stay,
and increased risk of death. Inadequate initial empiric antibiotic
treatment may be a contributing factor.
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Introduction Cytokines play an important role in pulmonary host
defense. However, nonuniform findings have been reported about

the correlation between bronchoalveolar bacterial burden and the
lung inflammatory response.
Objective The aim of the present study was to evaluate the
relationship between bronchoalveolar cytokine expression and
bacterial burden in mechanically ventilated patients with suspected
pneumonia.
Methods Mechanically ventilated patients with suspected
pneumonia admitted to the ICU from November 2004 to January
2006 were prospectively enrolled. Fiberoptic bronchoalveolar
lavage (BAL) was performed with 150 ml sterile isotonic saline in
three aliquots of 50 ml; local anesthetic was not used. BAL
samples for microbiologic quantitative cultures and BAL cytokines –
IL-6, IL 8, TNFα, granulocyte colony-stimulating factor (G-CSF)
and granulocyte–monocyte colony-stimulating factor (GM-CSF) –
were measured.
Results Fifty-nine patients were included, and most of the patients
(79.7%) had prior antibiotic therapy. Twenty-two patients (37.2%)
had a positive bacterial culture defined as a diagnostic threshold
>10,000 colony-forming units/ml. Only the concentration of TNFα
was significantly higher in the group of patients with positive BAL
(Table 1).
Conclusions (1) There is a significant correlation between TNFα in
BAL fluid and the lung bacterial burden. (2) BAL TNFα is an early
marker of pneumonia in mechanical ventilated patients despite
prior antibiotic therapy.
Clinical implication Cytokine measurements in BAL may be a
diagnostic tool to support the diagnosis of the initial phase of
pneumonia.

Table 1 (abstract P90)

BAL– BAL + P

IL-6 BAL (pg/ml) 180.3 ± 252 293.4 ± 421 0.410

IL-8 BAL (pg/ml) 1,301 ± 1,045 1,681 ± 1,315 0.442

TNF BAL (pg/ml) 48.9 ± 80.7 222.6 ± 308 0.022

G-CSF BAL (pg/ml) 444.8 ± 565 408.1 ± 491 0.713

GM-CSF BAL (pg/ml) 14.1 ± 23.4 9.35 ± 17.32 0.126
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Risk factors for treatment failure in patients with ventilator-
associated pneumonia receiving appropriate antibiotic
therapy

G Gursel, M Aydogdu, E Ozyilmaz, T Ozis
Gazi University School of Medicine, Ankara, Turkey
Critical Care 2007, 11(Suppl 2):P91 (doi: 10.1186/cc5251)

Introduction Treatment failure (TF) can be anticipated in 30–40%
of patients developing ventilator-associated pneumonia (VAP).
Little information about lack of response of VAP to treatment is
available. The aim of the study is to evaluate potential risk factors
for TF in patients with VAP receiving appropriate antibiotic therapy.
Methods A prospective observational cohort study. Microbio-
logically confirmed (>105 colony-forming units/ml) clinical findings
(CPIS > 6) were necessary for the diagnosis of VAP. TF was
defined as a lack of clinical (in first 3 days of the therapy) and
microbiological (in first 7 days of the therapy) response to therapy.
All patients had surveillance cultures for endotracheal aspirate
(every second day), urine and blood (weekly). Student’s t tests, chi-
square tests and logistic regression analyses were used for
statistical analyses.
Results Eighty-one patients enrolled into the study; 40% of them
were female and the mean age was 71 ± 14. Fifty-one of the
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patients had TF. When the groups were compared (TF and
treatment success), patients with TF were older, had more
comorbidities, higher admission and VAP APACHE II scores,
Acinetobacter baumanni pneumonia, higher initial bacterial load
(colony-forming units/ml) and lower daily carbohydrate intake.
Transfusions, bacteremia, infection with multidrug-resistant micro-
organismis and steroid therapy were similar across the groups.
Among the significant parameters, age and comorbidity were not
entered into the logistic regression since the APACHE II score
covers these two parameters. VAP with A. baumanni (OR 4.4,
95% CI 1.2–16, P = 0.027), higher VAP APACHE II scores
(OR 12, 95% CI, 3–45, P = 0.0001) and lower daily carbohydrate
intake (OR 4.4, 95% CI 1.3–15, P = 0.016) were independent
predictors for TF in logistic regression analyses.
Conclusion These results suggest that patients with higher VAP
APACHE II scores and pneumonia with A. baumanni and lower
carbohydrate intake were at risk for TF.
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Intensive care nurses’ knowledge of evidence-based
guidelines for the prevention of ventilator-associated
pneumonia
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Introduction Nonadherence to evidence-based guidelines for the
prevention of ventilator-associated pneumonia (VAP) has been
reported. As a lack of knowledge may be a barrier for adherence,
this study aimed to determine intensive care nurses’ knowledge of
evidence-based guidelines for VAP prevention.
Methods This study is a survey using a validated multiple-choice
questionnaire, developed to evaluate nurses’ knowledge of VAP
prevention and based on a recently published review by Dodek
and colleagues [1]. Knowledge of nine nursing-related strategies
was evaluated. The questionnaire was distributed and collected
during the Flemish Society for Intensive Care Nurses’ annual
congress (Ghent, 2005). Demographic data included were gender,
intensive care experience, number of critical beds and whether
nurses hold a special degree in emergency and intensive care.
Results We collected 638 questionnaires (response rate 75%).
Nineteen per cent recognized the oral route as the recommended
way for intubation. Forty-nine per cent knew that ventilator circuits
are to be changed for each new patient only. Heat and moisture
exchangers were checked as the recommended humidifier type by
55%, and 13% knew that it is recommended to change them once
weekly. Closed suction systems were identified as recommended
by 69%, and 20% knew that these must be changed for each new
patient only. Respectively 60% and 49% recognized subglottic
drainage systems and kinetic beds to reduce the incidence of VAP.
Semirecumbent positioning is well known to prevent VAP (90%).
The nurses’ average score was 4.2/9, while nurses with >1 year
experience and those holding a special degree both scored 4.5/9
(P < 0.001).
Conclusion Nurses lack knowledge of evidence-based guidelines
for VAP prevention. Their schooling and continuing education
should include support from current evidence-based guidelines.
Reference
1. Dodek P, et al.: Ann Intern Med 2004, 141:305-313.
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Introduction ATS/IDSA [1] guidelines recommend consideration
of local microbiologic data when selecting empiric treatment for
ventilator-associated pneumonia (VAP) and broad-spectrum
empiric therapy for patients with pneumonia caused by MDR
pathogens. The purpose was to use local microbiologic data to
develop institution-specific guidelines for VAP.
Methods We prospectively recorded local microbiologic and
susceptibility data in our ICU. Respiratory specimens were tracheal
aspirates in all cases and were evaluated by quantitative criteria.
Results We had 40 episodes (2,247 ventilator-days) of VAP
(40/133 patients) and 45 isolates. In early-onset pneumonia
(≤5 days, eight episodes, three with two isolates): six Acinetobacter
baumannii: meropenem, colistin, gentamicin (five); three Pseudo-
monas aeruginosa: piperacillin, aztreonam, imipenem, ceftazidime,
colistin, ciprofloxacin, cefepime, meropenem, aminoglycosides; one
Klebsiella pneumoniae: meropenem, colistin, tetracycline; Fungi 1:
no susceptibility results. In late-onset pneumonia (>5 days, 32
episodes, two with two isolates): 25 A. baumannii: four to
amoxicillin-clavulanic, ceftazidime, piperacillin-tazobactam,
aztreonam, imipenem, colistin, ciprofloxacin, cefepime, meropenem,
aminoglycosides, 19 to meropenem, gentamicin, colistin, tetracycline
and two to colistin; four P. aeruginosa: two to piperacillin-
tazobactam, two to colistin; one K. pneumoniae: piperacillin-
tazobactam, aztreonam, imipenem, ceftazidime, colistin, ciprofloxacin,
cefepime, meropenem, aminoglycosides, amoxicillin-clavulanic; Fungi
1: no susceptibility results and three unspecified isolates.
Excluding fungi and unspecified isolates, we had 8/45
multisensitive isolates and 32/45 isolates sensitive to colistin (32),
meropenem (26) and gentamicin (21). According to these data in
early and late VAP the most adequate therapeutic combination to
cover possible pathogens is meropenem + colistin. Using this
combination we cover all possible pathogens and then de-escalate
according to susceptibility results. Following the ATS/IDSA
guidelines we would cover only 8/45 isolates.
Conclusions ATS/IDSA [1] guidelines may not be applicable in all
institutions or countries and thus clinicians should incorporate local
microbiologic data into institution-specific guidelines [2].
References
1. ATS/IDSA: Am J Respir Crit Care Med 2005, 171:388-416.
2. Beardsley JR, et al.: Chest 2006, 130:787-793.
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Introduction Ventilator-associated pneumonia (VAP) is associated
with the greatest mortality among nosocomial infection. Death
rates associated with Pseudomonas spp. or with late-onset VAP
seem higher. Treatment of these infections is frequently
complicated by antibiotic resistance, a problem that has been
increasing in recent years.
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Objective and methods The goal of the study was to evaluate the
clinical efficacy of meropenem by continuous infusion administration
(CIA) or by bolus intermittent infusion (BII) for the treatment of VAP
caused by Pseudomonas aeruginosa. An historic control group with
VAP caused by P. aeruginosa who received initial empiric antibiotic
therapy with meropenem by BII (n = 32) was compared with a
prospective cohort treated with meropenem by CIA (n = 20) in a
12-bed surgical ICU, at a 400-bed surgical complex of a district
hospital. We looked for demography, APACHE II score, mortality,
attributable mortality for VAP, days on mechanical ventilation (MV),
and ICU length of stay. VAP was treated during 14 days with
meropenem (1 g/6 hours intravenously). The antibiotic clinical effect
was categorized as cure or failure. Difference between groups were
tested by means of Student’s t test end exact chi-square test, using
the MedCalc program. We consider values of P < 0.05 as a
significant difference.
Results Significant differences were not found between both
groups of patients in sex, age, APACHE II score, and diagnosis.
The CIA group showed significantly greater clinical cure than the
BII group (CIA 18/20 (90%) vs BII 21/32 965.6%), P = 0.041)
and smaller but not significant attributable mortality to VAP (2 of
20 (10%) vs 10 of 32 (31.3%), P = 0.288).
Conclusion Our results suggest that administration of meropenem
by CIA may have more clinical efficacy than administration by BII for
the treatment of VAP, but more studies are required to confirm this.
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Introduction Delays in adequate antibiotic therapy for ventilator-
associated pneumonia (VAP) are associated with poor outcomes,
and early use of broad-spectrum antibiotics may improve clinical
outcomes. However, indiscriminant use of broad-spectrum
antibiotics is associated with the emergence of antibiotic-resistant
bacteria, fungal infections, and increased healthcare costs. The
purpose of this study was to determine optimal empiric treatment
of VAP by comparing a strategy of combination therapy to
monotherapy with broad-spectrum antibiotics.
Methods In a multicenter trial, we randomized mechanically
ventilated adult patients with suspected VAP that developed after
96 hours in the ICU to receive either meropenem and ciprofloxacin
or meropenem alone, as initial therapy. In addition, before starting
antibiotics, diagnostic specimens were obtained using either
bronchoalveolar lavage with quantitative cultures or standard
endotracheal aspirates.
Results We randomized 740 patients in 28 ICUs in Canada and
the United States. The baseline characteristics and etiologies of
VAP were similar between groups. There was no difference in 28-
day mortality between the combination and monotherapy groups
(RR = 1.05, 95% confidence interval 0.78–1.42; P = 0.74). The
duration of ICU and hospital stay, clinical and microbiological
response to treatment, emergence of antibiotic-resistant bacteria,
isolation of Clostridium difficile, and fungal colonization were
similar between groups. Combination therapy resulted in a higher
rate of adequate empiric therapy compared with monotherapy
(93.1% vs 85.3%, P = 0.01). In a subgroup of patients with

infection due to pseudomonas species, acinetobacter species and
multidrug-resistant Gram-negative bacilli at enrollment (n = 56),
the adequacy of initial antibiotics was 82.4% in the combination
group versus 18.8% in the monotherapy group (P < 0.001); this
difference was associated with an increase in the microbiological
eradication of the infecting organisms (64.1% vs 29.4%, P = 0.05)
but no differences in clinical outcomes.
Conclusion In patients who have suspected VAP, empiric
treatment with combination therapy, as compared with mono-
therapy, is safe and is associated with a higher rate of adequate
antimicrobial coverage but has no effect on clinical outcomes.
Acknowledgements This study was supported by grants from the
Canadian Institutes of Health Research and Physicians Services Inc. of
Ontario, and unrestricted grants from AztraZeneca Inc., and Bayer Inc.
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Introduction This prospective pilot study set out to develop an
animal model of Pseudomonas aeruginosa that would be suitable
for the application of molecular techniques to evaluate virulence in
which instillation of a reference strain of P. aeruginosa results in a
monoculture ventilator-associated pneumonia. For this purpose,
male adult greyhounds were used in an animal research laboratory.
Methods The animals were anaesthetised, orally intubated and
mechanically ventilated. An inoculum of P. aeruginosa (strain PA01)
was instilled into the oropharynx at 1 hour and 8 hours post-
intubation. The animals were terminated at 78 hours.
Results Pneumonia was evaluated based on macroscopic grading
and microbiological (bacterial count) findings. We were able to
maintain anaesthetic, haemodynamic and respiratory support for
the study duration of 78 hours. A monobacterial pulmonary
infection was established in four out of five animals. Administration
of ceftriaxone 1 g daily effectively suppressed all other bacteria.
This allowed proliferation of the single strain P. aeruginosa (PA01)
we had inoculated with no culture of other organisms.
Conclusions Over a short period of time we were able to
reproduce a monoculture ventilator-associated pneumonia in a
significant percentage of animals. We successfully developed an
animal ICU model that we were able to sustain for 78 hours. This
canine model of P. aeruginosa (PA01) ventilator-associated
pneumonia is suitable for the application of molecular techniques
such as signature-tagged mutagenesis, differential fluorescence
induction, and in vivo expression technology.
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Introduction Aerosolized antibiotics may increase lung
concentration, reducing the need for i.v. antibiotics. We evaluated
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safety and i.v. antibiotic use with inhaled amikacin (AMK) during
adjunctive treatment of intubated patients with Gram-negative
pneumonia.
Methods A double-blind, placebo-controlled, study of aerosol
AMK delivered via the Pulmonary Drug Delivery System (PDDS®;
Nektar Therapeutics) in ventilated patients with Gram-negative
pneumonia as an adjunctive to i.v. therapy per ATS guidelines.
Patients were randomized to receive aerosol containing 400 mg
AMK daily with placebo (normal saline) 12 hours later, 400 mg
AMK twice daily or placebo twice daily. The i.v. antibiotics (agent
and duration) were determined by the attending physician. The
AMK peak serum concentration, trough concentrations and
tracheal aspirates were drawn.
Results The mean number of i.v. antibiotics at the end of the study
(mean 7 days) were two times greater with placebo than with
twice-daily AMK (P < 0.02) (Figure 1). For daily and twice-daily
AMK, the serum Cmax were 1.3 and 1.8 µg/ml (respectively) on
day 1, and 2.3 and 3.2 µg/ml on day 3. Mean trough levels were
0.87 and 1.49 µg/ml. Tracheal aspirate levels (mean) on day 3
were 6.9 mg/ml (daily) and 16.2 mg/ml (twice daily). Aerosol AMK
was well tolerated with no difference in adverse events across
treatment groups.
Conclusion Repeated doses of adjunctive inhaled AMK to
mechanically ventilated patients with Gram-negative pneumonia
was safe, well tolerated, and associated with less i.v. antibiotic use
than placebo.

P98

Management of an outbreak of multiresistant
Acinetobacter baumanii infection in a surgical intensive
care unit

J Lewejohann, M Prang, F Seyfried, A Henning, 
C Zimmermann, M Hansen, E Muhl, H Bruch
University Medical Center Schleswig-Holstein – Campus Lübeck,
Germany
Critical Care 2007, 11(Suppl 2):P98 (doi: 10.1186/cc5258)

The first report of multiresistant Acinetobacter baumanii (MRAB)
was published in 1994. We report about an outbreak sensitive to
Polimyxin only. In June 2006 a German holidaymaker (male, 70
years old; patient 1) in Greece felt dyspnea, thoracic pain and
fever. He went to a hospital in Crete. CT indicated left-sided
pleural empyema, mediastinal emphysema, pericardial effusion and
pneumonia. Rapid deterioration lead to septic shock with need for
mechanical ventilation. He came to our ICU (15 beds and six IMC
beds) via air transport. Endoscopy showed esophagus perforation
with need for operation and endoscopic stenting. Several BALs
and a central venous catheter from the beginning showed MRAB
with intermediate susceptibility to meropenem/aminoglycosides
only. The patient received meropenem and gentamycin at first.

Despite isolation, MRAB spread over and infected eight more
patients in separate rooms and different sections of the ICU
32 days later. Further transmission occurred within a few days:
three male patients with multiple trauma (42, 20, and 62 years old;
patients 2, 3, and 4), cardia carcinoma (female, 66 years old;
patient 5), necrotizing pancreatitis (female, 78 years old; patient 6),
splenomegaly owing to polycythaemia vera (male, 74 years old;
patient 7 – MRAB diagnosis postmortem), rectal carcinoma
(female, 76 years old; patient 8 – isolation because of MRSA
infection even before) and respiratory failure after gastric banding
(female, 41 years; patient 9). All patients suffered from septic
shock with high fever, needed high volume replacement and
catecholamines several times and prolonged mechanical
ventilation. MRAB was isolated in the tracheal secretion or BAL in
all patients, in abdominal drainage (patient 6), and in central
venous catheter (patient 5). Environmental investigations showed
no problematic circumstances. Colistin i.v. is not available in
Germany so it had to be procured from the USA, which caused a
delay of treatment for a few days. Another delay occurred because
of the rapid growing number of patients who needed Colistin.
Patients were treated with an adjusted dosage for 16 days.
All patients of the ICU were isolated to avoid new infections as a
precaution. After convalescence of two patients, all MRAB patients
were moved to the IMC, which was converted to an ICU for this
period, to isolate infected patients from uninfected. Three out of
nine patients died.
All these laborious measures with a great expenditure of logistics
worked well; no further transmissions were observed.

P99

Multidrug-resistant Acinetobacter baumannii susceptible only
to colistin outbreak in a cardiac surgical intensive care unit

K Papadopoulos, A Tasouli, E Douka, E Manoli, G Saroglou, 
S Geroulanos
Onassis Cardiac Surgery Center, Athens, Greece
Critical Care 2007, 11(Suppl 2):P99 (doi: 10.1186/cc5259)

Objectives Gram-negative bacilli including multidrug-resistant
Acinetobacter baumannii (MDR-AB) are responsible for severe
ICU-acquired infections, mainly pneumonia and bacteraemia. The
aim of this study was to determine the incidence and mortality of
this multiresistant strain of Acinetobacter in patients undergoing
cardiac surgery, to elucidate the effectiveness of treatment with
colistin and to identify whether additional measures were able to
prevent and control the dissemination of MDR-AB isolates in our
institution.
Methods A total of 1,451 patients attended the surgical ICU
(SICU) after cardiovascular surgery from 1 September 2005 to 31
August 2006. We reviewed the prophylactic measures of the
SICU and tried to identify epidemiological links between MDR-AB-
infected patients. We implemented a two-scale multiple program.
Scale 1 included classical infection control measures (that is, strict
contact and droplet isolation, surveillance of throat, nasal and anal
flora for MDR pathogens on all patients transferred from other
hospitals, separate nursing staff for each infected or colonized
case and strict antibiotic policy), while Scale 2 referred to
geographic isolation of MDR-AB cases with exclusive medical and
nursing personnel, use of separate supplies and facilities and
intense environmental surveillance.
Results Fifteen patients were infected by MDR-AB, of which 13
presented respiratory tract infection, one suffered deep surgical
site infection and bacteraemia and one from catheter-related
infection. They were all treated with intravenous and aerolized
colistin in combination with rifampicin or ampicillin and sulbactam.
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Despite significant ‘in vitro’ activity of colistin against this virulent
organism and its acceptable safety profile, results were
discouraging as only 13% survived. In fact, cure or clinical
improvement was observed only in four patients (27%) while 11
patients (73%) developed sepsis and multiple organ failure.
Scale 1 measures were implemented for the whole 12-month
period while Scale 2 for two separate 3-week periods. Following
this infection control strategy we achieved intermittent eradication
of the pathogen during a 12-month period with continuous function
of the SICU.
Conclusions Increasing prevalence of MDR-AB in ICU patients
demands installation of strict screening and contact precautions.
Due to significant mortality of MDR-AB-infected patients, additional
measurements like geographic isolation of all positive cases,
exclusive medical and nursing personnel, use of separate supplies
and facilities and intense environmental surveillance is highly
recommended.

P100

Hypercalcaemia resulting from the use of tigecycline in the
treatment of multidrug-resistant Acinetobacter in patients
with multiorgan failure

M Duffy, M Thomas, G Auzinger, W Bernal, E Sizer, J Wendon
Institute of Liver Studies, London, UK
Critical Care 2007, 11(Suppl 2):P100 (doi: 10.1186/cc5260)

Introduction Tigecycline (Wyeth) is a new glycylcycline anti-
microbial that has been used in the treatment of deep-seated
multidrug-resistant Acinetobacter (MDRA) infections. Unexpected
changes in routine hematology or serum chemistry have not been
reported.
Methods All patients were managed within the liver ICU and
received standard care. Laboratory data were collected daily and
entered onto a specialist database. MDRA-positive cultures from
blood, bronchoalveolar lavage, drain fluid or samples taken at
laparotomy in the context of systemic inflammatory response
syndrome resulted in the initiation of tigecycline 100 mg i.v.
followed by 50 mg i.v. 12 hourly.
Results Eleven patients received tigecycline treatment for MDRA
infections (seven male). Ten patients had a single course whilst
one patient had three courses. Underlying disease states were
necrotising pancreatitis (one), polytrauma (one), post hepatectomy
(one), acute and acute on chronic liver failure (four), and post-
orthotopic liver transplant (four). The median duration of treatment
was 9 days (range 4–23 days); courses <7 days were because of
patient death (2/11). The mean APACHE II score at initiation of
therapy was 18 (range 13–26). Four out of 11 survived to ICU
discharge and 3/11 to hospital discharge. Tigecycline was well
tolerated but increases in corrected calcium were observed in
9/11 patients. The patient that received three courses of treatment
had elevations in corrected calcium after each course. For the 11
patients, the mean corrected calcium before treatment with
tigecycline was 2.41 mmol/l. The mean corrected calcium on
finishing the course increased to 2.59 mmol/l (P = 0.012). There
was no correlation between duration of treatment with tigecycline
and degree of change in the corrected calcium level (r = 0.08).
Hypercalcaemia resolved on discontinuation of the drug; 7/11
survived >7 days after treatment and had a mean corrected
calcium of 2.46 mmol/l, which was not significantly different from
pretreatment levels (P = 0.94).
Conclusion Tigecycline is well tolerated but appears to be
associated with an elevated corrected calcium in critically ill
patients. This returns to baseline values on discontinuation of the
drug.

P101

A pharmacokinetic basis for improving therapeutic
outcomes of aminoglycoside therapy during continuous
venovenous haemodiafiltration

A Spooner1, O Corrigan1, M Donnelly2

1Trinity College Dublin, Dublin, Ireland; 2Tallaght Hospital, Dublin,
Ireland
Critical Care 2007, 11(Suppl 2):P101 (doi: 10.1186/cc5261)

Introduction The objective of this study was to quantify the impact
of continuous venovenous haemodiafiltration (CVVHDF) on amino-
glycoside pharmacokinetics and to suggest dosing strategies to
improve therapeutic outcomes for these drugs in critically ill
patients treated with CVVHDF. There has been limited published
data on aminoglycoside pharmacokinetics during CRRT. This data
deficit had led to subtherapeutic dosing, identified by a retro-
spective evaluation of amikacin and gentamicin serum concentra-
tions, in patients treated with CVVHDF, undertaken as part of this
research.
Methods A prospective pharmacokinetic evaluation of amino-
glycoside pharmacokinetics during CVVHDF was undertaken.
Pharmacokinetic profiles of once-daily doses of intravenous
amikacin and gentamicin were obtained from blood and dialysate/
ultrafiltrate samples for 12 critically ill patients treated with
CVVHDF using varying flow rates (1 l/hour dialysate plus 2 l/hour
filtration fluid or 2 l/hour dialysate plus 2 l/hour filtration fluid,
extracorporeal blood flow 200 ml/min). Drug concentrations were
measured using an immunoassay.
Results The mean clearance of gentamicin due to CVVHDF was
2.3 ± 0.3 l/hour (82.1 ± 11.3% of total body clearance (TBC)).
The sieving coefficient (SC) was 0.85 ± 0.05. The CVVHDF
clearance of amikacin was 2.8 ± 0.5 l/hour (93.0 ± 7.8% TBC).
The SC for amikacin was 0.88 ± 0.06. The difference in
gentamicin clearance versus amikacin clearance reflects differ-
ences in CVVHDF conditions. The mean effluent flow rate among
the patient sample treated with gentamicin was 2.7 l/hour
compared with 3.5 l/hour for amikacin. There was a strong
correlation between creatinine clearance by the filter and
measured drug clearance (P < 0.001). Individual patient estimates
of aminoglycoside pharmacokinetic parameters (k, Vd) obtained
during CVVHDF were used to allow appropriate dosage
adjustment. Individualized pharmacokinetic–pharmacodynamic
goals (e.g. Cpmax/MIC ratio) were used as indicators of adequate
aminoglycoside dosing. The mean gentamicin and amikacin half-
lives (approximately 8 hours) during CVVHDF therapy were far
shorter than those previously reported in the literature for less
efficient forms of renal replacement therapy. Failure to adjust for
increased aminoglycoside clearance capacity due to CVVHDF
carries a risk of subtherapeutic dosing and therapy failure.
Conclusion Dosing strategies on the basis of pharmacokinetic
analysis of serum drug concentrations, effluent fluid drug
concentrations and CVVHDF conditions improved therapeutic
outcomes for aminoglycoside drug therapy.

P102

An in vitro study of elimination of oseltamivir carboxylate
by haemofiltration

P Gruber, C Gomersall, Q Tian, G Joynt
The Chinese University of Hong Kong, New Territories, Hong Kong
Critical Care 2007, 11(Suppl 2):P102 (doi: 10.1186/cc5262)

Introduction Oseltamivir is the drug of choice for treatment of
avian influenza A/H5N1 infection. One-quarter of patients with
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influenza A/H5N1 develop acute renal failure. A proportion will
require haemofiltration. There are no data to determine the
elimination of oseltamivir carboxylate (the active metabolite) by
haemofiltration. An in vitro study to determine elimination by
measuring the adsorption and sieving coefficient of oseltamivir
carboxylate using two haemofilter types was undertaken.
Methods An in vitro one-compartment model of continuous veno-
venous haemofiltration was used. In phase 1 oseltamivir carboxy-
late adsorption to the haemofilter and circuit was studied by
circulating a blood–crystalloid mixture containing clinically relevant
concentrations of oseltamivir carboxylate through a haemofilter
circuit and returning the ultrafiltrate to the mixing chamber. In
phase 2 the ultrafiltrate was removed and replaced with a
bicarbonate-based fluid to enable calculation of the sieving
coefficient. The study was repeated 10 times with two haemofilter
types: polyamide and polyacrylonitrile (PAN). Finally, oseltamivir
carboxylate was added to the blood–crystalloid mixture without
circulation through the circuit to determine its stability in solution.
Blood samples collected were assayed by HPLC-MS/MS.
Results Oseltamivir carboxylate remained stable in solution (mean
percentage change from baseline at 30 min: +3.97%, at 60 min:
+1.91%, at 90 min: +2.36%). The mean ± SD initial oseltamivir
carboxylate concentrations for the PAN (346 ± 85 µg/l) and
polyamide (453 ± 185 µg/l) showed no significant difference. The
mean ± SD adsorption at 90 min was 58.18 ± 17.84 µg for PAN
and 75.22 ± 36.88 µg for polyamide haemofilters. There was no
statistical difference in adsorption between the haemofilters. The
initial drug concentration was a significant predictor of adsorption
(r2 = 0.734). The mean ± SD sieving coefficient of oseltamivir
carboxylate for PAN (1.06 ± 0.04) and polyamide (1.03 ± 0.06)
haemofilters showed no statistical difference between the
haemofilters.
Conclusions Total adsorption is low and unlikely to be of clinical
significance. Adsorption and the sieving coefficient are
independent of the type of haemofilter membrane. The sieving
coefficient of oseltamivir carboxylate is 1, therefore clearance
during haemofiltration can be estimated from the ultrafiltration rate.

P103

A post-authorization survey to evaluate plasma
concentrations of teicoplanin in adult hospitalized patients
treated for sepsis in Gauteng, South Africa

A Brink1, G Richards2, and the G Uts Study Group
1Du Buisson, Bruinette and Partners, Johannesburg, South Africa;
2Johannesburg Hospital, Johannesburg, South Africa
Critical Care 2007, 11(Suppl 2):P103 (doi: 10.1186/cc5263)

Objective This study measured and analyzed plasma concen-
trations of teicoplanin in patients >18 years in the first 4 days of
administration.
Methods This was an open-label, multicentre, observational study
in patients receiving teicoplanin for suspected or diagnosed Gram-
positive infection. Data collection included demographics, method
of administration, loading and maintenance doses, creatinine and
adverse events. Trough and peak concentrations were determined
15 minutes prior to drug administration and 60 minutes after.
Serum was separated and stored at –20°C until analysis. Levels
were determined with an Abbott TDx®/FLx® analyzer and Seradyn
Teicoplanin Innofluor assay kits. Seradyn internal teicoplanin
controls were run within and between each batch. Mean trough
and peak plasma levels were calculated for 4 days of therapy.
Results Seventy-four patients with complete records were
analyzed and whilst all patients received an 800 mg loading dose
on day 1, 40 received 400 mg twice daily thereafter (BD group)

and 34 once daily (OD group), for nosocomial pneumonia (n = 14),
skin and soft tissue infection (burn and nonburn including diabetic
foot) (n = 13), bacteraemia (n = 10), intra-abdominal infection
(n = 8), bone and joint infection (n = 6) and as pre-emptive therapy
for severe trauma (n = 13). In the OD group, mean trough levels
remained at 9.64 µg/ml from days 2 to 4 and peak levels remained
at a mean of 24.84 µg/ml. In the BD group, mean trough levels
increased by 5.65 µg/ml/24 hours to 21.8 µg/ml by day 4; the
mean peak level increased by 5.06 µg/ml/24 hours to 43.89 µg/ml
by day 4.
Conclusion Higher trough levels of glycopeptides (15–20 µg/ml)
are targeted to improve efficacy and reduce resistance
development. In the OD group the conventional target of 10 µg/ml
was achieved, whilst in the BD arm 20 µg/ml was exceeded for
60% of the time by day 2 and 100% by day 4. BD dosing is
recommended for most patients with severe infections, particularly
those that are critically ill. No premature discontinuations or
adverse events were reported during the study.

P104

Linezolid in the treatment of HIV-infected patients with
complicated skin and soft tissue infections

N Khachatryan1, I Dizengof2, G Smirnov2

1Moscow State University of Medicine and Dentistry, Moscow,
Russian Federation; 2Hospital of Infectious Diseases N3, Moscow,
Russian Federation
Critical Care 2007, 11(Suppl 2):P104 (doi: 10.1186/cc5264)

Introduction The incidence of HIV-infected patients with
complicated skin and soft tissue infections has risen. Because of
advanced immune suppression, slower responses to antibacterial
treatment, and increased risk of bacteraemia relative to
noninfected patients, the choice of initial appropriate empiric
antibacterial therapy is an important aspect of care for HIV-infected
patients. However, in recent years a dramatic increase of the
resistance among Staphylococci to all classes of antimicrobial
agents, including glycopeptides, has been reported.
Patients and methods We studied 146 patients with skin and
soft tissue infections co-infected by HIV and 72 noninfected
patients with soft tissue infections aged 18–45 years. All of the
patients underwent operations aimed at surgical removal of the
dead tissues and pus and received different combinations of
antibacterial agents. Twenty-three patients after adequate surgery
received Linezolid in doses of 600 mg twice a day intravenously
during 3–4 days with oral follow-up of 600 mg twice a day.
Results The most frequent pathogens are Staphylococci in both
groups of patients with soft tissue infections: 56% was noted
among the noninfected patients and 61% among the HIV-infected
patients. MRSA was identified in 30% of Staphylococci in HIV-
infected patients. Among the patients receiving Linezolid, MRSA
was identified in nine cases; in two cases vancomycin-intermediate
S. aureus strains, and in one case vancomycin-resistant S. aureus
strain. In three cases we revealed Staphylococcus bacteraemia, in
one case MRSA bacteraemia in patient with retroperitoneal
phlegmon.
A statistical difference was identified in duration of high
temperature, purulence and wound healing in comparison with
patients receiving different combinations of antibacterial agents. All
patients receiving Linezolid were discharged from the hospital. The
length of stay was 17 ± 1.67 days in comparison with patients
receiving other antibacterial agents (from 19.52 ± 1.37 to 20.3 ±
1.46 days). The length of stay in hospital among the noninfected
patients with soft tissue infection was 9.5 days. Modification of
antibacterial treatment was not required in the group of patients
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receiving Linezolid. No significant laboratory abnormalities and side
effects were noted. We did not reveal statistical differences in the
platelet count in group of patients receiving Linezolid (5 days after
operation 213 ± 26.0/mm3) in comparison with the group
receiving other antibacterial agents (256 ± 32/mm3).
Thrompocytopenia is characterized to HIV-infected patients, but
did not deteriorate in patients receiving Linezolid
Conclusion Linezolid in the complex treatment of HIV-infected
patients with complicated skin and soft tissue infections may
improve the results of therapy and may be used for initial empirical
intravenous-to-oral antibacterial therapy.
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A clinico-microbiological study of extended spectrum 
ββ-lactamases in the intensive care unit

Y Mehta, K Bomb, S Jalota, A Arora, N Trehan
Escorts Heart Institute and Research Centre, New Delhi, India
Critical Care 2007, 11(Suppl 2):P105 (doi: 10.1186/cc5265)

Introduction Extended spectrum β-lactamase (ESBL) producing
organisms are emerging as common nosocomial pathogens in the
ICU worldwide. Early detection and prevention of spread is the
primary measure to overcome the challenge posed by these
difficult to treat ESBL infections. The aim of this study was to find
the incidence, risk factors and microbiological and clinical outcome
of patients infected with ESBL producing Escherichia coli and
Klebsiellae in the ICU of a tertiary care cardiac center in India.
Methods A prospective, observational, case–control study of 150
patients was conducted from August 2004 to July 2005. ESBL
testing was performed by the phenotypic confirmatory disc
diffusion method. Clinical data and risk factors for ESBL
acquisition were analysed as well as the antimicrobial therapy, and
clinical and microbiological outcomes were studied.
Results A high incidence of ESBL producing E. coli and
Klebsiellae was observed (85.8%). Meropenem (9.3%) and
imipenem (2.8%) resistance in the ESBL producers was seen. On
multivariate analysis with logistic regression, a central venous
catheter was an independent risk factor for ESBL acquisition
(P = 0.01, OR 3.55, 95% CI 1.4–9.02). The median ICU length of
stay was 3.5 days and 3 days in the ESBL and non-ESBL groups,
respectively. The overall mortality was 13.28% and 13.6% in the
two groups, respectively. Microbiological outcomes were similar to
clinical outcome, with 83.6% microbiologic success rate among
ESBL producers.
Conclusion ESBL producing E. coli and Klebsiellae are
problematic pathogens in our ICUs. Emergence of carbapenem
resistance is of serious concern. Stringent infection control
practices such as aseptic insertion and proper handling of central
lines within the ICU should be followed by all.

P106

Impact of antibiotic utilization measures on acquisition
rate of extended spectrum ββ-lactamase enzymes
producing bacteria

A Gurnani1, A Jain1, S Sengupta1, G Rambhad2

1Kailash Hospital, Noida, India; 2Wyeth, Bombay, India
Critical Care 2007, 11(Suppl 2):P106 (doi: 10.1186/cc5266)

Introduction Antibiotic resistance patterns are continually changing;
a new problem has been the emergence of Gram-negative bacteria,
primarily Escherichia coli and Klebsiellae pneumoniae, producing
extended spectrum β-lactamase enzymes (ESBL). Antibiotic use
measures are presumably the most important intervention in

preventing their clonal outbreak, and the risk factors for ESBL
include intensive antibiotic exposure (especially third-generation
cephalosporin monotherapy). The present study was performed to
determine the impact of using piperacillin/tazobactum in reducing
the acquisition rate of ESBL producing Gram-negative bacteria in
the ICU.
Methods This open-label, prospective study was carried out in
140 adult patients admitted to the ICU over a period of 9 months,
and was divided into two phases. Phase I (pre-intervention phase,
0–3 months): upon admission to the ICU, besides standard
investigations, additional rectal swab cultures were taken for
detection of ESBL within and after 48 hours of admission, and
were repeated every 7 days of the stay in the ICU. Routinely
prescribed antibiotics were allowed. Phase II (intervention phase,
4–9 months): this was subdivided into (a) first 3 months
(4–6 months): piperacillin/tazobactum was the primary antibiotic
used (more than 50% replacement of cephalosporins), and (b) last
3 months (7–9 months): here again, rectal swab cultures were
taken and piperacillin/tazobactum was the primary antibiotic used.
McNemar’s test and Fisher’s exact test were used for statistical
analysis.
Results Eighty-five patients in phase I and 55 patients in phase II
were enrolled. Third-generation cephalosporins were the primary
antibiotic in 75.2% of cases in phase I and in 1.8% of cases in
phase II (P < 0.001). The incidence of ESBL was 62.3% in phase I
and it came down to 34.5% in intervention phase II (P < 0.01).
Conclusion Data from this intervention study support the concept
that third-generation cephalosporins are of substantial importance
in the emergence of ESBL; by decreasing the level of third-
generation cephalosporin use and increasing the piperacillin/
tazobactum use, their was a notable reduction in the acquisition
rate of ESBL producing E. coli.

P107

The contamination by Staphylococcus epidermidis in the
intensive care unit

K Bruno1, D Albanese1, E Fabbri1, F Petrini1, M Scesi1, 
F Bruno2

1SS Annunziata, Chieti, Italy; 2Villa Serena Clinic, Pescara, Italy
Critical Care 2007, 11(Suppl 2):P107 (doi: 10.1186/cc5267)

Introduction The most important way to prevent infections in the
ICU is to respect asepsis during the numerous invasive procedures
to which patients are exposed (central venous catheter, urinary
catheter, orotracheal tube (OTT), fibrobronchoscopy (FOB),
surgical drainages, patients nursing, surgical medications).
Methods The contaminations from Staphylococcus epidermidis
have been valued in main infection centres on 951 patients
admitted to our ICU for more than 72 hours from 1996 to 2005.
From 2000, rigid asepsis protocols have been introduced for the
cleansing of staff hands with the use of disinfectants such as
Clorexidina and alcoholic gel.
Results From 1996 to 2005 the percentage of contamination from
S. epidermidis has been 24.7% (22% in respiratory tracts, 8% in
the urinary system, 41% in central venous catheter, 19% in the
blood, 10% in other places). From 2000 to 2005 there has been a
sensible reduction of 3%.
Conclusion The introduction in the last 5 years of strict protocols
in order to control asepsis in our ICU, combined with the use of
Clorexidina and alcoholic gel, have drastically reduced the
contamination from S. epidermidis.
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Colonization and infection by MRSA in critically ill patients

L Lorente, R Santacreu, J Iribarren, J Jimenez, M Martin, M Mora
Hospital Universitario de Canarias, Santa Cruz de Tenerife, Spain
Critical Care 2007, 11(Suppl 2):P108 (doi: 10.1186/cc5268)

Objective To determine the incidence of colonization and infection
by MRSA in critically ill patients.
Methods A prospective study during 30 months of the patients
admitted to the ICU for 24 hours or more. Throat swab, tracheal
aspirate and urine were taken on admission and twice weekly. The
colonization and infection by MRSA were registered. The infections
were diagnosed according to CDC criteria. The infections were
classified based on throat flora as: primary endogenous (PE) when
they were caused by germs that were already colonizing the throat
on the ICU admission; secondary endogenous (SE) when they
were caused by germs that were not colonizing the throat on the
ICU admission but were acquired during the stay in ICU; or
exogenous (EX) when they were caused by germs that were not
colonizing the throat. The infections were classified based on the
onset moment: early onset (EO) were those developed during the
first 4 days of the ICU stay; and late onset (LO) were those
developed 5 days after ICU admission.
Results Were admitted 1,582 patients, 953 males (60.24%). The
mean age was 57.91 ± 18.83 years. The mean APACHE II score
was 13.95 ± 8.93. Admission diagnoses were: 737 (46.59%)
heart surgery, 189 cardiological (11.95%), 196 neurologic
(12.29%), 185 trauma (11.69%), 120 respiratory (7.59%), 104
digestive (6.57%) and 51 intoxication (3.22%). Mortality was
14.79% (234 patients). A total of 36 patients had colonization by
MRSA, two patients at ICU admission and 34 patients during the
ICU stay. We documented 24 infections caused by MRSA (four
EO and 20 LO; zero PE, 21 SE and three EX): 18 pneumonias
(three EO and 15 LO; zero PE, 15 SE and three EX), three primary
bacteremias (one EO and two LO; three SE), two surgical wound
infections (two LO and SE) and one pressure sore infection (one
LO and SE). Death occurred in 7/24 patients (29.17%) with
infection caused by MRSA: 6/18 (33.33%) pneumonias, 1/3
(33.33%) primary bacteremias and 0/3 other infections.
Conclusions In our series, most of the infections caused by MRSA
were pneumonias, had a late onset and were secondary
endogenous.
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Impact of an MRSA search and destroy policy in a tertiary
care emergency department

E Dhondt, R Duerinckx, I Laes, A Schuermans
UZ Leuven, Leuven, Belgium
Critical Care 2007, 11(Suppl 2):P109 (doi: 10.1186/cc5269)

Introduction An emergency department (ED) is a major hospital
entrance and its case mix consists of patients at high risk of both
introducing and acquiring infections. Alerted by the rise of hospital-
acquired MRSA infections, the ED of a teaching hospital set up an
ED infection control (IC) programme. The programme and its
impact are discussed.
Methods The campaign consisted of the appliance of a proactive
MRSA admission screening protocol, selective contact isolation
(quarantine) and improving hand hygiene (HH). The MRSA
admission screening strategy took into account past medical
history or actual suspicion of MRSA carriage, transfers from other
hospitals and long-term care facilities and admission of
hospitalised patients to the ED for upgrading of care. According to

their critical illness status, some patients were subject to
quarantine. Improving HH was achieved by promoting alcohol-
based hand disinfection, refraining all health care workers (HCW)
from wearing hand jewellery or artificial fingernails, supplying HCW
with clip watches and by developing promotional material.
Education of HCW regarding principles and techniques of HH was
provided by the IC department, supervised by link persons
selected among medical, nursing and domestic staff. The number
of new hospital-acquired MRSA infections per 1,000 admissions
was recorded. Compliance to HH was measured by observation,
microbiological analysis of total counts of colony-forming units on
fingerprints, and by monitoring the consumption of hand-rub
solutions (HH moments per patient-care day).
Results A selective MRSA admission screening policy increased
the carrier detection rate up to 15%, compared with 1–2% in our
preoperative outpatient clinic. The observed compliance to HH
increased from 49% to 79% and consumption of hand-rub solution
from 6 to 33 l per 1,000 patient-days. The number of HH moments
increased from 19 to 47. Total counts of colony-forming units less
than 50 improved from 39% of the analyses to 55%.
Concomitantly, a decrease in MRSA attack rate from six to one
new case per 1,000 patient-days was seen.
Conclusion An ED tailored selective MRSA screening and contact
isolation protocol and a change in HH behaviour in the ED have
mainly contributed to a decrease of the MRSA attack rates in our
hospital far below the national rate.
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Candida airway colonization is associated with worse
outcomes

M Delisle1, D Williamson2, M Perreault3, M Albert2, X Jiang4, 
D Heyland4

1Hopital de l’Enfant-Jésus, Québec, Canada; 2Hopital du Sacré-
Coeur de Montréal, Canada; 3Hopital Général de Montréal, Centre
Universitaire de Santé McGill, Montréal, Canada; 4Queens
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Introduction Candida airway colonization is common in
mechanically ventilated ICU patients. Its significance and impact
on outcomes are not well defined. We aimed to describe Candida
airway colonization and assess clinical outcomes of patients with a
clinical suspicion of ventilator-associated pneumonia (VAP)
colonized with Candida.
Methods A retrospective post-hoc analysis of the prospective,
multicentre VAP study, which enrolled patients with a clinical
suspicion of VAP, admitted to an ICU for > 96 hours and on
mechanical ventilation (MV) for > 48 hours. Airway cultures were
done on randomization. Patients with positive Candida cultures
from other sites were excluded. The remaining patients were
divided into two groups according to their Candida airway culture
status. Demographics, admission diagnosis, comorbidities, PaO2/
FiO2 ratio and APACHE II score were recorded at randomization.
The length of MV, ICU and hospital stay were compared, as well as
hospital, ICU and 28-day mortality. Appropriate parametric
statistical tests were applied according to data.
Results Of the 739 patients enrolled in the VAP study, 639 were
included for analysis: 114 had Candida airway colonization (C) and
525 did not (NC). No significant differences were noted in
demographics and APACHE II score (20 ± 6 vs 20 ± 6, P = 0.37)
except more frequent admission for sepsis (7.0% vs 2.1%,
P = 0.005) and respiratory conditions (21.9% vs 14.3%, P = 0.04)
in group C. More colonized patients were on antibiotics at
randomization (81.6% vs 56.7%, P < 0.001). A trend for increased
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ICU (21.1% vs 13.9%, P = 0.06) and 28-day mortality (23.7% vs
16.4%, P = 0.08) and a significant difference in hospital mortality
(34.2% vs 21.1%, P = 0.003) was observed in group C. A trend
was found for increased median length of ICU stay (14.1 vs 11.6
days, P = 0.07) and duration of MV (10.9 vs 8.1, P = 0.06).
Hospital stay was significantly longer (59.9 vs 38.6 days,
P = 0.006) in group C.
Conclusion Respiratory tract Candida colonization in patients with
clinical suspicion of VAP is associated with an increased burden of
illness. Whether Candida colonization is responsible for worse
outcomes remains to be established.

P111

Fungal infections in the intensive care unit? Another
approach for defining a target group of patients who
benefit from implementing preemptive antimycotic
treatment

M Geube, S Milanov, G Georgiev
Pirogov Emergency Institute, Sofia, Bulgaria
Critical Care 2007, 11(Suppl 2):P111 (doi: 10.1186/cc5271)

Introduction Candida spp. is the third most common reason for
sepsis in the ICU, not differentiating our results from the classic
pattern of ICU-acquired infection. Prevention of sepsis develop-
ment and identification of potentially modifiable risk factors are
important goals in intensive care patents. Preemptive treatment of
Candida sepsis accepted by some authors is defined as an early
antifungal treatment given to patients with evidence of substantial
colonization in the presence of multiple risk factors for Candida
infection prior to establishing the diagnosis by cultures. Our aim
was to form a focused group of patients with significant risk for
Candida sepsis; to prove the feasibility and efficacy of our pre-
emptive scheme for antimycotic treatment in order to reduce the
risk of development of proved Candida sepsis.
Methods During a 2-year period (2005–2006), a study was
performed in a 17-bed general ICU, divided into two phases: a
case–control retrospective study in which controls comprising a
representative subpopulation with severe bacterial sepsis were
compared with cases (patients with Candida sepsis) with respect
to multiple demographic and clinical factors in a univariate analysis;
and a prospective phase creating a preemptive scheme based on
results from the retrospective part followed by progressively
implementing it among targeted patients.
Results Identified were 28 cases with Candida sepsis and 50
controls with severe bacterial sepsis with an all-cause mortality rate
of 40.2%. The mortality rate for Candida sepsis was 46.4% with
an attributable risk of 10/100 and was associated with a worse
score of systemic injury (SAPS II = 51.7 ± 15.0), comparing with a
mortality rate of 35.7% and SAPS II = 38.8 ± 13.3 for bacterial
sepsis. Candida sepsis was always accompanied by concurrent
bacterial sepsis (2.8 ± 1.1 microorganisms/patient isolated from
blood cultures). Identified were risk factors with great significance
in addition to already known ones: Candida colonization (OR =
3.4), diabetes (OR = 3.2), number of antibiotics used (OR = 2.9),
a nothing per os regimen (OR = 2.63), ICU length of stay (OR =
1.97), length of antibiotic use (OR = 1.74), pancreatitis (OR =
1.7), shock at admission (OR = 1.54), ventilator days/ICU stay
ratio (days)(OR = 1.4), multiple resistant bacterial strains (OR =
1.5). Patients with gastrointestinal surgery were at risk for
development of early fungal sepsis – by the 10th day of admission –
compared with the other clinical cases – by the 21st day of
admission. The incidence rate of positive blood cultures for
Candida in the group exposed to our scheme was calculated as
6.7% vs 18.5% in the control group.

Conclusions Based on our results, we accepted an algorithm for
performing a preemptive therapy for which we observed clinical
efficacy and which we considered indicated the following target
groups of patients: with presence of clinical features of unresolving
sepsis plus three defined risk factors (PPV > 70%) in a patient
with length of ICU stay >20 days; lack of clinical improvement with
combined antibiotic treatment against established bacterial strains;
evidence of sepsis accompanied with multifocal Candida coloniza-
tion of sterile body spaces. Candida colonization without risk
factors requires continuous monitoring. The most important pre-
sumption to accept the preemptive strategy for a certain patient is
to have a serious clinical conviction that there is an invasive fungal
infection but it is still pending to be proved.
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Candida colonization and risk of candidemia in a cardiac
surgical intensive care unit

E Douka, A Mastoraki, G Stravopodis, G Saroglou, S Geroulanos
Onassis Cardiac Surgery Center, Athens, Greece
Critical Care 2007, 11(Suppl 2):P112 (doi: 10.1186/cc5272)

Introduction The aim of the study was to evaluate the incidence of
Candida colonization in a cardiac surgical ICU, the predisposing
risk factors and the impact of candidemia on outcome.
Methods In an effort to answer this question a prospective study
was conducted among patients admitted to our 16-bed cardiac
surgical intensive care unit ICU during 1 December 2004–30
October 2005. Candida colonization and candidemia were
identified. Fungal colonization was defined as colonization index
exceeding 0.20 (3 g, at least two samples of seven growing
Candida spp.). Candidemia was defined as the isolation Candida
spp. in at least one blood culture in a patient with temporally
related clinical signs. The demographic characteristics of patients
who developed candidemia, as well as the underlying disease and
comorbidities, were recorded.
Results Over a 22-month period, 2,509 critically ill patients were
evaluated. Candida spp. was isolated from any site in 141 patients
(5.6%), while 10 patients (0.4%) presented ICU-acquired
candidemia. They were all hospitalized for more than 7 days (range
7–34 days) in the ICU and had been exposed to broad-spectrum
antibiotics (>3 agents). The mean age was 68 years (range 50–82
years) and the mean ICU stay 28 days. Candidemia appeared at a
mean of 15.8 days after ICU admission. Candida albicans was the
most common isolated pathogen. Candiduria in any count was
detected in 12 patients but none of them experienced candidemia,
while in seven patients Candida was isolated from urine and the
respiratory tract. Six patients had major postoperative complica-
tions. Mortality due to candidemia was 60%. All patients received
appropriate antifungal treatment. Prophylactic antifungal treatment
was used in patients with multifocality colonization and in patients
spending more than 7 days in the ICU after cardiac surgery.
Conclusion C. albicans is the most common fungal pathogen in
our ICU. Seven percent of colonized patients developed
candidemia. Major postoperative complications, excessive
antibiotic exposure and acute renal failure seem to predispose to
the development of candidemia. Patients with candidemia have
high inhospital mortality, perhaps as a reflection of illness severity.
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Objective To evaluate utilization patterns and outcomes associated
with i.v. fluconazole therapy within ICUs in Spain and Germany.
Methods A prospective longitudinal observational study was
conducted within 14 hospital ICUs in Spain and five in Germany.
Patients on i.v. fluconazole therapy were included and were
followed over one hospitalization period (admission until
discharge). Data were collected during 2004, using electronic
case report forms. Data included patient disease characteristics,
patient risk status (APACHE scores), type of fluconazole therapy,
drug-related adverse events, length of fluconazole therapy, and
length of hospital stay. Switches in fluconazole therapy, dosing
changes, additional concomitant antifungal therapy, overall mor-
tality, and clinical outcomes were also evaluated. Logistic regres-
sion models determined univariate and multivariate associations
with mortality.
Results A total of 303 patients were enrolled. Fluconazole was
used initially as prophylaxis in 29 (9.6%) patients, preemptive
therapy in 85 (28.1%) patients, empiric therapy in 140 (46.2%)
patients and as definitive therapy in 49 (16.2%) patients. Thirty-six
patients switched from fluconazole to a broader spectrum anti-
fungal agent, and seven received a second concomitant antifungal
drug. Reasons for switching therapies included lack of response
due to suspected resistance, documented resistance or clinical
reasons other than resistance. Thirty-two patients (10.6%)
experienced fluconazole-related adverse events. The overall study
mortality rate was 41.9% (127/303 patients). Mortality was
significantly associated with switching i.v. treatment (odds ratio
5.0; 95% CI 2.3–11.1) and the presence of adverse events (odds
ratio 4.1; 95% CI 1.8–9.2).
Conclusion The observational nature of this study precludes the
establishment of any causality. This research merely documents
the experiences of ICU patients who have been prescribed i.v.
fluconazole therapy. Our results showed high mortality rates in the
enrolled ICU patients. Patients developing adverse events and
complications requiring a switch in fluconazole experienced worse
outcomes
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Seropositivity incidence of anti-Toxoplasma gondii
antibodies in critically ill intensive care unit patients

ÖS Can, S Yalçin, O Memikoglu, E Özgencil, S Oba, M Tulunay,
N Ünal, M Oral
Ankara University Medical Faculty, Ankara, Turkey
Critical Care 2007, 11(Suppl 2):P114 (doi: 10.1186/cc5274)

Introduction Toxoplasma gondii, a worldwide-distributed parasite,
could cause opportunistic infection with high mortality in immuno-
suppressive individuals. Its association with severe manifestations
of immunosuppression has been known for several decades, and
the occurrence of encephalitis and disseminated disease has since
been observed in different clinical conditions such as lympho-

reticular neoplasias, solid organ transplants, and mainly in patients
with AIDS [1]. To our knowledge, the toxoplasmosis seropositivity
rate in ICU patients who have critical illness induced immuno-
suppression is not yet investigated. We studied the seropositivity
incidence of T. gondii in ICU patients by assessing IgG and IgM
antibodies.
Materials and methods One hundred and three ICU patients with
the mean age of 53.9 ± 13.9 years (51 men, 52 women) and 78
healthy volunteers with the mean age of 51.4 ± 9.2 years (39 men,
29 women) as a control group were included in the study. Anti-
T. gondii IgG and IgM antibodies were determined by ELISA.
Statistical analyses were done with the chi-square test and
Kolmogorov–Smirnov one-sample test. P < 0.05 was considered
as statistical significance.
Results T. gondii IgG antibodies were positive in 56.3% of ICU
patients (n = 58) and in 24.3% of healthy volunteers (n = 19)
(P < 0.031). IgM antibodies were positive in 13.8% of ICU patients
(n = 15) and in 6.4% of healthy volunteers (n = 5); however, this
difference could not reach statistical significance.
Conclusion The results of the study reveal that toxoplasma
seropositivity is not uncommon in ICU patients. Therefore, to
prevent the possibility of toxoplasmosis, seropositivity should be
periodically assessed in critically ill immunocompromised ICU
patients. It is clear that further studies are required to evaluate the
effects of seropositivity on ICU outcome.
Reference
1. Ferreira MS, Borges AS: Mem Inst Oswaldo Cruz 2002,

97:443-457.
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Introduction Sepsis has been identified as a risk factor for cyto-
megalovirus (CMV) reactivation in nonimmunosuppressed patients
in the ICU setting. Here we present a double-blinded prospective
study assessing the consequences of CMV reactivation in non-
immunosuppressed patients with severe sepsis.
Methods In three (two surgical, one medical) ICUs of a German
university hospital, adult patients were screened for severe sepsis.
Patients with recently occurring severe sepsis (<72 hours) were
enrolled if their anti-CMV IgG titer was positive. The exclusion
criterion was a manifest immunodeficiency. At enrollment the
SAPS II was assessed. Patients were monitored for CMV
reactivation weekly until death or hospital discharge by qualitative
and quantitative PCR and virus culture. CMV reactivation was
defined as CMV DNA detection or virus isolation. Patients with
(CMV+) and without CMV reactivation (CMV–) were compared
regarding inhospital mortality, duration of mechanical ventilation,
length of stay (LOS) in the ICU and the hospital. Data were
analysed using the Wilcoxon score rank sum test and chi-square
test. The level of significance was set to 0.05.
Results CMV reactivation was observed in 38 out of 99 patients.
Both groups (CMV+/CMV– patients) were quite similar in regard
to gender and age at study enrollment. Interestingly, the median
SAPS II was higher in CMV– patients (47 vs 42; P < 0.013).
Accordingly, a lower mortality rate was anticipated for CMV+
patients compared with the CMV– group. Contrary to
expectations, mortality did not differ between both groups (CMV+
36.8% vs CMV– 42.6%; P > 0.67). This may point to a relatively
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increased mortality in CMV+ patients, although CMV disease did
not occur. There was a striking difference between the groups in
respect to the period on ventilator: 21.5 days vs 8.0 days (median)
in CMV+ and CMV– patients, respectively (P < 0.005). Similarly,
CMV+ patients had a longer median LOS after enrollment either in
the ICU (29.5 days vs 10 days, P < 0.001) and in the hospital
(49 days vs 23 days, P < 0.001). This difference was assured
when the analysis was restricted to survivors.
Conclusion Our data suggest that CMV reactivation leads to
increased morbidity and treatment expenditure independently from
CMV disease. Further analysis points at a crucial role of lung
pathology due to CMV reactivation.
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The role of plasminogen activator inhibitor 1 measurement
with endotoxin adsorption therapy (PMX-DHP) for
postoperative septic shock patients
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Critical Care 2007, 11(Suppl 2):P116 (doi: 10.1186/cc5276)

Introduction A polymyxin B immobilized fiber column (PMX; Toray
Industries Inc., Tokyo, Japan) was developed in Japan in 1994 and it
has been used for treatment of endotoxemia or septic shock patients.
Materials and methods All patients received an urgent operation
due to intra-abdominal infection. In 88 cases treated with a poly-
myxin B immobilized column through direct hemoperfusion (PMX-
DHP), changes in hemodynamics, pulmonary oxygenation (PaO2/
FIO2) and various mediators (IL-6, IL-8, IL-ra, plasminogen activator
inhibitor 1 (PAI-1)) were examined before and after PMX-DHP,
stratifying with the outcome (64 survivors and 24 who died). PMX-
DHP was performed through a double lumen catheter (11.5 Fr),
placed in the femoral vein or internal jugular vein, at a blood flow
rate of 80 ml/min using nafamostat mesilate as an anticoagulant for
2 hours.
Results PMX-DHP significantly increased systemic arterial pressure
and mean arterial pressure, with a greater increase in the survival
group. Also, there appeared to be a trend for PaO2/FIO2 improve-
ment as blood pressure increased. As the mechanism for improve-
ment of pulmonary oxygenation by PMX-DHP has not been shown
clearly, it remained to be examined further. PAI-1 values
significantly decreased in the survivor group (from 436 ± 549 to
251 ± 283 ng/ml) immediately after PMX-DHP; also intracellular
adhesion molecule-1 and endothelial leukocyte adhesion molecule-
1 tended to decrease in both groups.
Discussion PAI-1 is elevated by endotoxin, thrombin and
cytokines, and is an indicator of vascular endothelial cell activation.
In septic dissminated intravascular coagulation from Gram-nega-
tive bacilli, a massive amount of PAI-1 is produced on vascular
endothelial cells along with elevation of cytokine production and
coagulation activity. In addition, PAI-1, one of the fibrinolysis
inhibitory factors, plays an important role in regulating fibrinolysis
by inhibiting tissue plasminogen activator, which converts
plasminogen to active plasmin on fibrin, to block unnecessary
fibrinolysis.
Conclusion The determination of PAI-1 may be a useful clinical
parameter for predicting PMX-DHP efficacy.
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Introduction Septic shock remains a major cause of multiple organ
failure with a high mortality rate. To remove an endotoxin in patient
plasma, direct hemoperfusion (DHP) using a polymyxin B-
immobilized fiber column (PMX; Toray Industries Inc., Tokyo Japan)
was developed in Japan in 1994 and has since been used for the
treatment of septic shock. The precise role of PMX is not clear.
Patients and methods We treated 27 septic shock patients using
DHP-PMX. The patients were separated into two groups for
analysis: those whose systolic blood pressure (SBP) increased by
more than 30 mmHg immediately after DHP-PMX (15 cases), and
those whose SBP did not increase by more than 30 mmHg after
DHP-PMX (12 cases). Furthermore, the patients were separated
into two other groups for analysis: those whose P/F ratio increased
by more than 20% immediately after DHP-PMX (15 cases), and
those whose P/F ratio did not increase by more 20% after DHP-
PMX (12 cases). Mediators were measured at four points: before
and after DHP-PMX, and 1 day and 3 days afterward.
Results The patient group consisted of 17 males and 10 females,
59.6 ± 12.7 years old. The average APACHE II score was
27.2 ± 9.1, and the average SOFA score was 11.7 ± 5.2 before
DHP-PMX. Nineteen patients survived and eight died. When the
changes in PAI-1, protein C, ATIII, IL-6 and high mobility group box
protein 1 (HMGB-1) were compared between the groups, only the
HMGB-1 levels had improved significantly in the SBP increased
group (P = 0.0125). The SBP increased significantly after DHP-
PMX in the HMGB-1-improved group (P < 0.0001). An improve-
ment in the P/F ratio and a reduction in 2-arachidonoyl glycerol
during DHP-PMX were significantly correlated (P = 0.0184).
Conclusion We showed that the circulation dynamics of septic
shock patients can be improved by reducing HMGB-1 levels and
that respiratory function can be improved by reducing 2-
arachidonoyl glycerol levels using DHP-PMX.
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Introduction Coupled plasma filtration–adsorption (CPFA) is an
extracorporeal therapy that uses plasma filtration associated with
an adsorbent cartridge and hemofiltration in postdilution to remove
cytokines and inflammatory mediators associated with septic shock
and severe sepsis. We evaluated the adsorptive capacity of the
resin cartridge to remove various inflammatory mediators and cyto-
kines in vitro and ex vivo.
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Methods In vitro experiments included static and dynamic
evaluations of resin binding. Whole human blood was stimulated
with endotoxin for 4 hours at 37°C; or with the addition of added
cytokines or toxins for evaluation. For static conditions, 4 ml plasma
with 1 ml resin were incubated for up to 10 hours. Aliquots were
withdrawn between 0 and 10 hours and cytokine inflammatory
mediator and toxin adsorption were determined with standard
ELISAs, multianalyte protein arrays, HPLC and diode array
adsorption spectroscopy. Dynamic conditions involved defining the
optimal linear velocity and evaluating the adsorption capacity under
flow conditions. These experiments used a closed circuit
consisting of a plasma filter and resin cartridge. Samples were
taken from a blood port and immediately before and after the
plasma cartridge. In addition, serum, pre-cartridge and post-
cartridge plasma samples were also taken from septic patients
undergoing CPFA.
Results Endotoxin-stimulated blood or samples from septic patients
had high levels of cytokines and inflammatory mediators. The resin
used in the CPFA adsorptive cartridge showed higher than 80%
adsorption under both static and dynamic conditions for: IL-1α, IL-6,
IL-8, MIP-1α and MIP-1β, TNFα, MCP, myoglobin. IL-6 appeared to
be particularly adsorbed by the cartridge. Severe septic patients
had great variability and often very high levels of IL-6 ranging from
normal levels (50 pg/ml) up to 12,300 pg/ml. The mean of 10
patients treated before CPFA was 1,775 ± 3757 pg/ml, while post-
session IL-6 was 995 ± 2178 pg/ml. The plasma levels before the
cartridge ranged from 12 pg/ml to 1,750 pg/ml, while post-
cartridge levels were below the level of detection.
Conclusions The resin in CPFA has a high adsorption capacity for
several cytokines and mediators involved in severe sepsis and
septic shock. Studies are currently ongoing to correlate cytokine
reduction with clinically relevant improvements in these patients.
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Removing endocannabinoids and reducing oxidative stress
with polymyxin-B-immobilized fibers in patients with septic
shock
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Introduction Arachidonylethanolamide (AEA) and 2-arachidonyl-
glycerol (2-AG) are endocannabinoids involved in septic shock,
and 8-epi prostaglandin F2α (F2-isoprostane) is a biomarker of
oxidative stress. Because the antibiotic polymyxin-B binds to
endotoxins and endocannabinoids, direct hemoperfusion therapy
with polymyxin-B-immobilized fibers (PMX-DHP) decreases serum
levels of endocannabinoids. To investigate the features of sepsis
and to determine the proper usage of PMX-DHP, we compared
perioperative changes in levels of endocannabinoids and F2-
isoprostane in patients with septic shock
Methods Twenty-four patients with septic shock induced by
peritonitis underwent laparotomy for drainage. Endocannabinoid
absorption with PMX-DHP was examined in two groups of
patients: patients in whom systolic arterial BP had increased more
than 20 mmHg (BP elevation group; n = 12) and patients in whom
BP did not increase or had increased no more than 20 mmHg (BP
constant group; n = 12).
Results Levels of AEA did not change after PMX-DHP in the either
the BP constant group or the BP elevation group, whereas levels of
2-AG decreased significantly after PMX-DHP in the BP elevation
group but not in the BP constant group (Figure 1). F2-isoprostane
gradually increased after PMX-DHP. On the other hand, levels of F2-
isoprostane remained constant in the BP elevation group (Figure 2).

Conclusions Patients with septic shock are under considerable
oxidative stress, and 2-AG plays an important role in the
cardiovascular status of these patients. The removal of 2-AG by
PMX-DHP benefits patients with septic shock by stabilizing
cardiovascular status and decreasing long-term oxidative stress.
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Cytokines associated with insulin resistance in critically ill
patients
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Critical Care 2007, 11(Suppl 2):P120 (doi: 10.1186/cc5280)

Introduction We examined the relationship between
proinflammatory cytokines, adipocyte-derived adiponectin and
hyperglycemia. Patients requiring long periods in the ICU have a
relatively high mortality. Tight glucose control with insulin infusions
has been shown to improve survival and prevent complications.
Methods A prospective, observational study at an academic ICU.
A sequential sample was taken over a 2-month period. Ethics
approval was obtained from the University Ethics Committee.
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Baseline bloods for TNFα, IL-6, adiponectin (Adipo), total
cholesterol (TC), triglycerides (TG), insulin, C-peptide (CPep) and
cortisol (Cort) were collected on admission (D0). These were
repeated on day 3 (D3), day 7 (D7) and discharge (D/C). Routine
bloods ordered were also used. Data on the ICU charts were also
used. No changes to ICU protocols were required. Of note, insulin
infusions were started for blood glucose concentrations greater
than 6 mmol/l. Exclusion criteria included all patients with diabetes
mellitus, chronic renal failure and liver failure or cirrhosis.
Results Forty patients admitted to the ICU were enrolled and
followed up to discharge. The median age was 35.5 years (mini-
mum 18, maximum 66). The median APACHE II score was 10.5
(minimum 2, maximum 28) and the median duration was 6 days
(minimum 1, maximum 43). D0, D3, D7 and D/C glucose concen-
trations did not differ (Kruskal–Wallis ANOVA, P = 0.98). TNFα
peaked at D3 (4.9 pg/ml) and then started decreasing. Admini-
stered insulin (InsAd) accompanied the TNFα peak at D3 (32U)
and then decreased. Adipo peaked at D7 (10,774 pg/ml) after the
TNFα peak, which coincided with the TNFα decrease at D7 to
4.76 pg/ml. Endogenous insulin indicated by CPep peaked with
Adipo at D7 (2.8 µg/l). TG levels increased in parallel with
increasing TNFα from 0.7 mmol/l at D0 to 1.1 mmol/l at D3 and
then declined. TC was lowest at D0 and increased up to D/C but
remained relatively low. Table 1 shows several variables and their
change over time from admission to discharge. Table 2 shows the
correlations between these variables. Survivors had a lower
median TNF than nonsurvivors (Mann–Whitney U test, P = 0.066).
Conclusion TNF contributes to increased insulin needs. TNF is
known to cause insulin resistance. We have shown that TNF
correlates inversely with Adipo. As Adipo increases, insulin needs
are decreased (inverse correlation with InsAd). Also, TNF
contributes to increase TG indicating increased free fatty acids
(FFA) by lipolysis, which impairs glucose clearance. Adipo, an
insulin sensitizing protein, is known to negatively regulate TNF
levels as was indicated by our study. Adipo contributed to a
decrease in TG indicating lower FFA and better glucose clearance.
IL-6 at D/C also contributed to a higher glucose concentration at
D/C. Increasing age contributed to lower Adipo levels at D/C,
indicating lower insulin sensitivity. A higher BMI contributed to a

higher glucose level at D0 and increased insulin needs at D0.
Finally, a higher TNF level appears to be related to increased
mortality
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Objective The aim of the study was to investigate the effectiveness
of octreotide at different doses in reducing the hypoglycemic
attacks and the need for dextrose in treatment of refractory and
recurrence hypoglycemia related to the toxicity of sulfonylurea.
Methods In the study, 40 New Zealand type of rabbits were used
weighing between 2,500 and 3,000 g. The rabbits were randomly
divided into four groups consisting of 10 animals. All the animals
were given gliclazide 100 mg orally. For the treatment of
hypoglycemic attacks in Group I, only 15 cm3 50% dextrose
(7.5 g) intravenously (i.v.) was used; in Group II, Group III and
Group IV octreotide 25 µg, 50 µg and 100 µg single doses were
used subcutaneously, respectively. Octreotide was given in Groups
II and III and Group IV at the eighth hour (when hypoglycemic
attacks onset). Groups II, III and IV were given an additional 15 cm3

50% dextrose (7.5 g) i.v. infusion for each hypoglycemic attack
developed. Following the toxic dose, animals were given the amount
of dextrose used before and after octreotide administration and the
number of hypoglycemic attacks were recorded.
Results There was a significant difference between Groups I, II,
and IV in the number of hypoglycemic attacks and the number of
dextrose requirement between 9 and 24 hours (P = 0.001).
Groups receiving octreotide showed less hypoglycemic attacks
and dextrose requirements than controls.
Conclusion Our experience suggests that octreotide may be used
to reduce the number of refractory and recurrence hypoglycemic
attacks developing due to overdose of sulfonylurea; large
prospective studies would be needed to validate these findings.
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Table 1 (abstract P120)

Changes in glucose, insulin, cytokines and lipids in the ICU over time

Day Glucose InsAd TNF Adipo Cpep TG TC IL-6

D0 6.13 8 3.49 4,413.82 1.8 0.7 2.15 337.01

D3 6.25 32 4.9 6,925.4 2.2 1.1 2.2 127.01

D7 6.79 20 4.76 10,774.25 2.8 1 2.5 32.17

D/C 5.87 0 4.11 8,288.6 2.5 1.3 2.8 46.95

Table 2 (abstract P120)

Relevant Spearman correlations between the parameters

A B R P A B R P

TNF Adipo –0.59 0.000 TNF Mortality 0.25 0.060

Adipo InsAd –0.46 0.005 ∆Adipo LOS 0.45 0.004

TNF TG 0.74 0.000 IL-6 D/C Gluc D/C 0.34 0.042

Adipo TG –0.41 0.001 BMI Gluc D0 0.39 0.012

TNF Cortisol –0.73 0.000 BMI InsAd D0 0.31 0.053

Adipo Cortisol 0.51 0.000 Adipo D/C Age –0.35 0.030

Age InsAd D/C 0.35 0.032
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P122

Hyperglycemia and changes in osmolarity lead to an
increase in IL-6 and IL-1ββ cytokine production of human
peripheral blood mononuclear cells in vitro

N Otto, R Schindler, U Frei, M Oppert
Charité-Universitaetsmedizin Berlin, Germany
Critical Care 2007, 11(Suppl 2):P122 (doi: 10.1186/cc5282)

Introduction Acute hyperglycemia and insulin resistance are
characteristics of metabolic and endocrine imbalances of critically
ill patients and are subject to a substantial inflammatory response
that is partly mediated by cytokines produced by peripheral blood
mononuclear cells (PBMC). Treatment with intensive insulin
therapy to keep patients normoglycemic has been shown to
reduce inflammatory responses. It is unclear whether hyper-
glycemia, insulin or osmolarity changes exert direct effects on
proinflammatory cytokines. We investigated the direct effects of
these substances on cytokine production of PBMC in vitro.
Methods PBMC were isolated from peripheral blood of 10 healthy
volunteers via Ficoll gradient. Cells were incubated for 3 hours at
37°C with/without low/high concentrations of glucose, mannitol,
urea, insulin and stimulated with 0.5 ng/ml LPS. After 24 hours,
concentrations of IL-6 and IL-1β were measured with an ELISA
method.
Results Increasing concentrations of glucose, mannitol and urea
resulted in a significant increase of IL-6 and IL-1β cytokine
production. Insulin had no effect (Table 1).

Table 1 (abstract P122)

No Low High 
Substance supplementation concentration concentration

Glucose 1,726 – 9,643

Insulin 609 555 636

Urea 2,056 3,421 3,835

Mannitol 367 – 3,269

Conclusion High concentrations of glucose, mannitol and urea
lead to a significant increase in IL-6 and IL-1β cytokine production
by PBMC in vitro. The most profound effect was seen with
hyperglycemia. Besides hyperglycemia, also uremia and high
osmolarity seem to augment inflammation. Insulin could not reverse
the increase in inflammation. These findings may be relevant in
explaining the beneficial effects of normoglycemia on the
inflammatory response in critically ill patients.

P123

Insulin therapy inhibits poly(ADP-ribose)polymerase
activation in endotoxin shock

C Szabo1, E Horvath1, R Benko2, D Gero2

1University of Medicine and Dentistry of New Jersey, Newark, NJ,
USA; 2Semmelweis University, Budapest, Hungary
Critical Care 2007, 11(Suppl 2):P123 (doi: 10.1186/cc5283)

The nuclear enzyme poly(ADP-ribose) polymerase (PARP) is
activated in various forms of circulatory shock. By triggering a
cellular energetic dysfunction, and by promoting proinflammatory
gene expression, PARP activation significantly contributes to the
pathogenesis of shock. The activation of PARP is usually triggered
by DNA strand breakage, which is typically the result of the
overproduction of reactive oxidant species. In the present study we
tested whether endotoxin-induced PARP activation and pro-

inflammatory mediator production can be modified by insulin
therapy. Rats subjected to bacterial lipopolysaccharide (LPS) with
or without insulin pretreatment were studied. LPS-induced PARP
activation in circulating leukocytes was measured by flow
cytometry, and production of TNFα was measured by ELISA. LPS
induced a significant hyperglycemic response, activated PARP in
circulating leukocytes and induced the production of TNFα. Insulin
treatment prevented the LPS-induced hyperglycemic response,
blocked the activation of PARP and blunted the LPS-induced
TNFα response. As hyperglycemia is known to induce the cellular
formation of reactive species, we propose that PARP activation in
endotoxin shock occurs as a result of hyperglycemia-induced
reactive oxidant and free radical generation. The current findings
may have significant implications in the context of the emerging
concept of tight glycemic control for critically ill patients.

P124

Influence of diabetes and HbA1c on the course and
outcome of sepsis in the intensive care unit

I Gornik1, O Gornik2, V Gasparovic1

1Clinical Hospital Centre, Zagreb, Croatia; 2University of Zagreb,
Croatia
Critical Care 2007, 11(Suppl 2):P124 (doi: 10.1186/cc5284)

Introduction It is an accepted opinion that patients with diabetes
mellitus (DM) are at higher risk when treated for infections,
although published data are lacking. Our recent research on non-
ICU septic patients showed that admission HbA1c is in correlation
with outcome. The aim was to evaluate the impact of DM on the
course and outcome of patients with sepsis in ICU, as well as to
evaluate the value of HbA1c as an outcome predictor in the ICU.
Methods In a prospective, 3-year observational study, patients with
sepsis, severe sepsis and septic shock admitted to a medical ICU
were included. Patients with DM were compared with nondiabetics
in terms of course and outcome. HbA1c was measured for all
patients with DM. Hospital mortality and length of stay (LOS) in the
ICU and in hospital were the outcome measures. The incidence of
organ failure, ARDS, hospital-acquired pneumonia (HAP) and
ventilator-associated pneumonia (VAP) were used as indicators of
the disease course. Nonparametric tests, multiple regression and
logistic regression were used in statistical analyses.
Results Two hundred and twenty-nine patients with sepsis at
admission (19.6% of all 1,169 ICU patients), 59 with DM, were
included. Mortality in the ICU was 34.7%; the median ICU LOS
was 8 (95% CI 7–9.3) days. Patient with DM, compared with
nondiabetics, had higher mortality (38.9% vs 34.1%, P = 0.60)
and longer ICU LOS (median 6 vs 10 days, P < 0.001), and higher
incidence of renal failure, HAP, VAP. Surviving patients had
significantly lower HbA1c levels (6.6 vs 9.6, P = 0.001). In a
logistic regression, DM was found to be related to lethal outcome,
together with APACHE II and SOFA scores. In multiple regression,
DM related to LOS together with SOFA score and age. HbA1c
was found to be independently related to ICU outcome together
with SOFA score.
Conclusion The ratio of patients with DM among ICU patients with
sepsis exceeds greatly the incidence of DM in the population. This
emphasizes the risk they have. DM was associated with worse
outcome, longer ICU and hospital LOS, and with higher incidence
of complications. HbA1c was confirmed as an outcome predictor
for ICU patients.

Available online http://ccforum.com/supplements/11/S2



S50

P125

Lipid metabolism and organ dysfunction in septic patients
during intensive glycemic control

S Cappi, F Soriano, A Nogueira, C Valeri, A Duarte, P Biselli, 
W Hoshino, M Lins, J Barradas, D Noritomi, P Lotufo
Hospital Universitario da USP, Sao Paulo, Brazil
Critical Care 2007, 11(Suppl 2):P125 (doi: 10.1186/cc5285)

Introduction Intensive glycemic control has been widely discussed
in critical care patients. It remains unclear whether intensive insulin
therapy also improves the prognosis of patients in a medical ICU,
who often are more severely ill than are patients in a surgical ICU
and have a higher risk of death. Recently, medical patients have
been investigated, as a special group. We decided to study
possible differences in lipid profile in septic shock patients during
the first 72 hours and correlate it with different organ dysfunctions.
Methods A prospective, randomized, controlled study in a 12-bed
medico-surgical ICU in a university hospital. Inclusion criteria: all
consecutive patients admitted to the ICU with severe sepsis and or
septic shock with onset in a maximum of 24 hours. Exclusion
criteria: HIV patients, pregnancy, diagnosis of leptospirosis, age
under 18, cancer patients. On admission, patients were randomly
assigned to strict normalization of blood glucose levels (80–110 mg/dl)
or to a conventional glycemic control (180–220 mg/dl) with the
use of sealed envelopes. We collected laboratory tests at 0, 24,
48 and 72 hours after initiation. For statistical analysis we per-
formed the Student t test.
Results We studied 58 patients with similar demographic data
between the two groups. The increases in serum LDL (P < 0.05)

and HDL (not significant) were different between groups. The
mortality rate was the same but LDL and HDL had negative
correlation with organ function among nonsurvivors.
Conclusions Targeting blood glucose levels to below 110 mg/dl
with insulin therapy prevented morbidity, probably due to a better
control of lipid metabolism, expressed as a more rapid serum LDL
normalization and avoiding a greater decrease in serum HDL levels
in the first 72 hours of septic shock.

P126

Effect of intensive insulin therapy on coagulation and
fibrinolysis of respiratory critically ill patients

L Langouche1, W Meersseman1, S Van der Perre1, I Milants1, 
P Wouters1, G Hermans1, J Gjedsted2, T Hansen2, J Arnout1, 
A Wilmer1, M Schetz1, G Van den Berghe1

1KU Leuven, Belgium; 2Aarhus University Hospital, Aarhus,
Denmark
Critical Care 2007, 11(Suppl 2):P126 (doi: 10.1186/cc5286)

Most intensive care deaths beyond the first few days of critical
illness are attributable to nonresolving multiple organ failure (MOF),
either due to or coinciding with sepsis. One of the mechanisms
that is thought to contribute to the pathogenesis of MOF is
microvascular thrombosis. Recently, we reported improved survival
and prevention of MOF of critically ill patients with the use of
intensive insulin therapy to maintain normoglycemia for at least
several days [1,2]. We hypothesize that intensive insulin therapy
also prevents severe coagulation abnormalities, thereby contribu-
ting to less organ failure and better survival.
We studied a subgroup of long-stay critically ill patients with a
respiratory disease upon ICU admission, who had been enrolled in
a randomized controlled trial evaluating the impact of intensive
insulin therapy in medical ICU patients [2]. Plasma samples were
analyzed for a panel of coagulation markers (prothrombin time,
activated partial thromboplastin time, fibrinogen and D-dimer
levels) that were used to assign points towards the International
Society of Thrombosis and Haemostasis overt disseminate
intravascular coagulation (DIC) score. Circulating plasma
thrombin–antithrombin complexes and plasminogen inhibitor type
1 levels were also determined. As markers of inflammation, we
measured circulating serum levels of several cytokines and CRP.
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Figure 2 (abstract P125)
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Mortality of intensive insulin-treated patients was lower than of
conventionally treated patients for all classes of upon-admission
DIC score, except for those patients with a DIC score of 6 or
higher. There was no effect of insulin therapy on any of the
fibrinolytic, coagulation or inflammatory parameters tested. The
accuracy of the DIC score to predict mortality in this patient
sample was only moderate and comparable with that of CRP and
the SOFA score. Also, circulating plasminogen inhibitor type 1 or
thrombin–antithrombin complexes levels did not correlate well with
mortality or DIC score.
These findings indicate that the coagulation system did not play a
key role in mediating the survival benefit of intensive insulin therapy.
References
1. Van den Berghe G, et al.: N Engl J Med 2001, 345:1359-

1367.
2. Van den Berghe G, et al.: N Engl J Med 2006, 354:449-461.

P127

Variable adsorption of insulin at catheter materials used in
intensive care units: polyethylene vs polyurethane –
possible cause for hypoglycemia during intensive insulin
treatment?

S Ley, J Ammann, C Herder, M Hartmann, D Kindgen-Milles
University Hospital, Duesseldorf, Germany
Critical Care 2007, 11(Suppl 2):P127 (doi: 10.1186/cc5287)

Introduction Intensive insulin therapy reduces morbidity and
mortality in postoperative critical care; however, this treatment also
increases the risk of hypoglycemia. A possible cause for unstable
blood glucose (BG) levels could be a variable adsorption of insulin
at plastic material of infusion tubings. We evaluated in vitro and in
vivo the adsorption of insulin at standard tubing materials
(polyethylene (PE) and polyurethane (PU)) and the effects of this
adsorption process on blood glucose levels.
Methods (1) In vitro, a standard perfusor syringe (Perfusor®;
BBraun, Germany) was filled with 50 IE normal insulin (Actrapid®;
NovoNordisk, Germany) dissolved in 50 ml saline 0.9%. The
syringe was connected to PE or PU tubings (BBraun) and, at an
infusion rate of 1 ml/hour, the insulin concentration in the syringe
and at the end of the tubings was measured at hourly intervals for
5 hours and again after 24 hours by the Bradford protein assay.
Insulin concentrations were compared using the Student t test. 
(2) In a prospective, double-blinded, cross-over study, approved by
the ethics committee, 10 patients on the surgical ICU received
insulin via PE or PU tubing each for 24 hours in random sequence.
All blood BG values, total infused insulin solution volume, and
critical care scores were documented and statistically analysed by
the Wilcoxon test.
Results (1) The insulin concentration in all syringes was always
>97% of the estimated value. The initial concentrations of insulin at
the end of PE and PU tubings were lower than expected (23 ± 4%
of anticipated concentration in the first 6 min). In PE, the
concentration rose to 37 ± 2% and in PU to 78 ± 4% after
24 hours (P < 0.0001). (2) In vivo the mean BG values did not
differ between PE and PU (PE 141 ± 17 mg/dl; PU
132 ± 23 mg/dl (not significant)). Severity of illness was not
different between the groups: TISS 37 ± 5 (PE) vs 39 ± 5 (PU),
SAPS 43 ± 13 (PE) vs 41 ± 15 (PU) on both days; neither were
catecholamine doses and 24-hour fluid balance. However,
significantly more insulin solution was infused in PE (66 ± 18 ml/
24 hours) compared with PU (44 ± 15 ml/24 hours) (P = 0.0015).
Conclusion Infusion of insulin using PE and PU tubings leads to a
relevant adsorption of the drug in both materials. Adsorption to PE
is significantly higher compared with PU. Thus, a large variation of

insulin application to the patient is possible if different tubing
materials are used. Furthermore, variability of adsorption, a
competitive adsorption with other drugs if insulin is not infused via
a single line as well as changes of effective insulin application
following routine change of tubings, may be one cause of
unexpected hypoglycemia that can be deleterious to the patient.

P128

Hyperglycemia upon onset of nosocomial bloodstream
infection adversely affects outcome in a mixed intensive
care unit population

D Vandijck, S Oeyen, F Buyle, B Claus, S Blot, J Decruyenaere
Ghent University Hospital, Ghent, Belgium
Critical Care 2007, 11(Suppl 2):P128 (doi: 10.1186/cc5288)

Introduction Hyperglycemia in critically ill patients is frequently
related to a hypermetabolic stress-response and has been
associated with increased morbidity and mortality. The aim of this
study was to assess the relationship between blood glucose levels
and clinical outcome in a mixed cohort of critically ill patients with a
nosocomial bloodstream infection (BSI).
Methods A retrospective observational cohort study was conduc-
ted including 130 adult patients with a microbiologically
documented BSI admitted over a 2-year period (2003–2004) to
the ICU. Blood glucose levels were evaluated from 1 day prior to
onset of BSI (d–1) until 5 days after onset of BSI (d+5). The
contribution of hyperglycemia, divided into three subgroups
(≥150 mg/dl, ≥175 mg/dl, and ≥200 mg/dl, respectively), to in-
hospital mortality was estimated by logistic regression.
Results The mean age of the study population was 54.7 ± 19.0
years. Inhospital mortality was 36.2%. Hyperglycemia (≥175 mg/dl
and ≥200 mg/dl) was observed more often among the non-
survivors. Over the seven study days, no differences were found in
daily morning blood glucose levels between survivors (n = 83) and
nonsurvivors (n = 47) (all P > 0.05). Although in the nonsurvivors
the evolution of glycemia tended to be higher, this trend was not
statistically significant compared with the survivors. Multivariate
logistic regression revealed that age (P = 0.022), APACHE II score
(P = 0.003), antibiotic resistance (P = 0.001), and hyperglycemia
(≥200 mg/dl) upon onset of BSI (P = 0.001) were independently
associated with inhospital mortality, whereas appropriate anti-
microbial therapy ≤24 hours (P = 0.016) and previous history of
diabetes (P = 0.022) were associated with better outcome.
Conclusion Trends of blood glucose levels were higher among
nonsurvivors. Hyperglycemia (≥200 mg/dl) upon onset of
nosocomial BSI adversely affects outcome in a heterogeneous ICU
population.

P129

System for automated discontinuous venous blood
withdrawal for glucose determination of patients in the
intensive care unit

R Schaller1, F Feichtner1, A Fercher1, L Schaupp1, 
M Bodenlenz1, H Köhler1, J Plank2, A Wutte2, M Ellmerer3, 
R Hainisch4, T Pieber2

1Joanneum Research, Graz, Austria; 2Medical University Graz,
Austria; 3Medical University Hospital (MUG), Graz, Austria; 4FH
OÖ Forschungs & Entwicklungs GmbH, Linz, Austria
Critical Care 2007, 11(Suppl 2):P129 (doi: 10.1186/cc5289)

Introduction Intensive insulin therapy to establish normoglycaemia
reduces mortality and morbidity in critically ill patients. Frequent
glucose monitoring is restricted in critically ill patients due to the
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high workload that has to be performed by the staff. Hence the
usage of an automated discontinuous venous blood sampling
system might be an alternative to improve the adjustment of the
insulin therapy. The primary aim of the study was to investigate
whether the glucose concentration in manually withdrawn blood
samples correlates with automated withdrawn blood samples.
Methods In a 12-hour trial, six volunteers were investigated (male/
female 5/1; age 28.2 ± 2.2 years, BMI 22.5 ± 1.3, nondiabetics).
A 75 g OGTT was performed to enable a better dynamic range of
the glucose values. Two venous cannulae were inserted into the
dorsal hands for reference measurement and for connection to the
automated blood sampling system. To reduce the volunteer’s
health risk, pressure, air bubble sensor and flushing fluid monitor-
ing were integrated into the system. Blood samples were obtained
frequently in 15/30-minute intervals. Roche Microsamplers and the
OMNI S6 glucose analyser were used for determination of the
blood readings.
Results The automated blood sampling system performed its
operation in all volunteers over the whole trial period. The median
Pearson coefficient of correlation between manual and automated
withdrawn blood was 0.983 (0.862–0.995). Furthermore, the
results (173 data pairs) were analysed via the recently published
‘Insulin Titration Error Grid Analysis’ and 99.4% were suggesting
an acceptable treatment. The results of the traditional ‘Error Grid
Analysis’ showed that 96% of the data were in zone A and 4% in
zone B.
Conclusion The automated discontinuous blood withdrawing
system provides reproducible blood samples from peripheral
venous blood. In combination with a glucose sensor and an
algorithm it might be used in future as a closed loop system for
insulin and glucose infusion at the ICU.

P130

Evaluation of the clinical effectiveness of a computerised
decision-supported intensive insulin therapy regimen

R Shulman, N Shah, P Glynne, R Greene, SJ Finney
University College Hospital, London, UK
Critical Care 2007, 11(Suppl 2):P130 (doi: 10.1186/cc5290)

Introduction It has been proposed that intensive insulin therapy
(IIT) aiming for a blood glucose (BG) of 4.4–6.1 mmol/l reduces
mortality in critically ill patients when compared with conventional
insulin therapy (CIT) targeting BG at 10.0–11.1 mmol/l. Difficulties
with IIT include inadvertent hypoglycaemia and low efficacy at
achieving the target BG. We proposed that computerised decision
support may mitigate these problems.
Objective To comprehensively describe BG and outcome from
decision-supported IIT.
Methods A clinical information system at each bedspace guided
staff through the IIT algorithm. The time spent within glucose
ranges was calculated assuming a linear trend between
successive measurements.
Results Patient characteristics are shown in Table 1. The IIT group
had more frequent BG evaluation (7,007 over 8,944 patient-hours,

0.78 tests/hour) than the CIT group (3,609 over 8,617 hours, 0.42
tests/hour). The median (interquartile range (IQR)) proportion of
time spent in the target range 4.4–6.1 mmol/l was similar in the IIT
and CIT groups (23.21% (15.4–29.8) vs 17.9% (9.8–29.3),
respectively; P = 0.17). Similarly, time spent with a BG between
6.2 and 7.99 mmol/l was no different for the two groups (48.5%
(IQR 36.9–59.3) for IIT and 43.9% (IQR 34.7–60.9), P = 0.72). In
the IIT and CIT groups, five and six patients experienced a BG
below 2.2 mmol/l, respectively.
Discussion Computerised decision-support and more intensive
monitoring did not improve BG control or reduce the incidence of
hypoglycaemia.

P131

Glargine insulin: an alternative to regular insulin for
glycemic control in critically ill patients

M Bhattacharyya, SK Todi, A Majumdar
AMRI Hospitals, Kolkata, India
Critical Care 2007, 11(Suppl 2):P131 (doi: 10.1186/cc5291)

Introduction The objective of this study was to determine the
efficacy and safety of subcutaneous (s.c.) once-daily (OD) glargine
insulin, a long-acting insulin, in comparison with a s.c. regular
insulin, based on a protocolized sliding scale regimen for achieving
glycemic control in patients admitted to the ICU.
Methods One hundred patients admitted to the ICU with an
admission capillary blood glucose (CBG) >150 mg/dl (8.3 mmol/l)
were involved in this prospective, randomized study. Patients with
age <18 years, pregnancy, shock, requiring continuous intra-
venous insulin infusion, renal failure were excluded. Patients were
randomly assigned to receive either s.c. glargine insulin 10 U
(CBG ≤ 9.9 mmol/l) or 18 U (CBG ≥ 10.1 mmol/l) s.c. OD (Group
G, n = 50), or s.c. regular insulin based on a 6-hourly sliding scale
(Group R, n = 50). CBGs were recorded at 6-hour intervals up to
96 hours or until ICU discharge, whichever was earlier. The target
CBG in both groups was <150 mg/dl (8.3 mmol/l). Patients in
group G received rescue doses of regular insulin, as required.
Demographic characteristics, mean and median CBG, and
episodes of hypoglycemia were studied.
Results Demographic profiles were comparable between the two
groups. There was no significant difference in mean CBG in both
groups (Group G 152.1 mg/dl (8.4 mmol/l), Group R 149.9 mg/dl
(8.3 mmol/l), P = 0.66). Median CBGs were comparable at 6-
hourly time points in both the groups except at 0 and 6 hours in the
glargine arm (CBG at 0 and 6 hours, Group G 10.0 mmol/l and
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IIT (n = 50) CIT (n = 50) P value

LOS, median (IQR) 7 (3–21) 6 (3–11) 0.05

Survivors 34 (64.2%) 24 (48.0%) 0.07

APACHE II, mean 23.2 25.4 0.17

Medical 31 (62%) 35 (70%) 0.53

Surgical 19 (38%) 15 (30%) 0.53

Figure 1 (abstract P131)

Median capillary blood glucose (CBG) at different time points.
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9.9 mmol/l, Group R 9.4 mmol/l and 8.3 mmol/l, P = 0.04 and
0.02, respectively) (Figure 1). There were three episodes of
hypoglycemia in Group G and one in Group R, which were
corrected.
Conclusion OD s.c. glargine insulin is a safe and effective
alternative to regular insulin for glycemic control in critically ill
patients.

P132

Investigation of insulin clearance in severely acutely ill
patients with glucose intolerance evaluated by means of
bedside-type artificial pancreas

M Hoshino1, Y Haraguchi2, I Mizushima1

1Tokyo Police Hospital, Tokyo, Japan; 2National Hospital
Organization Disaster Medical Center, Tokyo, Japan
Critical Care 2007, 11(Suppl 2):P132 (doi: 10.1186/cc5292)

Background and purpose Glucose intolerance in acutely ill
patients is one of the risk factors of their morbidity and mortality,
and glucose control with insulin therapy improves the outcome.
We investigated relationships among insulin clearance (IC), which
is considered to be one of the factors related to effectiveness of
insulin therapy, and glucose tolerance, glucose intolerance, and
severity of the diseases, in order to clarify the significance of IC on
the severity of the diseases including glucose intolerance and on
the therapies.
Materials and methods Twenty-three ICU patients with glucose
intolerance in whom strict blood glucose control was performed by
means of a bedside-type artificial pancreas (NIKKISO Corp.,
Japan) were investigated. The diabetics were excluded. The items
investigated were IC (ml/kg/min) measured by the glucose clamp
method, daily mean blood glucose level as a parameter of glucose
intolerance (BGm, mg/dl), proportion of septic patients (%), SOFA
score and mortality (%) as indicators of the severity of the
diseases, and blood concentration of free fatty acid (FFA) and
stress hormones (glucagon, growth hormone, cortisol, adrenalin,
noradrenalin) as factors that might affect glucose intolerance. The
method of investigation involved patients being classified into four
groups according to IC, and those groups were compared with
each other; low IC group (group L: IC < 9, n = 2), normal IC group
(group N: 9 < IC < 15, n = 13), high IC group (group H: 15 < IC,
n = 8), and severely high IC group (group S: 19 < IC, n = 5)
(group S was a subgroup of group H).
Results (1) FFA values were low or normal in all groups. (2) There
were no significant differences in stress hormones among group N,
group H, and group S. Those hormones in group L were
significantly higher than, or had a tendency to be higher than, those
in group N, group H, and group S. (3) The mean values of BGm in
the groups had a tendency to be higher in the order of group S
(179 ± 30), group H (172 ± 25), group N (162 ± 26), and group L
(153 ± 8). (4) The severities of the diseases (sepsis (%)/SOFA
score/mortality (%)) in the groups were significantly higher in the
order group L (100%/20.0 ± 1.4/100%), group S (100%/
9.6 ± 7.0/40%), group H (88%/7.0 ± 6.5/25%), and group N
(54%/5.8 ± 5.2/15%).
Interpretation and conclusions The increase of IC was related to
glucose intolerance. IC increased and glucose intolerance became
severe as the severity of the diseases progressed. In the most
severe state, or in a near-terminal state, however, IC decreased
and glucose intolerance improved, although stress hormones
increased significantly. Therapies focused on the improvement of
IC were considered important in acutely ill severe patients with
glucose intolerance as well as blood glucose control by insulin
therapy.

P133

Diurnal and other variations in blood glucose in intensive
care unit patients receiving insulin infusions

S Smith, K Oveson, W Strauss, A Ahmann, D Hagg
OHSU, Portland, OR, USA
Critical Care 2007, 11(Suppl 2):P133 (doi: 10.1186/cc5293)

Introduction Treatment of hyperglycemia in ICU patients using an
insulin infusion protocol was shown by van den Berghe and
colleagues to reduce mortality and morbidity in ICU patients.
Consequently, many healthcare bodies proposed guidelines for the
control of hyperglycemia in the ICU. However, the patchy evidence
underpinning these guidelines and a high rate of complications
lead to controversy about the optimal glucose target range.
Studies showing insulin infusions are effective have reported
average glucose values at single time points. However, single time
points are difficult to interpret as they do not provide information
about the proportion of glucose measurements that need to be in
range for benefit. We hypothesized that blood glucose variance
was greater if all glucose measurements were considered and
asked whether there was a diurnal pattern that accounted for some
of the variance.
Methods Prospective collection of all glucose measurements for
ICU patients receiving an insulin infusion protocol between 20 May
2006 and 6 August 2006 in 64 ICU beds at a teaching hospital.
We report glucose values from all ICU patients, ≥8 hours after
infusion initiation.
Results We compared the 6:00 a.m. glucose value with those
collected at all other times in 149 consecutive patients. The
6:00 a.m. values were lower than the remaining values (mean ±
SD: 112 ± 30 mg/dl (n = 477) vs 119 ± 35 mg/dl (n = 10,364);
P < 0.0001) and as hypothesized had a smaller variance by F test
(P < 0.0001). Inspection of the time-averaged data (±SE) revealed
a diurnal variation in the blood glucose with peaks occurring at
11:00 a.m. and 10:00 p.m. (Figure 1). This diurnal pattern may
account for some of the observed variation in insulin requirements
and contribute to episodes of hypoglycemia in the critically ill.
Conclusion Glucose variance is increased if all time values are
considered rather than a single time point and there is a diurnal
pattern to glucose in ICU patients receiving insulin. Consideration
of this diurnal variation when treating hyperglycemia in the ICU may
avoid hypoglycemia and so facilitate better glucose control with
insulin infusions.
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P134

Severe hypoglycaemia during intensive insulin therapy: a
rare event in critically ill patients

M Kaukonen, M Rantala, V Pettilä, M Hynninen
Helsinki University Hospital, Helsinki, Finland
Critical Care 2007, 11(Suppl 2):P134 (doi: 10.1186/cc5294)

Introduction Tight glycemic control reduces mortality in surgical
intensive care patients and in long-term medical intensive care
patients. The incidence of severe hypoglycaemia (glucose
≤2.2 mmol/l) in the intensive treatment group has been 3.1–5.1%.
Recently, a large study on intensive insulin therapy was
prematurely discontinued due to safety issues. The incidence of
hypoglycaemia was 9.8% in intensive treatment group and the
mortality among patients experiencing hypoglycaemia was 18.6%.
As the safety of intensive insulin therapy has been questioned, we
screened all patients during a 17-month period to see the
incidence of hypoglycaemia and its effects on the prognosis of the
patients.
Methods A retrospective study was performed in two ICUs, one
eight-bed general ICU and one 10-bed surgical ICU. All patients
treated between 7 February 2005 and 30 June 2006 were
included in the study. A nurse-driven intensive insulin protocol with
a target blood glucose level of 4–6.1 mmol/l had been introduced
in 2004. All blood glucose measurements performed during the
ICU treatment were analysed. The patients were divided into two
groups according to the lowest detected blood glucose value
(≤2.2 or ≥2.3 mmol/l).
Results A total of 1,024 patients (1,124 treatment periods) were
included in the study. Thirty patients were excluded due to
incompleteness of the data. During the study period 61,203 blood
glucose measurements were performed, 1,578 (2.6%) of which
were below the target value of 4 mmol/l. Severe hypoglycaemia
(≤2.2 mmol/l) occurred in 25 patients (36 measurements). The
incidence was 0.059% of the measurements and 2.3% of the
patients. The median age, sex, APACHE II score, SAPS II or
diagnosis category did not differ between the groups. The median
(IQR) ICU and hospital length of stay was 4.3 (1.8–10.6) and 18
(8.5–39.5) days in patients with lowest blood glucose ≤2.2, and
2.7 (1.2–5.7) and 13 (7–23) days in patients with lowest blood
glucose ≥2.3 (P = 0.058 and P = 0.077, respectively). The
hospital mortalities were 25% and 15%, respectively; the
difference was not statistically significant.
Conclusions Severe hypoglycaemia during intensive insulin
therapy is rare in protocol-driven ICU treatment compared with
previous clinical trials. When present, hypoglycaemia may have an
impact on the outcome of the patients

P135

Intensive insulin therapy and indications for intensive care
admission

A Sanusi1, I Welters2, A Shenkin2, P Turner3, B Perry2

1University of Ibadan, Ibadan, Nigeria; 2University of Liverpool, UK;
3The Royal Liverpool Hospital, Liverpool, UK
Critical Care 2007, 11(Suppl 2):P135 (doi: 10.1186/cc5295)

Introduction Insulin resistance and hyperglycemia are common in
critically ill patients, and are associated with higher morbidity and
mortality in these patients if not controlled. Intensive insulin therapy
has been shown to reduce morbidity and mortality. It is not clear,
however, whether the patients’ indication for admission into the
ICU is related to the time to achieve glycaemic control or the total
dose of insulin required. This study was designed to audit the

efficacy of an intensive insulin therapy protocol in achieving
glycaemic control in patients presenting with different conditions.
Methods A prospective observational study was performed over
8 weeks on patients admitted to an adult ICU who received
nutrition support for up to 48 hours. Intensive insulin therapy was
administered to those patients who developed hyperglycemia. The
demographics, blood glucose and insulin doses were documented.
Haemoglobin, white cell count, neutrophil count, antioxidants, CRP
and prealbumin were measured. Outcome measures were the
mean and total insulin dose and the time to achieve glycaemic
control.
Results Forty patients, 22 (55%) males and 18 (45%) females,
who received nutritional support for 48 hours or more were
studied. The mean (SD) age was 59.4 (14.7) years. Enteral feeding
was given in 32 (80%) and parenteral feeding in 14 (35%)
patients, while six (15%) patients received both enteral and
parenteral feeding. The mean (SD) energy in 48 hours was 3,307.4
(527.0) kcal, mean (SD) insulin was 1.37 (1.23) IU, mean (SD)
blood glucose was 7.76 (0.9) mmol/dl and total insulin to achieve
glycaemic control was 65.51 (58.6) IU. The time taken (SD) to
achieve glycaemic control was 15.16 (12.65) hours. As expected,
there was a relationship between the total insulin dose and the
time to achieve three consecutive glycaemic controls (r = –0.43,
P = 0.023). Also, between the total insulin dose and mean blood
glucose r = 0.508, P = 0.001. There was no significant relation-
ship between the total insulin dose and indication for ICU
admission, and the total insulin dose and body mass index.
Conclusion Findings from this study showed that the indication for
admission did not affect either the total dose of insulin required to
achieve glycaemic control or the time it takes to achieve three
consecutive glycaemic controls.

P136

Implementation of glycemic control – problems and
solutions

E Halbeck, U Jaschinski, A Scherer, A Aulmann, 
M Lichtwarck-Aschoff, H Forst
Klinikum Augsburg, Germany
Critical Care 2007, 11(Suppl 2):P136 (doi: 10.1186/cc5296)

Introduction Glycaemic control is another example of protocol-
driven therapy in intensive care medicine to improve outcome in
critically ill patients. While the advantage of this approach seems to
be obvious, little is known about the problems of implementing such
a protocol. The intention of this study was to evaluate problems of
implementation and to develop strategies to overcome them.
Setting A 16-bed surgical ICU of a university teaching hospital
with 50 critical care nurses, about 30% in part-time employment.
Method Over a 7-month period all patients staying longer than 48
hours in the ICU with hyperglycaemia (>150 mg%) on three
consecutive measurements were included in the study. These
patients were treated according to a protocol at the discretion of
the attending nurse. On daily rounds and every 4–5 weeks
supervision was performed, and the protocol was modified three
times during this period according to staff comments. Further on,
medical as well as nonmedical problems of implementation were
analysed and discussed. Attitudes and perceived impeding
aspects of the implementation process were recorded by means of
a questionnaire.
Results Since insulin sensitivity showed enormous variability,
glycaemic control required a high nursing effort. Impeding aspects
to titrate blood glucose into the target range were the absence of a
nutritional protocol (high carbohydrate intake, despite inflam-
mation/infection leading to hyperglycaemia that was difficult to
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control) and fear of hypoglycaemia (<60 mg%) leading to low-dose
insulin with consecutive hyperglycaemia. Lack of communication
(and therefore a loss of information) between critical care nurses
and the intensivists and poor acceptance from physicians to leave
this field of intensive care medicine to the nurses were additional
factors that slowed the implementation process.
Conclusion Implementation of protocol-driven medicine requires a
high quality of information flow. The lack of linearity between blood
glucose and insulin dose (variability of insulin sensitivity) required a
sometimes intuitive (experienced) decision to titrate the insulin
dose. The conflict of physicians with this new role of critical care
nurses might be due to the lack of understanding of the evolution
of the nursing profession.

P137

Computer-advised insulin infusion in critically ill patients –
a randomized controlled trial

J Cordingley1, N Dormand1, S Squire1, M Wilinska2, L Chassin2,
R Hovorka2, C Morgan1

1Royal Brompton Hospital, London, UK; 2University of Cambridge, UK
Critical Care 2007, 11(Suppl 2):P137 (doi: 10.1186/cc5297)

Introduction Tight blood glucose (BG) control has been shown to
decrease morbidity and mortality in patients in the surgical ICU [1]
but is difficult to achieve using standard insulin infusion protocols.
We previously evaluated a software model predictive control
(MPC) insulin administration algorithm in postcardiac surgery
patients [2]. This study investigated the use of an enhanced MPC
algorithm (eMPC) in more severely ill patients over 72 hours.
Methods Fourteen (seven male) critically ill ventilated medical and
surgical patients, mean age 65 years, with an arterial BG
> 6.7 mmol/l within 24 hours of ICU admission (RBH) or already
receiving insulin infusion, and expected to require mechanical
ventilation for more than 72 hours, were treated either with BG
control by the standard ICU insulin intravenous infusion protocol
[2] or eMPC-advised insulin infusion (n = 6) for 72 hours. The
eMPC algorithm, installed on a bedside computer, requires input of
current insulin requirements, bodyweight, carbohydrate intake and
BG concentration. The algorithm advises the time to next BG
sample (up to 4 hours) and the insulin infusion rate, targeted to
maintain BG at 4.4–6.1 mmol/l. Patients in the eMPC group had
BG measured hourly (for safety) but values were only entered if
requested by the algorithm.
Results The mean (SD) glucose concentration was significantly
lower in the eMPC group (6.0 (0.34) vs 7.1 (0.54) mmol/l,
P < 0.001). The mean insulin infusion rate was not significantly
different (4.1 (2.7) vs 3.1 (1.8) IU/hour, eMPC vs standard care).
BG sampling occurred more frequently in the eMPC group, with a
mean of every 1.1 vs 1.9 hours (P < 0.05). No patients in either
group had any BG measurements <2.2 mmol/l.
Conclusion The eMPC algorithm was effective in maintaining tight
BG control in this more severely ill patient group without any
episodes of hypoglycaemia (BG < 2.2 mmol/l), but required more
frequent BG measurement.
Acknowledgements This study is part of the CLINICIP project
funded by the EC (6th Framework). The University of Cambridge
also received support from EPSRC (GR/S14344/01).
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Evaluation of a model predictive control algorithm using
time-variant sampling to establish tight glycaemic control
in clinical practice

C Pachler1, J Plank1, H Weinhandl1, R Hovorka2, L Chassin2, 
P Kaufmann1, KH Smolle1, TR Pieber1, M Ellmerer1

1Medical University Graz, Austria; 2Addenbrooke’s Hospital,
Cambridge, UK
Critical Care 2007, 11(Suppl 2):P138 (doi: 10.1186/cc5298)

Introduction Tight glycaemic control (TGC) in critically ill patients
significantly improves clinical outcome. Even with increased
workload for ICU nursing staff, targets for TGC are often not
achieved. The aim of the present study was to evaluate in clinical
practice a model predictive control algorithm (MPC) using time-
variant sampling, which will be used in a fully automated insulin
titration system (CLINICIP system).
Methods This was an open randomized controlled clinical study.
Fifty mechanically ventilated medical ICU patients were included
for a study period of 72 hours. Patients were randomized either to
a control group, treated by an insulin algorithm as routinely used in
the ICU, or to the MPC group, using a laptop-based fully
automated MPC algorithm. The target range for blood glucose
(BG) was 4.4–6.1 mM for both groups. Efficacy was assessed by
calculating the median BG, hyperglycaemic index (HGI) and BG
sampling interval. Safety was assessed by the number of
hypoglycaemic BG measurements < 2.2 mM.
Results Patients were included for 72 (69–73) hours (median
(IQR)) in the control group and 71 (70–73) hours in the MPC
group. The median BG and HGI were significantly lower in MPC vs
control patients (see Table 1). A single BG measurement
< 2.2 mM was detected in the MPC group vs 0 in the control
group. The sampling frequency was significantly higher in the MPC
group.

Table 1 (abstract P138)

MPC group (n = 25) Control group (n = 25) P

BG (mM) 5.9 (5.5–6.3) 7.4 (6.9–8.6) <0.001

HGI (mM) 0.37 (0.17–0.91) 1.56 (1.06–2.45) <0.001

Interval (min) 105 (94–139) 173 (160–194) <0.001

Data presented as the median (IQR).

Conclusion The use of MPC improved BG and the HGI. This
improvement was accompanied by an increased sampling
frequency. MPC with time-variant sampling is a reliable tool for the
implementation of TGC in patients in the medical ICU.

P139

The effect of tighter glucose control on outcome

I Meynaar, P Tangkau, S Sleeswijk Visser, 
M van Spreuwel-Verheijen, L Dawson
Reinier de Graaf Gasthuis, Delft, The Netherlands
Critical Care 2007, 11(Suppl 2):P139 (doi: 10.1186/cc5299)

Introduction Evidence is accumulating that tight glucose control
improves outcome in critically ill patients. This study was
performed to evaluate the effect of lower blood glucose levels in
critically ill patients on outcome.
Patients and methods The unit is a 10-bed closed-format
medical–surgical ICU in a general hospital. Starting in 2003 insulin
was prescribed to ICU patients using several nurse-driven
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computerised protocols, each subsequent protocol aiming for
lower glucose levels. From February 2004 until May 2005 protocol
1 was used, aiming for glucose between 5.0 and 9.0 mmol/l; from
July 2005 until December 2005 protocol 2 was used, aiming for
glucose between 4.5 and 7.5 mmol/l. Serum glucose was
measured at 6:00 a.m. in all patients from blood derived from
arterial lines or venous puncture. The rest of the day blood glucose
was measured either using the Glucotouch (protocol 1) or the
AccuCheck (protocol 2) devices. To eliminate differences due to
these different methods of measurement, only the 6:00 a.m.
glucose measurements done by the central laboratory were
studied here. Data were derived from ICU and laboratory
databases.
Results See Table 1. The median morning glucose was reduced
from 7.5 mmol/l with protocol 1 to 6.8 mmol/l with protocol 2,
resulting in small but nonsignificant improvement in outcome.
Subgroup analysis focusing on medical or surgical patients or on
patients with specific length of stay in the ICU also revealed
nonsignificant differences in outcome.

Table 1 (abstract P139)

Protocol 1 Protocol 2 P

Number of patients 601 413

Number of morning 1,558 1,378
glucose measurements

Morning glucose 8.23/7.5 7.48/6.8 <0.001
(mean/median)

APACHE II score at ICU 13.6/12 13.9/12 Not significant
admission (mean/median)

Age (years, mean/median) 66.4/70.3 67.1/70.6 Not significant

ICU mortality all patients (%) 10.6 9.0 Not significant

Hospital mortality all 17.6 15.0 Not significant
patients (%)

Mean ICU length of stay 3.04/1.1 2.47/1.1 Not significant
(days, mean/median)

Mean hospital length of 17.00/10.0 13.62/9.1 Not significant
stay (days, mean/median)

Conclusions A small but significant decrease in serum glucose
probably results in a small but statistically nonsignificant decrease
in mortality and length of stay.

P140

Reliability of arterial, capillary and venous point-of-care
glucose measurements in the intensive care unit setting:
evaluation of two glucometers

A Pereira, A Cavalcanti, T Correa, F Almeida, E Figueiredo, E Silva
Hospital Israelita Albert Einstein, São Paulo, Brazil
Critical Care 2007, 11(Suppl 2):P140 (doi: 10.1186/cc5300)

Introduction Increased risk of hypoglycemia is the major drawback
of strict glycemic control, which has been extensively used in
critically ill patients. Fast and precise glucose measurements are
therefore mandatory. Our aim was to evaluate the accuracy of two
methods of bedside point-of-care testing for glucose measure-
ments using arterial, capillary and venous blood samples in ICU
patients.
Methods A cross-sectional study with prospective data collection
included 86 patients admitted to a 40-bed clinical-surgical ICU of
a tertiary care hospital. Results from two different methods of
glucose measurement were compared with central laboratory

arterial blood measurements: Accu-chek Advantage® (Roche)
arterial, venous and capillary samples; and Precision PCx®

(Abbott) arterial samples. All samples were collected simul-
taneously. Agreement between measurements was tested with the
Bland–Altman method.
Results Comparisons between pairs of measurements are shown
in Figure 1.
Conclusions The two glucose meters evaluated might not be
sufficiently reliable to be used in the ICU setting, especially for
patients under strict blood glucose control. Moreover, there are
marked differences between the equipment and a decrease in
precision if capillary or venous samples are used.

P141

Implementing tight glycaemic control: performance of
bedside glucometers

D Vlasselaers1, K Vandewiele2, T Van Herpe2, B De Moor2, 
G Van den Berghe1

1University Hospital Gasthuisberg, Leuven, Belgium; 2Katholieke
Universiteit Leuven, Belgium
Critical Care 2007, 11(Suppl 2):P141 (doi: 10.1186/cc5301)

Introduction Implementing tight glycaemic control (TGC) in the
ICU requires accurate blood glucose (BG) monitoring. We
evaluated the performance of two bedside glucometers (GM) in
ICU patients.
Methods Four hundred and fifty-two arterial blood samples were
prospectively analysed in 37 adult ICU patients subjected to TGC.
Arterial BG was simultaneously determined using a reference test
(ABL®) and two GM (Accu-Chek® and HemoCue®). Data were
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analysed using linear regression and the Bland–Altman (BA)
method.
Results Correlation between the reference method and both GM
in the overall BG range was reasonable, but not perfect (r2 ≥ 0.93).
This was further underlined by BA analysis (Figures 1 and 2),
showing a bias to overestimate BG with GM. In the TGC range
(80–110 mg/dl) correlation was low for both GM (r2 ≤ 0.66). This
was confirmed by BA analysis, demonstrating broad limits of
agreement: +14.2 and –26.6 mg/dl for Accu-Chek® and +5.5 and
–31.1 mg/dl for HemoCue®.
Conclusions The accuracy of the tested GM in our ICU patients
was insufficient for safe clinical practice. Therefore, to avoid
potentially harmful hypoglycaemia, caution is warranted when TGC
is implemented exclusively based on BG results obtained by GM.

P142

Comparison of accuracy of glucose-oxidase-based and
glucose-dehydrogenase-based point-of-care glucometers

A Roman, A Janier-Dubry, C Hanicq, P Flament, F Vertongen, 
E Stevens
CHU Saint-Pierre, Brussels, Belgium
Critical Care 2007, 11(Suppl 2):P142 (doi: 10.1186/cc5302)

Introduction Bedside capillary or arterial blood glucose monitoring
is mandatory for ICU patients under tight glycemic control. Point-
of-care methods are based on glucose-oxidase (GO) or glucose-
dehydrogenase (GD) enzymatic methods whereas the laboratory
reference method is hexokinase for measuring the plasma glucose
levels.
Methods In this prospective observational study, blood glucose
was simultaneously measured on the Glucocard Arkray (GO,
capillary), on the Accu-chek Inform Roche (GD, capillary and

arterial) and on the Rapid-Lab 1265 Bayer (GO, arterial), and each
value was compared with the reference laboratory result.
Results A total of 262 matched analyses were done in 60 patients.
Biases are defined as the glucose laboratory value minus point-of-
care value. The bias, 95% limits of agreement, and numbers of
observed discrepancy (d) paired results >20% and >10% are
reported in Table 1.
Conclusions GO methods underestimate while GD methods
overestimate all blood glucose levels as compared with plasma
glucose levels measured by the reference method of hexokinase.
Capillary methods have wider 95% limits of agreement than
measures carried out on arterial blood.

P143

Continuous glucose monitoring for intensive care patients
using whole blood microdialysis

F Feichtner1, R Schaller1, A Fercher1, L Schaupp1, J Plank2, 
A Wutte2, M Ellmerer2, T Pieber2

1Joanneum Research GmbH, Graz, Austria; 2Medical University
Graz, Austria
Critical Care 2007, 11(Suppl 2):P143 (doi: 10.1186/cc5303)

Introduction The objective of this study was to investigate whether
continuous glucose monitoring for intensive care patients could be
implemented using blood microdialysis (MD) as tight glycaemic
control reduces mortality and morbidity of critically ill patients.
Currently investigated is whether the subcutaneous tissue is an
adequate and representative site for glucose monitoring. We have
designed and tested a novel system that allows continuous
measurement of glucose concentration in whole blood based on MD.
Methods Na-heparin is pumped to the tip of a double lumen
catheter and the blood–heparin mixture is withdrawn continuously
at a mixing ratio of 1:1 at a flow of 4 ml/hour. The blood–heparin
mixture is microdialysed in a planar flow-through MD unit and is
discarded thereafter. The dialysate is collected and analysed for
glucose concentration via Beckman analysis and referred to
venous blood samples taken from the reference arm. Eight healthy
volunteers underwent a 12-hour investigation including an OGTT.
Glucose readings from dialysate and venous blood were obtained
in a 15–30 minute interval.
Results All eight subjects successfully completed the 12-hour trial.
The coefficient of correlation between continuously withdrawn
microdialysed blood and venously taken reference blood samples
was r = 0.9834 (0.9753–0.9958). The Clark Error Grid Analysis
(EGA) revealed that 99.5% of all data pairs are in the A range (220
of 221). Applying the novel Insulin Titration EGA yielded in 100%
of data pairs the ‘acceptable treatment’ area.
Conclusions Blood MD based on continuous blood withdrawal
and extracorporeal MD is a promising approach to obtain dialysate
reliably, safely and continuously for long-term determination of
blood glucose concentration with online sensors. The correlation
between glucose concentration of dialysate and reference venous
blood samples is excellent. The patency of the double lumen
catheter in the current form could be improved by introducing
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Number of Bias Agreement Number >20% Number >10% 
Point-of care method comparisons (mg/dl) (mg/dl) d (%) d (%)

Glucocard, GO capillary 262 +8.5 ±36 32 (12) 103 (39)

Accu-chek, GD capillary 262 –6.3 ±37 40 (15) 123 (45)

Rapid-Lab, GO arterial 262 +5.3 ±11 (0) 21 (8)

Accu-chek, GD arterial 234 –7.9 ±17 17 (7) 67 (29)
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adequate flushing sequences or by using it with central lines.
Further long-term studies are necessary to test the system together
with online sensors.

P144

Subcutaneous glucose monitoring in patients with severe
sepsis

JK Mader1, S Korsatko1, D Ikeoka1, J Plank1, M Bodenlenz2, 
M Suppan2, F Sinner2, KH Smolle1, TR Pieber1, M Ellmerer1

1Medical University Graz, Austria; 2Joanneum Research GmbH,
Graz, Austria
Critical Care 2007, 11(Suppl 2):P144 (doi: 10.1186/cc5304)

Introduction Tight glycemic control (TGC) to improve mortality and
morbidity in ICU patients requires frequent blood glucose
measurements and thus increases the workload for medical staff.
TGC could be simplified by subcutaneous glucose monitoring as
suggested for diabetes care. Due to altered tissue perfusion as
often seen in critically ill patients, it remains unclear whether
subcutaneous adipose tissue (SAT) is a reliable measurement site.
In this study we evaluated clinically whether SAT can be used as
safe, alternative site to establish TGC in patients with severe sepsis.
Methods For 26 hours, arterial blood and SAT microdialysis
samples were taken from 10 patients with severe sepsis. Hourly
SAT glucose concentrations were calibrated to arterial blood
glucose (Bg) by one-point calibration either 1 hour (BgSAT1h) or
6 hours (BgSAT6h) after catheter insertion. The relation between
Bg and calibrated SAT glucose readings was clinically evaluated
applying a well-established insulin titration error grid analysis.
Results Arterial and SAT glucose readings were comparable (Bg:
143 (122–167) mg/dl; BgSAT1h: 147 (130–177) mg/dl; BgSAT6h:
146 (117–181) mg/dl; median (IQR)). Relative differences
between Bg vs BgSAT1h and BgSAT6h indicated –2 (–193 to
30)% and –4 (–42 to 25)%; median (5th and 95th percentiles)),
respectively. Clinical evaluation of the data indicated that 86%
(BgSAT1h) and 95% (BgSAT6h) of the glucose readings from SAT
would allow correct treatment according to an insulin-titration
guideline. Fourteen percent of the data for BgSAT1h and 5% of the
data for BgSAT6h would cause a violation of the guideline and thus
unwanted glucose excursions and a possible risk for the patient.
Conclusions Clinical evaluation of subcutaneous glucose
monitoring to establish TGC indicated that only 86% of the
readings would allow acceptable treatment according to a titration
guideline. Although this result could be substantially improved by
introducing a 6-hour stabilisation period for the trauma caused by
catheter insertion, the clinical applicability of subcutaneous
glucose monitoring for patients with sepsis has to be considered
with care.
Acknowledgement Funded by the European Commission as part
of CLINICIP FP6 IST 506965.
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Nutritional support in critically ill patients

S Thanthulage1, Y Yoganathan2, S Tharmalingam1, M Kumara1
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Critical Care 2007, 11(Suppl 2):P145 (doi: 10.1186/cc5305)

Introduction Early adequate nutritional support (NS) in critically ill
patients can improve clinical outcome [1]. Although enteral
nutrition is considered the best method, it carries a risk for
developing ventilator-associated pneumonia, particularly if patients
are nursed horizontally [1]. The aim of this prospective audit is to

assess the compliance of nutritional practise in our ICU with some
aspects of recommendations of Canadian Clinical Guidelines.
Method Demographic data, head elevation (HE) from the
horizontal position, daily nitrogen and calorie intake were recorded.
Daily recommended calorie requirements were calculated
according to body weights on admission. The nasogastric tube
size and the gastric residual volume threshold (GRVT) before
abandoning enteral feeds were also recorded.
Results During 2 months 55 patients (male 47%, female 53%)
were admitted, including 47 (85%) emergency admissions. Thirty-
three (60%) patients stayed in the unit for >48 hours with an
average stay of 7.1 days. Thirty-two (58%) patients received NS,
and 26 (81%) of these were within 48 hours of admission. Enteral
and parenteral routes were used in 26 (81%) and six (18%)
patients, respectively. In five (15%) patients both methods were
used during the change of route of administration. The daily calorie
intake expressed as a percentage of the recommended intake is
presented in Table 1. HE was more than 300 in 70% of the 570
measurements. Blood sugar was between 6.3 and 6.9 mmol/l.
Gastro Prokinetics was used in 80%. There was no feeding
protocol in the unit and low GRVTs were used before
abandonment of the enteral regime.

Table 1 (abstract P145)

Total days (%) Calories (%) Nitrogen (%)

Nasogastric feeds 155 (71.5) 80.21 63.5

Total parenteral nutrition 48 (22.22) 151.52 118.1

Nasogastric feeds + 13 (6.06) 158.01 126.9
total parenteral nutrition

Conclusion We found that there was overfeeding in the parenteral
and combined routes. HE was satisfactory in 70% and more
patients could receive enteral feeds if a high GRVT was used.
Small-bore tubes are easy to implement and were not practised.
Reference
1. Dhaliwal R, Heyland DK: Nutrition and infection in the inten-

sive care unit: what does the evidence show? Curr Opin
Crit Care 2005, 11:461-467.
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Prokinetics effect on gastric emptying in critically ill
ventilated patients measured by the C13 breath test with a
novel device

M Hersch, V Krasilnikov, S Einav, D Braverman, S Zevin, 
P Risseman
Shaare Zedek Med. Centre, Jerusalem, Israel
Critical Care 2007, 11(Suppl 2):P146 (doi: 10.1186/cc5306)

Introduction Gastroparesis in critically ill ventilated patients is
relieved by prokinetics. The best prokinetic combination is not
known and may be identified by BreathID measurement of gastric
emptying (GE).
Methods A prospective crossover study in stable ventilated ICU
patients without upper gastrointestinal pathology. GE measure-
ment: 4-hours expiratory 13CO2 recording following intragastric
administration of C13 sodium acetate in 100 ml Osmolite. Baseline
measurement (BM) and following 24 hours i.v. therapy with:
metoclopramide (10 mg every 6 hours), metoclopramide with
continuous erythromycin (10 mg/hour), continuous erythromycin
and bolus erythromycin (200 mg every 12 hours) were done in
each patient. The BM and drug administration order was altered in
a subgroup of patients. GE was assessed by calculating the
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percentage dose recovered (PDR), a measure of delta over
baseline reflecting the rate of substrate metabolized. The 13CO2
measurements and calculations were done by our BreathID
Computerized system (BreathID Ltd, Jerusalem, Israel) with its
sensor attached to the expiratory ventilator tubing.
Results Thirty-one patients were included. Figure 1 shows the
PDR of all patients under the different prokinetic drugs. Table 1
presents the average percentage of GE improvement over BM with
different therapies, and the average improvement of individuals’
best combination. Comparing 20 patients, BM first, with 11 at
different timings, revealed no difference of baseline or best
combination (P = 0.1, P = 0.2, respectively).
Conclusions In this population: 1. Metoclopramide is poor in
improving GE. 2. The combination of metoclopramide and continuous
erythromycin is the most effective. 3. The BreathID is a convenient
and novel way to monitor GE in order to study and individually tailor
the most effective (up to 85% over BM) prokinetic combination.

P147

A study of enteral tube feeding in critically ill patients

A Holdsworth, T Rahman
St George’s Hospital, London, UK
Critical Care 2007, 11(Suppl 2):P147 (doi: 10.1186/cc5307)

Introduction For critically ill patients unable to eat, enteral tube
feeding (ETF) is the preferred mode of feeding. The study aimed to
investigate the amount of enteral feed obtained by patients on ICU
in a busy London Teaching Hospital, the efficiency of initiation of
feeding, and possible reasons for the failure of the above.
Methods A prospective observational study was carried out over
1 month on patients admitted to a general and cardiothoracic ICU,
who received ETF. Baseline data including age, reason for
admission and illness severity score (SOFA) were documented.
Length of time from admission to start of feeding was noted, and
the volume of feed delivered to patients was recorded. The
quantity of calories delivered to the patient was compared with the
patient’s ideal nutritional requirement (determined by the ICU ETF
protocol). Feeding interruptions were also recorded.

Results Fifty-two patients receiving ETF were observed for a total
of 7,349 hours: 67.3% of patients were surgical and 32.7%
medical. Patients received a median of 75% of their ideal calorific
requirement. Feeding was started a median of 15 hours after
admission, and a median of 5% of feeding time was interrupted
after ETF had been started. Reasons for interruption included high
gastric aspirates, starvation for procedures and displacement/
blockage of feeding tube. The time to start ETF was significantly
different according to admission categories (P = 0.033), with
abdominal and cardiothoracic surgical patients having the greatest
delays. Abdominal surgical patients also had a higher proportion of
feeding interruptions due to high gastric aspirates and starvation
for procedures. The SOFA score on day 1 significantly correlated
with the time taken to start feeding (P = 0.008), length of total
feeding interruption (P = 0.012), length of feeding interruption due
to high gastric aspirates (P = 0.043), and length of feeding
interruption due to starvation for procedures (P = 0.026).
Conclusion The majority of patients received a high proportion of
their ideal calorific requirement and began feeding within 24 hours.
The data indicate that patients having had abdominal surgery or
the sickest patients may be may be more likely to experience
delays in initiation and interruptions to feeding.

P148

Proton pump inhibitors and the incidence of Clostridium
difficile on the intensive care unit

I Whitehead, J Smith, R Bellamy, S Bonner
James Cook University Hospital, Middlesbrough, UK
Critical Care 2007, 11(Suppl 2):P148 (doi: 10.1186/cc5308)

Introduction Clostridium difficile associated disease (CDAD) is
recognized as a major cause of morbidity and mortality among
patients in hospital. There have been reported associations
between the use of proton pump inhibitors (PPIs) and CDAD in
community and hospital settings [1,2]. The aim of this study was to
investigate the effect of introducing PPI prophylaxis in critically ill
patients on the incidence of CDAD.
Methods Retrospective analysis of microbiology results of patients
admitted to general and neurotrauma ICUs between February
2002 and September 2006. Prior to March 2004 the general ITU
used PPIs for all patients as gastric acid prophylaxis, and the
neurotrauma ITU used PPIs for only patients at high risk of GI
ulceration. Following instigation of ventilator care bundles in March
2004 both units gave PPIs to all ventilated patients. The incidence
of C. difficile toxin-positive samples and the number of doses of
PPI used each month were compared for before and after this time
period. The use of antibiotics was also compared between the two
units over the time period to exclude this as a confounding variable.
Results We identified 92 C. difficile-positive faecal samples
during the 57-month period from February 2002 to September
2006. This averaged 1.61 cases per month. The general ITU
(ITU2) presented 49 cases (53.2%), and the neurotrauma ITU
(ITU3) 43 cases (46.8%). In February 2002, PPI usage was
infrequent in the ITU3, but more common in ITU2. The C. difficile
rates were also higher in ITU2 than in ITU3. PPI usage increased in
ITU3 until, on the instigation of the ventilator care bundle, PPIs
were used for all patients from March 2004. Our preliminary data
demonstrate an increase in C. difficile rates in ITU3, to meet the
rates of ITU2, at the same time as PPI usage was increased (Figure 1).
The ITUs back onto each other and share the same medical and
nursing staff. Antibiotic usage was similar across both units with
regards to cephalosporins, meropenem and pipracillin/tazobactam.
Conclusion C. difficile rates have remained relatively stable on the
general ITU (ITU2) but showed a significant increase on the
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Metoclopramide 13.7%

Metoclopramide + erythromycin continuous 50.5%

Erythromycin continuous 33.3%

Erythromycin x 2 38.7%

Best individual 85.2%



S60

neurotrauma ITU (ITU3), concurrent with increased PPI usage. We
believe this worthy of further investigation.
References
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Retrospective study of dysphagia following hospital
discharge of intensive care patients

P Isherwood, F Baldwin
Royal Sussex County Hospital, Brighton, UK
Critical Care 2007, 11(Suppl 2):P149 (doi: 10.1186/cc5309)

Objective A retrospective study to assess the incidence and causal
factors associated with long-term dysphagia following intensive care
discharge.
Methods A questionnaire was sent out 4 months post ICU
discharge to 193 intensive care patients (Level 3 care with a stay
of over 48 hours). We reviewed the case notes of those patients
who reported swallowing difficulties to establish whether they had
undergone, had any characteristics of or received therapies
potentially associated with dysphagia.
Results We had a 50% response rate to our questionnaire. An
overall dysphagia post ICU stay rate of 19.5% was observed.
Fever and age over 65 were both common findings as one may
expect and showed the highest association with subsequent
dysphagia. We did not find any suggestion of a relationship

between changing tracheostomy (suggesting repeat procedures)
and subsequent difficulty swallowing. One patient within this group
subsequently developed a tracheal stenosis. See Table 1.
Conclusion We found the percentage of patients reporting
swallowing difficulties post percutaneous tracheostomy (PCT) (Portex
Blue Line Ultra tracheostomy tube) to be higher than one would
expect. This may be confounded by neurological injury necessitating
the need for a PCT, but we feel this may be an area of concern
meriting further investigation given frequent PCT in ICU practice.

P150

Intestinal corticotropin-releasing factor is decreased in
shocked trauma patients and may affect gut function

W Michell, L Hill, S Hendricks, L Weight, S Kidson
University of Cape Town, South Africa
Critical Care 2007, 11(Suppl 2):P150 (doi: 10.1186/cc5310)

Introduction The reasons for the typical bowel dysfunction
following traumatic injury are unclear. Corticotropin-releasing factor
(CRF) in peripheral blood/tissue may induce intestinal barrier
dysfunction via receptor-mediated mechanisms independently of
the hypothalamic–pituitary–adrenal axis. This mechanism seems to
involve interactions of CRF with enteric nerves and mast cells,
which results in increased gut intercellular tight junction
permeability to macromolecules, as well as increased epithelial cell
apoptosis leading to loss of mucosal integrity. We investigated
whether blood and intestinal tissue CRF is associated with
postoperative gut dysfunction in shock.
Methods CRF analysis was performed on full-thickness bowel
specimens obtained from shocked trauma patients requiring
emergency abdominal surgery for penetrating injury, and from
patients undergoing small bowel resection during elective bowel
surgery. Venous blood was taken before anaesthesia, intra-
operatively and on postoperative day 1. CRF extracted from tissue
and blood was quantified using radioimmunoassay. On day 1
postoperatively, intestinal permeability was tested by urinary
lactulose:mannitol (L:M) measurement. Institutional ethical approval
was granted and patients gave written informed consent.
Results Trauma patients (n = 6, male/female = 6/0, age 27 ± 10.2
years, ISS 23 ± 6.8) were younger than elective patients (n = 6,
male/female = 4/2, age 52.8 ± 7.7 years, P < 0.0006), and had
significantly lower mean tissue [CRF] (0.034 ± 0.015 x 10–3%
total protein (TP)) than elective patients (0.117 ± 0.075 x 10–3%TP,
P = 0.023). The median (IQR) intraoperative blood CRF level was
higher in trauma patients (86.7 (5.5) pg/ml vs 59.8 (9.6) pg/ml,
P = 0.03) than elective patients. In trauma patients this correlated
negatively with postoperative L:M (r = –0.9, P = 0.037), although
intestinal permeability was greatly and equally increased in both
groups (combined mean ± SD L:M, 0.58 ± 0.55).
Conclusions CRF is detectable in bowel tissue following trauma
and is significantly lower in trauma vs elective surgery patients,
while CRF in blood may be a factor associated with gut barrier
changes following shock and emergency laparotomy.
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Using the Cortrak magnetic device to facilitate early
enteral nutrition in critically ill patients

K Lei, J Smith, L Camporota, R Beale
St Thomas’ Hospital, London, UK
Critical Care 2007, 11(Suppl 2):P151 (doi: 10.1186/cc5311)

Introduction Confirmation of correct nasogastric tube (NGT)
positioning is required before commencement of enteral nutrition
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Factor Number Percentage

Fever 14 82
Age > 65 years 11 58
Percutaneous tracheostomy 10 50
Sterds 7 37
Cardiopulmonary resuscitation 3 15
Shiley fenestrated low-pressure 2 10

cuffed tracheostomy tube
Mini-Trach II – Seldinger 1 5

(Portex Minitracheotomy Kit)
Neuromuscular Blockade 0 0
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(EN). In the ICU, however, the use of sedation, 24-hour feeding
and proton pump inhibitors can make the standard confirmatory
methods recommended by the UK National Patient Safety Agency
(UKNPSA) [1] unreliable, and result in the need for multiple chest
X-rays (CXR), increased cost and feeding delay. We studied the
role of the Cortrak® (Viasys MedSystems, USA) against standard
practice, and assessed the following outcomes: time required to
confirm correct NGT position, time to starting feeding, and
potential cost savings.
Methods We enrolled patients admitted to our ICU who required
NGT insertion for EN. A Corflow NGT with Cortrak stylet was
inserted, and the position monitored using the Cortrak magnetic
sensor. The Cortrak system tracks the trail of the stylet tip as it
progresses towards the stomach and provides a visual represen-
tation of the NGT position on a video screen, allowing rapid
determination of insertion success. The position of the NGT was
also assessed using pH paper and/or CXR, as appropriate,
according to the standard UKNPSA guidelines. Data were
analysed using a paired t test and time-to-event analysis.
Results Fifty-two patients were recruited and 57 insertions were
analysed: 32 first insertions, and 25 reinsertions. Gastric content
was successfully aspirated in 40% (23/57) of insertions, and 14%
(8/57) had pH 6 or above. Forty-six CXRs were requested, with
three patients requiring multiple CXRs. The Cortrak correctly
confirmed the position of NGT in all 57 insertions. The time
required to confirm the NGT position was significantly less with the
Cortrak than with conventional methods (mean ± SE Cortrak:
9.6 ± 1.7 min; pH paper: 11.6 ± 1.7 min; CXR: 122 ± 23 min;
P < 0.0001). There was a 1.5-hour delay in starting EN in the
standard practice group compared with the Cortrak group
(mean ± SE 3.98 ± 0.5 hours vs 2.58 ± 0.4 hours, P = 0.049). If
the Cortrak results had been acted upon, 46 CXRs could have
been avoided, which equates to a saving of £2,300 (€3,220).
Conclusions The Cortrak demonstrated 100% accuracy in
confirming the position of NGT in this patient series. It exposes
patients to less radiation, facilitates earlier EN and is cost-effective.
Consideration should therefore be given to including it into the
standard UKNPSA guideline.
Reference
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Propranolol attenuates factors affecting hypermetabolism
in pediatric burn patients

W Norbury
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Background The aim of this study was to determine the effect of
propranolol on infections and clinical parameters during the acute
phase postburn. Severe thermal injury is followed by a period of
hypermetabolism that is directly proportional to the size of insult
sustained. Infection and multiorgan failure are now the leading
cause of death from severe thermal injuries. Propranolol, an
anticatabolic agent, improves hypermetabolism postburn. However,
there is evidence that propranolol worsens immune function and
increases the incidence of infection in critically ill patients.
Methods Sixty-six patients with burns >40% total body surface
area were enrolled into the study and randomized to receive
standard burn care (controls, n = 33) or standard burn plus
propranolol for more than 21 days (propranolol, 0.5–1.5 mg/kg
every 6 hours, n = 33). Biopsies were taken three times a week for
microbiological determination. Clinical parameters were collected
and blood was drawn at regular intervals throughout the hospital

course and analyzed for IGF-1, IGFBP-3, and HGH. Patients
underwent weekly resting energy-expenditure measurements.
Statistical analysis was performed using analysis of variance with
Bonferoni’s correction and Student’s t test where applicable.
Results Propranolol treatment reduced heart rates by 10% and
significantly improved stroke volume throughout the acute hospital
stay compared with controls (P < 0.05). Resting energy expendi-
ture was significantly decreased in the propranolol group when
compared with controls at discharge (P < 0.05). Infection rates on
admission were the same for both groups (17% propranolol vs
22% control). The incidence of infection throughout hospital
course was significantly lower in the propranolol group (60%)
compared with controls (87%) (P < 0.05). Propranolol significantly
increased IGF-I, IGFBP-3, GH, and prealbumin, while it
significantly decreased CRP and fatty acids (P < 0.05).
Conclusions Following a severe burn, propranolol attenuates
infections, inflammatory markers and fatty acid levels while
improving cardiac work and endogenous anabolic hormone levels.
We suggest that propranolol is a safe and efficacious modulator of
the postburn response.

P153

Early enteral immunonutrition following gastric and
oesophageal surgery

S Vukosavljevic, T Randjelovic, D Pavlovic, J Danojlic
KBC ‘Bezanijska Kosa’ Beograd, Belgrade, Serbia
Critical Care 2007, 11(Suppl 2):P153 (doi: 10.1186/cc5313)

Introduction The study investigates the effect of early enteral
immunonutrition on patient recovery after extensive elective surgery
in the upper abdomen [1,2]. It investigates the speed of patient
recovery administering early enteral immunonutrition combined
with total parenteral nutrition [3].
Materials and methods The total of 40 patients who had
undergone this type of surgery were involved in this study. Near the
end of the surgery procedure a percutaneous jejunostomy was
performed in 20 patients (G1), and enteral nutrition started on the
first postoperative day with small doses of immunonutrient
(Reconvan) 10 ml/hour. After every 12 hours the tolerance was
estimated (abdominal distension, diarrhoea, vomiting). After every
24 hours the immunonutrient dose was increased by 20 ml/hour
until we reached the maximum of 80 ml/hour. In the first three
postoperative days the patients were also administered total
parenteral nutrition, and after that only enteral nutrition. The other
group of 20 patients (G2) was administered only parenteral
nutrition from the first postoperative day. Preoperatively, every
patient was measured for body weight, body height and body mass
index, and using laboratory tests we established the levels of
albumin, transferine, blood urea nitrogen and creatinine. On the
third and ninth postoperative days we repeated the same
laboratory tests, and measured the daily loss of nitrogen by
excretion of urea in urine.
Results and discussion Patient recovery was faster in G1. The
average patient stay in ICU was 5 ± 1 days (G1) vs 10 ± 2 days
(G2). The average hospital stay was 22 ± 3 days (G1) vs 29 ± 5
days. Peristalsis was detected on the third day as an average (G1)
vs 4.5 days (G2). A decrease in pulmonary complications was
achieved in G1 (one pleural effusion) vs G2 (eight pleural
effusions). Laboratory tests show that patients in G1 are in lower
catabolism compared with G2 patients.
Conclusion Early enteral immunonutrition through jejunostomy is
an efficient and safe method of patient nutrition with fewer
postoperative complications, and also accounts for a hospital cost
decrease of 50%.
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Feasibility of the REDOXS study – reducing deaths due to
oxidative stress: a randomized pilot trial of glutamine and
antioxidant supplementation in critically ill patients
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Critical Care 2007, 11(Suppl 2):P154 (doi: 10.1186/cc5314)

Introduction A large randomized trial is needed to evaluate the
safety and efficacy of glutamine (GLN) and antioxidant (AOX)
supplements. However, high doses of such nutrients via enteral
and parenteral routes early in the course of critical illness is often
interrupted by high illness acuity and other treatment priorities. The
purpose of this pilot trial was to evaluate the feasibility of delivering
high-dose GLN and AOX supplements early on in the course of
critical illness, and to estimate recruitment for the larger REDOXS
study.
Methods In six Canadian centers, using a 2 x 2 factorial design,
we randomized mechanically ventilated adults who had two or
more organ failures within 24 hours of ICU admission to one of four
groups: (1) GLN (0.35 g/kg/day i.v. plus 30 g enterally), (2) AOX
(500 µg selenium i.v. and 300 µg selenium, 20 mg zinc, 10 mg
β-carotene, 500 mg vitamin E, and 1,500 mg vitamin C enterally),
(3) both AOX + GLN, and (4) placebo. Supplementation was
continued for a minimum of 5 days up to 28 days and was
provided independent of nutrition support. We recorded the time
from ICU admission to randomization, the time to start of
supplements and nutrition support parameters.
Results From April 2005 to April 2006, 80 patients were
randomized (average 2.1/site/month). The median time from ICU
admission to randomization was 18.2 hours (range 11.6–21.1 hours).
All patients received parenteral supplements, the median (range)
time to start was 2.7 hours (2.0–3.8 hours) and 78/80 (98%)
received enteral supplements with a median (range) of 2.6 hours
(1.9–4.5 hours) from randomization. The mean duration of
supplements was 11.1 days (enteral) and 12.2 days (parenteral).
The mean volumes of enteral and parenteral supplements received
were 84% (range 45–102%) and 93% (range 54–100%)
prescribed volumes, respectively. The average prescribed energy
and protein intakes were 1,802 kcal/day and 86 g protein/day but
the average daily percentage energy and protein received from
nutrition support was only 65% (range 4–95%) and 62% (range
2–97%) of that prescribed, respectively.
Conclusion In critically ill patients with organ failure we provided
adequate amounts of study supplements via both enteral and
parenteral routes in the early phases of acute illness, independent
of nutrition support. We estimated recruitment of at least two
patients/site/month for our future trial.
Acknowledgements This study was supported by grants from the
Canadian Institutes of Health Research and Fresenius-Kabi,
Germany.
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laboratory parameters and prognosis in critically ill
patients
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Introduction Standard selenium (Se) substitution (30–75 µg/day;
0.4–0.9 µmol/l) in the critically ill is not sufficient for a sustained
plasma level (0.58–1.82 µmol/l; 46–143 µg/l). Standard Se
substitution keeps the plasma level in the range 0.28–0.42 µmol/l.
High-dose Se substitution correlated with a decrease in mortality
of patients with SIRS. The influence of high-dose substitution on
selected parameters, MAP and mortality in the critically ill were
evaluated in a prospective randomized clinical trial.
Methods One hundred and twenty-three patients (78 males, 45
females, median age 62.7 and 60 years, respectively) were
randomized into group A (SOFA 19.27) and group B (SOFA
10.23). Group A received standard Se substitution: 30–75 µg
NaSelenite i.v./day. Group B received high-dose Se substitution
according to a protocol: 1,000 µg at day 1, followed with 500 µg
at days 2–14 of NaSelenite i.v. The plasma levels of Se,
prealbumin, albumin, CRP, PCT, cholesterol, gluthathionperoxidase
GSHPx, D-dimer, creatinine clearance and leucocytes were
examined daily. MAP trends and 28-day mortality were evaluated
as clinical markers.
Results The Se plasma level was significantly higher in high-dose
Se-substituted patients (0.56 µmol/l vs 0.88 µmol/l, P < 0.001).
GSHPx was significantly higher in high-dose Se-substituted
patients (4,864 U/l vs 6,097 U/l, P < 0.001). No significant
differences were found in the level of albumin, prealbumin, CRP,
PCT, leucocytes, fibrinogen, cholesterol, D-dimer and creatinine
clearance and MAP. The 28-day mortality was lower in a high-dose
Se-substituted patients (33% vs 37%), but not significantly.
Conclusion The critically ill have an increased demand for Se,
which is essential for synthesis of Se enzymes and Se proteins.
The increased demand for Se is not covered by standard
substitution. High-dose Se substitution (500–1,000 µg/day)
normalizes its plasma level and increases the GSHPx plasma level.
High-dose Se substitution has no adverse reactions. The decrease
of 28-day mortality in high-dose Se-substituted patients is not
significant. The trial on high-dose Se substitution further continues.
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Magnesium deficiency in the surgical intensive care unit

W Salem
National Cancer Institute, Cairo, Egypt
Critical Care 2007, 11(Suppl 2):P156 (doi: 10.1186/cc5316)

Introduction Magnesium (Mg) deficiency is a common and yet
underdiagnosed problem. Mg deficiency has been demonstrated in
50% of all ICU patients. These patients have significantly higher
morbidity and mortality rate. The aim of this work was to detect the
presence of Mg deficiency using a Mg loading test and to evaluate
the safety and efficacy of Mg replacement therapy in cancer
patients after major gut surgery.
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Methods Sixty adult patients admitted to the ICU after major GIT
surgery were enrolled in the study, on the basis of a documented
Mg serum level < 0.8 mmol/l on arrival at the ICU. Exclusion criteria
were cardiac disease, liver dysfunction or serum creatinine > 1.3.
Patients were randomly allocated to one of two groups: the Mg
group received 20 mmol (5 g) Mg sulfate, infused daily over
6 hours for 3 days; and a control group received an equivalent
amount of 5% dextrose. In the Mg group the next scheduled dose
of MgSO4 was held if a serum magnesium level > 1.1 mmol/l,
hypotension or bradycardia was recorded. Baseline and daily
measurements of serum Mg, potassium, sodium, calcium and
creatinine were done. Twenty-four-hour urine collection was used
to determine the total urinary excretion of Mg. The net Mg balance
(total Mg given – total urine Mg) was calculated. In the Mg group,
Mg-deficient patients (retainers) who excreted < 70% of the Mg
given ((urine Mg in mmol / daily Mg given) x 100) and Mg
nondeficient patients (nonretainers) who excreted > 70% of the
total Mg given were recorded.
Results Patients in the Mg group showed a statistically significant
increase in mean serum Mg at days 1, 2, and 3 compared with the
control group and with day 0 (0.73 ± 0.1, 0.81 ± 0.17, 0.8 ± 0.1,
and 0.85 ± 0.11 mmol/l at days 0, 1, 2, and 3, respectively). The
mean total amount of Mg given, the mean total urine Mg excretion
and the net Mg balance were significantly higher in the Mg group
compared with the control group (58 ± 0.17 vs 11.3 ± 2.8 mmol,
P > 0.001; 34.0 ± 2.7 vs 15.5 ± 3.8 mmol, P > 0.001; 25.6 ± 1.65
vs 5.2 ± 0.93 mmol, P > 0.001). In the Mg group, the numbers of
Mg retainer patients were 24 patients on day 1, 21 on day 2 and
nine patients on day 3. Mg nonretainer patients were six patients
on day 1, nine on day 2 and 21 patients on day 3. Patients in the
Mg group showed better haemodynamic stability and fewer
ventricular arrhythmias.
Conclusion Mg deficiency is common in ICU patients. Mg sulfate
administered according to the above regimen is safe. Early
treatment of Mg deficiency significantly increased the serum Mg
level and provided a better magnesium, potassium and calcium
balance, resulting in a shorter ICU stay.

P157

Parenteral nutrition in the intensive care unit: can we
deliver better care to our patients? Preliminary results
from a multicenter, prospective, cohort study
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Introduction Nutrition therapy is an integrant aspect of ICU
support and can influence outcomes. A delay to starting nutrition
support after 24 hours of ICU admission is associated with
increased morbidity and mortality [1], and certain lipid emulsions
can exacerbate the inflammatory cascade. For an appropriate
evaluation of the impact of these and other recent research
findings, information regarding the use of parenteral nutrition (PN)
in the ICU is needed.
Methods This is the interim analysis of a multicenter, prospective,
cohort study aimed to obtain information regarding the use of PN.
Data were collected during 3 months from ICU patients over
18 years of age on the use of PN in 20 adult ICUs in Brazil using a
web-based clinical research form.

Results One hundred and sixty-six patients were included in this
analysis. Among the main results, 63.69% were males and
77.78% were considered malnourished. The mean SOFA score
was 6.21, with a mean APACHE II score of 19.39. In total, 97.23%
of the PN used in Brazil were manufactured by third-party
companies and this was associated with a significant delay in the
beginning of the infusion (median time 29.76 hours), and elevated
in-ICU (50%) and inhospital (55.17%) mortality rates. A total
24.29% of the patients were immunosuppressed. The most used
lipid source was long-chain triglycerides/medium-chain triglycerides
(80.69%).
Conclusions The use of PN in Brazil is associated with a
significant delay in the start of infusion and high mortality rates. The
most used lipid emulsion (long-chain triglycerides/medium-chain
triglycerides) has been associated with more apoptosis [2] and
compromised lymphocyte proliferation [3]. The overall findings of
these study indicate that strategies to reduce the delay in start of
PN and the use of better lipid sources must be adopted to provide
better assistance for patients in need of PN in Brazil.
Acknowledgement Supported by a research grant from Baxter
Hospitalar Ltda.
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catheterization
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Introduction Ultrasound (US) significantly facilitates central
venous catheterization, reducing the percentage of failure, the
percentage of accidental arterial puncture, and the percentage of
complications (haematoma, haemothorax, pneumothorax).
Nonetheless, it is not clear whether US guidance (USG) (so-called
‘dynamic’ or ‘real-time’ US techniques: that is, venipuncture under
direct US control) may be better than US assistance (USA) (so-
called ‘static’ or ‘indirect’ US techniques: that is, US imaging of the
vein, with or without skin marking, and then blind venipuncture).
Methods From February 2005 to September 2006, our CVC Team
adopted the following protocol for internal jugular vein (IJV)
catheterization: (a) both IJVs were evaluated to assess position,
dimensions, and other features known to affect the risk of
catheterization; (b) then, a decision was made whether to continue
with USA or USG; (c) the IJV was accessed via the low lateral
Jernigan approach; (d) after two failed USA attempts, USG
venipuncture was adopted; (d) when IJVs were not available, USG
venipuncture of other central veins was the second choice; and (e)
fluoroscopy was used only in paediatric patients, but all patients had a
postoperative chest X-ray to rule out pneumothorax and malposition.
Results In 20 months, 821 central venous catheters (CVCs) were
inserted in adults (181 short-term CVC + 218 tunnelled + 316
ports) and in paediatric patients (age range 20 days–13 years,
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average 5.5 years: 20 short-term + 84 tunnelled + two ports). In
adults, the procedure started as USA in 522 and as USG in 299
cases: a shift from USA to USG was necessary in 8%. USG was
the first choice in all paediatric cases. The IJV was successfully
cannulated in most adult patients, with very few exceptions
(innominate vein in 12 cases, axillary vein in two cases, femoral vein
in one case, all by USG). In one paediatric patient, the CVC was
inserted in the subclavian vein, via a supraclavicular USG
approach. Complications were: failure 0%; pneumothorax 0%;
haemothorax 0%; accidental arterial puncture 1.1% (1.7% USA vs
0.3% USG); haematoma 0.4% (only for USA); malposition (0.8%,
exclusively with the left IJV).
Conclusion In conclusion, (a) we had a minimal incidence of
complications, (b) USG was associated with a relevant reduction
of the risk of accidental arterial puncture and haematoma, if
compared with USA, and (c) choosing the left IJV was associated
with a higher risk of malposition.

P159

Advantages of ultrasound-guided peripherally inserted
venous access (PICC and midline catheters) in critically ill
patients

M Pittiruti, G Scoppettuolo, A LaGreca
Catholic University Hospital, Roma, Italy
Critical Care 2007, 11(Suppl 2):P159 (doi: 10.1186/cc5319)

Introduction In the critically ill, a reliable peripheral or central
venous access is of paramount importance. Nonetheless, access
may be difficult or may carry a significant risk of complications
(pneumothorax, central line infection, etc.). Peripherally inserted
venous catheters – either central (PICC) or peripheral (midline
catheters (MC)) – are associated with a low risk of catheter-related
bacteremia; also, using the ultrasound guidance and the micro-
introducer technique (UG + MIT), they can be inserted in any
patient, regardless of the availability of superficial veins.
We have reviewed our experience of 56 peripherally inserted
catheters in 53 patients in different ICUs (surgical ICU, trauma unit,
coronary unit, neurosurgical ICU, stroke unit, pediatric ICU, etc.);
all catheters were positioned at the mid-arm, in the basilic vein or in
the brachial veins, using UG + MIT. We assessed the feasibility of
this technique in the acutely ill and the rate of complications.
Methods and results We inserted 16 PICC and 40 MC in
patients requiring prolonged venous access (estimated >15 days);
nine were septic, six had coagulopathy, 21 had tracheostomy. We
used both silicone and polyurethane 4 Fr catheters. Procedures
were performed by a team of trained physicians and nurses.
Catheter insertion was easy in most cases, and immediate
complications were few (no failure; one hematoma; no arterial or
nerve injury). Late complications were: one local infection; three
thrombosis (two requiring removal); four cases of damage of the
external catheter (due to poor nursing or to inappropriate use of
the catheter during rx procedures), all easily repaired; one
dislocation; no catheter occlusion; no catheter-related bacteremia.
Most catheters stayed in place for a prolonged time (range 9–65
days, median 19 days); only three were removed because of
complications.
Conclusion Our experience with PICC and MC was characterized
by an extremely low rate of infective and thrombotic complications.
Venous access was achieved in any patient, even with limited
availability of peripheral veins. The use of US-inserted PICC and
MC should be considered when central access is not advisable or
is contraindicated.

P160

A comparison between ultrasound-guided central venous
line placement and an anatomical landmark technique

M Soliman, K Ismail
Department of Anaesthesia & Intensive Care Medicine, The Mid
Yorkshire Hospitals, UK
Critical Care 2007, 11(Suppl 2):P160 (doi: 10.1186/cc5320)

Introduction Ultrasound has been introduced in the insertion of
central venous lines to reduce the complications associated with
the conventional landmark technique [1]. We compared both
techniques; we noted the number of attempts, the duration of
insertion and complications.
Methods Thirty patients were randomly selected, from the
operating theatre and ICU, who required placement of a central
venous catheter. The central venous catheter placement was
performed by two experienced anaesthetists with more than
6 years experience in anaesthesia and intensive care. In 15 patients
the internal jugular venous catheter placement was performed
using the external anatomical landmark technique, and in the other
15 patients the placement was under ultrasound guidance. The
duration of insertion was recorded from the moment the needle
touched the skin until insertion of the catheter and removal of the
guide wire. The numbers of attempts as well as immediate or
delayed complications were recorded.
Results The central venous catheter placement was successfully
performed from the first attempt in both groups. There were no
immediate or delayed complications noted; however, the mean
time of insertion was longer in the ultrasound-guided group
(4.55 min) compared with the external anatomical landmark group
(2 min) (Figure 1).
Discussion Some studies have been designed to evaluate
ultrasound-guided central venous catheter placement compared
with the conventional method based on external anatomical
landmarks. These studies demonstrated the superiority of
ultrasound-guided central venous line placement over the external
anatomical landmark technique. However, there was no time gain
demonstrated in ultrasound-guided placement [2]. On the other
hand, a number of studies have expressed several reservations
concerning the systematic use of ultrasound guidance for central
line placement [3]. In our patients we found that the use of
ultrasound neither altered the rate of complication nor the number
of attempts in central venous catheter placement. Also the duration
of placement of the central line catheter using the external
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anatomical landmark technique was shorter than in the ultrasound-
guided method.
Conclusion The external anatomical landmark technique in central
line placement is considered a safe method with experienced
hands. The time of insertion of a central line using the external
anatomical landmark technique was shorter than the ultrasound-
guided placement method. It is essential for all trainees to be
taught both methods for central line placement to be able to place
a central line catheter quickly and safely in emergency situations
and when an ultrasound machine is not available.
References
1. Denys BG, Uretsky BF, Reddy PS: Ultrasound-assisted can-

nulation of the internal jugular vein. A prospective com-
parison to the external landmark-guided technique.
Circulation 1993; 87:1557-1562.

2. Randolph AG, Cook DJ, Gonzales CA, Pribble CG: Ultra-
sound guidance for placement of central venous
catheters: a meta-analysis of the literature. Crit Care Med
1996, 24:2053-2058.

3. Martin MJ, Hussain, Piesman M, et al.: Is routine ultrasound
guidance for central line placement beneficial? A prospec-
tive analysis. Curr Surg 2004, 61:71-74.

P161

Continuous assessment of inspiratory resistive work during
different types of pulmonary oedema in isolated rat lungs

Y Cikirikcioglu, D Morel
University Medical Centre, Geneva, Switzerland
Critical Care 2007, 11(Suppl 2):P161 (doi: 10.1186/cc5321)

We recently demonstrated in isolated blood perfused rat lungs
subjected to i.t. LPS-induced pulmonary oedema that the
continuous measurement of inspiratory resistive work is a good
indirect indicator of progressive lung oedema [1]. Here we extend
these findings to two other types of pulmonary oedema: hydrostatic
oedema induced by elevation of the left atrial pressure, and alveolar
oedema (ALV) by infusing normal saline into the trachea at two
different infusion rates (2 and 4 ml/hour for 120 min).
See Table 1. Our results indicate that the continuous measurement
of inspiratory resistive work is a good indicator of both permeability
and hydrostatic lung oedema, but not of pure alveolar oedema
(absence of interstitial oedema).
Reference
1. Cikirikcioglu Y, Morel D: Eur Respir J 2006, 28:345s.

P162

Prevalence of respiratory support in the community – the
Surrey experience

S Burfield, L Sherrard-Smith, E Laitt, V Jamison, W Jewsbury, 
S Pambakian
Frimley Park Hospital NHS Foundation Trust, Surrey, UK
Critical Care 2007, 11(Suppl 2):P162 (doi: 10.1186/cc5322)

Introduction This study aimed to establish the prevalence of home
ventilatory and respiratory support within the catchment area of
Frimley Park Hospital in Surrey. The number of patients receiving
respiratory support at home has been increasing nationally since
1990 [1]; however, no local data exist. This trend is likely to
continue as domiciliary ventilation gains popularity for the treatment
of obstructive sleep apnoea and certain groups of COPD patients
[2].
Method A postal survey was sent out to practice managers in the
local catchment area. They were asked to provide data for: patients
on home ventilatory support for any reason, patients with long-term
tracheostomies, patients with COPD who are on home oxygen or
who you would classify as end stage, and the total number of
patients registered to the practice. This was followed up with a
telephone call approximately 2 weeks later. Many were then e-
mailed the same questionnaire. A further two telephone calls to
each practice were made as necessary in order to obtain data.
Results Out of 67 surgeries contacted, we achieved a response
rate of 65%. Thirty-three practices (49%) were able to provide
complete data, six (9%) provided partial data, and a further five
(7%) were unable or unwilling to provide any data. Twenty-three
(34%) practices did not respond. A total of 318,130 patients were
listed by the responding practices. Of these: 23 patients live with
long-term tracheostomies, a prevalence of 1 in 13,800; 65 patients
receive mechanical respiratory support at home, a prevalence of 1
in 4,900; and 207 patients receive oxygen therapy at home, a
prevalence of 1 in 1,500.
Discussion This study suggests that the Frimley Park Hospital
population of 350,000 currently contains about 100 individuals
requiring mechanical respiratory support at home. This is of
concern as currently there is no formal support for any of these
high-risk patients other than ventilator maintenance. Simple
problems precipitate hospital admission and rapidly trigger
outreach or intensive care review. The current position is clearly
unsatisfactory and must be addressed by PCTs if patient numbers
increase.
References
1. Simonds A: Eur Respir J 2003, Suppl 47:38s-46s.
2. Consensus conference report. Chest 1999, 116:521-534.
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Dynamic lung compliance Weight gain Inspiratory resistive work 
(ml/cmH2O) (g) Wet/dry lung weight ratio (ml x cmH2O)

Control (n = 6) 0.35 ± 0.06 0.54 ± 0.21 6.37 ± 0.35 0.98 ± 0.35

LPS (n = 12) 0.28 ± 0.02 4.63 ± 0.63 8.92 ± 0.21 10.45 ± 1.15

Hydrostatic (n = 7) 0.38 ± 0.06 1.97 ± 0.24 6.46 ± 0.33 1.65 ± 0.54

ALV 2 ml/hour (n = 6) 0.24 ± 0.04 2.66 ± 0.14 10.22 ± 0.60 –1.09 ± 0.54

ALV 4 ml/hour (n = 4) 0.07 ± 0.02 3.74 ± 0.79 9.08 ± 0.94 0.96 ± 1.13

Data presented as the mean ± SE after 120 minutes of isolated lung perfusion.
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Intensive care unit patients on mechanical ventilation at a
university hospital in southern Brazil: characteristics,
mortality, frequency, and mortality risk factors

L Fialkow1, R Sens1, L Sehn1, R Cardoso1, A Wolmeister1, A
Milani1, M Bozzetti2, S Vieira1, J Brauner1, A Guntzel1, M
Ficanha1, G Machado1

1Hospital de Clínicas de Porto Alegre, Brazil; 2FAMED-UFRGS,
Porto Alegre, Brazil
Critical Care 2007, 11(Suppl 2):P163 (doi: 10.1186/cc5323)

Introduction Acute respiratory failure (ARF) is a frequent cause of
admission to ICUs and frequently necessitates mechanical
ventilation (MV). Knowledge about the frequency and risk factors
associated with requirements for MV is crucial to improve
outcomes. The objectives of our study were to determine the
characteristics, frequency of MV, overall and specific mortality
rates and mortality risk factors in patients who required MV in the
ICU of a general university hospital in southern Brazil.
Methods A prospective cohort of 751 adult patients admitted to
the ICU who needed MV for at least 24 hours, between March
2004 and July 2006. Data were collected on each patient at the
inclusion in the study and on a daily basis, during the course of MV
for up to 28 days.
Results The frequency of MV was 30%; the overall and specific
mortality rates were 15% and 50%, respectively. The mean (±SD)
age was 57 ± 21 years; 52% were males; the mean APACHE II
score was 22.2 ± 8.2; 69% were medical patients; the mean
duration of MV was 11 ± 7.9 days; 93% were on invasive MV. A
multivariable analysis was performed to identify the variables
associated with death. These included sepsis (P = 0.02), MV
duration (P < 0.001), renal failure (P = 0.006) prior to MV, and the
following variables that occurred during the MV period: sepsis
(P = 0.004), acute lung injury/acute respiratory distress syndrome
(P = 0.001), renal failure (P < 0.001), haematological failure
(P = 0.02) and vasoactive drug use (P < 0.001). It should be noted
that selected ventilatory monitored variables were included in the
multivariate model. However, they were not associated with
mortality in our study sample.
Conclusions Our results indicate a frequency of patients on MV of
30% with an elevated specific mortality rate (50%). Sepsis, MV
duration, renal failure prior to MV, and sepsis, acute lung
injury/acute respiratory distress syndrome, renal failure,
haematological failure and vasoactive drug use during the MV
period are risk factors for mortality in 28 days after starting MV.
Identification of these factors may allow early interventions to
attempt to mitigate these poor outcomes.

P164

The effects of adaptive pressure ventilation–synchronised
intermittent mandatory ventilation and pressure-controlled
synchronised intermittent mandatory ventilation on
pulmonary mechanics and arterial gas analyses during
laparoscopic cholecystectomy

M Akbaba, M Tulunay, O Can, Z Alanoglu, S Yalcin
Ankara University Medical Faculty, Ankara, Turkey
Critical Care 2007, 11(Suppl 2):P164 (doi: 10.1186/cc5324)

Background Hypercapnia and elevated intraabdominal pressure
from carbon dioxide (CO2) pneumoperitoneum can adversely
affect respiratory mechanics and arterial blood gases. We tested
the hypothesis that adaptive pressure ventilation–synchronised
intermittent mandatory ventilation (APV-SIMV) may provide better

pulmonary mechanics, CO2 homeostasis and pulmonary gas
exchanges with less frequent ventilatory settings (tidal volume (TV),
respiratory rate (RR)) and lower peak inspiratory pressure (Ppeak)
and plateau pressure (Pplat) than pressure-controlled synchronised
intermittent mandatory ventilation (P-SIMV) in patients undergoing
laparocopic cholecystectomy (LP).
Method The study group consisted of 40 patients (APV-SIMV
n = 20, P-SIMV n = 20). LP was performed under total intravenous
anesthesia. After induction of anesthesia, a RR of 12 breaths/
minute, and an inspiratory:expiratory rate of 1:2 and PEEP of
6 cmH2O were set for both groups. APV-SIMV was started with a
target TV of 8 ml/kg. P-SIMV was started with the inspiratory
pressure (Pins) that will provide 8 ml/kg TV. The settings were
changed until target parameters to maintain normocapnia and
normoxia were achieved (ETCO2 30–35 mmHg, PaCO2
35–45 mmHg and SaO2 >90%). When the target parameters
could not be achieved, the first RR was increased by 2 breaths/
minute up to 16 breaths/minute, then the volume or pressure was
titrated to induce 1 ml/kg increases in TV up to 10 ml/kg. The initial
FiO2 was set to 50%. FiO2 was increased with increments when
the SaO2 fell below 90%. PaO2/FiO2, static compliance, VD/VT,
Ppeak and Pplat, ETCO2, inspiratory and expiratory resistances, and
arterial blood gas analysis were recorded before, during and after
pneumoperitoneum. Statistical analysis were carried out using the
chi-square test, paired test and independent samples test when
appropriate.
Results Demographic data were similar between groups.
Pneumoperitoneum caused significant decreases in static
compliance and arterial pH, and increases in Ppeak and Pplat, VD/VT
and ETCO2 in both groups. However, APV-SIMV resulted in fewer
setting changes, lower peak and plateau pressures, VD/VT, and
ETCO2 levels when compared with P-SIMV (P < 0.025).
Conclusion APV-SIMV may provide better results then
conventional P-SIMV in patients undergoing LP.

P165

The influence of cycling-off criteria and pressure support
slope on the respiratory and hemodynamic variables in
intensive care unit patients

T Correa, R Passos, S Kanda, C Tanigushi, C Hoelz, J Bastos,
G Janot, E Meyer, C Barbas
Hospital Israelita Albert Einstein, São Paulo, Brazil
Critical Care 2007, 11(Suppl 2):P165 (doi: 10.1186/cc5325)

Introduction Modern mechanical ventilators allow changes in the
flow cycling-off criteria and the pressure slope during pressure
support ventilation (PSV). Changes in the cycling-off flow criteria of
PSV can modify the expiratory synchrony between the mechanical
and neural inspiration termination. The influences of the slope
changes on the respiratory parameters in ICU patients are still
under investigation.
Objectives To compare the effects of two different flow cycling-off
criteria and the effects of two different pressure slopes (150 ms or
300 ms) of PSV on the respiratory parameters of ICU mechanically
ventilated patients.
Methods We prospectively evaluated 20 intubated and mechanically
ventilated adult ICU patients recovering from acute respiratory failure
who could be comfortably ventilated on pressure support mode
(PSV) with pressure support of 15 cmH2O, PEEP of 5 cmH2O and
FIO2 of 40%. Patients were ventilated on PSV, with 25% and 40%
of peak expiratory flow cycling criteria, and were submitted to
150 ms and 300 ms pressure slope delay. We evaluated the
respiratory rate, expiratory tidal volume, minute ventilation, VCO2,
VTCO2, ETCO2, mean arterial pressure (MAP), heart rate and SpO2.
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Results Comparisons between different slope and cycling-off
values did not result in any statistically significant changes for the
evaluated variables (Table 1).
Conclusion Changes in cycling-off criteria from 25% to 40% of
the peak flow and on the pressure slope from 150 ms to 300 ms
do not affect other respiratory and hemodynamic variables in
mechanically ventilated patients.

P166

AUTOPILOT-BT: an approach towards automatic
mechanical ventilation

S Lozano1, K Moeller1, C Stahl2, J Guttmann2

1Furtwangen University, Villingen-Schwenningen, Germany;
2University of Freiburg, Germany
Critical Care 2007, 11(Suppl 2):P166 (doi: 10.1186/cc5326)

Introduction The clinical use of ventilators is limited due to a huge
variety of different ventilation methods. The clinician – often under
high cognitive load from the complicated technical equipment on an
ICU – just uses a small subset of available parameter settings. The
aim of the present study was to develop a closed-loop ventilation
controller based on mathematical models and fuzzy logic.
Methods The system was designed to track a desired end-tidal
CO2 pressure (PaCO2), to find a PEEP leading to maximum
estimated respiratory system compliance and to maintain the
arterial oxygen saturation (SaO2) at an optimal level. We developed
a program in LabView (National Instruments, Austin, TX, USA) on a
laptop that is able to read the internal data of a ventilator (Evita 4;
Dräger Medical, Germany) in real time. Respiratory signals (for
example, SaO2) are acquired from monitoring. Discrete measure-
ments (for example, PaO2) are either assumed constant until next
measurement or are interpolated using a model-based approach

evaluating, for example, the etCO2 data. The course of etCO2
following the setting of optimal frequency was evaluated to
calculate the time required for equilibration of etCO2.
Results A module automating the initial settings of the ventilator
according to local ICU rules is realized. Modules were added that
optimize breathing frequency with respect to PaCO2/etCO2 and
FiO2 according to SO2 whenever no PaO2 is available. A lung
simulator (Michigan Instruments Inc., Grand Rapids, MI, USA)
connected with the LS4000 (Dräger Medical) was used to
evaluate the system. Exemplary results are presented in the figures,
which show the minute volume/etCO2 relationship (Figure 1) and a
parametric fit of etCO2 data (Figure 2). The adjustment of the
frequency is based on the current etCO2 model.
Conclusion Automation is a ‘sine qua non’ to achieve optimal
patient individualized ventilation support. Our system is enabled to
evaluate a therapeutic strategy and to base the settings of the
ventilator on current trends/drifts observed in the data.

P167

The impact of noninvasive versus invasive mechanical
ventilatory support on survival in hematological patients
with acute respiratory failure

P Depuydt, D Benoit, C Roosens, O Fritz, L Noens, J Decruyenaere
Ghent University Hospital, Ghent, Belgium
Critical Care 2007, 11(Suppl 2):P167 (doi: 10.1186/cc5327)

Objective To assess the impact on ICU survival of noninvasive
(NIPPV) versus invasive mechanical ventilation (IPPV) as the initial
ventilatory mode in hematological patients with acute respiratory
failure.
Design A retrospective evaluation of a prospectively followed
cohort of 277 hematological patients ventilated at the ICU of a
tertiary care hospital between January 1997 and June 2006.
Results NIPPV was the initial ventilatory mode in 56 patients. ICU
mortality in patients with initial NIPPV versus IPPV was 62.9% and

Available online http://ccforum.com/supplements/11/S2

Table 1 (abstract P165)

Respiratory Tidal Minute volume
Slope Heart rate SpO2 Cycling-off (%) rate volume (ml) (l/min) VCO2 VTCO2 ETCO2 MAP

0.15 83.4 98.8 25 18.2 587.5 10.6 193.6 11.2 27.8 96.4

0.15 83.9 98.8 40 19.2 560.7 10.0 183.7 10.88 28 96.2

0.30 83.6 98.7 25 19.4 588.4 10.5 192.8 11.54 28 98.2

0.30 83.6 98.9 40 19.7 565.2 10.2 187.8 10.61 28.2 97.7

Figure 1 (abstract P166)

Minute volume/etCO2 relationship.

Figure 2 (abstract P166)

Parametric fit of etCO2 data.
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62.5%, respectively (P = 0.99), but SAPS II at ICU admission was
lower in NIPPV patients (45 ± 15 vs 60 ± 18, P < 0.001). NIPPV
was the sole mode of ventilation in 15 patients and was followed
by IPPV in 41 patients (NIPPV–IPPV). ICU mortality in sole NIPPV
patients was 35% compared with 76% in NIPPV–IPPV patients. In
a multivariable analysis, the ICU mortality of ventilated patients was
associated with SAPS II at admission (OR 1.029, CI 1.009–1.048,
P = 0.003), NIPPV–IPPV (OR 2.73, CI 1.1–6.8, P = 0.03), and
bacterial infection (OR 0.39; CI 0.21–0.73, P = 0.003). The mean
change of SOFA between day 1 and day 5 was 0 (±2.6) in NIPPV
patients (n = 33) compared with –1.6 (±4.3) in IPPV patients
(n = 87) (P = 0.001) surviving beyond 5 days of ICU admission
(Figure 1).
Conclusion NIPPV was not associated with better outcome in our
population of hematological patients with acute respiratory failure.
NIPPV followed by IPPV was an independent predictor of mortality.

P168

Physiological variables predictive of survival in patients
with acute type II respiratory failure on noninvasive
ventilation

N Salahuddin, M Naeem, S Khan
Aga Khan University & Hospital, Karachi, Pakistan
Critical Care 2007, 11(Suppl 2):P168 (doi: 10.1186/cc5328)

Introduction There are very few data available from the Indian
subcontinent regarding the use of noninvasive ventilation (NIV). We
carried out this study to determine variables that could be used in
the emergency room to predict survival in patients placed on NIV.
Methods This was a prospective, observational cohort study
carried out from 2001 to 2005 on all patients presenting with
acute type II respiratory failure and meeting criteria for NIV use. NIV
was started in the emergency room at settings that were titrated
according to arterial blood gases. Univariate and multivariate
regression analysis was used to determine the effect on survival.
P < 0.05 was considered statistically significant. The software
used was SPSS 11.
Results The total number of patients enrolled was 119; 52.9%
were males, 47.1% were females. The mean age was 63.3 years
(±11.9). The most common cause of respiratory failure was COPD
in 91.6%. A total of 56.3% patients were stuporus at presentation,
and 7.5% fulfilled criteria for severe sepsis. There was no

statistically significant difference between the baseline
characteristics of the groups that survived or died. The overall
survival rate for patients placed on NIV was 76.5%, the intubation
rate was 12.6% and the length of hospitalization was 11.4 days
(±10.9). Statistically significant improvements in pH and PaCO2
occurred at 24 hours and 48 hours of NIV usage, compared with
baseline (7.28 vs 7.37, P < 0.001; 74.2 vs 65.4, P = 0.003)
(Figures 1 and 2). There was no significant change in PaO2. The
variables predicting survival were age (62.1 ± 12.5 years,
67.8 ± 8.7 years, P = 0.025), serum creatinine (1.1 ± 0.5 mg/dl,
1.7 ± 0.8 mg/dl, P = 0.002), pH at baseline (7.31 ± 0.09,
7.25 ± 0.9, P = 0.005), HCO3 at baseline (36.1 ± 7.5 mEq/l,
32.4 ± 9.3 mEq/l, P = 0.032), pH at 48 hours (7.39 ± 0.07, 7.33
± 0.06, P = 0.002), and need for endotracheal intubation (10%,
21%, P < 0.05).
Conclusion NIV improves outcomes in our setting. Physiological
variables and the need for intubation can predict an improved
survival in these patients.
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Rapid shallow breathing index – a key predictor for
noninvasive ventilation

J Crawford1, R Otero1, M Donnino2, J Garcia1, R Khazal1, T Lenoir1

1Henry Ford Hospital, Detroit, MI, USA; 2Beth Israel Deaconess
Medical Center, Boston, MA, USA
Critical Care 2007, 11(Suppl 2):P169 (doi: 10.1186/cc5329)

Introduction The rapid shallow breathing index (RSBI) is the ratio
determined by the frequency (f) divided by the tidal volume (VT).
An RSBI <105 has been widely accepted by healthcare
professionals as a criteria for weaning to extubation and has been
integrated into most mechanical ventilation weaning protocols. We
hypothesized that the converse of using the RSBI for weaning
might be useful in predicting the need for noninvasive ventilation.
Advancements in technology have made it easier to accurately
attain bedside RSBI measurements. The purpose of this study was
to ascertain a threshold value of RSBI that could predict the need
for noninvasive ventilation (NIV) in patients presenting with acute
respiratory distress to the critical care area (Cat 1) in the
emergency department.
Methods This was a blinded, observational cohort trial that was
approved by the Henry Ford Hospital Institutional Review Board.
Henry Ford Hospital is an urban, tertiary institution in Detroit,
Michigan with an emergency department census of 95,000 patient
visits per year. Inclusion criteria: patients > 18 years of age triaged
to Cat 1 with acute respiratory distress and for whom the decision
to intubate, use NIV or discharge the patient had not been
decided. Exclusion criteria: immediate intubation, NIV, or discharge
from Cat 1. Baseline demographics and vital signs were collected
prior to the initiation of the trial (Figure 1). The CO2SMO Plus! with
the ETCO2/flow sensor was used for obtaining bedside
measurements. Patients would breathe through the ETCO2/flow
sensor for 60 seconds with nose clips.
Results The threshold value for RSBI that discriminated best
between no NIV and the need for NIV was determined in 61
patients. Thirty-five patients who did not require ventilatory support
had a mean RSBI of 105, and 26 patients with NIV had a mean
RSBI of 222 (P = 0.0001). A receiver-operating-characteristic
curve was constructed based upon the dataset in increments of 10
for the RSBI (Figure 2). An RSBI > 120 yielded a sensitivity of
0.81 and a specificity of 0.74 for determining the need for NIV. A
likelihood ratio positive (LR+) of 3.14 further illustrates the
formidable predictive value of the 120 RSBI.

Conclusion A RSBI of 120 or greater, as reflected by f/VT ratio,
may be a predictor of when NIV support should be considered.
Further prospective randomized studies are needed to validate the
value of 120.

P170

Is threshold useful in accelerating weaning from
mechanical ventilation?

S Vieira1, R Condessa1, J Brauner1, A Saul1, A Silva1, M Silva1,
L Borges2, M Moura1, M Alves1, F Kutchak1, L Biz1, C Dieterich1

1Hospital de Clínicas de Porto Alegre, Brazil; 2Hospital Moinhos de
Vento, Porto Alegre, Brazil
Critical Care 2007, 11(Suppl 2):P170 (doi: 10.1186/cc5330)

Introduction Threshold can be used as a physiotherapic tool in
order to increase muscle strength, and this effect can be useful in
weaning patients. However, there are still controversies considering
its advantages during weaning from mechanical ventilation (MV).
The goal of this study is to evaluate its effects in such a situation.
Methods Patients under MV for more than 48 hours and prone to
weaning were studied. They were randomized to the control group
or to the threshold group and followed daily until extubation,
tracheostomy or death. The threshold group was trained twice
daily. All cardiorespiratory variables, maximal inspiratory (PImax)
and expiratory (PEmax) pressures were registered twice daily
during the observation period. The length of weaning and success
or failure were registered. Variables were compared by analysis of
variance, Mann–Whitney U test and the chi-square test. Results
are shown as the median, mean and standard deviation or as
percentages. The significance level was P < 0.05.
Results Sixty patients were studied (52% men, mean age
64 ± 17 years, 18% with chronic obstructive pulmonary disease in
threshold group vs 15% in control group). Comparing initial versus
final cardiorespiratory variables in both groups, no important
differences were observed with exception of PImax (increased from
–33.5 ± 14.4 to –40.2 ± 13.4 cmH2O in threshold group and
changed from –37.1 ± 9.8 to –34.4 ± 9.6 cmH2O in control
group, P < 0.05) and PEmax (increased from 24.7 ± 12.7 to
29.4 ± 12.1 cmH2O in threshold group and changed from
30.9 ± 13.5 to 27.1 ± 9.4 cmH2O in control group, P < 0.05). No
reduction was observed in the length of weaning (1.87 days with
threshold versus 1.98 days in control group, P > 0.05). There was
no difference concerning weaning success (73.5% with threshold
versus 61.5% in control group, P > 0.05).
Conclusions Threshold during weaning from MV can cause an
increase in both PImax and PEmax but, at least in these preliminary
results, it was not associated with a decrease in length of weaning
or an increase in weaning success.
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Application of treatment bundles reduces days on
mechanical ventilation in critically ill patients

F Bloos1, S Müller1, A Harz1, M Gugel1, D Geil1, K Reinhart2, 
G Marx2

1University Hospital Jena, Germany; 2Friedrich-Schiller University
Jena, Germany
Critical Care 2007, 11(Suppl 2):P171 (doi: 10.1186/cc5331)

Background Reduction of time on the ventilator is a key concept
to avoid complications. Recommendations include semirecumbent
positioning (SRP) [1], low tidal volume ventilation (TV = 6 ml/kg)
[2], prophylaxis for stress ulcer (SUP) [3], and deep vein
thrombosis (DVTP) [4]. The goal of this study was to investigate
whether staff training about these treatments decreases days on
ventilation.
Methods All patients of a 50-bed ICU with mechanical ventilation
>24 hours were included. From June 2005 to September 2005
(Audit I), patients were examined daily for SRP >30°, low tidal
volume ventilation, DVTP, and SUP by an independent task force.
Afterwards, nurses and physicians were trained for the monitored
treatments. Audit II was then performed from March 2006 to June
2006.
Results One hundred and thirty-three patients (1,389 ventilator-
days) were included in Audit I, 141 patients (1,002 ventilator-days)
in Audit II. Data are expressed as the median (interquartile range)
or percentage of implementation per ventilator-days (Table 1). On
average, low tidal volume ventilation was adopted. DVTP and SUP
were well implemented without training. There was no effect on
frequency of pneumonia, ICU length of stay, or survival.

Table 1 (abstract P171)

Audit I Audit II P

APACHE II 24 (10) 25 (11) 0.387

SRP (%) 24.9 49.6 <0.001

TV (ml/kg) 6.3 (2.2) 6.4 (2.3) 0.154

DVTP (%) 89.5 91.9 0.048

SUP (%) 94.5 94.9 0.712

Days on ventilation 6.0 (13) 4.0 (7) 0.017

Conclusion SRP could be successfully improved by staff training.
Enhanced implementation was associated with reduction in days
on ventilation.
References
1. Drakulovic MB: Lancet 1999, 354:1851.
2. Amato MB: N Engl J Med 1998, 338:347.
3. Cash BD: Crit Care Med 2002, 30:S373.
4. Samama MM: N Engl J Med 1999, 341:793.
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Introduction The aim of the study was to compare the combination
of intermittent mandatory ventilation plus pressure-support ventila-
tion (SIMV+PSV) with intermittent trials of spontaneous breathing

(ITSB) using a T-tube as two methods of weaning in a surgical
ICU.
Methods A total of 104 patients who had been ventilated for more
than 48 hours in the postoperative period from October 2005 to
October 2006 were enrolled in the study. After fulfilling the
weaning checklist they were randomly assigned into two groups:
SIMV+PSV group (n = 53), and ITSB group (n = 51). In patients
assigned to the SIMV+PSV group, the ventilator rate was initially
set at 6–8 breaths/minute plus PSV of 15 cmH2O and then both
reduced, if possible, by 2 breaths/minute and 2 cmH2O each time.
Patients able to maintain adequate ventilation with SIMV of
2 breaths/minute and PSV of 5 cmH2O for at least 2 hours without
signs of distress were extubated. Patients assigned to the ITSB
group were disconnected from the ventilator and allowed to
breathe spontaneously through a T-tube circuit. The duration of the
trials was gradually increased. Between the trials, assist–control
ventilation was provided for at least 1 hour. Patients able to
breathe on their own for at least 2 hours without signs of distress
were extubated.
Results Until the first attempt was made for weaning, all patients
received assist–control ventilation because of haemodynamic
instability. The following underlying conditions were present:
chronic obstructive pulmonary disease in 67 patients,
neuromuscular disorders in nine patients, acute lung injury as a
result of surgery in 14 patients, asthma in six patients and
miscellaneous causes in eight patients. The duration of mechanical
ventilation before weaning was 2.5 ± 0.5 days in the SIMV+PSV
group vs 2.4 ± 0.4 days in the ITSB group (P = 0.02) and the
duration of weaning was 6.2 ± 0.23 hours vs 8.3 ± 0.44 hours in
the two groups, respectively (P < 0.01). Patients who remained
extubated for 48 hours were classified as having successful
extubation – the rate of successful extubation in the first 24 hours
of starting weaning was higher for the SIMV group (79.2%) than in
the ITSB group (64.7%, P < 0.01). The total duration of
mechanical ventilation was 3.3 ± 0.3 days vs 5.2 ± 1.1 days and
the ICU length of stay was 5.6 ± 1 days vs 7.5 ± 1.7 days in the
two groups, respectively (P < 0.01).
Conclusions The use of SIMV+PSV as a weaning method in the
surgical ICU lead to shorter duration of weaning, a higher rate of
successful extubation, a shorter duration of mechanical ventilation
and less ICU stay than the use of ITSB.
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Predicting successful weaning in a cohort of elderly
patients

C Corbellini, A Guntzel, C Trevisan, S Vieira
Hospital de Clinicas de Porto Alegre, Brazil
Critical Care 2007, 11(Suppl 2):P173 (doi: 10.1186/cc5333)

Introduction Aging causes structural and functional modifications
in the respiratory system. The evidence that these changes could
impair weaning in elderly patients, until now, was not clear. We
designed a protocol to study possible differences between an
adult group (AG, up to 60 years) and an elderly group (EG, >60
years) in a daily screening trial.
Methods One hundred and forty-four patients (79 EG and 65 AG)
were studied. The primary outcome was weaning success (48
hours of spontaneous ventilation after extubation). The secondary
outcome was differences in the conventional weaning predictors.
Parameters studied included: respiratory rate (f), tidal volume (VT),
frequency–tidal volume ratio (f/VT), gasometric and ventilatory
parameters. The weaning method was a spontaneous breathing
trial. Measurements were performed twice: just before the
spontaneous breathing trial (T1) and 30 minutes after (T2). The
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chi-square test, analysis of variance and t test were used in the
analysis.
Results Weaning success was 86% both in EG and AG
(P = 0.989). There were no differences in gasometric and in
ventilatory parameters between groups. Comparisons in TI and T2
in AG and EG are presented in Table 1. Sensitivities of f/VT in
T1/T2 were: for EG, 94 (86–98)/96 (89–98); for AG, 95
(86–99)/100 (94.8–100).
Conclusion The weaning success in our study is similar to that
described in other trials. Older patients showed differences in f, VT
and f/VT when compared with adults. However, there were no
differences in weaning success.
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Heart rate variability during weaning from mechanical
ventilation

A Guntzel, S Vieira, E Ferlim, R Moraes
Hospital de Clínicas de Porto Alegre, Brazil
Critical Care 2007, 11(Suppl 2):P174 (doi: 10.1186/cc5334)

Introduction Weaning from mechanical ventilation (MV) can be
associated with cardiovascular changes including elevation of
heart rate (HR) and development of arrhythmias. The behavior is
not yet known of HR variability during weaning from MV comparing
pressure support ventilation (PSV) and the T-tube (TT) in patients
with and without heart disease. The aim of this study was to
evaluate the impact on heart rate variability (HRV) in these groups
of patients during PSV and TT.
Methods Patients with (group 1, n = 8) and without (group 2,
n = 22) heart disease, under MV for at least 48 hours, were
observed during 30 minutes of PSV or TT, in a random order.
Variables analyzed were: APACHE score, length of stay in the ICU
(LOS), and cardiorespiratory variables including the HR,
respiratory rate (RR), rapid shallow breathing index (f/VT),
maximum inspiratory (PImax) and expiratory (PEmax) pressure.
Continuous ECG was recorded by the Holter method. The data of
HRV were accomplished by analysis of the frequency domain. For
statistical analyses, analysis of variance and t test were used. The
level of significance was P < 0.05.
Results Values for the APACHE score, LOS, PImax and PEmax
did not show significant differences comparing groups. The RR
was significantly higher during TT than during PSV in group 1
(25 ± 6; 20 ± 4; P < 0.01), but similar in group 2 (22 ± 5; 22 ± 5;
not significant (NS)). f/VT was significantly higher during TT in
relationship to PSV in group 1 (65 ± 35; 39 ± 17; P < 0.01), but
similar in group 2 (49 ± 19; 49 ± 22; NS). Changes in the RR
interval comparing PSV and TT were significantly different in the
entire group (0.48 ± 55; –30 ± 72; P = 0.02) as well as changes
in the HR interval (–0.3 ± 8; 8 ± 12; P < 0.001). Changes in HRV
by frequency domain were not significantly different comparing
groups 1 and 2 in PSV and TT. The high frequency was in PSV
(4 ± 21; 0.4 ± 11; NS), and in TT (–0.64 ± 12; 1 ± 12; NS). The
low frequency was in PSV (–11 ± 22; 3 ± 14; NS), and in TT
(–6 ± 17; 1.8 ± 19; NS).

Conclusion During weaning from MV, cardiac patients showed
higher RR and higher f/VT during TT when compared with PSV.
Furthermore, there were significant changes in the RR and HR
intervals in TT. However, we did not find significant changes
comparing HRV in groups, perhaps because the frequency domain
analysis had low power to verify those changes.
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Assessment of melatonin, cortisol and rest–activity rhythms
in critically ill patients weaning from mechanical ventilation

R Bourne
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Critical Care 2007, 11(Suppl 2):P175 (doi: 10.1186/cc5335)

Introduction Acute illness adversely affects a patient’s circadian
rhythms. Minimising the delayed restoration of these rhythms may
have patient benefits. The aims of this study were to investigate the
acute effects of exogenous melatonin on the rest–activity rhythms
of patients recovering from critical illness, and furthermore to
analyse the rhythms and relationship between plasma melatonin
and cortisol levels.
Methods A randomised controlled trial in 24 critically ill patients
weaning from mechanical ventilation. Ethics committee approval
was granted and all patients provided written consent. Twelve
patients in each group received placebo or 10 mg exogenous
melatonin at 21:00 hours for four nights. Twelve plasma samples
were taken periodically from the first 18 of these patients over a
24-hour period. Actigraphy was used to monitor patient activity.
Rhythm analysis of plasma levels and activity data used single
cosinor analysis and nonparametric parameters, respectively.
Results Both groups were well matched. There were no significant
differences between the groups in any of the rest–activity
measures, which were abnormal and comparable with those
previously reported [1]. There was a weak inverse correlation
between plasma melatonin and cortisol levels (r = –0.22,
P = 0.015). Seven of 18 patients had a circadian rhythm of plasma
cortisol levels, while only two patients had a normal acrophase. Four
of the nine placebo patients had a circadian rhythm of melatonin,
but only one of these had a normal amplitude and acrophase. The
plasma melatonin 24-hour area under the curve was significantly
reduced compared with healthy elderly people (128.4 (112.6;
217.0) versus 464.5 (372.5; 594.0), P < 0.001). A moderate
inverse relationship existed between the percentage plasma cortisol
rhythm and patient intradaily variability (r = –0.70, P < 0.002).
Conclusions Acute administration of exogenous melatonin did not
result in significant differences in rest–activity rhythms between the
groups. Most patients lacked circadian rhythms of plasma
melatonin and cortisol levels, which were no longer phase locked.
The amplitude of plasma melatonin levels are significantly
suppressed.
Reference
1. Vinzio S, Ruellan A, Perrin AE, et al.: Actigraphic assess-

ment of the circadian rest-activity rhythm in elderly
patients hospitalized in an acute care unit. Psychiatry Clin
Neurosci 2003, 57:53-58.
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Weaning criteria T1 AG (n = 65) T2 AG (n = 65) T1 EG (n = 79) T2 EG (n = 79)

f (breaths/min) 22 ± 59* 22 ± 5.2* 24 ± 5.5* 24 ± 5.4*

VT (ml) 560 ± 200* 550 ± 180* 470 ± 170* 480 ± 150*

f/VT 47 ± 24* 46 ± 19* 59 ± 28* 56 ± 24*

*P < 0.05 comparing AG and EG.
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Evaluation of patient parameters that predict success
using the SmartCare weaning system

P Jackson, G Mills
Royal Hallamshire Hospital, Sheffield, UK
Critical Care 2007, 11(Suppl 2):P176 (doi: 10.1186/cc5336)

Introduction Our aim was to assess the success of the SmartCare
(SC) weaning system, to see what associated factors made a
successful wean more likely. SC is a knowledge-based weaning
system integrated into the Dräger EvitaXL ventilator, designed to
optimise the ventilator settings during weaning so that patients can
be weaned as quickly as possible.
Methods The first 100 consecutive general ICU patients where
SC weaning had been attempted were identified. Patient age, sex,
APACHE score, diagnosis, worst FiO2 prior to weaning, duration
of ventilation prior to weaning, duration of weaning attempt, need
for tracheostomy and duration of stay were collected. The patients
were then subdivided into unsuccessful and successful weaning
attempts based upon whether they required subsequent ventilatory
support during the first 48 hours after their weaning ended. The
two groups were then analysed to identify the characteristics of the
patients where a successful SC wean was achieved.
Results After excluding patients whose weaning was interrupted
by transfer or a decision to withdraw treatment, we had 89
weaning attempts to analyse. These represented 43 successful (S)
and 46 unsuccessful (US) weans. Comparison of mean ± SD ages
(S 61 ± 14.3 years, US 57.3 ± 16.1 years, P = 0.28) and
APACHE scores (S 16.2 ± 4.9, US 17.7 ± 6.5, P = 0.23) for the
two groups showed no major differences. Logistic regression
demonstrated that the worst FiO2 prior to weaning and the
duration of ventilation prior to weaning were both significantly
associated with an unsuccessful SC weaning attempt (P = 0.002
and P = 0.005, respectively). ROC curve analysis suggested patients
with an FiO2 below 0.47 and a duration of ventilation prior to
weaning of below 43 hours were more likely to be successfully
weaned.
Conclusions SC proved most successful in those patients who
had a lower worst FiO2 prior to weaning and a lower duration of
ventilation prior to commencing weaning.
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Assessing the impact of introducing the ‘ventilator bundle’
on outcomes for mechanically ventilated patients

D Harrison, K Rowan
Intensive Care National Audit & Research Centre, London, UK
Critical Care 2007, 11(Suppl 2):P177 (doi: 10.1186/cc5337)

Background The concept of bundles was developed by the
Institute for Healthcare Improvement. Individual bundle elements
are built on evidence-based practice, and the bundle concept is
that when these elements are executed together they produce
better outcomes than in isolation. There is, however, limited
evidence linking the use of bundles to demonstrable changes in
patient outcomes. As a preliminary analysis to inform a multicentre
evaluation, we explored the effect of the introduction of the
‘ventilator bundle’ on the outcomes for mechanically ventilated
patients in a single critical care unit.
Methods Data were extracted for mechanically ventilated
admissions from a single unit participating in the Case Mix
Programme that was an early adopter of the ventilator bundle. A
risk prediction model was developed using data from admissions
during the 3.5 years prior to the introduction of the bundle and

applied to admissions during the 3 years since introduction to
estimate the cumulative excess mortality (observed minus expected
deaths).
Results There were 762 ventilated admissions prior to the
introduction of the bundle and 618 since. The cumulative excess
mortality plot suggested a reduction in mortality after introduction
of the bundle (Figure 1) but this was not statistically significant
(relative risk reduction 10.9%, 95% confidence interval –10.2% to
31.8%).
Interpretation The results suggest that it will be beneficial to carry
out a multicentre evaluation of the ventilator bundle in Case Mix
Programme units, and will inform the design of this study.
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Introduction Expiratory positive airway pressure (EPAP) is used as
physiotherapic tool in the management of patients after major
surgeries such as cardiac surgery but its hemodynamic effect is
not well studied. The goal of this study was to evaluate
hemodynamic changes caused by EPAP use after cardiac surgery
in patients monitored by Swan-Ganz catheter.
Methods Patients in the first or second day after cardiac surgery,
with respiratory and hemodynamic stability and with a Swan-Ganz
catheter, were included. They were evaluated at rest and after
using EPAP of 10 cm, by facial mask, in a randomized order.
Variables studied were oxygen saturation (SPO2), heart rate (HR),
respiratory rate (RR), mean arterial systemic and pulmonary
pressures (MAP and MPAP), central venous pressure (CVP),
pulmonary capillary wedge pressure (PCWP), cardiac index, stroke
index, stroke work index from left and right ventricles, and systemic
and pulmonary vascular resistance. Patients were studied as a
whole group and divided into subgroups (with ejection fraction
<50% or >50%) and values were compared with a t test and
analysis of variance. Results are shown as the mean ± standard
deviation. The significance level was P < 0.05.
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Results Twenty-eight patients were studied (22 men, mean age
68 ± 11 years). The most common surgery was myocardial
revascularization (n = 17). EPAP was well tolerated in the patients
studied. Comparing rest and EPAP periods, increases were
observed in: PCWP (11.9 ± 3.8 to 17.1 ± 4.9 mmHg, P < 0.001);
CVP (8.7 ± 4.1 to 10.9 ± 4.3 mmHg, P = 0.014); MPAP
(21.5 ± 4.2 to 26.5 ± 5.8 mmHg, P < 0.001); MAP (76 ± 10 to
80 ± 10 mmHg, P < 0.035). All other variables did not show
significant changes. These results were observed in the total group
and when divided concerning ejection fraction >50% or <50%.
Conclusions EPAP was well tolerated in this group of stable
patients after cardiac surgery and the hemodynamic changes due
to its use were an increase in the measurement of right and left
filling pressures as well as a small increase in arterial pressure.
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Predicting successful nasal continuous positive airway
pressure treatment in newborn infants: a multivariate
analysis
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2California State University, San Bernardino, CA, USA; 3Medical
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Poland; 7University of Medical Sciences, Poznan, Poland
Critical Care 2007, 11(Suppl 2):P179 (doi: 10.1186/cc5339)

Background The use of nasal continuous positive airway pressure
(nCPAP) in newborn infants is common, especially for weaning
after mechanical ventilation. We have reported on the successful
transition to the use of the infant flow method as a standard of
practice in Poland.
Objective The authors present results of multivariate logistic
regression (MLR) analysis of 481 newborns treated with the infant
flow method in an effort to improve related clinical guidance.
Methods We collected data on the baseline demographic,
physiological characteristics and outcomes of 1,299 newborns
treated with nCPAP in 57 neonatal ICUs in Poland over a 2-year
period. We conducted a stepwise MLR of 481 newborns with the
two most common indications for use. We evaluated three
outcomes: need for intubation in newborns treated electively with
nCPAP (RDS), weaning failure requiring reintubation in the
mechanically ventilated newborns (weaning), and bad outcome.
Results In the RDS group of patients we found that nCPAP failure
was highly significantly related to estimated gestational age and
clinical risk index for babies (CRIB). While in our population less
mature RDS newborns were only slightly less likely to avoid
intubation, the MLR model showed that, controlling for initial CRIB,
they were less than one-half as likely to avoid intubation. Failure of
nCPAP in weaning was highly significantly related to only pH, prior
to beginning nCPAP. Bad outcomes were highly related to
estimated gestational age and CRIB in the RDS group, but not the
weaning population.
Conclusions We believe that understanding the risk of both
nCPAP failure and also bad outcomes for a specific patient will
enhance clinical decision-making. That is, for patients with the
highest risk of poor outcome or nCPAP failure, more aggressive
use of intubation and surfactant might be warranted. Likewise,
such aggressive therapy might also be avoided for those with a
seemingly low chance of poor outcome.
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Introduction Advocates of airway pressure release ventilation
(APRV) suggest that this mode is lung-protective for patients with
ALI/ARDS, while providing additional benefits of spontaneous
breathing, including improved haemodynamics, decreased need
for sedation, and better patient comfort. However, there are few
available data on the clinical experience with APRV.
Methods We conducted a retrospective audit of consecutive
patients receiving APRV from January 2004 to August 2006 in
three academic ICUs in Toronto. APRV was initiated at the
discretion of the attending physician; a protocol guiding the
implementation of APRV was introduced in July 2006. We
recorded data describing: baseline characteristics; how APRV was
used; its potential ramifications including oxygenation and
sedation/analgesia doses; and outcomes.
Results Thirty patients, all with ALI/ARDS, received 39 trials of
APRV during the study period – median age 52 years, 60% male,
50% pulmonary ALI risk factor, median APACHE II score 28. They
had ALI for a median of 4.5 days with a median 135 hours of CMV
before APRV. They received a median of 38 hours APRV. By 12
hours, oxygenation improved significantly (P/F ratio from 103 to
159, P < 0.01), with a concomitant decrease in FiO2 requirements
(from 0.70 to 0.50, P < 0.0006). At 72 hours, the median P/F ratio
had improved to 196 on a median FiO2 of 0.40 (both P < 0.01).
Administration and dosages of sedatives (midazolam equivalents,
propofol) and analgesics (morphine equivalents) did not change
significantly over the period from 24 hours before to 24 hours after
APRV initiation. There were two episodes of barotrauma during
APRV; neither required therapeutic drainage. The 30-day mortality
was 13/30 (43%), most commonly due to multiorgan failure and
withdrawal of life-support.
Conclusions In our patients APRV use appeared safe, led to
improved oxygenation, but did not change needs for
sedation/analgesia. Future studies are needed to determine the
optimal timing and methods for ARPV use; these should be
followed by randomized trials to confirm safety and document the
effects of APRV on patient-centered outcomes.
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Importance of nonlinearities to quantify mechanical
pulmonary stress under dynamic conditions: stress index
and SLICE method
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K Moeller3, M Ranieri4, J Guttmann1

1Anästhesiologische Universitätsklinik, Freiburg, Germany;
2Kleistek, Bari, Italy; 3HFU, Villingen-Schwenningen, Germany;
4Oespedale S. Giovanni Battista, Torino, Italy
Critical Care 2007, 11(Suppl 2):P181 (doi: 10.1186/cc5341)

Introduction Recent data suggest that dynamic measurements of
respiratory mechanics should be preferred to static measurement
for lung protection [1]. The aim of this study was to analyze
similarities and differences between dynamic methods: the stress
index (SI) [2] and SLICE [3].
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Methods One hundred and two respiratory datasets from 70
patients (28 ARDS, 24 postanesthesia care, 18 other) were
analyzed. The SI and SLICE were performed using exactly the
same database (SLICE_SI) in addition to the conventional SLICE
that includes inspiratory and expiratory data (SLICE_CONV). A
compliance-based index (CSI) directly comparable with the SI was
generated from the compliance data.
Results The SI and CSI highly correlated when calculation of the
CSI was based on the same database (Figure 1). According to the
resulting regression formula (Figure 1), the SI can be reliably
predicted from SLICE_SI (Figure 2). However, if SLICE_CONV
was used for calculation of the SI (Figure 3), noticeable differences
were found. Analysis of individual datasets showed three major
reasons for the observed differences: differences in excluded data
at low volumes respective to high volumes, nonlinearity of
resistance, and differences in mechanics between inspiration and
expiration.
Conclusion The SI and SLICE similarly measure the nonlinearity of
compliance. The SI can be predicted from SLICE. However,
nonlinearities of the respiratory system are not restricted to
compliance alone; it might therefore be necessary to include
nonlinearities of resistance and asymmetries between inspiration
and expiration in the analysis of dynamic respiratory mechanics.
References
1. Stahl CA, et al.: Dynamic versus static respiratory mechan-

ics in acute lung injury and acute respiratory distress syn-
drome. Crit Care Med 2006, 34:2090-2098.

2. Ranieri VM, et al.: Pressure–time curve predicts minimally
injurious ventilatory strategy in an isolated rat lung model.
Anesthesiology 2000, 93:1320-1328.

3. Guttmann J, et al.: Determination of volume-dependent res-
piratory system mechanics in mechanically ventilated
patients using the new SLICE method. Technol Health
Care 1994, 2:175-191.
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Introduction A reduced content of biophysically active large
surfactant aggregates is a common finding in acute inflammatory
lung disease. Cyclic surface area changes and a carboxylesterase
activity (surfactant convertase) are thought to mediate this subtype
conversion. However, data concerning regulation of surfactant

convertase are scarce. We therefore investigated the expression
and activity of lung surfactant convertase and HMSE-1, a potential
macrophage-derived human convertase, under normal and acute
inflammatory conditions.
Methods Convertase activity in lavage fluid (BALF) was assessed
using the in vitro cycling assay. The relative large surfactant
aggregate content was determined by phospholipid quantification
in the pellet following centrifugation at 48,000 x g. Esterase activity
was assessed by means of a chromogenic substrate assay.
Expression of both convertase and HMSE upon LPS challenge
was assessed by real-time (TaqMan) PCR in murine alveolar
macrophages, murine primary type II cells, and the human
monocytic cell line U937, respectively.
Results Lavage fluid from ARDS patients displayed an increased
esterase activity when compared with BALF from healthy controls.
In addition, a pronounced large to small aggregate conversion was
observed for BALF from LPS-challenged mice or BALF from ARDS
patients. Incubation with LPS resulted in a significant increase in
convertase gene expression in primary mouse type II cells as well
as in HMSE-1 gene expression in U937 cells and monocytes from
peripheral blood. No convertase expression was found in cultured
murine alveolar macrophages.
Conclusions An increased convertase activity was found under
acute inflammatory conditions of the alveolar compartment, and
type II cells seem to be a relevant source of this increased
convertase activity. However, leakage of esterase activity from the
vascular space and other inflammatory cells cannot be ruled out.
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epithelium are protected against acute lung injury and
postinflammatory fibrosis
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Introduction Persistent deposition of fibrin in the distal lung is
thought to play a significant role in the pathogenesis of acute lung
injury (ALI) and postinflammatory lung fibrosis. The therapeutic
concept of the correction of the alveolar hemostatic balance,
although effective in most models, needs further improvement in
view of specific targeting of surfactant-containing alveolar fibrin
clots.
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Methods In the present study we generated transgenic mice that
express a surfactant protein B–urokinase fusion protein (SPUC) in
the distal respiratory epithelium under the control of the 3.7 kb
human SP-C promotor. Survival was determined in a lethal ALI
model (inhalative LPS administration) in SPUC mice compared
with wild-type mice of the same genetic background. Furthermore,
the outcome, lung function, collagen content and histology were
assessed in the model of bleomycin-induced pulmonary fibrosis.
Results Transgenic mice showed an improved survival after
inhalative LPS or bleomycin administration as compared with wild-
type mice. The fibrotic response to inhalative bleomycin challenge
was markedly attenuated in transgenic mice, as evident by reduced
histological appearance of fibrosis, improved pulmonary
compliance and reduced lung hydroxyproline content. As potential
underlying mechanisms for the attenuated fibrotic response we
observed an improvement in alveolar surface activity, a decrease in
pulmonary fibrin deposition, increased hepatocyte growth factor
levels and decreased gelatinase activity in the BAL fluids of
transgenic mice as compared with control animals.
Conclusions Lung-specific expression of a surfactant protein
B–urokinase fusion protein protects against ALI after inhalative
LPS challenge and prevents fibrosis associated with bleomycin-
induced lung injury.

P184

Mini-bronchoalveolar lavage with and without surfactant in
the treatment of recurrent atelectasis in pediatric intensive
care patients

M Karaman Iliãã, I Škariãã, I Kerovec
Children’s Hospital, Zagreb, Croatia
Critical Care 2007, 11(Suppl 2):P184 (doi: 10.1186/cc5344)

Introduction Since traditional treatment of atelectasis is often
insufficient to reopen the collapsed airways, mini-bronchoalveolar
lavage (mini-BAL) is performed. We retrospectively compared the
treatment effects of mini-BAL only and mini-BAL combined with
surfactant in the treatment of pediatric ICU patients with recurrent
atelectasis.
Methods A retrospective analysis included a heterogeneous group
of 18 mechanically ventilated pediatric ICU patients with recurrent
atelectasis. Nine patients (mean age, 4.4 ± 3.4 years) who received
surfactant after standard mini-BAL were compared with nine
patients (mean age, 4.7 ± 3.0 years) who underwent only standard
mini-BAL. Gas exchange and pulmonary mechanic parameters in
the two groups were compared. The peak inspiratory pressure
(PIP), positive end-expiratory pressure (PEEP), paO2/FiO2, and
partial arterial carbon dioxide pressure (paCO2) were analyzed with
3 x 2 multivariate analysis of variance, with the time of measurement
(before treatment, 6 and 12 hours after treatment) as a within-
subject factor and the type of treatment (mini-BAL only vs mini-BAL
with surfactant) as a between-subject factor.
Results The groups did not differ in age (independent sample
t test = 0.698). The parameters significantly changed with time
after treatment (Wilks’ λ = 0.027, F = 25.277, P < 0.001), and the
treatment procedures had significantly different effects (time x
treatment, Wilks’ λ = 0.103, F = 6.070, P = 0.013). A significant
univariate time–treatment interaction was not present only for
SpO2 (F(2,32) = 2.167, P = 0.629). Subsequent analyses showed
different effect of surfactant administration on PEEP compared
with mini-BAL alone. In the mini-BAL only group, PEEP changed
from 6.44 ± 1.13 cmH2O before treatment to 5.22 ± 0.83 cmH2O
6 hours after the treatment (P = 0.019), and remained the same
12 hours after the treatment. The group that received surfactant

had significantly lower PEEP values compared with the mini-BAL
only group 12 hours after the treatment (3.44 ± 0.72 before vs
5.22 ± 0.44 mmH2O after treatment, P = 0.025).
Conclusion Mini-BAL is efficient in the treatment of recurrent
atelectasis in pediatric ICU patients. Beneficial effects of surfactant
administration after mini-BAL should be confirmed prospectively in
a larger number of patients.
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Automated mechanical ventilation based on the ARDS
Network protocol in porcine acute lung injury
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1Medical University of Schleswig Holstein, Campus Lübeck,
Germany; 2Medical Information Technology, RWTH Aachen, Germany
Critical Care 2007, 11(Suppl 2):P185 (doi: 10.1186/cc5345)

Introduction The results of the ARDS Network trial [1] demon-
strated a significant reduction of mortality by using a mechanical
ventilation protocol with tidal volumes (VT) of 6 ml/kg predicated
body weight. Additionally, a computer-driven weaning protocol was
successfully performed and a reduction of mechanical ventilation
duration could be demonstrated [2]. The implementation of the
ARDS Network protocol in routine ICU practice remains modest
[3]. A possible reason is the increased organisational and temporal
burden. An automated execution of the protocol would help to
propagate its day-to-day use. To test the ability to automate such a
complex protocol, we designed a pilot study in porcine acute lung
injury using an experimental medical expert system capable of
continuously controlling respiratory parameters and global as well
as regional ventilation with electrical impedance tomography (EIT).
Methods After induction of saline lavage-induced lung injury in
pigs (n = 3), automated mechanical ventilation was initiated. The
medical expert system used a closed-loop fuzzy controller with a
rule base of if/then rules based on the ARDS Network protocol
reference card. The protocol’s algorithmic rules and therapeutic
goals (oxygenation, pH, I:E, VT) were continuously controlled and
ventilatory settings electronically adjusted accordingly. The medical
attendant personnel was constantly informed with status messages
about the decisions made. During the trial, all measurements were
made using an online blood gas monitor (TrendCare Satellite;
Diametrics Medical Inc., UK), a monitor for hemodynamic
parameters (Sirecust 1281; Siemens, Germany), a capnograph
(CO2SMO+; Respironics, Inc., USA), and an EIT prototype system
(EIT Evaluation Kit; Draeger Medical, Germany). Subjects were
ventilated for between 40 and 90 minutes.
Results The computer-driven ventilator settings could stabilise the
ventilation of the lung-injured subject in the predefined thresholds.
Compared with the beginning of the study, a reduction in
ventilation pressure and PaCO2 could be observed. Despite the
initial low PaO2/FiO2 ratio (<200 mmHg) of the subjects, FiO2
could be decreased by the system in the given time without
penetrating the thresholds for oxygenation.
Conclusion Robust execution of an automated ARDS Network
protocol with an electronically controlled ventilator is possible and
leads to pulmonary stabilisation. Further trials have to be
undertaken before this successful approach can be realised in
ARDS patients.
References
1. ARDS Network: N Engl J Med 2000, 342:1301-1308.
2. Lellouche et al.: Am J Respir Crit Care Med 2006, 174:894-

900.
3. Young et al.: Crit Care Med 2004, 32:1260-1265.
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Efficacy of prone ventilation in adult patients with acute
respiratory failure: a meta-analysis
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Background The use of prone ventilation in acute respiratory
failure has been investigated by several randomised controlled
trials in the recent past. To date there has been no systematic
review or meta-analysis of these trials.
Objectives The primary objective was to assess the efficacy of
prone ventilation in reducing mortality of adult patients with acute
respiratory failure. The secondary objective was to evaluate changes
in oxygenation, incidence of pneumonia, duration of mechanical
ventilation, ICU and hospital stay, and adverse effects including
pressure sores, endotracheal tube or intravascular catheter
complications and cost-effectiveness of using prone ventilation.
Methods A systematic literature search was performed between
1966 and July 2006 to identify randomised controlled trials
evaluating prone ventilation.
Measurements and results Of 229 studies evaluating prone
ventilation, five were suitable for inclusion. Prone ventilation was
not associated with a reduction in mortality (OR = 0.99; 95% CI =
0.74–1.30), but improvement in oxygenation was significant (mean
difference 21.2; P < 0.001). There was no significant difference in
the incidence of pneumonia, ICU stay and endotracheal tube
complications. There was a trend towards an increased incidence
of pressure sores in prone-ventilated patients. The data on duration
of mechanical ventilation, intravascular catheter complications or
hospital stay were not suitable for meta-analysis. No study reported
cost-effectiveness.
Conclusions The use of prone ventilation is associated with
improved oxygenation. It is not associated with a reduction in
mortality, pneumonia or ICU stay and may be associated with an
increased incidence of pressure sores.
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Continuous long-term prone position ventilation effects in
pulmonary acute respiratory distress syndrome patients

J Gorrasi, F Pracca, A Iturralde, L Moraes, D Fischer, M Cancela
Department of Intensive Care Medicine, University Hospital, School
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Critical Care 2007, 11(Suppl 2):P187 (doi: 10.1186/cc5347)

Introduction The optimal duration of prone position ventilation
(PPV) in acute respiratory distress syndrome (ARDS) is uncertain.
It has been pointed out that pulmonary ARDS patients respond
less than extrapulmonary ARDS patients.
Objective To study effects of continuous long-term PPV on gas
exchange, PEEP, lung injury score and multiorgan failure in
pulmonary ARDS patients.
Materials and methods The design was a prospective (cohort).
We studied 42 PPV periods in 33 pulmonary ARDS patients.
Measures were taken in the supine position before PPV and at
1 hour after PPV, and then every 6 hours until the end of PPV.
Statistical values are expressed as the median and interquartile
range. Wilcoxon and Kruskal–Wallis tests were used. P < 0.05
was considered significant.
Results The mean age was 44 (25–57) years, the initial lung injury
score (LIS) was 3.1 (2.75–3.6), and PPV was maintained for 91
(51–117) hours. The PaO2/FIO2 ratio was 125 (99–181) mmHg

before PPV and 256 (170–298) mmHg after 1 hour of PPV
(P = 0.001). This difference with the supine PaO2/FIO2 ratio was
sustained until the end of PPV. Initial values of PEEP were set at
15 (12–18) cmH2O by constructing a PEEP-compliance curve;
there were no differences in PEEP values along the study. Initial
values of PaCO2 were 47 (41–69) mmHg and there were no
significant differences along the study period. After 24 hours of
PPV, the LIS was significantly decreased in comparison with the
supine value before PPV: 3 (2.25–2.7) vs 2.5 (2.25–2.75),
P = 0.001. There were no significant complications.
Conclusions PPV had a positive effect on gas exchange even after
6 hours. This effect lasts through the PPV period. Because of its
effect on the LIS, a duration of 24 hours for continuous PPV could
be useful in this patient setting.

P188

Maximal recruitment strategy guided by thoracic CT scan
in severe acute respiratory distress syndrome patients: a
case series report
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Introduction There is great controversy concerning protective
ventilation in ARDS. Recruitment maneuvers and PEEP titration
sufficient to avoid collapse and tidal recruitment are the major
goals of the maximal recruitment strategy (MRS).
Objectives To describe clinical and demographic data. To evaluate
the incidence of complications related to transportation and to the
MRS.
Methods Forty-three patients with ARDS were transported to CT
and submitted to the MRS, which consisted of 2-minute steps of
ventilation with a fixed PCV = 15 cmH2O and progressive PEEP
levels (10–45–25–10 cmH2O), RR = 10, I:E = 1:1, and FiO2 =
1.0. Opening (recruitment) and closing (PEEP titration) pressures
were determined according to the least amount of collapse
observed at the CT, and were used to ventilate the patients
afterwards.
Results Clinical data are presented in Table 1. There were no
complications due to transportation and one patient developed
pneumomediatinum after the protocol.

Table 1 (abstract P188)

Mortality (%) 28

Age (years) 49 ± 17

APACHE II score 20 ± 6

SOFA D1 score 9.4 ± 3

SOFA D7 score 5.2 ± 4

Maximal recruitment pressure (cmH2O) 60 ± 5

Maximal PEEP day 1 (cmH2O) 25 ± 3

Maximal plateau pressure day 1 (cmH2O) 40 ± 5

PaO2/FiO2 ratio before recruitment protocol 130 ± 43

PaO2/FiO2 ratio after recruitment protocol 317 ± 99

Conclusions MRS was well tolerated in this series of patients,
rendered the gas distribution through the lung more homogeneous,
improved gas exchange and was related to low mortality. A RCT to
test the MRS is necessary.
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in detecting lung edema from high tidal volume
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Introduction High tidal volume mechanical ventilation (HTVMV)
leads to pulmonary edema from increased endothelial permeability.
The lungs show evidence of inflammation with endothelial
adhesion molecule expression, infiltrates of white blood cells and
cytokine production. In order to understand the molecular
mechanisms responsible for the pathogenesis of ventilator injury,
mouse models are beneficial but technically difficult due to the
small size of the animal. To study the time course of lung edema
formation we compared lung elastance measured by forced
oscillations with invasive methods of lung edema detection (for
example, wet–dry weight ratio and histology).
Methods C57Black6 mice were anesthetized with i.p. sodium
pentothal and paralyzed with succinylcholine. A tracheostomy was
performed and the animals were connected to a Flexivent ventilator
(Sqirec). The HTVMV group received a tidal volume of 25 ml/kg
and 33 breaths/minute for 4 hours. The control group received
7 ml/kg at 120 breaths/minute. Temperature was kept at 36–37°C
with the aid of a heated pad. The heart rate was monitored with
surface EKG electrodes. Lung elastance and tissue energy
dissipation were measured every 30 minutes using the forced
oscillation technique. At the end of the experiment a sternotomy
was performed. A ligature was placed around the right hilum and
the right lung was cut, briefly rinsed in PBS, blotted dry and
weighed. The dry weight was obtained following desiccation at
60°C for 48 hours. The left lung was inflated with 500 µl formalin
injected slowly into the tracheal canula and embedded in paraffin.
Paraffin blocks were sectioned with a microtome at 5 µm thickness
and stained with hematoxylin–eosin.
Results The wet-to-dry weight ratios rose from 4.82 ± 0.16 in
control animals to 6.34 ± 0.83 in the HTVMV group (P < 0.05,
n = 4). Light microscopic examination of histologic sections showed
mononuclear white cell infiltrates around small arteries and within
the alveolar walls of mice in the HTVMV group but not in control
mice. Elastance rose nonsignificantly during the HTVMV protocol.
Conclusions In this in vivo mouse model, high tidal volume mechanical
ventilation caused pulmonary edema and lung tissue infiltration with
white blood cells. However, measurements of lung mechanics showed
minimal changes during the course of the experiment, indicating that
they are less useful in detecting early edema.
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Introduction The analysis of the nonlinearity of respiratory
compliance to guide ventilator settings in ALI and ARDS is well

established. The pressure dependency (or volume dependency
respectively) of respiratory resistance of these patients is mostly
ignored. This study was performed to investigate the pressure
dependency of resistance in ALI and ARDS over a wide range of
pressures.
Methods Twenty-one patients with ALI or ARDS were analyzed.
Ventilation was interrupted by a respiratory manoeuvre: the volume
was increased from ZEEP in steps of 100 ml with constant
inspiratory flow until the plateau pressure reached 45 cmH2O.
Each step was followed by a hold of 3 seconds. Inspiratory
resistance during each step was determined by a least-squares
fitting procedure.
Results Resistance decreased from 10.7 ± 5.1 cmH2O·s/l at
5 cmH2O to 8.1 ± 4.0 cmH2O·s/l at 40 cmH2O (P < 0.05). Figure 1
shows individual absolute values and means ± SD of all patients.
Most of the decrease was found up to 20 cmH2O; at higher
pressures, changes were not uniform. The average relative
changes in inspiratory resistance (±SD) of all patients are shown in
Figure 2.
Conclusion Inspiratory resistance in ALI and ARDS is not
constant. Especially at higher pressures, individual resistance may
change unpredictably. The assumption of a constant resistance
should therefore be avoided.
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Introduction Alveolar microscopy seems to provide important
insight into alveolar dynamics during mechanical ventilation [1,2].
The utility of this method is limited due to high efforts needed to
evaluate sequences of images with respect to alveolar geometry.
The evaluation – done by hand – is time consuming, places a high
cognitive load on the examiner and is error prone. Reproducibility
of results is low. This project aims to establish a computer-assisted
tool that provides semi-automatic evaluation of video sequences
acquired with alveolar endoscopy.
Methods We developed a computer program based on Matlab
(Mathworks, Natick, MA, USA), which analyses video sequences
acquired with an alveolar endoscope (Schölly, Denzlingen,
Germany) [2]. The user has to provide a pointer to the alveoli that
shall be traced and whose changes in size and shape are to be
determined. Filters, smoothing splines and expectation-driven fine
tuning is performed to achieve robust and predictable results of the
intratidal change in alveolar geometry.
Results Animal studies related to alveolar mechanics during
artificial ventilation were conducted. Figure 1a shows a plot of a
frame taken from a video obtained during an experiment performed
on a healthy anesthetized rat. Overlaid circles indicate identified
boundaries of a selected alveolus. Figure 1b presents a trace of
alveolar diameter during a tidal breath. Evaluation of successive

frames allows one to compensate for motion artifacts and to
analyze the intratidal changes in alveolar geometry.
Conclusion Given a synchronization with respiratory data, this tool
will allow one to quantify pressure-related changes of alveolar size.
Thus it will allow one to monitor the alveolar distension in a variety
of animal models (for example, lavage-induced ARDS) and to
correlate these findings, for example, with outcome.
References
1. Schiller et al.: Crit Care Med 2001, 29:1049-1055.
2. Stahl CA, et al.: Crit Care 2006, 10(Suppl 1):S2.
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Introduction Alveolar recruitment and maintenance of lung volume
are important goals in the treatment of acute lung injury (ALI) and
essential for improving oxygenation. The most usual employed
strategy to achieve this goal is the use of positive end-expiratory
pressure (PEEP). Recruitment and collapse are highly dynamic
phenomena that are difficult to monitor. Dynamic effects of regional
ventilation can be monitored by electrical impedance tomography
(EIT) at the bedside [1]. We investigated the ability of EIT for
providing a useful tool to detect dynamic changes of regional
breath by breath recruitment at the bedside during an incremental
and decremental PEEP trial in experimental lung injury. In addition,
we analyzed pressure–volume (P–V) curves computed by EIT data.
Methods ALI was induced in six pigs by repetitive lung lavage.
After stabilization of the lung injury model (> 1 hour) a stepwise
PEEP trial was performed consisting of 2-minute steps of tidal
ventilation (10–30 cmH2O; 30–5 cmH2O). During the PEEP trial
subjects were ventilated pressure-controlled. Global ventilatory and
gas exchange parameters were continuously recorded. Offline we
analysed EIT data by computing the amount of breath by breath
recruitment (∆V EIT) at each pressure level before and after lung
lavage. Nondependent and dependent regions of interest were
defined in the tomograms. ∆V EIT was defined as the mean increase
or decrease in end-expiratory global impedance per breath.
Results Ventilatory parameters clearly showed a recruitment of
nonaerated lung areas at the descending part of the pressure ramp.
The shape of the P–V curve from EIT data, in particular the
increasing slope (lower level > upper level), reflected the recruitment
of poorly ventilated lung regions. The flattening of the curve at higher
pressures, especially at the upper level, reflected less amount of
recruitment but more overdistension. Regional pulmonary
recruitment/derecruitment was very high in the lower level. These
phenomena were more impressive after induced lung injury.
Conclusions Stepwise PEEP recruitment maneuvers can open
collapsed lungs and certain PEEP levels are necessary to keep the
lungs open. Monitoring of ∆V EIT is capable of detecting the
dynamic process of recruitment and derecruitment at bedside.
Plotting regional P–V curves from EIT data provides continuous
information that may be of use in determining the PEEP level to
maintain recruitment in acute lung injury.
Reference
1. Victorino et al.: Am J Respir Crit Care Med 2004, 169:791-

800.
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Introduction Acute respiratory distress syndrome is a disease
associated with high mortality. Understanding the interdependence
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of ventilator settings and respiratory mechanics is crucial for further
developments of protective lung ventilation. Up to now, the
nonlinearity of compliance has mainly been the focus of interest.
We hypothesized that airway resistance also changes intratidally.
Therefore, this study was performed to analyze the dependence of
resistance on tidal gas volume.
Methods After induction of anesthesia and tracheotomy, the lungs
of 14 surfactant-depleted piglets were ventilated at zero end-
expiratory pressure with three different tidal volumes (8, 12, 16 ml/kg)
in a randomized order. In addition, baseline measurements
(12 ml/kg) were performed before saline lavage. Before any
change of the ventilator settings a recruitment maneuver was
performed. The nonlinear intratidal airway resistance was analyzed
using the SLICE method [1].
Results Figure 1 shows the intratidal resistance before lavage
(grey) and after surfactant depletion (black) plotted against the
alveolar pressure. Each curve in the diagram represents the
intratidal course of resistance for one ventilator setting. Resistance
is increased after surfactant depletion and is intratidally declining
before and after lavage.
Conclusion The analysis of resistance shows a dependence on
intratidal volume. The nonlinear course of intratidal resistance can
be interpreted as a volume-related caliber effect leading to an
increase of cross-sectional area of the large and small airways.
Reference
1. Guttmann J, Eberhard L, Fabry B, et al.: Determination of

volume-dependent respiratory system mechanics in
mechanically ventilated patients using the new slice
method. Technol Health Care 1994, 2:175-191.
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Introduction Alveolar recruitment maneuver (ARM) using high
airway pressures has been shown to re-expand atelectasis and to
improve gas exchanges after general anesthesia; however, ARM
may lead to lung stretching-induced inflammatory response. The

objective of this study was to evaluate plasma cytokine behavior
after an ARM in healthy volunteers.
Methods After obtaining ethical committee approval and informed
consent, a basal blood sample was collected in 10 healthy
volunteers. Continuous positive airway pressure (CPAP) was
noninvasively applied (BiPAP Vision®; Respironics, USA) using a
total face mask. CPAP was increased by 3 cmH2O from 5 to
20 cmH2O every five breaths. At CPAP of 20 cmH2O, an
inspiratory pressure of 20 cmH2O above CPAP was implemented
during 10 breaths. After that, CPAP was stepwise decreased in an
inverse fashion. Pulse oximetry, arterial pressure and heart rate
were measured before and after ARM. Additional blood samples
were drawn at 30 minutes, 2 and 12 hours. TNFα, IL-1β, IL-6, IL-8,
IL-10 and IL-12 were measured by the flow cytometry technique
(Cytometric Bead Array BD™ Kit). The highest cytokine value at
30 minutes or 2 hours after ARM was considered the peak value
measurement. Data were analyzed using a paired t test and one-
way RM ANOVA. P < 0.05 was significant.
Results Four men and six women with a mean age of 26 ± 1 years
and mean BMI of 23.8 ± 3.6 kg/m2 were studied. No changes
were observed in heart rate or MAP after ARM, while pulse
oximetry increased from 97.2 ± 0.8% to 98.4 ± 0.7% (P = 0.009).
As shown in Figure 1, ARM induced a significant increase in the
peak plasma level concentration of all cytokines that returned to
basal levels within 12 hours. No adverse effects were observed
during and after ARM.
Conclusions Despite beneficial effects in reversing atelectasis,
ARM-induced lung stretching was associated with an inflammatory
response in healthy volunteers.
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Introduction Recruitment/derecruitment (R/D) seems to play an
important role in the development of VILI [1]. Many clinicians base
their determination of PEEP settings during mechanical ventilation
of ARDS/ALI patients on an estimate of alveolar recruitability [2].
This project aims to establish an online tool that provides estimates
of R/D in patients at the bedside.
Methods We developed a computer simulation of R/D based on
Matlab (Mathworks, Natick, MA, USA), which incorporates different
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approaches [1,3,4]. Our model is fitted (currently offline) to patient
data acquired during controlled mechanical ventilation. For data
acquisition the internal respiratory data of a ventilator (Evita 4;
Dräger Medical, Lübeck, Germany) is read in real time. The
simulation assumes a quantitative partition into pressure-
dependent and time-dependent recruitment. Pure pressure-related
approaches (for example [1]) are not able to describe transients
(for example, a volume shift after a change in PEEP).
Results A multistep optimization process is performed to reduce
the difference between measured data and model prediction. At
any moment during a tidal breath or during some respiratory
maneuver the current state of the model can be visualized. The
inflated volume splits up into extension of open alveoli and into
temporal or pressure-dependent recruitment. Distribution of these
compartments over time during a tidal inflation is depicted in Figure 1a.
The pressure vs time and flow vs time curves are shown in Figure 1b.
Conclusion The fitting of recruitment models provides interesting
insight into not directly observable R/D. It may be used for
monitoring trends and drifts in recruitment. Currently results rely on
certain assumptions; for example, distribution and quantity of
superimposed pressure. With modern imaging techniques (for
example, CT, EIT) a validation of the fitted models will come into
reach and will be performed as a next step.
References
1. Hickling KG: Am J Respir Crit Care Med 2001, 163:69-78.
2. Gattinoni L, et al.: N Engl J Med 2006, 354:1775-1786.
3. Bates JH, et al.: J Appl Physiol 2002, 93:705-713.
4. Möller K, et al.: Crit Care 2005, 9(Suppl 1):S44-S45.
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Introduction The aim of this study is to evaluate the efficacy of
pulmonary recruitment by the use of functional residual capacity
(FRC) measurement with the Engström Carestation FRC INview™
system (GE Healthcare), in patients with high pulmonary

recruitment range (group A) and in patients with low recruitment
range (group B).
Methods Five patients without pulmonary disease (group A)
admitted to the ICU for a postoperative course and five patients
admitted to the ICU for acute respiratory failure (group B) were
studied with the Engström Carestation FRC system based on the
evaluation of nitrogen wash-in and washout by the COVX
metabolic module. The FRC, ratio (PaO2/FiO2) and static
compliance (Cstat) are registered in three clinical steps: 1: ICU
arrival; 2: after pulmonary recruitment with high inspiratory
pressure; and 3: 3 hours after recruitment. Data are shown as the
mean ± standard deviation; intragroup variables are analyzed with
the Wilcoxon test (W), and intergroups variables are analyzed with
the Mann–Whitney test (MW). P < 0.05 is taken as statistically
significant.
Results FRC increase in group A is statistically significant (W)
(step 1: 1,525 ± 360 ml; step 2: 1,937 ± 583 ml, P < 0.05 vs step
1; step 3: 2,592 ± 659 ml, P < 0.05 vs step 2 and P < 0.01 vs step
1) while the FRC increase in group B is not significant (step 1:
1,697 ± 210 ml; step 2: 1,757 ± 367 ml; step 3: 1,982 ± 365 ml);
the FRC of group A is statistically higher than the FRC of group B
in step 2 (P < 0.05 MW) and in step 3 (P < 0.01 MW). The ratio
increase in group A is statistically significant (W) (step 1:
256 ± 133; step 2: 407 ± 187, P < 0.01 vs step 1; step 3:
379 ± 169, P < 0.05 vs step 1) while the ratio increase in group B
is not significant (step 1: 194 ± 50; step 2: 253 ± 83; step 3:
276 ± 73); the ratio of group A is statistically higher than the ratio
of group B in step 2 (P < 0.01 MW) and in step 3 (P < 0.05 MW).
The Cstat increase in both groups is not significant, but in group A
Cstat is statistically higher than Cstat of group B in every step
(P < 0.05 MW) (step 1: 38 ± 2 ml/cmH2O for group A vs
28 ± 7 ml/cmH2O for group B; step 2: 44 ± 6 ml/cmH2O vs
36 ± 8 ml/cmH2O; step 3: 47 ± 5 ml/cmH2O vs 36 ± 8 ml/cmH2O).
Conclusion With the limit of low sample size, these preliminary
data suggest that the FRC evaluation system is a good parameter
to optimize pulmonary recruitment and seems to be in a position to
overcome the Cstat limit for the evaluation of pulmonary recruitable
parenchyma.
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P197

High-frequency oscillatory ventilation for trauma patients
with acute respiratory distress syndrome who fail
conventional mechanical ventilation

F Eng, M Ferri, S Rizoli, L Tremblay
Sunnybrook Health Sciences Centre, Toronto, Canada
Critical Care 2007, 11(Suppl 2):P197 (doi: 10.1186/cc5357)

Introduction The purpose of this study is to report our clinical
experience with high-frequency oscillatory ventilation (HFOV) for
rescuing trauma patients with acute respiratory distress syndrome
(ARDS) and severe hypoxemia despite optimal conventional
ventilation. Experimental and clinical data suggest mechanical
ventilation can contribute to mortality in ARDS, and modern
ventilatory strategies require protective measures such as low tidal
volume, low airway pressure and fraction of inspired oxygen (FIO2),
which is not always possible with conventional ventilation. HFOV
could be an alternative to achieve protective ventilation and
adequate oxygenation.
Methods We retrospectively analyzed nine trauma patients who
presented with ARDS criteria and failed conventional mechanical
ventilation requiring HFOV. The mean airway pressure was initially
set 3–5 cmH2O higher than that for conventional ventilation and
was subsequently adjusted to maintain oxygen saturation >90%
and FiO2 <0.6. The PaCO2 target range was 35–60 mmHg with a
pH >7.25. We collected demographic data, injury severity scale
(ISS), APACHE II score, time to HFOV, time spent on HFOV,
ventilation settings and arterial blood gas before and after HFOV
and mortality.
Results Data on nine trauma patients were available for analysis;
the severity of respiratory dysfunction can be estimated by the
mean PaO2/FiO2 of our patients, 131. Two patients received a trial
of inhaled nitric oxide as part of the management of ARDS failing
conventional ventilation. The last mean measurements before
initiation of HFOV were: pH 7.24, PaO2 116, PCO2 67.4, FiO2
0.899. No significant hemodynamic instability was associated with
initiation and administration of HFOV. The mean frequency was 4.3
(mode 4), mean power was 8.5, mean FiO2 was 0.83. The
successful weaning rate from HFOV to extubation or trach mask
was 70%, and mean total time of mechanical ventilation
(conventional + HFOV) was 347.76 hours and the time spent on
HFOV was 107.5 hours.
Conclusion HFOV is a possible alternative for safely correcting
oxygenation failure associated with ARDS in trauma patients.
Further research is necessary to identify the best strategy and
patients for HFOV.

P198

Hemodynamic effects of high-frequency oscillatory
ventilation in acute respiratory distress syndrome

S Jog, P Akole, S Gadgil, P Rajhans
Deenanath Mangeshkar Hospital and Research Centre, Pune, India
Critical Care 2007, 11(Suppl 2):P198 (doi: 10.1186/cc5358)

Introduction High-frequency oscillatory ventilation (HFOV) is a
promising ventilatory modality for ARDS patients having refractory
hypoxemia despite standard ARDS ventilation. Hemodynamic
alterations while switching the patient from volume-controlled
ventilation (VCV) to HFOV are not yet well studied.
Objective To evaluate immediate (within 3 hours) hemodynamic
effects of HFOV in ARDS patients with septic shock needing
vasopressor support.

Methods Patients having a PO2/FiO2 ratio ≤150, PEEP >12 cm
and FiO2 requirement ≥0.7 on VCV (6 ml/kg) were switched to
HFOV. The initial continuous distending pressure (CDP) of HFOV
was 5 cm above the mean airway pressure during VCV. Other
HFOV settings were FiO2 1, bias flow 30 l/min, amplitude 70 cm
and frequency 7 Hz. The CDP was adjusted to maintain oxygen
saturation >88%. Fluid bolus before switching to HFOV was
avoided. All the patients were sedated and paralysed during the
study period. A drop in the mean arterial pressure (MAP) ≤65 mm
or cardiac index (CI) ≤2.5 l/min/m2 were treated with escalation of
inotrope if required. Hemodynamic monitoring was done with the
Flotrac-Vigileo monitoring system.
Results Eight ARDS patients needing vasopressor support were
switched to HFOV from VCV. Baseline data of these patients
were: age 58.87 ± 11.69 years, APACHE II score 21.02 ± 8.14,
mean CDP of HFOV 26.67 ± 3.22 cm, frequency 7 Hz, amplitude
70 cm. Figure 1 presents the trends of hemodynamic parameters
during the study period. Only one patient needed escalation of the
dopamine dose during the trial period.
Conclusion Switching of an ARDS patient from VCV to HFOV
does not impart significant hemodynamic instabilities and can be
safely done.

P199

Outcome predictors of high-frequency oscillatory
ventilation in acute respiratory distress syndrome

S Jog, P Akole, P Rajhans, B Pawar
Deenanath Mangeshkar Hospital and Research Centre, Pune, India
Critical Care 2007, 11(Suppl 2):P199 (doi: 10.1186/cc5359)

Introduction Outcome predictors of high-frequency oscillatory
ventilation (HFOV) in severe ARDS are not well studied.
Objective To evaluate outcome predictors of HFOV in adult
patients with ARDS.
Methods ARDS patients receiving mechanical ventilation as per
the ARDSnet protocol with PO2/FiO2 <150, PEEP ≥12 cm and
FiO2 ≥0.7 were considered for HFOV. The continuous distending
pressure (CDP), frequency, amplitude, inspiratory time and bias
flow of HFOV were optimised, guided by frequent blood gas
analysis. Weaning from HFOV to pressure support ventilation was
attempted once the PO2/FiO2 ratio remained ≥200 with CDP
≤18 cm FiO2 ≤0.5. Responders (R) were defined as patients who
were successfully weaned to a state without any ventilatory
support for >12 hours. Nonresponders (NR) could not be weaned
off any ventilatory assistance.
Results Fifteen out of the total 28 patients were R and 13 were
NR. Both the groups were similar prior to HFOV in terms of
APACHE II score, number of organ failures, PEEP and plateau
pressures, and duration of ventilation before HFOV. The baseline
PO2/FiO2 ratio and improvement in it at 6 hours and 24 hours in
the R group were statistically significantly higher as compared with
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that in the NR group. The difference in improvement in the
oxygenation index (OI) of the two groups at 6 and 24 hours was
also statistically significant. The rate of improvement in the
PO2/FiO2 ratio and OI in NR was slower than that in R, and this
difference was statistically significant (trend test). See Figure 1.
Conclusion A lower PO2/FiO2 ratio and higher OI prior to HFOV
and slow improvement in the PO2/FiO2 ratio and OI at 6 and 24
hours on HFOV are significant negative outcome predictors of
HFOV in ARDS.

P200

Monitoring slow recruitment manoeuvres with high-
frequency oscillatory ventilation in adult acute respiratory
distress syndrome patients using electrical impedance
tomography

L Camporota, J Smith, K Lei, T Sherry, R Beale
Guy’s and St Thomas’ NHS Foundation Trust, London, UK
Critical Care 2007, 11(Suppl 2):P200 (doi: 10.1186/cc5360)

Introduction Recruitment manoeuvres (RM) during high-frequency
oscillatory ventilation (HFOV) are increasingly used in ARDS.
However, the changes in lung volume during a RM (lung
recruitability) are difficult to quantify at the bedside, and the use of
CT is impractical in patients on HFOV. We studied the effects of a
standardised protocol of slow RM (SRM) on regional lung volumes
assessed noninvasively by electrical impedance tomography (EIT).
Methods SRM were performed by progressive increases of
continuing distending pressure (CDP) starting from the mean airway
pressure on CMV + 5 cmH2O, by increments of 3 cmH2O every
10 minutes until a CDP of 50 cmH2O was reached or haemo-
dynamic instability ensued. Subsequently, CDP was reduced by
2 cmH2O every 5 minutes until optimal CDP was established on gas
exchange. EIT measurements were performed using 16 electrodes,
acquired via the Goe-MF II EIT system (Viasys Healthcare, USA).
Offline analysis of EIT measurements was performed using the
AUSPEX software (University of Amsterdam). Changes in
impedance (∆Z) during tidal breathing were calibrated against set
tidal volumes during conventional mechanical ventilation. Changes in
lung volume after each increase in CDP on HFOV were expressed
as the fold change compared with the previous CDP level.
Results Four patients with ARDS, who underwent rescue HFOV,
were enrolled. Following the SRM, there was a mean 2.38-fold
increase in PaO2/FiO2 and a 19.7% reduction in PaCO2. EIT
showed a mean 4.66-fold increase in global lung volume, with
preferential ventilation of the ventral regions (59.4% of global
volume change). Despite these differences, both dorsal and ventral
regions showed a similar degree of volume change compared with
their own baseline (V/D of 4.7/4.5-fold). This may be consistent
with a more homogeneous recruitment with HFOV. The inflation
limb of the changes in lung volumes during SRM fitted the
Venegas–Harris equation (r2 = 0.99).

Conclusion EIT can noninvasively assess lung recruitability and
quantify the changes in global and regional lung volume during
SRM with HFOV in ARDS patients.

P201

pH: an overlooked criterion for success in high-frequency
oscillatory ventilation in acute respiratory distress syndrome?

K Madhusudana, K Black, C Melville
Hull Royal Infirmary, Hull, UK
Critical Care 2007, 11(Suppl 2):P201 (doi: 10.1186/cc5361)

Introduction High-frequency oscillatory ventilation (HFOV) is used
for patients with refractory hypoxia and or severe oxygenation
failure in our ICU. There is a unit policy regarding the timing of
initiation of HFOV, and all patients were initiated with a single
static recruitment manoeuvre and then managed according to local
guidelines. The aim of this study was to understand which
ventilatory parameters best predicted successful outcome
following HFOV.
Methods After institutional approval, we retrospectively reviewed
the case notes all the adult patients who were ventilated with
HFOV during the 18-month period between January 2005 and July
2006. The data were analysed using SPSS® version 13 software.
Results There were 33 episodes of HFOV in 31 patients; 19
females and 12 males; mean age of 56 years. First-day median
APACHE II scores and predicted mortality were 23 and 41%,
respectively. All the patients had acute respiratory distress
syndrome (ARDS) at the time of initiation of HFOV. The main
causes of ARDS were pneumonia leading to sepsis (50%), sepsis
from other sources (18%), postoperative emergency laparotomy
and abdominal aortic aneurysm repair (18%). Patients were
ventilated with conventional ventilation for a median period of
35 hours (0–519 hours) before being ventilated with HFOV for a
median period of 58 hours (7–1,080 hours). Fourteen patients
(45%) were successfully weaned to conventional ventilation while
two (7%) died because of cardiac arrest and in the remaining 15
patients (48%) treatment was withdrawn. Eight patients (25.8%)
survived to discharge to the ward. An admission pH of less than
7.20 was found to be significantly associated (P = 0.09) with
failure of treatment.
Conclusion Although we believed that the unit’s approach to
HFOV was one of ‘treatment’ rather than ‘rescue’, our results
suggest we are still using HFOV in a ‘rescue’ mode. While our
results support the findings of other studies that earlier initiation of
HFOV shows a trend towards improved outcome in adult patients
with ARDS, further studies are still required to identify appropriate
parameters for selecting patients in a timely manner who may
benefit from HFOV. However, progressive acidosis in ARDS
appears to be a relatively more important predictive criterion than
parameters of failing oxygenation and ventilation.

P202

Acoustic monitoring of one-lung ventilation with vibration
response imaging

I Cinel, S Jean, I Gratz, E Deal, C Tay, J Littman
Robert Wood Johnson School of Medicine, UMDNJ, Cooper
University Hospital, Camden, NJ, USA
Critical Care 2007, 11(Suppl 2):P202 (doi: 10.1186/cc5362)

Introduction Inadvertent endobronchial intubation and one-lung
ventilation (OLV) with a standard endotracheal tube may lead to
serious complications, such as a nonventilated lung, pneumothorax
and hypoxemia. Auscultation of breath sounds was found to be
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inaccurate for the detection of OLV with a high margin, up to 60%
error [1]. Vibration response imaging (VRI) is a novel technology
that measures vibration energy from the lungs and displays
regional intensity in both visual and graphic format. The time from
the start of the procedure to display takes less than 1.5 minutes.
We investigated the effectiveness of VRI to detect OLV using a
double-lumen endotracheal tube in lung surgery patients.
Methods Double-lumen tubes were placed at the time of surgery.
Tracheal and endobronchial lumens were alternately clamped to
produce unilateral lung ventilation of the right and left lungs. VRI
was performed after each occlusion. Two images were excluded a
priori (prior to analysis) due to technical failure (external artifact).
Results The right and left lung distribution of vibration intensity is
shown in Figure 1. The mean percentage change of vibration
intensity clearly demonstrates the increased vibration in ventilated
lungs (89.1 ± 5.47% vs 10.9 ± 5.4%, P < 0.05) (Figure 2).
Conclusions Auscultation is insensitive to endobronchial
intubation and chest radiography may not be immediately available.
VRI offers the potential to rapidly and noninvasively determine
endobronchial intubation. Currently VRI is performed in the sitting
position, but the capability of supine imaging will soon be available.
Reference
1. Brunel W, et al.: Assessment of routine chest

roentgenograms and the physical examination to confirm
endotracheal tube position. Chest 1989; 96:1043-1045.

P203

Correlation of lung vibration and airflow

S Jean, I Cinel, C Tay, Z Wang, D McGinly
Robert Wood Johnson School of Medicine, UMDNJ, Cooper
University Hospital, Camden, NJ, USA
Critical Care 2007, 11(Suppl 2):P203 (doi: 10.1186/cc5363)

Introduction Airflow into a mechanically ventilated patient is easily
measured in the inspiratory limb of the ventilator. Regional airflow
inside the lungs, up to this point, is a black box. Vibration response
imaging (VRI) is a novel technology that measures vibration energy
from the lungs to create a real-time structural and functional image
of regional vibration during respiration. Sophisticated surface skin
sensors are placed on the subject’s back to record, analyze and
display vibrations noninvasively. Our goal was to assess the
correlation of vibration measured at the chest wall with airflow into
the lungs.
Methods To assess the effect of constant inspiratory flow on lung
vibration, VRI was performed on a mechanically ventilated patient
on assist volume control, and airflow in the tubing was recorded
concurrently. To assess the effect of increasing flow rates on lung
vibration, healthy subjects were recorded several times with VRI
while taking tidal volumes of 200–1,300 ml at the same respiratory
rate. The inspiratory tidal volume was recorded.
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Results In the mechanically ventilated patient, when there is
minimal flow, the vibration was at its lowest. When flow begins at
the ventilator, the vibration measured over the lungs increases and
when the flow stops, the vibration decreases. An inspiratory hold
was performed to separate inspiratory from expiratory vibrations
(Figure 1). As the subject takes increasing tidal volumes, the
vibration during the breath cycle increases linearly. A sample
subject is shown in Figure 2 (R2 = 0.81).
Conclusion Vibration measured using VRI correlates with lung
airflow. Given the difficulty in assessing airflow in the lungs,
measuring lung vibration could potentially serve as a surrogate for
regional lung airflow.

P204

The Gliding-SLICE method: an enhanced tool for
estimation of intratidal respiratory mechanics

S Schumann1, C Stahl1, D Steinmann1, K Möller2, J Guttmann1

1University Hospital, Freiburg, Germany; 2HFU, Furtwangen,
Germany
Critical Care 2007, 11(Suppl 2):P204 (doi: 10.1186/cc5364)

Introduction Focusing on lung-protective ventilation, the analysis
of nonlinear dynamic respiratory mechanics appears crucial. Based
on the SLICE method we developed the Gliding-SLICE method as
a tool to determine respiratory system mechanics. This tool was
tested in a nonlinear water-filled two-chamber lung model.
Methods The classic SLICE method [1] determines parameters of
the respiratory system for abutted volume ranges. The Gliding-
SLICE method enhances this method by moving a window of
analysis along the volume axis. This way, a quasi-continual course
of intratidal mechanics can be determined. To test the new method
we build up a physical model that consists of two connected
chambers filled with water. During inspiration water is displaced
from one chamber to the other resulting in a counter pressure.
Using wedges of certain shapes we simulated volume-dependent
nonlinear compliances.
Results Using the Gliding-SLICE method we determined a
nonlinear course of compliance in a patient (Figure 1) and in model
data (Figure 2).
Conclusion The Gliding-SLICE method allows one to calculate
mechanical parameters of the respiratory system quasi-continually.
This allows a more intuitive interpretation of data. The method is
not limited to principle constrictions but can be enhanced by
ventilatory maneuvers; for example, for separated view on
inspiratory and expiratory respiratory mechanics.

Reference
1. Guttmann et al.: Technol Health Care 1994, 2:175-191.

P205

Functional residual capacity measurement during
mechanical ventilation in order to find the optimal positive
end-expiratory pressure

I Bikker, D Reis Miranda, J Van Bommel, J Bakker, D Gommers
Erasmus MC, Rotterdam, The Netherlands
Critical Care 2007, 11(Suppl 2):P205 (doi: 10.1186/cc5365)

Introduction In patients with ALI/ARDS, a protective ventilation
strategy has been introduced in order to diminish ventilator-
induced lung injury. It has become clear that these patients require
sufficient levels of PEEP to prevent alveolar derecruitment, but also
not too much PEEP that alveolar overdistension occur. To achieve
the optimal level of PEEP in patients with ALI/ARDS, different
concepts have been introduced. GE Healthcare, along with Dr Ola
Stenqvist, has developed a technology to measure functional
residual capacity (FRC) in ventilated patients without interruption
of the ventilation. The aim of this study was to test the feasibility of
this device and to test whether decreasing the PEEP affects FRC
in mechanically ventilated patients with and without lung disease.
Methods For this survey we examined 10 patients under mechanical
ventilation. The FRC examinations were performed with the
Engström Carestation equipped with the FRC Inview™ monitoring
feature. FRC is determined using the change of lung nitrogen volume
after a step change in the inspired oxygen fraction. With this system,
there is no need to use supplementary gases or specialized gas
monitoring devices. Furthermore, a series of FRC measurements can
automatically be obtained at different PEEP levels that can be
chosen prior to the measurement. During this procedure, all
ventilator settings will remain constant other than the FiO2 and the
PEEP settings. In patients with ALI, the PEEP was decreased from
25 to 5 cmH2O in five steps and the FRC was measured. In the
patients without lung disease, PEEP was decreased from 15 to
0 cmH2O in four steps and the FRC was measured.
Results The best FRC measurements were obtained in well-
sedated patients during controlled mechanical ventilation. During
pressure support ventilation, a constant breathing pattern is
necessary for accurate FRC measurements. In patients that
received pressure support ventilation, FRC values were lower at
the highest studied PEEP level. In two patients that received
controlled ventilation, lower levels of FRC were found at the
highest PEEP level but this was due to a pneumothorax that was
diagnosed a day later. In patients with ALI, the FRC decreased
after each PEEP reduction step. However, the FRC decreased
more when PEEP was lowered from 15 to 10 cmH2O in these
patients. In patients without lung disease, the FRC did not

Critical Care    March 2007 Vol 11 Suppl 2 27th International Symposium on Intensive Care and Emergency Medicine

Figure 1 (abstract P204)

Figure 2 (abstract P204)



S85

decrease after PEEP was reduced from 15 to 5 cmH2O but
decreased after PEEP was reduced from 5 to 0 cmH2O.
Conclusion Accurate measurements of FRC are obtained during a
constant breathing pattern that is easier to obtain during controlled
ventilation in comparison with pressure-support ventilation. In
patients with ALI/ARDS, the FRC decreased during each PEEP
reduction, but whether the largest change in FRC indicates the
optimal PEEP needs further research.

P206

Analysis of the nonaerated lung volume in combinations of
single computed tomography slices – is extrapolation to
the entire lung feasible?

AW Reske, P Hepp, C Heine, K Schmidt, M Seiwerts, 
U Gottschaldt, AP Reske
Universitaetsklinikum Leipzig, Germany
Critical Care 2007, 11(Suppl 2):P206 (doi: 10.1186/cc5366)

Introduction The nonaerated lung volume (Vnon) can be quantified
from computed tomography (CT) images. Analysis of the CT slices
covering the entire lung is time-consuming and thus limits potential
clinical and experimental applications. This could be improved by
analyzing only a few representative CT slices. The number and ana-
tomical location of CT images required for analyses that are represen-
tative for the entire lung, however, is discussed controversially.
Methods The percentage of Vnon (%Vnon) relative to the total lung
volume was quantified in CT-image series (n = 21) of sheep with
gross anesthesia-induced atelectasis. This was performed for
different combinations of number and anatomical location of CT
slices and the results were compared with the %Vnon of the entire
lung (lung). The combinations were: one juxtadiaphragmatic slice
(juxta), three apical, hiliar and juxtadiaphragmatic slices (3old), and
three consecutive juxtadiaphragmatic slices (3new). The correla-
tion between %Vnon and the arterial oxygen partial pressure (PaO2)
was examined for all combinations. The PaO2 was measured at the
time of the CT and transformed logarithmically (lnPaO2) to linearize
the relation between PaO2 and %Vnon. Linear regression and
Bland–Altman plots were used for statistical analysis.
Results The R-squared (R2) values for the correlation between
lnPaO2 and %Vnon of lung and the slice combinations juxta, 3new
and 3old were 0.61, 0.60, 0.57 and 0.55, respectively. The %Vnon

of lung correlated best with the %Vnon of slice combinations juxta
and 3new (R2 = 0.96 and 0.95, respectively). Comparison of these
slice combinations with lung also resulted in the least bias in the
Bland–Altman analyses (6.3 and 5.9%, respectively). R2 for the
correlation between lung and 3old was 0.93, and the bias for lung
vs 3old in the Bland–Altman analysis was 6.8%.
Conclusion Depending on the precision required, the use of single
juxtadiaphragmatic CT slices can help to speed up the analysis
process and thereby propel the clinical implementation of CT-
derived information. Our data suggest that juxtadiaphragmatic
slices may be better suited than the ‘traditional’ combination of
apical, hiliar and juxtadiaphragmatic slices.

P207

Pulmonary expansion and disobstruction maneuver with a
closed system in patients with acute lung injury and acute
distress syndrome, and its effect on gas exchange

J Belato, S Barreto, C Santos, S Vieira
Hospital de Clínicas de Porto Alegre, Brazil
Critical Care 2007, 11(Suppl 2):P207 (doi: 10.1186/cc5367)

Introduction Respiratory physiotherapy is ever more utilized for the
treatment of critical patients. However, it is known that there are

few studies on the effect on gas exchange in patients with acute
lung injury (ALI) and acute respiratory distress syndrome (ARDS)
and physiotherapy techniques. The purpose of this study was to
assess the effect of a pulmonary expansion and disobstruction
maneuver with a closed system on the gas exchange of patients
with ALI and ARDS.
Methods The patients with the diagnosis of ALI and ARDS who met
the inclusion criteria were randomized to one of the two groups:
those of the intervention group were subjected to a pulmonary
expansion and bronchial disobstruction maneuvers, for approximately
10 minutes by the association of the following physiotherapy
techniques: sighs, side-lying position, expiratory rib-cage
compression and endotracheal suctioning with a closed system and
after observed for 10 minutes; the patients of the control group did
not receive any treatment, they were only observed for 20 minutes.
Ventilatory parameters and arterial blood gases were measured
before (Time 1) and 10 minutes after the procedures (Time 2). The
analysis of variance test for repeated measurements was used for
comparing variables at different times. Results are shown as the
mean and standard deviation. The significant level was P < 0.05.
Results At Time 1, the control group (n = 21) had ratio of arterial
partial pressure of oxygen to fraction of inspired oxygen (PaO2/
FiO2) and partial arterial carbon dioxide pressure (PaCO2) of
167.7 ± 56.2 and 40.3 ± 10.1, respectively, and the intervention
group (n = 19) had PaO2/FiO2 of 180.5 ± 67.0 and PaCO2 of
38.6 ± 10.5. At Time 2, the control group had, respectively, PaO2/
FiO2 and PaCO2 of 165.9 ± 63.8 and 38.9 ± 10.3, and the inter-
vention group of 177.2 ± 4.5 and 39.0 ± 10.8. No variable was signifi-
cantly different between the groups at Time 1 and Time 2 (P > 0.05).
Conclusion The proposed maneuver was not beneficial for gas
exchange in the sample studied.

P208

Dry powder nebulization of a recombinant surfactant
protein C-based surfactant for treatment of acute
respiratory distress syndrome

C Ruppert, T Kuchenbuch, S Schmidt, P Markart, T Gessler, 
T Schmehl, W Seeger, A Guenther
University of Giessen Lung Center, Giessen, Germany
Critical Care 2007, 11(Suppl 2):P208 (doi: 10.1186/cc5368)

Introduction Nebulization of pulmonary surfactant for treatment of
ARDS represents a desirable therapeutic approach but was
hitherto impossible under clinical conditions due to the technical
limitations of currently available devices. In the present study we
investigated a new dry powder nebulizer for administration of a
recombinant surfactant protein C (rSP-C)-based surfactant.
Methods The nebulizer device consists of a cylindrical glass
housing that, at the bottom, ends up in a spherical lower housing
part that serves as the dry powder reservoir. A gas inlet portion
with a nozzle at its end is coaxially aligned with the housing, almost
reaches the bottom of the dry powder reservoir, and induces
aerosol generation when gas pressures between 1 and 2 bar are
applied. The upper portion of the housing contains a cap with an
aerosol exit port. Several nozzles ensure a discharge of unsuitably
large aerosol particles. Aerosol characteristics were determined by
laser diffractometry. The efficacy of an inhalative rSP-C surfactant
application was assessed in three animal models of acute lung
injury, including rabbits with acute lung injury due to either
repetitive lavage with prolonged and injurious ventilation, or due to
inhalative application of bleomycin at day 4, and bleomycin-
challenged, spontaneously breathing mice.
Results The generated aerosol had a mass median aerodynamic
diameter of 1.6 µm, with 85% of all particles being smaller than
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5 µm, and the average mass of surfactant being nebulized under
these conditions was approximately 1 g/min. Biochemical and
biophysical studies showed that the composition and surface
tension reducing properties of the rSP-C surfactant remained
unaltered after nebulization. In both rabbit models, administration of
130 mg/kg body weight rSP-C surfactant resulted in a far-reaching
restoration of gas exchange and compliance. In bleomycin-
challenged, spontaneously breathing mice, surfactant aerosoliza-
tion resulted in a restoration of compliance.
Conclusions Nebulizer characteristics and results from the in vivo
studies suggest that the herein-described dry powder nebulizer
might proffer for surfactant therapy of ARDS.

P209

Changes in respiratory mechanics after fiberoptic
bronchoscopy with bronchoalveolar lavage in mechanically
ventilated patients

Á Estella García, A Gil Cano, J Díaz Monrove, I Monge García
Critical Care Unit, Hospital of Jerez, Spain
Critical Care 2007, 11(Suppl 2):P209 (doi: 10.1186/cc5369)

Introduction Nonuniform findings have been reported about the
effects of bronchoalveolar lavage (BAL) on respiratory mechanics.
Objectives (1) To study the effects of BAL on respiratory
mechanics in mechanically ventilated patients with suspected
pneumonia, and (2) to find out whether these effects are related to
the extension of radiographic infiltrate and preceding respiratory
mechanics measurements.
Methods BAL was performed with 150 ml sterile isotonic saline in
three aliquots of 50 ml. Respiratory mechanics (static compliance and
airway resistance) was measured using the rapid airway occlusion
technique immediately before and after the BAL and 90 minutes later.
The heart rate, arterial blood pressure and body temperature were
recorded continuously in all patients. Patients were classified
according to the presence of unilateral or bilateral infiltrates.
Results Fifty-eight critically ill patients undergoing mechanical
ventilation were included. Following the BAL, compliance of the
respiratory system (Crs) decreased from 50.9 ± 36.1 to 35.6 ±
14.8 ml/cmH2O (P < 0.01) and airway resistance increased from
16.2 ± 7.6 to 18.1 ± 11.3 cm H2O/l/seg (P < 0.05); 90 minutes
later, both parameters had returned to pre-BAL values (P = not
significant). Patients who showed >20% decrease in Crs had
higher pre-BAL Crs than patients with less severe decrease (55.8
± 20.1 vs 36.9 ± 14.1; P < 0.001). On the contrary, neither pre-
BAL airway resistance nor the extension of the radiographic
infiltrates were related to the changes in respiratory mechanics.
Conclusions (1) BAL in mechanically ventilated patients can lead
to a significant but transitory deterioration on pulmonary mechanics
characterized by a decrease in Crs and an increase in airway
resistance. (2) Patients with better initial Crs showed the more
severe affectation.
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Introduction Thirty-three percent of severely injured patients suffer
from thoracic trauma [1]. Diagnosis of pleural and pulmonary

lesions at the bedside in the emergency department is difficult.
Clinical examination (CE) and chest X-ray (X-ray) have limited
sensibility and specificity. Contrast-enhanced computed tomo-
graphy (CT scan) is the gold standard. CT scan has limitations: it
takes time to be performed, implies transport of severely injured
patients, and has ionising effects. Thoracic ultrasonography (US)
can be quickly performed at the bedside in the emergency room. It
has good diagnosis accuracy in ARDS patients [2]. The purpose of
this study is to evaluate the diagnosis accuracy of US in severely
injured patients in the emergency room.
Methods We prospectively evaluated 90 patients (median age: 41
(7–89) years) who were admitted to the emergency room of the
Grenoble University Hospital over a period of 9 months.
Pneumothorax, hemothorax and alveolar consolidation were diag-
nosed by CE, X-ray and US. The physician who performed the US
was not involved in the patient’s management. The diagnosis
accuracy of each technique is compared with the CT scan
interpreted by the radiologist.
Results Sixty percent of patients had a chest trauma IGS II 22
(8–104), ISS 20 (0–59), thorax AIS 2 (0–5), SOFA 1 (0–11),
oxygen saturation at the entrance 100% (74–100), mechanical
ventilation for 56% of patients. We studied 179 hemithorax. For
hemothorax (n = 16), the sensitivity/specificity/positive predictive
value/negative predictive values (%) were CE: 13/95/18/92; X-ray:
13/95/20/92; US: 63/95/56/96. For pneumothorax (n = 30), CE:
20/96/50/86; X-ray: 17/100/100/86; US: 53/93/62/91. For
alveolar consolidation (n = 100), CE: 17/95/81/47; X-ray:
29/98/94/52; US: 69/82/83/67.
Conclusion Ultrasonography has a better sensitivity than CE and
X-ray with a comparable specificity. In the emergency room it is a
reliable modality for the diagnosis of pneumothorax, hemothorax
and alveolar consolidation in the severely injured patient.
References
1. Klein et al.: Anaesthesist 2006, 55:1172-1188.
2. Lichtenstein et al.: Anesthesiology 2004, 100:9-15.
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Objective Difficult intubating conditions are prevalent in 7–10% of
patients who require out-of-hospital emergency endotracheal intu-
bation. Airway anatomy can further be deteriorated through trauma,
bleeding, and the use of cervical spine (CS) immobilization collars.
We evaluated the feasibility of the Bonfils intubation fiberscope for
prehospital emergency endotracheal intubation.
Materials and methods The Bonfils intubation fiberscope (Karl
Storz GmbH, Tuttlingen, Germany) is a reusable, rigid, straight
fiberoptic device with a 40° curved tip, 40 cm long and 5 mm in
diameter. A flexible eyepiece is mounted on the handle of the
scope. The fiberscope has a connector that fits onto the 15-mm
tracheal tube adapter and thereby allows oxygen insufflation. A
cold light source or a small battery handle (powered by two 1.5 V
alkaline batteries) can be attached to the stylet handle. The tip of
the Bonfils intubation fiberscope is positioned just proximal to the
tip of the attached endotracheal tube, thereby preventing the lens
from being soiled with blood or secretions. Having adopted the
Bonfils technique in our institution, we felt that because of its
battery-powered light source the Bonfils intubation fiberscope
could also be used in prehospital settings, independent of a

Critical Care    March 2007 Vol 11 Suppl 2 27th International Symposium on Intensive Care and Emergency Medicine



S87

110/220 V cold light source. After appropriate inhospital training
with the Bonfils intubation in anesthetized patients, our hospital’s
mobile emergency unit staffed with an emergency physician was
equipped with a battery-powered Bonfils intubation fiberscope.
Results During 123 missions, 15 adult patients underwent pre-
hospital endotracheal intubation (cardiac arrest n = 9, multiple
injuries n = 4, drug poisoning n = 1, pulmonary edema n = 1) with
the Bonfils intubation fiberscope, the use of which was either
planned (n = 13) or unplanned (n = 2). All intubations were
successful in the first attempt, even in two cardiac arrest victims
who had an unexpected difficult airway (Cormack&Lehane grade IV
under direct laryngoscopy). In those patients with multiple injuries
the cervical immobilization collar did not need to be unfastened or
removed for endotracheal intubation. Sufficient retropharyngeal
space – which is mandatory for sufficient use of the Bonfils – was
created by a digital jaw thrust maneuver in the first three patients.
Using a standard Mackintosh laryngoscope blade significantly
enhanced ease of insertion of the Bonfils fiberscope and
visualization of the glottic aperture, thereby decreasing the
procedure time from 35–40 seconds to 20–25 seconds.
Conclusion Despite this first promising series of in-the-field use,
physicians and paramedics should familiarize themselves with the
Bonfils device under optimal clinical conditions before using it
under emergency or prehospital conditions. In our experience, the
learning curve with the Bonfils device is steep, and 10 intubations
supervised by an instructor usually prove effective for achieving
sufficient skills to use the Bonfils on one’s own and under less
optimal conditions. In summary, we believe that the Bonfils
fiberscope will prove its value as an additional airway management
device in both, emergency and prehospital settings.
Acknowledgement The Bonfils intubation fiberscope was
generously provided by Karl Storz GmbH, Tuttlingen, Germany.
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Introduction This study was designed to assess the ability of ICUs
to deal with the unanticipated difficult intubation. The ICU is a
location in which the incidence of difficult intubation has been
found to be significantly higher than in theatre (8–22.5% vs 1.5%).
Method We contacted all adult general ICUs in the South of
England and invited the physician responsible for airway
management to take part in a structured interview. The interview
was designed to follow the Difficult Airway Society (DAS)
guidelines. We designed six equipment-related questions that
identified a unit as achieving the minimum levels of equipment
necessary. These included availability of laryngoscopes,
capnography, LMA/ILMA, and rescue techniques.
Results Forty-five of 51 units responded (88%). Mandatory
equipment levels are shown in Figure 1.
Discussion Difficult intubation is more likely on the ICU, yet only
20% of units keep sufficient equipment immediately available. The
most serious omissions were the 29% of units without a rescue
technique immediately available and the one-third of units not
routinely employing capnography.
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Introduction Occasionally, rescuers are confronted with a hard
situation to establish tracheal intubation compared with doctors in
the anesthetic room. Especially in the confined space, the tracheal
intubation must enter technical difficulties with any supporting
device. This may be caused by the fact that there was no device
developed specially from a standpoint in the clinical emergency use.
Objective The AirWay Scope (AWS) is one of the newest
intubation devices, manufactured using modern technology to
alleviate the tracheal intubation in emergency scenes. The AWS is
equipped with a full-colored CCD, a LCD monitor and a specially
configured introducer guiding a tracheal tube into the glottis
(Figure 1). The aim of this study is to confirm the potential of the
AWS as an intubation-supporting device in emergency scenes.
Method Six doctors in the emergency department were enrolled in
this study. All doctors have experienced using the AWS in cases
on the operation table but have no experience in special situations
such as patients on the ground (POG) or no space over the head
of the patient (NSH). Doctors tried intubation with the AWS and
Macintosh Laryngoscope (Mac) in the simulated POG and NSH
situations using a Laerdal Airway manikin. Technical training was
not carried out in advance. The NSH/Mac situation was not
investigated because it was theoretically impossible. The time to
intubate (TTI) was recorded.
Result All doctors successfully established intubation in each
situation, POG/Mac, POG/AWS and NSH/AWS. Although the
intubation of a manikin having no space over the head was thought
to be difficult without prior training, all doctors successfully
achieved the intubation from the foot using the AWS. The TTI (s)
was 12.0 ± 1.5 in POG/Mac, 7.4 ± 1.1 in POG/AWS and
12.9 ± 1.4 in NSH/AWS. The TTI with AWS in POG situation was
significantly shorter than that with Mac (P = 0.0135).
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Airway equipment available on ICUs. A score of 6/6 is considered the
minimum.
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Conclusion With its portability, easy handiness, excellent visual
information and the tube-guiding function of the introducer, the
AWS may have potential to alleviate the various difficulties in
intubation in emergency scenes, even in a confined space.
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Introduction The purpose of this study was to compare the use of a
wire-guided bronchial blocker, Uniblocker™ (Fuji Systems Corporation,
Tokyo, Japan), with a spread type of bronchial blocker, Coopdech
endotracheal blocker tube (Daiken Medical Corporation, Osaka,
Japan), for lung isolation during elective thoracic surgical cases.
Materials and methods Twenty ASA I–II patients signed written
informed consent before being enrolled into the study. We
designed a prospective, randomized trial to compare the
effectiveness of lung isolation among the two types of bronchial
blockers: Uniblocker™ group (UBB; n = 10), and Coopdech
endotracheal blocker tube group (CBB; n = 10). Patients were
randomized to intubate with a single-lumen tube with concomitant
use of a UBB or a CBB. Both groups were subdivided in two:
bronchial blocker placed in the right mainstem bronchus
(UBBR/CBBR), and in the left mainstem bronchus (UBBL/CBBL).
Comparisons between groups included: (1) the number of
unsuccessful placement attempts with the blinded insertion
technique, (2) the number of malpositions of the devices, (3) the
time required to place the device in the correct position, (4)
surgical satisfaction with the lung deflation, (5) complications and
(6) the quality of lung deflation.
Results The number of unsuccessful placement attempts was none
in the UBBR group (0/10) and one in the CBBR group (1/10), two
in the UBBL group (2/10) and five in the CBBL group (5/10). A
fiberoptic aided technique should be more appropriate for the left-
sided blocker in both groups. There was no statistical difference in
bronchial blocker malpositions, the lung to collapse and the number
of complications among the two groups. Furthermore, for elective
thoracic surgical cases, once the lung was isolated, the
management seemed to be similar for both groups.
Discussion This study demonstrates that the wire-guided
bronchial blocker (Uniblocker™) provides a high torque control and
can be easily manipulated into the desired site of the lungs. In
conclusion, our study shows that the Uniblocker™ is more useful
than the Coopdech bronchial blocker tube.
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Introduction The objective of the study is to demonstrate two
methods of measuring tracheal wall pressure (in vitro and in
patients), with the LoTrach (LVLP) cuff and with conventional high-
volume low-pressure (HVLP) cuffs. The LoTrach (VTSL, Singapore)
is a new tracheal tube designed for use for mechanical ventilation
in the critically ill. The LoTrach has been shown to prevent the
ubiquitous problem of micro-aspiration of secretions associated
with conventional HVLP cuffs [1]. Aspiration prevention is achieved
by the properties of the LoTrach’s low-volume low-pressure (LVLP)
cuff, and these have been previously described [1,2]. It is important
that, alongside achieving aspiration prevention, there is also
tracheal wall pressure control. The LoTrach LVLP cuff is calibrated
such that the sum of the elastic forces within the cuff remain
constant throughout the inflation profile. Thus, at the working intra-
cuff pressure of 80 cmH2O, only a consistent and acceptable
30 cmH2O is transmitted to the tracheal wall [2].
Methods Benchtop model. Four tracheal tubes (8 mm internal
diameter) were studied; the LoTrach, Portex SoftSeal, Microcuff and
Mallincrokdt HiLo Evac. The model trachea had an internal diameter
of 2.4 cm and the cuff was inflated with a Tracoe constant pressure
device. The cuff was overpressured while fluid was instilled above
the cuff to a height of 50 cm. The stopwatch was started as the
pressure was reduced to the test pressure of 30 cmH2O. The rate of
fall of the resulting column of fluid was then measured.
Clinical study. Intubated patients underwent a staged recruitment
manoeuvre while the intracuff pressure was maintained with a Tracoe
cuff inflator. The PEEP was set to 15 cmH2O and then increased in
5 cmH2O increments every 5 seconds until 40 cmH2O was
achieved. A second observer auscultated the anterior neck and the
pressure at which air leak was heard was recorded. Two tubes were
studied; LoTrach (at 80 cmH2O intracuff pressure = 30 cmH2O
calculated wall pressure) and Portex Soft Seal (30 cmH2O).
Results Conventional HVLP cuffs do not prevent leakage of fluid
past the cuff, hence the negative slope on the graphs. The LoTrach
cuff does not leak and therefore the line is horizontal (see Figure
1). The clinical study shows that both the LoTrach and Portex cuffs
demonstrate a gross air leak at equal and acceptable tracheal wall
pressures at 33.4 and 29.7 cmH2O, respectively (see Table 1).

Table 1 (abstract P215)

Number of Tracheal wall 
Type of tube measurements pressure (cmH2O)

LoTrach (LVLP) 45 29.7 (SD = 3.7)

Soft Seal (HVLP) 41 33.4 (SD = 3.1)

Conclusions In the benchtop model, the LoTrach LVLP cuff
demonstrates an acceptable wall pressure of 30 cmH2O (at an
intracuff pressure of 80 cmH2O), while achieving the prevention
of leakage of fluid past the cuff. The clinical study demonstrates
that the tracheal wall pressure was both acceptable and equal
for both the Portex HVLP and the LoTrach LVLP cuffs. The
LoTrach prevents micro-aspiration in the benchtop model with
acceptable tracheal wall pressures in both the benchtop and
clinical studies.
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Introduction Lung injury and generalized edema from a burn and
resuscitation complicates airway management and patient care.
The need for long-term ventilation and multiple surgeries warrant
early tracheostomy. Percutaneous techniques are well described;
however, the burned and swollen neck increases all of its
recognized complications. We report a modified semi-open
technique for performing percutaneous tracheotomies (PT) in
acutely burned patients, which we consider safer.
Methods We reviewed the medical records of 20 patients
admitted to a regional burn center requiring tracheostomy for
prolonged mechanical ventilation. The procedure took place in the
OR if burn excision was planned; otherwise it was performed at the
bedside. The Blue Rhino tracheostomy kit was used for all PT.
Major differences from other approaches included dissecting down
to the pretracheal fascia, allowing the trachea to be seen and
palpated; bleeding was controlled using an electrocautery, and
blood vessels were retracted from the field or ligated. The trachea
was palpated as the endotracheal tube was withdrawn into the
proximal trachea and a flexible bronchoscope was used only to
confirm the proper placement of the guidewire. Proper placement
of the tracheal tube was confirmed by capnography. In patients
with a deep trachea due to severe neck swelling, a proximal-long
tracheostomy tube was substituted for the standard one. In the
event that the airway or ventilation became compromised, this
technique could be converted rapidly to an open procedure.
Results Of 350 patients admitted to the burn center from July
2005 to December 2006, 20 (6%) required a tracheostomy.
Eighteen were performed percutaneously, 13 at the bedside. The
total burn surface area averaged 46% (range 2–95%). PT were

performed within an average of 10 days from admission (range
0–32 days). Overall mortality in the tracheostomy group was 35%.
There were no short-term complications associated with this
method.
Conclusion PT can be performed safely in severely burned
patients using a semi-open percutaneous technique. Exposing the
trachea and palpating the trachea avoids the risk of losing the
airway and permits immediate access to the trachea in the event of
an untoward loss of the airway. We believe that this method is
safer than the more commonly used technique requiring
bronchoscopic visualization.
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Introduction A retrospective analysis of a year cohort of tracheos-
tomies discharged from intensive care in a specialist cardio-
thoracic centre was undertaken to analyse whether facilitated
outreach-led discharge was safe.
Methods A retrospective analysis of the ICU database was
undertaken to identify all patients who had a tracheostomy
(percutaneous or surgical) inserted in the ICU, and a chart review
of patients discharged from the ICU with a tracheostomy in situ
was performed. The following variables were collected: patient
demographics; diagnosis; number of days of tracheostomy in situ;
number of days on noninvasive ventilation (CPAP); and tracheos-
tomy-related complications. A review of the risk management
database was performed to identify any tracheostomy-related
reported adverse events.
Results One hundred and eight tracheostomies were performed in
intensive care in the 2-year period. Sixty-two patients were
discharged with tracheostomy in situ and were reviewed by the
outreach team for a cumulative total of 710 days until decannulation.
There were 383 days whereby patients with a tracheostomy in situ
had been noninvasively ventilated. There were three reported critical
events relating to tracheostomy and no deaths.
Conclusion More than 60% of patients who had a tracheostomy
inserted are discharged from critical care with a tracheostomy in
situ. With the support of the outreach team these patients were
successfully managed in Level 2 and Level 1 areas. This reduced
the requirement for critical care (Level 3) bed-days. There was a
low rate of complications. We concluded that outreach services
can facilitate early and safe discharge of tracheostomy patients
from critical care.
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Background Loss of airway control during percutaneous
tracheostomy (PCT) is one of the serious complications. It may
happen due to an unstable position of the endotracheal tube (ETT)
with its tip in the larynx and cuff above the vocal cords. This
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position of the ETT is the main request for PCT performance. We
retrospectively reviewed our experience with additional use of the
fiberoptic bronchoscope (FOB) and tube exchanger (TE) for
stabilization of ETT during PCT.
Patients and methods From the 160 adult critically ill patients that
underwent PCT by the Griggs technique between January 2000 and
August 2001, we selected 33 patients receiving anesthesia from
the same anesthetist. From this group 12 patients were ventilated
through ETT by the standard technique: in 11 patients a pediatric
FOB was used to control and stabilize the position of ETT during
PCT, and in the remaining 10 patients a 15-Fr TE was used with
the same aim instead of a pediatric FOB. The optimal diameters of
FOB and TE suitable for ETT (7.5 mm, 8 mm) were found in our
previous experiments, using a mechanical lung simulator.
Results Loss of airway control during PCT occurred in three
patients, where ventilation through the ETT was performed by the
standard technique. This complication was corrected by
expeditious actions of the anesthetist and surgeon. In the other
patients, additional use of a pediatric FOB or TE has created
secure and proper position of the ETT and PCT passed smoothly
without complications. Moreover, we could not register a negative
influence of a pediatric FOB and 15-Fr TE presence in the ETT on
ventilation parameters during PCT performance.
Conclusions Stabilization of the ETT position and prevention of
airway control loss during PCT performance can be reached by
use of a pediatric FOB or by 15-Fr TE with the same reliable
results. Employment of a pediatric FOB is more expensive than a
TE.
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Background and objective The role of routine chest radiography
(CXR) following percutaneous dilatational tracheostomy (PDT) has
recently been questioned [1].
Materials and methods We performed a prospective
observational study, on a mixed medical–surgical critical care unit,
in 291 patients undergoing PDT under bronchoscopic guidance to
assess the utility of routine postoperative CXR. Data were
collected on all patients undergoing PDT from 1 November 2003
to 5 December 2006. Two postprocedure CXRs were reviewed
and compared with those taken prior to PDT. Significant findings
were barotraumas (pneumothorax, pneumomediastinum) and
consolidation not noted on the preprocedure film. Postprocedural
films reviewed were those taken immediately after PDT and, to
exclude the possibility of overlooking evidence of minor
barotrauma, one further film taken between 24 and 96 hours.
Results A total of 291 patients underwent PDT. Two hundred and
six (71%) were uncomplicated. Complications were recorded in 85
(29%) patients. Of these, 71 (24%) were minor procedural
complications (multiple attempts at needle insertion (>2), minor
bleeding, tracheal ring fracture) and there were 14 (5%) major
complications (malplacement, major bleeding). Two hundred and
thirty-six (81%) patients had two postprocedural CXRs reviewed.
Of the remainder, 44 (15%) patients had at least one CXR
reviewed after PDT and in 11 (4%) patients neither the report nor
the CXR could be reviewed. New abnormalities were noted on 25
(9.0%) postprocedure CXRs. No new pneumothoraces were seen
(Table 1). In 11 (4%) patients, neither the report nor the CXR
could be reviewed.

Conclusions Routine CXR following uncomplicated PDT
performed under bronchoscopic guidance appears unwarranted.
Review of later films failed to reveal new abnormalities. The role of
CXR following PDT appears to be restricted to those patients
undergoing complicated procedures. This will lead to reductions in
both medical costs [2] and exposure to ionising radiation.
References
1. Datta D, Onyirimba F, McNamee MJ: Chest 2003, 123:1603-

1606.
2. Tarnoff M, Moncure M, Jones F, et al.: Chest 1998, 113:1647-
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Objective To evaluate the efficacy of early electric cardioversion
(EC) with a biphasic defibrillator and the impact on atrial function in
recent-onset atrial fibrillation (AF).
Methods The study population consisted of 21 consecutive
patients (mean age 58 years; range 35–76 years) with AF lasting
from less than 48 hours. Hemodynamically stable AF was treated
via DC shock if sinus rhythm (SR) was not restored in 6 hours after
i.v. antiarrhythmic drug therapy. All patients were pretreated with
heparin 5,000 U i.v. The defibrillator used was the Heartstart MRX
using a biphasic waveform and low energy (70–120 J). A trans-
thoracic echo was performed pre-EC and 1 hour post-EC. All
patients were sedated with midazolam (in vivo titolation). Atrial
function (ejection fraction, surface area, A wave) and ventricular
function (ejection fraction) were evaluated. The patients returned to
the emergency department after 7 days for follow-up. Data were
analyzed using descriptive statistics (Table 1).
Results DC shock was successful for all patients (100%) and in
19/21(90.4%) at first shock. There was a significant increase in
atrial function with the reappearance of the A wave. There were no
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New problem seen 
Number (%) on CXR (n (%))

Two CXRs reviewed

Uncomplicated PDT 167 (57) 15 (5)

Complicated PDT 69 (24) 10 (3)

One CXR reviewed

Uncomplicated PDT 36 (12) 0

Complicated PDT 8 (3) 0

Total 280 25

Table 1 (abstract P220)

Pre-EC Post-EC

Number of patients 21
Age average 59
Sinusal rhythm restoration 21/21
Left atrial ejection fraction two chambers 30 35 (P = 0.02)
Left atrial ejection fraction four chambers 29 35 (P = 0.02)
Left ventricular ejection fraction 52 54 (P = NS)
A wave (m/s) 0.54
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thromboembolic complications. After 7 days, results showed that
19/21 (90.4%) patients were in SR.
Conclusion Early electric cardioversion in the emergency
department setting is a simple technique that allows the restoration
of SR without complications. The biphasic waveform uses lower
energy with a positive impact on atrial function. Higher energy can
cause transient tissue damage due to electroporation that can
affect the outcome of defibrillation therapy being both pro-
arrhythmic and anti-arrhythmic. The recovery of atrial function is
also due to the short duration of arrhythmia. The early cardioversion
avoids atrial remodelling and allows a longer duration of SR.
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Introduction Atrial fibrillation (AF) is a common arrhythmia
encountered in critically ill patients. In this study we evaluated the
incidence and risk factors associated with the occurrence of AF in
a general ICU.
Methods One hundred and ten patients admitted to the ICU
during a 3-month period were screened for AF. Case notes and
daily management charts of these patients were analysed
retrospectively.
Results Twenty-nine (26.3%) out of 110 patients developed AF.
The mean age of patients was 71.8 (±9.2) years and the APACHE
II score was 21.3 (±6.3). Electrolytes were within the normal range
in 85% of the patients. The main cardiac factors identified in our
patients with AF were hypertension (71.4%) and coronary artery
disease (48.3%). Less commonly encountered cardiac diagnoses
were congenital heart disease and history of previous atrial
fibrillation. Inotropic support and sepsis were the leading
noncardiac factors found in 24 (82.8%) and 22 (75.9%) patients,
respectively. Diabetes mellitus and obesity contributed in 17.2% of
patients.
Troponin T was determined in 13 patients and found to be
elevated in 10 patients (34.5% of AF patients). Transthoracic
echocardiography was performed on 10 patients with persistent
AF (34.5%). Seven patients had valve pathology whereas left
ventricular dysfunction was present in five patients. Only one
echocardiography was reported normal. Patients were treated
according to local guidelines with amiodarone (19 (65.5%)),
digoxin (5 (17.2%)) and β-blockers (4 (13.8%)), and DC cardio-
version was used in only one patient. Eighteen (62.1%) patients
were successfully cardioverted.
Conclusion Apart from known risk factors for AF such as
increased age, hypertension or ischaemic heart disease, sepsis
and inotropes increase susceptibility for AF. Less frequently
associated causes such as congenital heart disease, obesity and
diabetes can contribute towards AF. Echocardiography could
reveal less obvious causes of AF like valvular pathologies and left
ventricular dysfunction, and could be a useful diagnostic tool in
critically ill patients with AF.

P222

The calcium sensitizer levosimendan reduces the brain
natriuretic peptide levels as compared with dobutamine in
intensive care unit septic patients with decompensated
heart failure

H Michalopoulou, P Stamatis, A Bakhal, T Kelgiorgis, 
A Foundouli, A Basile, J Vaitsis, E Reinou, P Batika, D Pragastis
Metaxa Hospital, Athens, Greece
Critical Care 2007, 11(Suppl 2):P222 (doi: 10.1186/cc5382)

Introduction The brain natriuretic peptide (BNP) is a useful index
to follow-up patients with heart failure as well as a special
diagnostic and prognostic tool. This study aims at investigating the
impact of levosimendan in comparison with dobutamine on the
BNP levels in ICU patients with decompensated heart failure
related to septic shock. The role of levosimendan in septic patients
is still under consideration.
Methods Twenty-nine patients (20 males and nine females) of a
70.5 ± 9.2 average age rate with persisting left ventricular
dysfunction related to severe sepsis, after receiving a 48-hour
conventional treatment including inotropic agents, were
randomised to either 24-hour i.v. levosimendan (0.2 γ/kg/min) (n =
15) (Group A) or dobutamine (5 γ/kg/min) (n = 14) (Group B)
therapy. Serial BNP measurements were performed before, at 48
hours and 5 days later.
Results Levosimendan therapy significantly reduced the BNP
levels both in 48 hours and in 5 days as compared with
dobutamine. Group A: 1,138 ± 93.7, 740.2 ± 106, 445 ± 118.3
and Group B: 1,561 ± 370.2, 1,436 ± 368, 1,850 ± 520.5,
before, 48 hours and 5 days later, respectively. P = 0.025 for 48
hours and P = 0.037 for 5 days.
Conclusion Levosimendan therapy reduces BNP levels, reflecting
a beneficial haemodynamic effect on the ICU patient with septic
myocardial depression.

P223

The ADHERE classification and regression tree model
overestimates mortality rates in clinical trials: results from
REVIVE I & II

R Thakkar1, J Teerlink2, W Colucci3, J Young4, B Massie2

1Abbott, Abbott Park, IL, USA; 2SFVAMC/University of California –
San Francisco, CA, USA; 3Boston University, Boston, MA, USA;
4Cleveland Clinic, Cleveland, OH, USA
Critical Care 2007, 11(Suppl 2):P223 (doi: 10.1186/cc5383)

Background Blood urea nitrogen (BUN), systolic blood pressure
(SBP), and serum creatinine (Cr) were significant predictors of
inhospital mortality by classification and regression tree (CART)
analysis of ADHERE. REVIVE I & II (REVIVE) compared levosimen-
dan with placebo, in addition to standard-of-care (SOC), in
patients with acute decompensated heart failure. We hypothesized
that mortality in REVIVE would be similar to ADHERE in all CART-
defined risk subgroups.
Methods REVIVE (n = 700) mortality data were mapped using the
same variables/cut-points as the ADHERE CART analysis.
Results Compared with ADHERE, proportionately more patients in
REVIVE had SBP <115 mmHg (56.4% vs 18.6%; P < 0.001) with
more patients (3.0% vs 1.9%; P < 0.05) in the highest mortality
risk subgroup (SBP <115 mmHg, BUN ≥43 mg/dl, and Cr
≥2.75 mg/dl). For the total population and for every CART-defined
subgroup, REVIVE inhospital mortality rates were lower than those
from ADHERE. See Figure 1.
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Conclusion Clinical trials (REVIVE) may enroll proportionately
more patients at increased risk of mortality in comparison with the
general population (ADHERE). Despite the predicted increased
mortality risk, mortality rates were lower in REVIVE than in
ADHERE for the total population and for every CART-defined risk
subgroup. Differences in SOC or additional risk factors, such as
age or other comorbid conditions, may contribute to the poorer
prognosis in nontrial populations.

P224

Levosimendan in patients with acute cardiogenic shock,
not responders to conventional therapy

L Vetrugno, F Bassi, F Giordano
Azienda Ospedaliero-Universitaria, Udine, Italy
Critical Care 2007, 11(Suppl 2):P224 (doi: 10.1186/cc5384)

Introduction Cardiogenic shock remains the leading cause of death
in patients hospitalized for myocardial infarction, acute valvular
disease and after cardiac surgery. Levosimendan (LS) is a new
inodilator that has been shown to improve hemodynamic function in
patients with decompensated systolic heart failure without increased
myocardial oxygen consumption. The aim of this study was to
evaluate the use of LS as rescue medication in patients with low
ejection fraction (EF) that are not responders to conventional therapy.
Methods Twelve patients with acute cardiogenic shock admitted
to the ICU were enrolled. The diagnosis of cardiogenic shock was
made on cardiac index (CI) measured by thermodilution catheter
<2.5 l/min/m2, and baseline echocardiography with EF measured
by the biplan Simpson method <30%. LS (Orion Pharma, Helsinki,
Finland) at the dose of 0.1 γ/kg/min for 24 hours continuous
infusion was added to standard inotropic agents (dobutamine,
enoximone, epinephrine) or IABP when CI and EF seemed not to
improve or when the patient’s condition worsened. Hemodynamic
measurements and echocardiography data were recorded at ICU
admission and when pharmacological therapy was changed at 24,
48 and 72 hours.
Results The data collection showed: an increase in CI (baseline to
standard therapy) of 2.6 ± 0.51 (P < 0.001), and standard therapy
to LS of 2.93 ± 0.67 (P < 0.003) that seem to be additive. 
Significant increase in EF was noted in comparison with standard
therapy (29.88 ± 6.15, P < 0.035) and after LS therapy
(38.44 ± 6.56, P < 0.001) (Figure 1). To find differences between
baseline and pharmacological therapy changes at 24, 48 and
72 hours a t test was performed.
Conclusion We found an additive effect of dobutamine,
enoximone and LS that theoretically can be explained by the

different mechanism of action. Catecholamines increase Ca2+

availability and LS increases myocardial cell calcium sensibility.

P225

Retrospective study of proarrhythmic effects of
levosimendan during the therapy of heart failure

E Zima, G Szucs, A Soltesz, D Becker, G Fulop, L Molnar, 
G Barczi, B Merkely
Semmelweis University, Budapest, Hungary
Critical Care 2007, 11(Suppl 2):P225 (doi: 10.1186/cc5385)

Introduction Levosimendan is a new, effective inodilator agent,
which is a new alternate drug beside conventional inotropic drugs
in treatment of acute and chronic heart failure. Positive inotropic
effects of levosimendan is based on myocardial Ca-sensitising.
Few clinical data are available about the occurrence of
proarrhythmic effects of levosimendan, particularly administered in
parallel with catecholamines.
Method From 1 January 2006 until 30 July, 41 levosimendan-
treated patients’ data were processed in our retrospective study.
Indication of levosimendan therapy was acute heart failure due to
myocardial infarction in 23 cases and acute progression of chronic
heart failure (NYHA III–IV) in 18 cases. After a 10-minute bolus
levosimendan infusion was administered at rate of 0.1 µg/kg/min
for 6 hours and 24 hours in each group, respectively. We investi-
gated the occurrence of sustained ventricular or supraventricular
arrhythmias for the first 48 hours from the beginning of infusion.
Results The ratio of hypertension, diabetes, earlier myocardial
infarction and ACBG were 58%, 27%, 32% and 15%,
respectively, in the monitored population (13 females, 28 males;
mean age: 68 years). Three ventricular arrhythmias and one
supraventricular arrhythmia were observed during the 48-hour
period, all of them occurred in acute heart failure patients with
acute myocardial infarction. Parallel usage of catecholamines
(noradrenalin and/or dopamine) and levosimendan therapy was
observed in three cases, in one of them ventricular tachycardia was
observed 3 hours after starting levosimendan infusion. No
arrhythmia was observed in chronic heart failure patients. The
incidence of proarrhythmic effects during levosimendan therapy
was 9.75% of the whole analysed population and was 17.4% at
acute heart failure during acute myocardial infarction.
Conclusion With these results the authors would like to draw
attention to the proarrhythmic effects of levosimendan during acute
heart failure therapy, especially in the case of parallel usage with
catecholamines.
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P226

Levosimendan in myocardial depression due to severe sepsis

M Malik, Y Mandourah
Riyadh Millitary Hospital, Riyadh, Saudi Arabia
Critical Care 2007, 11(Suppl 2):P226 (doi: 10.1186/cc5386)

Introduction Myocardial depression in sepsis, among other
factors, is due to calcium (Ca2+) desensitization in the myofilament.
So using a Ca2+ sensitizer drug may play a beneficial role in this
situation. Levosimendan has a dual mechanism; it causes Ca2+

sensitization through binding to Troponin C and opening of ATP-
dependent K+ channels in vascular smooth muscle.
Methods A prospective observational case-series study extending
over a period of 18 months from November 2004 to April 2006.
We analyze the data of 18 patients receiving levosimendan for
myocardial depression due to severe sepsis and compare them
with our historical data in the previous year of the same group of
patients regarding mortality. All those patients were included in the
study who had a pulmonary artery catheter (PAC) and who after
initial resuscitation (early goal-directed therapy (EGDT)) did not
respond to treatment and their cardiac index (CI) was <2.2. Each
patient than received an infusion of levosimendan at 0.1 µg/kg/min
without a loading dose. Hemodynamic parameters such as the CI,
mixed venous saturation (SvO2) and mean arterial pressure (MAP)
were recorded at 0, 12, 24 and 48 hours. Noradrenaline was used
to maintain a MAP above 65 mmHg. Patients were followed for
30 days to document the 7th-day and 30th-day mortality. SPSS 11
was used for statistical analysis. The Student t test was used as a
test of significance.
Results The average age was 67.6 ± 10.39 years and the
APACHE II score was 26.33 ± 2.37. Patients were divided into
three subgroups: survivors, 7th-day and 30th-day mortality groups.
There was no significant difference in these subgroups regarding
age and APACHE II score. Levosimendan group 7th-day and 30th-
day mortality was 33% and 66% as compared with historical data
of 37% and 71%, respectively. The change in CI in the survivor
group was significant (P = 0.021), from 2.11 ± 0.17 to 3.8 ± 0.28,
while in the 7th-day and 30th-day mortality groups it was
insignificant. SvO2 increased in the survivor and 30th-day mortality
groups significantly (P = 0.011 and P = 0.035, respectively). It did
not show any significant improvement in the other group. MAP also
showed significant improvement in the survivor group (P = 0.026)
and insignificant in others.
Conclusion It is evident from our study that levosimendan
improves hemodynamic response in septic patients. Although it
improves the mortality, we cannot say with full confidence that
these improved hemodynamic parameters are responsible.
Randomised control trials are needed to answer this question,
which are underway.

P227

The elderly acute coronary syndrome patient: a neglected
population?

A Turley1, A Roberts1, A McDermott2, P Adams2

1The James Cook University Hospital, Middlesbrough, UK; 2Royal
Victoria Infirmary, Newcastle upon Tyne, UK
Critical Care 2007, 11(Suppl 2):P227 (doi: 10.1186/cc5387)

Introduction Cardiovascular disease is the commonest cause of
death in the elderly (>75 years). The elderly acute coronary
syndrome (ACS) patient forms a particular high-risk cohort. Clinical
trials traditionally concentrate on younger patients for both ACS

treatment strategies and secondary prevention, despite the elderly
being the fastest growing section of the population. The literature
suggests the elderly do not receive appropriate therapy in this
setting. What is the current UK experience?
Objective and method To assess the secondary preventative
treatment received by the elderly ACS patient. Retrospective
analysis of our Myocardial Infarction National Audit Project
(MINAP) database 2003–2006. Patients were divided into three
age groups: <50 years, 50–75 years and >75 years old. Data
were collected from hospital admission to discharge.
Results A total of 1,501 consecutive patients were included in the
analysis, 530 patients (35.3%) were >75 years, mean age 83.6
years (±5.1). The discharge diagnosis was ST elevation myocardial
infarction in 619, UA/NSTEMI in 870 and unspecified in 12
patients. The overall inpatient all-cause mortality rate was 8.06%
(121/1,501). See Table 1.

Table 1 (abstract P227)

<50 years 50–75 years >75 years

Total 149 822 530

STEMI 84 364 172

Inhospital mortality 0 33 (4%) 88 (17%)

Aspirin (%) 98.7 94.5 90.4*

ACE-I (%) 84.6 83.4 66.4*

β-Blocker (%) 93.8 82.4 72.9*

Statin (%) 96.5 95.6 89*

*P < 0.001, chi-squared.

Conclusions The elderly ACS patient forms a high-risk group. The
therapeutic approach in this group should be justifiably as
aggressive as that in younger patients, balancing risks with
benefits. The elderly patient should be prescribed secondary
preventative measures, and our data show considerably greater
numbers can benefit from standard treatment than suggested by
the published literature.

P228

Long-term prognosis of octagenarian patients with
ST-elevation acute myocardial infarction treated by 
primary angioplasty

E Abu Assi
Hospital Clínico Universitario, Santiago de Compostela, Spain
Critical Care 2007, 11(Suppl 2):P228 (doi: 10.1186/cc5388)

Introduction The incidence of acute myocardial infarction (AMI) in
old patients is increasing due to rapid aging of the population. This
is of particular concern because AMI in patients who are ≥80 years
old is associated with high mortality. However, the role of
reperfusion therapies is not clear in these patients.
Objective To evaluate the mid-term and long-term prognosis of
octogenarian patients with ST-elevation myocardial infarction
(STEMI) treated with primary coronary angioplasty (PCA).
Methods We studied retrospectively, from January 2000 to March
2005, 73 patients ≥80 years with STEMI treated with PCA. At the
end of follow-up, we assessed the incidence of death, myocardial
infarction and necessity of new procedures of revascularization of
the treated vessel.
Results The average age was 84 ± 3.6 years, 39 (58%) were
women. The location of the AMI was anterior in 56%, and 25%
were diabetic. The average follow-up time was 19 ± 17 months.
During the follow-up, 43 patients developed events, most of them
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(n = 28) consisting of death (23 by cardiac death). However, most
of these events occurred in the first month after the admission, the
mortality between 1 month and 3 years being low (Figure 1).
Conclusion Our data show that the octogenarian patients with
STEMI treated by primary PCA developed a very high mortality.
However, this mortality especially concentrates in the first month
after the procedure, being low between 1 month and 3 years.

P229

Outcome in myocardial infarction is related to the
morphologic pattern of ST elevation

R García-Borbolla1, I Nuñez Gil2, J García Rubira2, 
A Fernández Ortiz2, L Perez Isla2, M Cobos2, C Macaya2

1Hospital Universitario Puerta del Mar, Cádiz, Spain; 2Hospital
Clínico San Carlos, Madrid, Spain
Critical Care 2007, 11(Suppl 2):P229 (doi: 10.1186/cc5389)

Purpose Although invasive management of ST-segment elevation
myocardial infarction (STEMI) has improved the clinical outcome,
early mortality remains an important issue. Our purpose is to
assess the utility of the initial electrocardiographic (ECG) pattern in
detecting patients who are at increased risk despite the current
recommendations of revascularization.
Methods We analyzed 446 consecutive patients (age 61.9 ± 13.8
years, 76.5% male) admitted in the first 12 hours of STEMI to our
coronary unit. Exclusion criteria were left bundle branch block at
admission or previous myocardial infarction. Most patients (87%)
were treated with primary angioplasty. Patients treated with
thrombolytics and with early reperfusion criteria were programmed
to coronary angiography the following day. Two groups were
defined according to the presence of ST-segment elevation (STE)
together with distortion of the terminal portion of the QRS in two or
more adjacent leads (group 1) or the absence of this pattern
(group 2) (Figure 1).
Results There were 102 (22.8%) patients in group 1 and 344
(77.2%) in group 2. No differences in age or risk factors were seen
between both groups. The number of diseased vessels was similar.
Group 1 had higher CK, MB-CK and cardiac troponin I. The
maximal Killip class was >2 during hospitalisation in 38% of group
1 vs 24% (P = 0.009). Group 1 had more mortality (8.8% vs 2.6%,
P = 0.005) and more cardiogenic shock. Other ECG character-
istics related to mortality were the sum of STE in all leads, the
number of leads with STE and ST segment depression. After a
logistic regression analysis including all ECG characteristics, the

pattern of group 1 remained significantly related to mortality
(P = 0.013) together with the number of leads with STE.
Conclusion The initial STE pattern is useful in detecting patients at
higher risk of death or cardiogenic shock, despite the adequate
revascularization therapy in STEMI.

P230

Percutaneous coronary intervention in acute coronary
syndrome complicated by states Killip 3 and 4 in 2005

E Zima, G Szabo, D Becker, G Fulop, L Geller, L Molnar, 
G Barczi, S Toth, A Horvath, A Apor, B Merkely
Semmelweis University, Budapest, Hungary
Critical Care 2007, 11(Suppl 2):P230 (doi: 10.1186/cc5390)

Introduction Early percutaneous coronary intervention (PCI) is the
most effective treatment for acute coronary syndrome (ACS, ST-
elevation myocardial infarction (STEMI), non-STEMI, unstable
angina pectoris) complicated by states Killip 3 and 4.
Method A total of 1,187 patients suffering from high-risk acute
coronary syndrome (hrACS) were treated in our center in 2005.
States Killip 3 and 4 have developed perioperatively in 186 of
these patients. International studies have proven high mortality in
these patient groups – especially in state Killip 4. Our aim was to
analyze the inhospital mortality of the state Killip 3 and 4 patient
group treated in our center in 2005.
Results Seven hundred and two patients with STEMI and 485
patients with hrACS were admitted to our center in 2005. The
mortality of these patients was 4.84% (STEMI) and 3.71%
(hrACS), and the main cause of this mortality (37.7%) was the
Killip 3/4 state, which was observed in 11.9% of the STEMI
patients and in 17.9% of hrACS patients (n = 84 and 87). The
mean age of the Killip 3/4 patients was 70 ± 10 years. Angio-
logically successful PCI was performed in 97.9% of the cases. The
ratio of revascularized coronaries was left anterior descending
coronary artery (LAD): 66 (35.9%), right coronary artery (RCA): 33
(17.9%), circumflex coronary artery (CX): 28 (15.2%), PCI in left
main coronary artery: 28 (12.5%), LAD + CX: 15 (8.15%), RCA +
LAD: 7 (3.8%), CX + RCA: 6 (3.26%), venous bypass graft: 2
(1.1%). No PCI was performed in two cases. Adjuvant therapies of
intraaortic balloon counterpulsation in 67 (36%), mechanical
ventilation in 62 (33.3%), continuous veno-venous hemofiltration in
12 (6.45%), and levosimendan therapy in 86 (46.2%) patients
were used. Ten (5.4%) of the patients had advanced adult life
support (cardiopulmonary resuscitation) (AALS) before arrival at
our center, and AALS was performed in the perioperative period in
16 (8.6%) patients. The early inhospital mortality of hrACS
aggravated by state Killip 3/4 was 10.7% (20 patients) –
according to subgroup: Killip 3: 0.06%; Killip 4: 30.5%.
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Conclusion The prognosis of state Killip 3/4 and successive
multiorgan failure as the high-mortality complication of hrACS can
be improved by early successful PCI, and the concomitant
pharmacologic and nonpharmacologic supportive therapy.

P231

Abstract withdrawn

P232

Symptom onset to balloon time in patients with ST-
segment elevation myocardial infarction treated by primary
coronary angioplasty: influence on ST-segment resolution
and on mortality

E Abu Assi1, R Vidal Perez1, F Soto Loureiro1, E Paredes
Galan2, A Amaro Cendon1

1Hospital Clínico Universitario, Santiago de Compostela, Spain;
2Hospital Universitario Meixoerio, Vigo, Spain
Critical Care 2007, 11(Suppl 2):P232 (doi: 10.1186/cc5392)

Introduction With controversy in the field, we wanted to assess
the influence of symptom onset to balloon time in ST-segment
elevation myocardial infarction (STEMI) treated by primary coronary
angioplasty (PCA), on ST-segment resolution and on the 1-year
mortality.
Methods Retrospectively (January 1998–August 2004), we
studied 558 consecutive patients with STEMI treated by PCA. The
symptom to balloon time (SBT) was defined as the elapsed time
between symptom onset and the first balloon inflation, and the
procedural success (PS) as the TIMI III flow post-PCA with
estenosis <50%.
Results Table 1 summarises clinical features according to SBT.
After adjustment of potentially confounding variables, SBT was the
variable associated with less ST-segment resolution (HR 1.772,
95% CI 1.46–4.15, P = 0.02).

Table 1 (abstract P232)

<2 2–4 4–6 >6 
Symptom to balloon time hours hours hours hours P value

ST-segment resolution (%) 95 92 86 78 0.0001

Procedural success (%) 97 95 91 84 0.03

Mortality (%) 6 9 12 29 <0.001

Conclusion This study shows that, in patients with STEMI treated
by PCA, SBT is related to ST-segment resolution, to PS and to
mortality

P233

Coronary collateral circulation status is correlated with the
initial electrocardiographic pattern in ST-elevation
myocardial infarction

I Nuñez Gil1, R Garcia de la Borbolla2, J Garcia Rubira1, 
A Fernandez Ortiz1, M Manzano Nieto1, R Hernandez Antolin1,
C Macaya1

1Hospital Clínico San Carlos, Madrid, Spain; 2Hospital Universitario
Puerta del Mar, Cadiz, Spain
Critical Care 2007, 11(Suppl 2):P233 (doi: 10.1186/cc5393)

Introduction The status of coronary collateral circulation (CC) in
the first hours of ST-elevation myocardial infarction (STEMI) may
influence outcome. Early recognition of the CC status may have

therapeutic and prognostic implications. Our purpose was to
correlate the electrocardiogram (ECG) pattern and CC in STEMI.
Methods We analyzed ECG and angiographic CC in 242
consecutive patients (62 ± 14 years, 79% male) with STEMI
treated with primary angioplasty. Patients were divided into two
groups based on the magnitude of ST elevation with/without
distortion of the terminal portion of the QRS (group 1/group 2).
The degree of collateral filling (Rentrop) was assessed as grade 0 =
none, grade 1 = filling of side branches of the occluded artery,
grade 2 = partial epicardial filling, and grade 3 = complete
epicardial filling of the occluded artery.
Results ST elevation with distortion of the terminal portion of QRS
were present at initial ECG in 55 patients (23%). This group had a
lower incidence of Rentrop grade 2/3 than group 2 (P = 0.006,
Figure 1). Moreover, group 1 had higher enzyme release, worse
maximal Killip class and more frequently the combined variable
death/shock. Group 1 more often had proximal occlusion of the
infarction-related artery and nonreflow. Multivariate analysis found
ECG to be an independent predictor of outcome.
Conclusion ST elevation with distortion of the terminal portion of
QRS predicts impaired CC. Early recognition of this pattern should
warrant prompt treatment.

P234

Hemoglobin concentration on admission influences the
rate of inhospital 30-day mortality and complications in
patients with acute myocardial infarction: a retrospective
analysis of 660 Chinese patients

Y Zhao, W Gao, H Wu, J Li
Institute of Geriatric Cardiology, Beijing, China
Critical Care 2007, 11(Suppl 2):P234 (doi: 10.1186/cc5394)

Objective To determine the association between hemoglobin
concentrations on admission and inhospital 30-day cardiac
mortality and complications among patients with acute myocardial
infarction during their hospital course.
Methods We conducted a retrospective study of data on 660
Chinese patients who were hospitalized with acute myocardial
infarction. Patients were categorized according to the hemoglobin
concentration on admission, and data were evaluated to determine
whether there was an association between the hemoglobin
concentrations on admission and inhospital 30-day mortality and
complications. Complications were defined as cardiogenic shock,
congestive heart failure, arrhythmia, ventricular tachycardia or
fibrillation and pneumonia.
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Results Patients with hemoglobin values between 140 and 159 g/l
were used as the reference; cardiovascular mortality increased as
hemoglobin levels fell below 140 g/l or rose ≥160 g/l. The in-
hospital 30-day mortality was 25.0% in patients with hemoglobin
concentrations <100 g/l, 20.4% in patients with hemoglobin
concentrations of 100–119 g/l, 10.6% in patients with hemoglobin
concentrations of 120–139 g/l, 4.3% in patients with hemoglobin
concentrations of 140–159 g/l, and 8.5% in patients with hemo-
globin concentrations of 160 g/l or greater. The increase in risk of
complications associated with a low hemoglobin concentration
was more pronounced in patients with anemia than in patients
without. Compared with patients with hemoglobin concentrations
of 140–159 g/l, those with hemoglobin concentrations <140 g/l
had more inhospital complications and those with hemoglobin
concentrations ≥160 g/l also had more arrhythmia and pneumonia
(P < 0.001, respectively). As expected, a significant inverse corre-
lation between hemoglobin concentrations and ages (r = –0.51;
P < 0.001) was observed, and a significant positive correlation
between hemoglobin concentrations and albumin concentrations
and in the patients with acute myocardial infarction.
Conclusion It is demonstrated in this study that a reverse J-shaped
relationship between baseline hemoglobin values and major
adverse cardiovascular events is observed in patients with acute
myocardial infarction. There is a greater incidence of patients with
a hemoglobin concentration on admission in the elderly population
than that in the younger one.

P235

Anaemia at the moment of admittance is associated with
higher heart failure and mortality among patients with
acute coronary syndrome

J Garcia Acuña, A López Lago, E González Babarro, 
B Cid Alvarez, E Abu Assi, M Jaquet Herter, A Amaro Cendon,
M Santás Alvarez, S De Lange, J González Juanatey
Clinic Universitary Hospital of Santiago, Santiago de Compostela,
Spain
Critical Care 2007, 11(Suppl 2):P235 (doi: 10.1186/cc5395)

Background The search for novel and modifiable risk factors in
acute coronary syndrome (ACS) can open new strategies. We
decided to evaluate the prevalence of anaemia and determine its
influence on the prognosis of hospitalized ACS patients.
Patients and methods Four hundred and twenty-eight
consecutive patients hospitalized for ACS between 2005 and
2006 in a coronary care unit (CCU) of a cardiology department of
a tertiary hospital were studied. During their hospitalization we
registered cardiovascular risk factors; we determined the presence
of microalbuminuria (>3 mg/dl) in a 24-hour urine sample. We also
took blood samples during the first 24 hours of their admittance to
the CCU for a complete haemogram, levels of total cholesterol,
HDL cholesterol, LDL cholesterol, triglycerides, creatinine, creatinine
clearance (Cockroft–Gault equation), glucose, HbAc1, high-
sensibility C-reactive protein and a follow-up of levels of Troponin,
CK and CK-MB.
Results The prevalence of anaemia (Hb < 11 g/dl in women and
Hb < 12 g/dl in men) in patients with an ACS was 15.4%. This
group was characterised by the following: woman (P < 0.0001),
higher age (P = 0.0001), less weight (P = 0.01), higher frequency
of high blood pressure (P = 0.0001), diabetes mellitus
(P = 0.0001), history of ischaemic heart disease (P = 0.002) and
peripheral artery disease (P = 0.0001). This group presented a
major proportion of the NSTEMI (P = 0.015), higher level of renal
dysfunction (77% to 32%, P = 0.0001), and microalbuminuria
(61% to 32%, P = 0.0001). Patients with anaemia presented a

worse intrahospital prognosis: major incidence of cardiac
insufficiency (42% to 20%, P = 0.0001), refractory angina pectoris
(14% to 6%, P = 0.01), more electric complications (12% to 9%,
P = 0.01) and a higher mortality (14% to 7%, P = 0.009). The
presence of anaemia was an independent predictor of cardiac
insufficiency and death at the moment of admittance to the CCU
(OR = 2.20, 95% CI = 1.10–4.35; P = 0.002)
Conclusion The presence of anaemia is a powerful predictor of a
worse prognosis in patients with ACS. Anaemia is associated with
other factors of a worse prognosis such as renal dysfunction,
peripheral artery disease and diabetes mellitus.

P236

Long-term prognostic impact of anemia in patients with
ST-elevation acute myocardial infarction treated by primary
coronary angioplasty

E Abu Assi, F Soto, R Vidal, E Pardes, A Amaro
Hospital Clínico Universitario, Santiago de Compostela, Spain
Critical Care 2007, 11(Suppl 2):P236 (doi: 10.1186/cc5396)

Introduction Anemia has been shown to be a powerful and
independent predictor of 30-day outcomes among patients
presenting with acute coronary syndrome. However, there are
limited and conflicting data about its long-term independent
predictive value in this setting.
Objectives To investigate the long-term prognostic impact of
anemia in patients with ST-elevation acute myocardial infarction
(STEMI) treated by primary coronary angioplasty (PCA).
Methods Retrospectively, from January 2001 to December 2003,
we studied 298 consecutive patients with STEMI treated with
PCA. Patients were classified into two groups according to having
anemia or nonanemia at admission (for men Hb < 13 vs ≥13 g/dl,
and for women Hb < 12 vs ≥12 g/dl). We defined the composite
endpoint as death or rehospitalization for heart failure or acute
coronary event. The average follow-up time was 24 months and
was determined in 97%.
Results Anemia was present in 41 patients (14%). At the end of
follow-up, 109 patients (37%) developed ≥1 component of the
composite endpoint (52 deaths and 66 rehospitalization). The
event-free survival was 62% in the group with anemia versus 82%
in the other group (P < 0.001). After controlling for a variety of
baseline clinical, laboratory, and angiographic variables, anemia
was a strong and independent predictor of death or rehospitaliza-
tion for heart failure or acute coronary event (HR 1.96, 95% CI
1.21–3.17, P = 0.006). Figure 1 shows that patients with anemia
present a worse prognosis.
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Conclusion Our data demonstrate that baseline anemia is a strong
and independent predictor of future adverse events at 2 years in
patients with STEMI treated with PCA.

P237

Cardiogenic shock in the Aachen Digital Myocardial
Infarction Registry

A Kersten, M Merx, H Dückers, M Kelm, W Lepper
UK Aachen, Germany
Critical Care 2007, 11(Suppl 2):P237 (doi: 10.1186/cc5397)

Introduction Guideline-oriented therapy of acute coronary
syndrome (ACS) with ST-elevation myocardial infarction (STEMI)
calls for quick and early treatment. The creation of an infarct
network has been associated with streamlined treatment and a
reduction of hospital mortality. Whether patients with cardiogenic
shock (CS) receive similar, optimized treatment as regular STEMI
patients is unclear.
Methods We created the Aachen Digital Myocardial Infarction
Registry (ADMIRE) database according to the European Cardiology
Audit and Registration Data standards for clinical cardiology
practice. Patients were labelled according to the presenting form
of ACS. The infarct network included local ambulance services
(LA), local hospitals (LH) and the interventional center with an
emergency department (ED) and a 24/7 cath lab crew. To improve
performance we introduced prehospital triage, fax-transmission of
ECG, and direct alert of the cath lab crew by telephone. We
determined treatment variables, median index-to-door (IDT) and
door-to-sheath (DST) times and hospital mortality.
Results Between April and December 2006 we treated 593
patients including 119 STEMI (20.1%) and 45 CS patients
(7.6%); 66.7% were male, mean age was 67.4 years. CS
presented with ST elevation in 48.9%, as non-STEMI in 33.3%,
rescue percutaneous coronary intervention (PCI) in 11.1% or with
subacute ACS in 6.7%; 30.4% of CS were admitted through LA,
67.4% through LH and only one patient through the ED. Upon
admission, 50% of CS had required CPR, 69.6% were on
mechanical ventilation. In total 89.1% of CS underwent
angiography, with revascularization in 69.8% and intra-aortal
balloon pump treatment in 68.1%. The median DST for CS vs
STEMI was 82 vs 59.5 minutes (P = 0.07), and the IDT was
shorter for CS (172 vs 385 min, P < 0.05). Stratified by admission
source, the DST was equal between LA and LH (66 vs 84 min,
P = 0.75). CS patients with ST elevation were not treated
significantly faster than those without or CS with rescue PCI (64 vs
84 vs 94 min, P > 0.05 for each). Prehospital CPR did not lead to
significantly altered DST. The DST was <60 minutes in 31.3% of
CS compared with 50% STEMI patients. Mortality in CS patients
was significantly higher than that of STEMI patients (56.5% vs
7.6%, P < 0.05) but equal among CS subgroups (50% for ST-
elevation CS, 80% for non-STEMI CS, 40% for rPCI CS, no
deaths for CS with subacute ACS). It did not differ by admission
source and was not influenced by a DST < 60 minutes, intra-aortal
balloon pump or revascularization status.
Conclusion Despite their higher complexity, patients with CS were
treated as fast as patients with STEMI, yet there was room for
improvement to increase the number of patients treated within the
first hour of admission for both STEMI and CS. Structural changes
and further implementation of standard operating procedures might
achieve this. We could not show a mortality difference for any of
our treatment variables, which might be due to the low number of
patients.

P238

Intra-aortic balloon counterpulsation: impact on patient
hemodynamics in acute myocardial infarction complicated
by cardiogenic shock

J Brazdzionyte, A Macas, A Mickeviciene, G Baksyte
Kaunas University of Medicine, Kaunas, Lithuania
Critical Care 2007, 11(Suppl 2):P238 (doi: 10.1186/cc5398)

Introduction Evaluation of hemodynamics in patients with acute
myocardial infarction (AMI) is crucial. Hemodynamic changes
during intra-aortic balloon counterpulsation (IABC) are monitored
using invasive methods for assessment of hemodynamics in
patients with cardiogenic shock (CS).
Objective To evaluate hemodynamic indices in patients with AMI,
complicated by CS and managed with IABC during initial days of
treatment.
Methods Hemodynamic indices including cardiac output (CO),
cardiac index (CI), mean pulmonary artery pressure (MPAP) and
pulmonary capillary wedge pressure (PCWP) were measured by
pulmonary artery catheterization using an intermittent thermo-
dilution technique for patients with AMI complicated by CS,
admitted within 12 hours from the onset of pain and managed by
IABC. All measurements were performed within 48 hours after
initiation of IABC.
Results Twenty-nine patients were investigated according to the
study protocol: 15 (51.7%) men and 14 (48.3%) women. Average
age was 71.4 ± 6.9 years. Anterior AMI was diagnosed for 19
(65.5%) patients, and inferior in 10 (34.5%) patients. Primary
percutaneous transluminal coronary angioplasty (PTCA) was
successfully performed for 22 (75.9%) patients, primary PTCA
was unsuccessful for four (13.8%) patients, and seven (24.1%)
patients underwent scheduled cardiac surgery within the first
2 weeks. The inhospital mortality rate was 41.4% (12 patients).
The initial (after initiation of IABC) CO was 3.7 ± 1.2 l/min, CI was
1.9 ± 0.7 l/min/m2, MPAP was 30 ± 7.1 mmHg (maximum
43 mmHg), PCWP was 19.1 ± 5.1 mmHg (maximum 26 mmHg).
After the first 24 hours of IABC, the CO was 3.8 ± 1.6 l/min, CI
was 2 ± 0.9 l/min/m2, MPAP was 23.7 ± 7.1 mmHg (maximum
36 mmHg), PCWP was 16.8 ± 4 mmHg (maximum 24 mmHg).
After 48 hours of IABC, CO was 4.1 ± 1.7 l/min, CI was 2.1 ± 0.8
l/min/m2, MPAP was 23.8 ± 6.5 mmHg (maximum 44 mmHg),
PCWP was 16.8 ± 4.6 mmHg (maximum 24 mmHg).
Conclusion Intra-aortic balloon counterpulsation has a positive
impact on hemodynamic changes of patients with acute myocardial
infarction complicated by cardiogenic shock during the initial days
of treatment.

P239

Elevation of Troponin T in critically ill septic patients is
common: but does it matter?

A Thornley, A Turley, M Johnson, B Kunadian, M de Belder, 
J Gedney
The James Cook University Hospital, Middlesbrough, UK
Critical Care 2007, 11(Suppl 2):P239 (doi: 10.1186/cc5399)

Background Troponin T (TnT) is an established marker of adverse
outcome in acute coronary syndrome patients and aids risk
stratification. Myocardial dysfunction and elevated of TnT are
common in critically ill patients and cardiology advice is often
sought.
Objective To evaluate the role of TnT as a predictor of all-cause
mortality in patients with severe sepsis/septic shock as defined by
international criteria.
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Methods A prospective observational study was performed on
patients admitted to a general adult ICU within 24 hours of the
development of severe sepsis/septic shock. Serial TnT samples
were taken over the first 96 hours. Patients were grouped into
three groups: A, TnT < 0.01 ng/ml; B, TnT 0.01–0.099 ng/ml; and
C, TnT > 0.099 ng/ml.
Results Blood from 49 patients was analysed. The peak Troponin
level was elevated (>0.01 ng/ml) in 39/49 patients (80%). There
was no significant difference between the three groups in terms of
hypertension, history of angina, myocardial infarction or systolic
blood pressure at time of ICU admission. Patients with
undetectable TnT levels (<0.01 g/ml) had significantly lower 6-
month mortality rates than those with detectable levels (group A
2/10 (20%) vs Group B/C 23/39 (59%), P = 0.037; group B 8/15
(53%), group C 15/24 (63%)). See Table 1.

Table 1 (abstract P239)

APACHE II Mean Inotropic 
Group Number score age (years) support Mortality

A 10 18.5 (8.2) 52 (17) 8 2/10

B 15 20 (5.7) 63 (15) 15 8/15

C 24 22.2 (6.8) 65 (14) 22 15/24

Conclusions Elevated biochemical markers of cardiac myocyte
damage are common in patients with severe sepsis/septic shock.
TnT elevation is a predictor of 6-month all-cause mortality.
Clinicians should be aware of the significance of an elevated TnT
assay in this patient population.

P240

Prognostic markers in the acute phase of myocardial
infarction

G Baksyte1, A Macas1, J Brazdzionyte1, V Saferis1, 
M Tamosiunas2, A Krisciukaitis1

1Kaunas University of Medicine, Kaunas, Lithuania; 2Institute for
Biomedical Research, Kaunas, Lithuania
Critical Care 2007, 11(Suppl 2):P240 (doi: 10.1186/cc5400)

Introduction The aim of the study was to assess the prognostic
value of heart rate variability, arrhythmias and left ventricular
systolic and diastolic function for the course and the outcome of
myocardial infarction (MI).
Methods We prospectively studied 57 consecutive patients
admitted to the ICU of the Department of Cardiology of Kaunas
Medical University Hospital between 2002 and 2004 with acute
MI. The study protocol included 24-hour ECG monitoring on the
first day and the third day of admission and echocardiography
performed at days 2–4. Inhospital prognostic endpoints were
death and nonfatal events: postinfarction angina, progressive heart
failure, pulmonary edema and cardiogenic shock. Heart rate
variability (HRV) was assessed at days 1 and 3 by a 24-hour
recording using the ‘HeartLab’ system. A logistic regression model
was used to select the combination of statistically significant
variables and predict the complications.
Results In our model statistically significant independent variables
for prediction of inhospital MI complications were HRV frequency
domain parameter low-frequency power (LF) on day 3, and left
ventricular end-systolic volume (LV ESV), atrial fibrillation/flutter
and inotropic agent administration on day 1. According to the
results, atrial fibrillation/flutter (odds ratio 25.6) and increased LV
ESV (odds ratio 1.067 (6.7%) for increase in 1 ml) increase the
probability of inhospital complications, while increased LF on day 3

(odds ratio 1.29 for 1,000 units) and no administration of inotropic
drug on day 1 (odds ratio 34.5) decrease the probability of
inhospital complications. The average efficacy of prognostication
reached 96.5%; the presence of complications was correctly
predicted in 88.9% of cases, and the absence of complications in
100% of cases.
Conclusion The HRV parameter LF on day 3, and LV ESV, atrial
fibrillation/flutter and inotropic agent administration on day 1 are
statistically significant independent predictors of inhospital
complications of MI with an average predictive efficacy of 96.5%.

P241

The relationship between blood pressure and plasma
magnesium level in hypertensive patients

A Bayir, B Cander, A Ak, S Girisgin
University, Meram Faculty of Medicine, Konya, Turkey
Critical Care 2007, 11(Suppl 2):P241 (doi: 10.1186/cc5401)

Introduction The aim of this study was to investigate the
relationship between blood pressure and plasma magnesium levels
in patients referred to the emergency department with hypertensive
attack. Epidemiological evidence on the effects of magnesium on
blood pressure is inconsistent. Metabolic and experimental studies
suggest that magnesium may have a role in the regulation of blood
pressure. Magnesium regulates various ion channels in many
tissues, including those of the cardiovascular system. Magnesium
is the second most abundant intracellular cation, and the important
element that has numerous biological functions in the cardio-
vascular system. Furthermore, magnesium acts as a calcium
antagonist, regulating the calcium metabolism.
Methods Patients were included who were taken to the emer-
gency department due to hypertensive attack. Their age, gender,
systolic and diastolic blood pressure were recorded. In order to
see the plasma magnesium levels, venous blood samples were
taken. The results were compared with a chi-square test. The
values P < 0.05 were accepted as significant.
Results Seventy-three patients (35 of whom were female, 38
males) were included in the study. The average age was 47 ± 6.3
(ranging from 33 to 68 years). The average blood pressure of the
patients was found as systolic 200 ± 10 (range 185–240) mmHg,
diastolic 105 ± 7 (range 95–110) mmHg. The average plasma
magnesium levels were 1.4 ± 0.3 (range 0.9–2.2) mg/l. The
plasma magnesium levels were low in 29 patients (ranging from
0.9 to 1.7 mg/l). There was a negative relationship systolic blood
pressure and plasma magnesium level (P < 0.05). In addition, there
was a negative relationship diastolic blood pressure and plasma
magnesium level (P < 0.05).
Conclusion Low plasma magnesium levels would be an important
factor for elevated blood pressure and hypertensive attack.

P242

Precise and ultrarapid control of blood pressure with
clevidipine, an arterial selective calcium channel blocker

J Varon1, J Levy2, C Dyke3, P Acosta4, S Aronson5

1The University of Texas, Houston, TX, USA; 2Emory Healthcare,
Atlanta, GA, USA; 3Gaston Medical Center, Gastonia, NC, USA;
4Dorrington Medical Associates, Houston, TX, USA; 5DUMC,
Durham, NC, USA
Critical Care 2007, 11(Suppl 2):P242 (doi: 10.1186/cc5402)

Introduction Precise, rapid control of blood pressure (BP) is
important in emergency and critical care settings as uncontrolled
hypertension is associated with morbidity and mortality in high-risk
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surgery patients as well as severely hypertensive patients.
Clevidipine is an ultrashort-acting, vascular and arterial-selective
calcium antagonist currently under development for treating acute
hypertension.
Methods We analyzed data from two double-blinded, placebo-
controlled trials (ESCAPE-1 and ESCAPE-2) that evaluated the
ability of clevidipine to control BP in high-risk cardiovascular
surgery patients. In addition, we evaluated the design of a recently
initiated trial that analyzes clevidipine in severe hypertension
(VELOCITY trial).
Results In both ESCAPE-1 and ESCAPE-2, clevidipine
demonstrated a statistically significant decrease in mean arterial
pressure from baseline (P < 0.0001) compared with placebo at
the 5-minute time point. A BP lowering effect was observed within
1–2 minutes with clevidipine, with the median time to achieve
target systolic blood pressure (SBP) of 6 and 5.3 minutes,
respectively (see Figure 1). In the patients with acute severe
hypertension, the VELOCITY trial studies the percentage of
patients in whom the SBP falls below the lower limit of a patient-
specific predetermined target range at the initial dose of 2.0
mg/hour within 3 minutes of initiating the infusion, as well as the
percentage of patients who reach the prespecified target SBP
range within 30 minutes of the beginning of the study drug.
Conclusion In both the ESCAPE-1 and ESCAPE-2 studies,
clevidipine demonstrated the ability to precisely achieve target
blood pressure reductions in a short period of time, in a high-risk
patient population. Further analysis of the rapid decreases noted
with clevidipine is being conducted in patients with acute severe
hypertension in the VELOCITY trial.

P243

Clinical meaning and prognosis of the elevation degree of
cardiac Troponin I in pericarditis of the adult: short-term
and mid-term follow-up results

E Abu Assi, C Peña Gil, R Vidal Perez, J Garcia Acuña, 
A Amaro Cendon
Hospital Clínico Universitario, Santiago de Compostela, Spain
Critical Care 2007, 11(Suppl 2):P243 (doi: 10.1186/cc5403)

Introduction The inflammatory process of acute pericarditis (Pc)
may involve the epicardium and cause myocardial damage, as
reflected by cardiac Troponin I (TnI) release. Studies performed
with TnI demonstrated that the temporal pattern of this release is
similar to that of an acute myocardial infarction (AMI); however, the
true prognostic significance of TnI remains unknown in this setting.

Objective To investigate the clinical and prognostic value of TnI
release in adult with acute Pc.
Methods From January 2000 to March 2006 we retrospectively
studied 89 patients with the final diagnosis of acute myocarditis
(Mc), of which 66 (74%) fulfilled at least two criteria of acute Pc
(typical chest pain, pericardial friction rub, and/or alterations in the
ECG). We only included those diagnosed with idiopathic or viral
Pc with elevation of TnI over the level of cut for AMI in our hospital
(≥0.6 ng/dl). We divided patients into tertiles according to the
value of TnI (22 in each group). An echocardiographic (Echoc)
study and a ECG monitorization was performed at admission in all.
The coronariography was done in 24 (36%), which did not show
lesions. The average follow-up was 24 ± 18 months and included
Echoc in 61 (92%).
Results Age 28 ± 9 years, 87% men; two (3%) patients had
antecedents of idiopathic Pc and only one of Mc. The average of
the peak of TnI was 17 ± 11 ng/dl, being the average of the values
of TnI in each group of 6 ± 3 (first tertile), 15 ± 2 (second tertile)
and 30 ± 11 ng/dl (third tertile). LVEF% was ≥55 in 61 (92%) and
there were no differences in the age and sex between the three
groups. The elevation of TnI did not correlate with the LVEF%
(62 ± 5 vs 61 ± 4 vs 60 ± 7; P = 0.60). Only the values of TnI in
the third tertile were associated with the elevation of the ST
segment in ≥5 derivations (P = 0.001), and with abnormal
ventricular wall motion (P = 0.046). There was no association with
the presence of pericardial effusion, arrhythmias nor cardiac failure.
During follow-up, two (3%) patients presented Mc, and three Pc
without elevation of TnI. The remaining patients (92%) were
asymptomatic and without cardiac dysfunction. The average
LVEF% was >55% in all of them
Conclusion In adults with acute Pc, the elevation degree of TnI is
associated with the degree of elevation of the ST segment but it is
not a negative prognosis indicator.

P244

Emergency electrocardiography-guided pericardiocentesis
in cardiac tamponade

E Charalambous, S Manousakis, A Kioulpalis, A Skrivanou, 
G Vrouchos
Venizelio General Hospital of Heraklion, Greece
Critical Care 2007, 11(Suppl 2):P244 (doi: 10.1186/cc5404)

Introduction Pericardiocentesis (PC) and pericardial fluid drainage
is the method of choice in cardiac tamponade (CT). It is usually
performed under echocardiography control. The objective of the
study was the description of CT etiology, symptoms and clinical
findings and the evaluation of the electrocardiography (ECG)-
guided PC procedure.
Methods Thirty-nine consecutive patients (nine females) with CT,
mean age 56 years, underwent 41 emergency PC between
November 1998 and November 2006. There was full data registry
for 31 patients and 33 PC. We used a subxiphoidal approach in
31 and an apical approach in two cases. Catheters used were
Cordigan (Braun) and C-PCS-830-LOCK (Cook). A full
transthoracic echocardiography (TTE) study preceded and PC was
performed under ECG monitoring (intrapericardial ECG recording).
Results Patients with CT had the following symptoms or clinical
findings: dyspnea (77%), pleural effusion (68%), chest pain (48%),
weight loss (29%), fever (23%), cough (19%), peripheral edema
(12%), abdominal pain (12%), hoarseness (12%), jugular vein
distension (6%). Forty-five percent of patients were hemo-
dynamically stable, while 26% had high BP. The mean heart rate
on admission was 94/minute. Seventy-one percent of patients
exhibited hypoxemia (half of them mild). Deep heart sounds were

Available online http://ccforum.com/supplements/11/S2

Figure 1 (abstract P242)



S100

recognized in 39% and pulsus paradoxus was present in 29% of
cases. Only 12% had pericardial knock and pericardial friction rub
was absent in all patients. On ECG there was sinus rhythm in
71%, the rest being atrial fibrillation. Sixty-five percent of patients
showed repolarization changes, and only 16% had low voltage. On
TTE, 3/4 of patients had right atrium/right ventricle collapse and
the intapericardial space measured 1.8–3.8 cm. Only 39% of
patients exhibited cardiac enzyme increase (cardiac troponin I, CK-
MB), while the majority had elevated CRP. The underlying
diagnosis for CT in 35% of cases was lung adenocarcinoma/
nonsmall cell carcinoma or breast carcinoma. In 35% the final
diagnosis was that of idiopathic pericarditis. Seventy percent of
pericardial fluid samples were exudates and 74% were
sanguineous/serosanguineous. Four patients had pericardial fluid
under pressure. The mean volume drained was 1,540 ml (850–3,010),
the mean period of drainage was 56 hours (3 hours–14 days). No
major complications occurred; 23% patients had nonmalignant
arrhythmias (AF, NSVT).
Conclusions ‘Classical’ symptoms and signs (low BP, pulsus
paradoxus, deep heart sounds or low voltage) can be absent in CT.
Emergency PC with ECG intrapericardial ECG recording, after
meticulous TTE, can be safe. Appearance of nonmalignant
arrhythmias could be a rare complication.

P245

Diagnostic accuracy of automated computerised
electrocardiogram interpretation compared with a panel of
experienced cardiologists

A Turley1, A Roberts1, K Evemy2, I Haq2, T Irvine2, P Adams2

1The James Cook University Hospital, Middlesbrough, UK; 2Royal
Victoria Infirmary, Newcastle upon Tyne, UK
Critical Care 2007, 11(Suppl 2):P245 (doi: 10.1186/cc5405)

Introduction Computerised electrocardiogram (ECG) interpre-
tation is widely applied, especially within the clinical settings of
primary care and surgical preadmission. Concerns have been
raised over the accuracy of computerised ECG interpretation. Our
aim was to compare the performance of computer-based ECG
interpretation with that of a panel of experienced cardiologists.
Methods All consecutive ECGs performed in a hospital cardiology
department over a 1-week period were analysed. Two cohorts
were assessed, open access patients from primary care and
surgical preoperative assessment patients. Cardiologists were
blinded to clinical details and the computerised ECG
interpretation. ECGs were analysed by a panel of cardiologists
with the consensus view taken as the reference standard. ECGs
were interpreted in relation to ‘rhythm’ and ‘other abnormalities’
and were classified as normal or abnormal.
Results Seventy consecutive ECGs were analysed, 47 from open
access and 23 from surgical preassessment. The cohort’s median
age was 60 years (range 27–87 years, male n = 30). Twenty-four
ECGs were normal. There was complete disagreement over the
computerised ECG interpretation of one ECG, which was deemed of
major clinical significance. Partial disagreement occurred in the
remainder. The greatest level of disagreement related to the
interpretation of left ventricular hypertrophy and ECG evidence of
myocardial ischaemia/infarction. Likelihood ratios (LR) were not

calculated for negative results as there were no false negative results.
LR for abnormal ECG ‘rhythm’ were 18.3 (6.7–53.4) and for
abnormal ECG ‘other abnormalities’ were 3.15 (2.13–5.11) (Table 1).
Conclusions Need exists to improve the diagnostic algorithms
used by computerised ECG interpretation. It is essential that all
automated computerised ECG interpretations be over read by a
physician.

P246

Cystatin C in the prognostic stratification of patients with
an acute coronary syndrome

A Lopez Lago, E González Babarro, J García Acuña, 
S De Lange, E Abu Assi, R Vidal Pérez, M Santás Alvarez, 
M Jaquet Herter, B Cid Alvárez, J González Juanatey
Clinic Universitary Hospital of Santiago, Santiago de Compostela,
Spain
Critical Care 2007, 11(Suppl 2):P246 (doi: 10.1186/cc5406)

Introduction Early risk stratification is essential in the management
of patients with an acute coronary syndrome (ACS).
Measurements of renal function such as serum creatinine and
estimation of creatinine clearance carry independent prognostic
information in this population. Cystatin C is a new and better
marker of renal function than creatinine. The aim was therefore to
evaluate the prognostic value of cystatin C in this population.
Methods Four hundred and twenty-eight patients with an ACS,
admitted to our coronary care unit (CCU), were studied
prospectively. Sixty-three per cent presented a non-ST-segment
elevation myocardial infarction (NSTEMI) and 37% a ST-segment
elevation myocardial infarction (STEMI). During their hospitalization
we registered cardiovascular risk factors: we determined the
presence of microalbuminuria (>3 mg/dl) in a 24-hour urine
sample. We also took blood samples during the first 24 hours of
their admittance to the CCU for a complete hemogram, levels of
total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides,
creatinine, creatinine clearance (Cockroft–Gault equation),
glucose, HbAc1, high-sensibility C-reactive protein, Cystatin C and
a follow-up of levels of Troponin, CK and CK-MB. All patients were
submitted to a coronary angiography in the first 72 hours to give a
clinical score to their coronary artery disease (disease of one, two
or three arteries).
Results We determined the Cystatin C level in 59 patients (16
females and 43 males). In 36% (21 patients) we found normal
levels (<0.95; 0.80 ± 0.9), called group 1. In the other group
(group 2) we found higher levels of Cystatin C (>0.95;
1.63 ± 0.77). Patients in group 2 presented a higher age, a higher
frequency of high blood pressure, worse Killip class score at the
moment of admittance, higher inflammatory activity (leucocytosis,
P = 0.001 and higher levels of C reactive protein, P = 0.005),
higher grade of renal dysfunction (P = 0.001) and anaemia
(P = 0.06). Patients in group 2 presented a worse intrahospital
prognosis with a higher incidence of cardiac insufficiency (45% to
14%, P = 0.01), ventricular arrhythmias (29% to 5%, P = 0.05),
pericardial effusion (18% to 0%, P = 0.05) and a higher mortality
(21% to 5%, P = 0.08). In the multivariant analysis, Cystatin C was
an independent predictor of cardiac insufficiency (OR = 4.5, 95%
CI 1.1–20.8, P = 0.05).
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Abnormality Kappa Sensitivity Specificity NPV PPV

Rhythm 0.92 (0.84–1) 1 (0.88–1) 0.95 (0.85–0.98) 1 (0.93–1) 0.9 (0.76–0.97)

Other 0.68 (0.52–0.84) 1 (0.91–1) 0.68 (0.68–0.53) 1 (0.88–1) 0.75 (0.62–0.85)
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Conclusion Higher levels of Cystatin C (>0.95) in patients with an
ACS indicate a worse intrahospital prognosis and also a higher
inflammatory activity and renal dysfunction.

P247

The reduction of the glomerular filtration rate and the
presence of microalbuminuria at the moment of
admittance reduce the prognostics of patients with an
acute coronary syndrome

A Lopez Lago, J Garcia Acuña, S De Lange, E González
Babarro, M Jaquet Herter, E Abu Assi, A Amaro Cendon, 
M Santás Alvárez, J González Juanatey
Clinic Universitary Hospital of Santiago, Santiago de Compostela,
Spain
Critical Care 2007, 11(Suppl 2):P247 (doi: 10.1186/cc5407)

Introduction Determination of the glomerular filtration rate (GFR)
in patients with an acute coronary syndrome (ACS) has an
important prognostic value. The presence of microalbuminuria
(MA) is a known risk factor in patients with hypertension and
diabetes. We know less about the effect of reduction of the GFR
on patients with an ACS.
Method Four hundred and twenty-eight patients with an ACS,
admitted to our coronary care unit (CCU), were studied
prospectively. Sixty-three percent presented a non-ST-segment
elevation myocardial infarction and 37% a ST-segment elevation
myocardial infarction. During their hospitalization we registered
cardiovascular risk factors; we determined the presence of MA
(>3 mg/dl) in a 24-hour urine sample. We also took blood samples
during the first 24 hours of their admittance to the CCU for a
complete hemogram, levels of total cholesterol, HDL cholesterol,
LDL cholesterol, triglycerides, creatinine, creatinine clearance
(Cockroft–Gault equation), glucose, HbAc1, high-sensibility C-
reactive protein and a follow-up of levels of Troponin, CK and CK-
MB.
Results Thirty-nine percent of the patients with an ACS presented
a GFR less than 60 ml/minute, and 36% presented MA at the
moment of admittance to the CCU. Forty-four percent of the
patients with a GFR less than 60 ml/minute also presented MA; on
the contrary, only 32% of the patients with a GFR more than 60
ml/minute did so (P = 0.01). This group contains significantly more
women (P = 0.001), more history of ischemic brain events and
peripheral artery disease (P = 0.03), worse Killip score at the
moment of admittance (P = 0.001), more development of cardiac
insufficiency (P = 0.003) and a higher mortality during hospital stay
(P = 0.03).
The intrahospital survival of patients with GFR less than 60
ml/minute and MA was 79%, to 96% in patients without MA and a
GFR more than 60 ml/minute (P = 0.01; Log-rank test = 6).
Patients with a GFR less than 60 ml/minute but without MA
presented an intrahospital survival of 85%. In the multivariant
analysis a GFR less than 60 ml/minute (OR = 2.0; 95% CI
1.13–3.53) and the presence of MA (OR = 2.30; 95% CI
1.37–3.86) were independent predictive factors of cardiac
insufficiency and mortality.
Conclusions The presence of a GFR less than 60 ml/minute and
MA at the moment of admittance of a patient with an ACS
identifies a group of patients with a bad prognosis. Future studies
can reveal whether an improvement of the renal function can be
beneficial for this group of patients.

P248

Circulating levels of tumor necrosis factor alpha, brain
natriuretic peptide and cardiac Troponin I upon admission
and 31-day mortality in patients with acute
decompensated chronic heart failure

P Batika Zairis1, M Zairis2, E Adamopoulou2, 
H Michalopoulou1, S Foussas2

1Metaxa Hospital, Piraeus, Greece; 2Tzanio Hospital, Piraeus,
Greece
Critical Care 2007, 11(Suppl 2):P248 (doi: 10.1186/cc5408)

Background Elevated circulating levels of TNFα, brain natriuretic
peptide (BNP) and cardiac Troponin I (cTnI) have been connected
with adverse prognosis in patients with chronic heart failure (CHF).
However, there are scant data about the predictive value of these
biomarkers in combination.
Methods A total of 577 consecutive patients (mean age: 73 ± 9
years), who were hospitalized for acute decompensation of NYHA
class III/IV (65.3% of ischemic etiology) low-output (mean LVEF:
22 ± 5) CHF, were studied. Biochemical markers were measured
upon admission. The incidence of 31-day death was the
prespecified primary endpoint.
Results The incidence of the primary endpoint was 17.7%. By
multivariate Cox analysis, including baseline characteristics and the
study biomarkers, elevated circulating levels of TNFα (RR = 2.1;
P < 0.001), BNP (RR = 3.5; P < 0.001) and cTnI (RR = 3.8;
P < 0.001) were independently associated with the primary
endpoint. When the patients were divided according to the number
of positive biomarkers (estimated by ROC analysis) there was a
significant gradual increase in the rate of the primary endpoint with
increasing of the number of the positive biomarkers (4.1%, 10%,
21.5% and 53.5% 31-day mortality rate for patients with zero, one,
two and three positive biomarkers, respectively; P < 0.001) (Figure 1).

Conclusions The present results suggest that in patients
hospitalized due to acutely decompensated severe low-output
CHF, serum levels of TNFα, BNP and cTnI can be used in
combination for enhanced early risk stratification.
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Secondary prevention following surgical revascularisation:
continuing under-use of angiotensin-converting enzyme
inhibitors

A Turley, A Thornley, A Roberts, R Morley, W Owens, 
M de Belder
The James Cook University Hospital, Middlesbrough, UK
Critical Care 2007, 11(Suppl 2):P249 (doi: 10.1186/cc5409)

Introduction Over the past decade, coronary revascularisation has
helped reduce mortality and morbidity rates from coronary artery
disease. In addition to revascularisation, long-term prognosis is
dependent on successful implementation of secondary prevention,
in particular the use of aspirin, statins, angiotensin-converting
enzyme (ACE) inhibitors and, in many, β-blockers. Previous studies
have highlighted the under-utilisation of secondary preventative
strategies in this patient population. A focused review of secondary
preventative medication at the time of revascularisation provides an
excellent opportunity to ensure optimal use of these agents. Our
aim was to identify the proportion of patients undergoing
nonemergency surgical revascularisation discharged on these four
secondary preventative medications.
Methods A retrospective analysis of our inhouse cardiothoracic
surgical database was performed. All patients had undergone
surgical revascularisation between January 2003 and November
2006. Only patients undergoing coronary artery bypass grafting
were included.
Results A total of 2,749 consecutive patients were included in the
analysis, mean age 65.5 years (±9.2). In total, 2,302 isolated
coronary artery bypass grafting procedures and 447 combined
procedures were performed. See Table 1.

Table 1 (abstract P249)

2003 2004 2005 2006

Total 522 758 767 702 

Previous myocardial 296 364 353 347 
infarction (56.7%) (48%) (46%) (49.4%)

Left ventricular 113 145 175 186 
systolic dysfunction (21.6%) (19.1%) (22.8%) (26.5%)

EuroSCORE 3.8 (2.7) 3.9 (3) 3.9 (2.8) 4.3 (2.9)

Aspirin 490 694 700 652 
(93.9%) (91.6%) (91.3%) (92.9%)

ACE inhibitor/ 285/34 421/43 430/53 382/49 
angiotensin receptor (61%) (61%) (63%) (61%)
blocker

β-Blocker 412 632 587 540 
(78.9%) (83.4%) (76.5%) (76.9%)

Statin 470 700 710 638 
(90%) (92.3%) (92.6%) (90.9%)

Conclusion Although the utilisation of these preventive therapies
has improved compared with previous studies, additional
improvements could be made and in particular there is a continuing
under-utilisation of ACE inhibitors. There are several reasons why
ACE inhibitors might not be used in the early postoperative phase
(hypotension, temporary renal dysfunction, etc.). These results
reinforce the need to review these patients following recovery from
surgery with a view to optimising secondary preventive treatment.
This may best be done in community secondary prevention clinics
with agreed guidelines.

P250

Cardiopulmonary exercise testing as a screening test for
perioperative management of major cancer surgery: a pilot
study

R Raobaikady, S Dinesh, M Hacking, T Wigmore
The Royal Marsden NHS Foundation Trust, London, UK
Critical Care 2007, 11(Suppl 2):P250 (doi: 10.1186/cc5410)

Introduction Cardiopulmonary exercise testing is an important
screening test to evaluate cardiorespiratory function before major
body cavity surgery.
Objective To develop a clinical strategy for the identification and
management of high-risk major cancer surgical patients in order to
reduce perioperative morbidity and mortality.
Methods Forty-one major cancer surgery patients underwent a
cardiopulmonary exercise test (CPX) as part of their preoperative
assessment. Their cardiac and pulmonary risk factors were
analysed. Depending on the anaerobic threshold (AT) values,
patients are considered poor risk, moderate risk or very low risk for
surgery.
Results Three patients did not complete the test. Two of them had
very poor cardiopulmonary reserve and one had leg fatigue with
good pulmonary function. Seven patients were considered high
risk with AT < 10. The remaining 31 patients had AT > 11 and
underwent major cancer surgery. In total, 10 surgical procedures
were cancelled based on poor CPX performance. Two patients
with low AT underwent surgery after preoptimisation with no
complications. There are no deaths related to cardiopulmonary
complications in any patient deemed fit for major cancer surgery
and intensive care management, as determined by CPX testing.
The average intensive care stay was 8.9 days (range 1–19 days).
The surgical procedure was altered in two patients based on CPX
results.
Discussion CPX testing is an important screening test for major
surgery to determine the cardiorespiratory risk factors. It is useful in
reducing surgical perioperative mortality and avoids unnecessary
intensive care admissions after major body cavity surgeries. The
CPX test is also useful in perioperative anaesthetic management. It
may not predict morbidity and the average intensive care stay. It is
very useful in selecting patients for preoptimisation before major
cancer surgery.
Conclusion Preoperative screening using CPX testing is useful in
identification of high-risk cancer surgical patients and the
appropriate selection of perioperative management.

P251

Low-dose dobutamine after surgery in high-risk patients:
effects on postoperative complications

S Lobo, A Arantes, A Christiano Junior, S de Abreu, 
J de Moraes, J Gandolfi, L Leite
Faculdade de Medicina de São José do Rio Preto, Brazil
Critical Care 2007, 11(Suppl 2):P251 (doi: 10.1186/cc5411)

Introduction Dobutamine may have a role in increasing splanchnic
perfusion, thereby protecting this area from further injury. We
aimed to investigate the effects of low-dose dobutamine
(5 µg/kg/min) on tissue perfusion and postoperative complications
in high-risk patients.
Methods A prospective, randomized, blinded and placebo-
controlled study. One hundred surgical patients admitted to a step-
down unit were evaluated and 82 patients were enrolled, 42 for the
control group (saline) and 40 for the dobutamine group
(5 µg/kg/hour during 24 hours). The same therapeutic goals were
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applied for both groups. The presence of tachycardia or
hypotension in response to study drug infusion was considered a
signal of occult hypoperfusion and deemed a need for fluid
replacement, which was given according to an algorithm.
Results Complications occurred in 35% and 50% of the patients
in the dobutamine and control groups, respectively (RR 0.70, 95%
CI 0.41–1.17; not significant). The patients in whom dobutamine
was interrupted due to persistent tachycardia despite fluid
replacement had more complications (75% vs 40.6%; RR 1.85,
95% CI 1.03–3.29, P < 0.05), higher mortality (62.5% vs 12.5%;
RR 5.0, 95% CI 1.72–14.46, P < 0.05) and lower central venous
oxygen saturation (55% ± 15% vs 70% ± 16%; P = 0.021) in
comparison with patients tolerant to dobutamine infusion.
Conclusion Low-dose dobutamine after surgical trauma has no
effects on the prevalence of postoperative complications in high-
risk surgical patients. Morbimortality was significantly higher in
patients with severe occult hypoperfusion.

P252

Intestinal complications associated with cardiovascular
surgical procedures

S Mastoraki, E Mastoraki, L Douka, I Kriaras, S Geroulanos
Onassis Cardiac Surgery Center, Athens, Greece
Critical Care 2007, 11(Suppl 2):P252 (doi: 10.1186/cc5412)

Introduction Intestinal complications after cardiopulmonary bypass
procedures are infrequent but they carry a significant incidence of
morbidity and mortality. Predictors of these complications are not
well developed, and the role of fundamental variables remains
controversial. The purpose of this study was to ascertain the
frequency of intestinal complications following open heart surgery,
to assess preoperative predisposing factors and to elucidate that
prompt diagnosis and institution of therapy are the most common
factors to improve the outcome.
Methods A prospective survey was conducted among 4,588 patients
undergoing cardiac surgery and attending the surgical ICU from 1
January 2002 to 31 December 2004. All case histories of patients
were objected to meticulous analysis searching for complications
involving gastrointestinal tract and requiring surgical consultation.
Patients with minor disorders were excluded from the study. We
performed a multivariable logistic regression analysis to identify the
risk factors for development of postoperative intestinal complications.
Results Gastrointestinal complications occurred in 63 patients,
while in 35 patients appeared transient episodes of gut mucosal
ischemia. Sixteen patients presented mesenteric ischemia, six
paralytic ileus, six colonic obstruction, two lower gastrointestinal
bleeding, two upper gastrointestinal bleeding, two perforated
duodenal ulcer and one rectal perforation. Intestinal complications
correlated with advanced age (67.5 ± 12 years), preoperative
congestive heart failure and peripheral vascular disease, prolonged
bypass time (156 ± 91.7 min) and aortic cross-clump time
(97.6 ± 44.45 min), the number of blood and plasma transfusions,
re-exploration of the chest, the administration of inotrops (70%)
and the usage of a intra-aortic balloon pump (42%). The mean
EuroSCORE value was 12.72 ± 3.8. The majority of patients
presented at the end of the first postoperative week. Fifteen
patients died (48%).
Conclusions Intestinal complications after cardiac surgery are
uncommon but life-threatening and may result from ischemic
mucosal injury, which increases mucosal permeability and
promotes the translocation of bacterial toxins and the release of
mediators. Clinical features are often subtle and a high index of
suspicion is necessary for an early diagnosis and the institution of
appropriate treatment.

P253

Combined metabolic parameters and gas exchange to
predict morbidity after extracorporeal circulation

S Scolletta, E Maglioni, F Franchi, P Giomarelli, B Biagioli
University of Siena, Italy
Critical Care 2007, 11(Suppl 2):P253 (doi: 10.1186/cc5413)

Introduction Under normal resting conditions, the oxygen delivery
(DO2) matches the overall metabolic demands of the organs, the
oxygen consumption (VO2) is about 25% of the DO2, and energy
is produced basically through the aerobic mechanism. In cardiac
surgery with extracorporeal circulation (ECC), several factors (for
example, hemodilutional anemia, myocardial stunning resulting in a
low cardiac output (CO)) can determine an imbalance between O2
demand and DO2 and may affect the outcome. Below the critical
DO2 there is a linear decrease of both VO2 and CO2 production
(VCO2), but due to the anaerobic VCO2 the respiratory quotient
increases. This study is aimed to evaluate the role of O2 and CO2
derived parameters to predict postoperative morbidity in cardiac
surgery.
Methods Eight hundred and twenty-seven consecutive adult
patients who underwent coronary surgery were studied. We
selected 38 intraoperative and postoperative O2 and CO2 derived
parameters, which could be associated with postoperative
morbidity. Postoperative data were collected in the first 3 hours
after admission to the ICU. The influence of each predictor on
outcome was analyzed. Morbidity was defined as one or more of
the following events: cardiovascular, respiratory, neurological,
renal, infectious, and hemorrhagic complications. Univariate and
multivariate analyses were performed. ROC curve analysis was
also used to define the best predictive variables.
Results Intraoperative predictors of morbidity were ECC and
aortic cross-clamp times, and lowest hematocrit during ECC. The
area under the ROC curve (AUC) was 0.74 for the lowest
hematocrit on ECC, and its cutoff value was 24%. Among the
postoperative variables, DO2, oxygen extraction ratio (O2ER),
DO2/VCO2 ratio, and VCO2/CO ratio were related to morbidity.
The AUCs for oxygen and CO2 derived parameters were 0.80,
0.76, 0.75, and 0.70 (DO2, O2ER, DO2/VCO2 ratio, and
VCO2/CO ratio, respectively). The best predictive cutoff values
were 590 ml/minute, 38%, 3.9, and 40, for DO2, O2ER,
DO2/VCO2 ratio, and VCO2/CO ratio, respectively.
Conclusion Various predictors of hypoperfusion have been tested
in critically ill patients and correlations have been found for O2 and
CO2 derived parameters. Long ECC time plays a major role in the
balance between VO2 and DO2; O2 and CO2 derived parameters
could be useful markers to detect anaerobic metabolism in cardiac
surgical patients.

P254

Vasoplegic syndrome after cardiopulmonary bypass
surgery – associated factors and clinical outcomes: 
a nested case–control study

J Iribarren, J Jimenez, M Brouard, J Lorenzo, R Perez, 
L Lorente, C Nuñez, L Lorenzo, C Henry, R Martinez, M Mora
Hospital Universitario de Canarias, La Laguna, Santa Cruz,
Tenerife, Spain
Critical Care 2007, 11(Suppl 2):P254 (doi: 10.1186/cc5414)

Introduction Vasoplegic syndrome (VS) following heart surgery
using cardiopulmonary bypass (CPB) has been recently
recognized and implicated in life-threatening complications. The
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aim of this study was to identify associated factors for the
development of VS after CPB.
Methods We performed a nested case–control study of 50
patients undergoing CPB, 27 (54%) men and 23 (46) women,
mean age 66.5 (SD 9.6) years. VS was defined as systemic
vascular resistance index <1,600 dyn•seg/cm5/m2 and cardiac
index >2.5 l/min/m2 within the first postoperative 4 hours.
Vasoplegic shock was defined as vasoplegic patients that needed
norepinephrine for at least 4 hours, after failure to respond to
appropriate volume expansion. Excessive bleeding was defined as
blood loss >1 l/24 hours, while total bleeding was considered as
blood loss until chest tube withdrawal. Demographic variables,
surgical procedures and postoperative variables were collected.
We recorded data related to coagulation, fibrinolysis, complement,
inflammation, blood loss at different time points, preoperative, at 0,
4 and 24 hours after surgery, and hemoderivative requirements.
We used the Pearson chi-squared test, the Fisher exact test, the
Student t test and the Mann–Whitney U test for nonparametric
variables. SPSS version 12.1 was used.
Results Seventeen (34%) patients had VS, 11 (65%) men and six
(35%) women. Longer aortic clamping time (P = 0.007) and CPB
time (P = 0.013) were associated with VS. These patients showed
a higher cardiac index at 4 hours (P < 0.001) and lactic acid within
the first 24 hours. Seven of these patients (41%) fulfilled
vasoplegic shock criteria (P < 0.001). We found higher levels of
IL-6 at 0 hours (P = 0.02) and 4 hours (P = 0.001), and soluble
TNF receptor at 0 hours (P = 0.044). At ICU admission (0 hours)
there was a higher coagulation activation: INR (P = 0.005),
fibrinogen (P = 0.001), antithrombin (P = 0.007); lower levels of
plasminogen activator inhibitor-1 (P = 0.023) as well as lower
plasminogen activator inhibitor-1/tissue-plasminogen activator ratio
(P = 0.021), and higher levels of D-dimer (P = 0.041); lower levels
of C3 (P = 0.023), B factor (P = 0.013), C4 (P = 0.015) as well as
a significantly higher decrease between preoperative and 0-hour
levels of C1-inhibitor, C4, C3 and B factor. Lower levels of leptins
at 0, 4 and 24 hours were found. Vasoplegic patients showed
higher blood losses along all time points (Figure 1), higher
incidence of excessive bleeding (60% vs 40%; P = 0.011) and
required more hemoderivatives during the ICU stay, plasma
(P = 0.016) and platelets (P = 0.002).

Conclusions VS post-CPB was associated with activation of serin
protease systems, which leads to higher blood loss and excessive
bleeding.

P255

Role of plasminogen activator inhibitor-1 polymorphism on
the development of vasoplegic syndrome associated with
cardiopulmonary bypass

J Jimenez, J Iribarren, M Brouard, Y Barrios, J Raya, L Lorente,
R Perez, C Garcia, J Martinez, R Martinez, M Mora
Hospital Universitario de Canarias, La Laguna, Santa Cruz,
Tenerife, Spain
Critical Care 2007, 11(Suppl 2):P255 (doi: 10.1186/cc5415)

Introduction Vasoplegic syndrome (VS) after cardiac surgery with
cardiopulmonary bypass (CPB) can vary from mild to severe
complication and it appears with an incidence ranging between
5% and 15%. The etiology is not completely elucidated but risk
factors such as temperature and duration of cardiopulmonary
bypass and preoperative treatment with angiotensin-converting
enzyme (ACE) inhibitors have been associated [1]. We wanted to
investigate the possible role of several genetic polymorphisms in
patients with VS after elective CPB.
Methods We performed a nested case–control study of 50
patients undergoing CPB, 27 (54%) men and 23 (46) women,
mean age 66.5 (SD 9.6) years. VS was defined as systemic
vascular resistance index lower than 1,600 dyn•seg/cm5/m2 and a
cardiac index greater than 2.5 l/min/m2 within the first 4 hours after
surgery. We recorded data related to hemodynamic parameters at
different postoperative time points, at ICU admission (0 hours), 4
and 24 hours after surgery, and the polymorphism of the following
genes: plasminogen activator inhibitor-1 (PAI-1) and β-TNF + 250.
In addition, 23 neutral markers were genotyped to follow genomic
control strategies that would detect spurious associations due to
population substructure. We used the Pearson chi-squared test
and binary logistic regression. SPSS version 12.1 was used.
Results We observed 17 (34%) patients with vasoplegia criteria,
11 (65%) men and six (35%) women, age 67 (61–72) years. The
only one associated with VS was the PAI-1 polymorphism, and its
distribution in the study population was: 4G/G genotype in 10
(20%) patients, 4G/5G in 26 (52%) patients, and 5G/G in 14
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(28%) patients. According to the PAI-1 polymorphism, vasoplegia
criteria were found in one (5.5%) 4G/G carrier, in seven (39%)
4G/5G carriers and in 10 (55.5%) 5G/G carriers (P = 0.012)
(Figure 1). The post-hoc power for PAI-1 polymorphism and
vasoplegia was 0.85. After controlling for temperature, clamping
time, antifibrinolytics, body mass index and ACE inhibitors, the
5G/G genotype was independently associated with vasoplegia
(P = 0.017); OR: 24.6 (95% CI: 1.8–342).
Conclusions The PAI-1 polymorphism (homozygous 5G/G) was
independently associated with the onset of VS.
Reference
1. Carrel T, Englberger L, Mohacsi P, Neidhart P, Schmidli J:

Low systemic vascular resistance after cardiopulmonary
bypass: incidence, etiology, and clinical importance.
J Card Surg 2000, 15:347-353.
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Complement activation and excessive bleeding in
cardiopulmonary bypass surgery

J Iribarren, J Jimenez, M Brouard, R Galvan, L Lorente, R Perez,
B Alarco, M Diaz, J Malaga, S Huidobro, R Martinez, M Mora
Hospital Universitario de Canarias, La Laguna, Santa Cruz,
Tenerife, Spain
Critical Care 2007, 11(Suppl 2):P256 (doi: 10.1186/cc5416)

Introduction Complement activation has been associated with
postoperative bleeding. We investigated the association between
complement activation, coagulation and fibrinolysis systems, and
postoperative excessive bleeding in cardiopulmonary bypass
(CPB) surgery.
Methods We performed a nested case–control study of 50 patients
undergoing CPB, 27 (54%) men and 23 (46) women, mean age 66.5
(SD 9.6) years. Excessive bleeding (EB) was defined as blood loss
higher than 1 l over the 24 hours. Demographic variables, comorbid
conditions, surgical procedures and postoperative variables were
collected. We recorded data related to coagulation, fibrinolysis,
complement, and blood loss at different time points, preoperative, at
ICU admission (0 hours) and 4 and 24 hours after surgery. We used
the Pearson chi-squared test, the Fisher exact test, the Student t test
and the Mann–Whitney U test for nonparametric variables and
Spearman’s rho for nonparametric correlations.
Results EB patients had higher activation of classical, alternative
and final pathways of complement at 0 and 4 hours. Also we found
a significantly higher decreasing of several components of
complement from preoperative values to postoperative values (0
and 4 hours) associated with EB. This decrease of complement
was correlated with a similar decrease of platelets and anti-
thrombin levels between the preoperative period and 0 hours, and
an increase of D-dimer levels in the first 4 hours.
Conclusions Complement activation was associated with EB due, in
part, to a greater activation of platelets, coagulation and fibrinolysis.

P257

Impact of body mass index on postoperative bleeding in
cardiopulmonary bypass

M Brouard, J Jimenez, J Iribarren, L Lorente, R Perez, M Santana,
A Milena, J Castedo, R Santacreu, R Martinez, M Mora
Hospital Universitario de Canarias, La Laguna, Santa Cruz,
Tenerife, Spain
Critical Care 2007, 11(Suppl 2):P257 (doi: 10.1186/cc5417)

Introduction Body mass index (BMI) has been described as a risk
factor for coronary artery disease, but association with

postoperative bleeding after cardiopulmonary bypass (CPB) has
been found in several studies recently. Nevertheless the strong
relationship between a low BMI and excessive bleeding remains
unexplained. We sought to investigate the BMI role on
postoperative bleeding and its relationship with leptin levels,
coagulation, fibrinolysis and complement parameters.
Methods We performed a nested case–control study of 26
patients, who did not receive antifibrinolytic prophylaxis. We used
Bray’s classification for BMI: lower than 27 kg/m2; 27–30 kg/m2;
higher than 30 kg/m2. Variables were collected preoperatively, at
ICU admission (0 hours), and at 4 and 24 hours after surgery.
Excessive bleeding was defined as blood loss higher than 1 l in the
first 24 hours after intervention. The associations of BMI with
demographic factors, leptin levels, coagulation, fibrinolysis and
complement parameters were analyzed. Pearson’s chi-squared test
and Fisher’s exact test were used, the Student t test for independent
groups and the Mann–Whitney U test for nonparametric variables.
Results In total, 61.5% of patients showed BMI >27 kg/m2

(median 28 kg/m2, range 25.2–30.7 kg/m2). Patients with BMI
lower than 26.4 kg/m2 (25–28 kg/m2) presented excessive
bleeding (P = 0.026). Leptin levels after adjusting by BMI were
significantly associated with excessive bleeding at all postoperative
time points (P < 0.001, P < 0.001 and P = 0.004, respectively)
(Figure 1). BMI presented a direct correlation with leptins,
fibrinogen and plasminogen activator inhibitor-1 (PAI-1) on arrival,
meanwhile 24-hour bleeding showed an inverse correlation with
the same parameters and BMI (Table 1). Patients with BMI
< 27 kg/m2 had significantly greater coagulation, fibrinolysis and
complement activation. Therefore these patients required
significantly greater hemoderivatives.

Table 1 (abstract P257)

ICU arrival BMI 24-hour bleeding

Rho P Rho P

Leptins 0.46 0.02 –0.57 0.02

Fibrinogen 0.51 <0.01 –0.49 <0.01

PAI-1 0.40 0.04 –0.64 <0.01

Conclusions Lower BMI was associated with higher postoperative
bleeding and lower procoagulant factor levels.
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Muscle versus liver mitochondrial respiration in
experimental three-hit endotoxemia

E Borotto1, D Tüller1, S Krähenbühl2, D Mettler1, J Takala1, 
S Jakob1

1University Hospital Bern, Switzerland; 2University Hospital Basel,
Switzerland
Critical Care 2007, 11(Suppl 2):P258 (doi: 10.1186/cc5418)

Introduction Endotoxemia and hemorrhage may both affect
mitochondrial function. We aimed to characterize the impact of a
short-term, three-hit hemorrhage/endotoxemia model on liver and
skeletal muscle mitochondrial respiration.
Methods Seven anesthetized pigs were bled (blood loss 20%)
and retransfused to euvolemia before and after endotoxin infusion
(0.4 µg/kg/hour for 2 hours). The cardiac index (CI) (thermodilution)
and systemic mean arterial pressure (MAP) were recorded. State
3/4 respiration (nanoatom O2/min/mg protein for glutamate) was
assayed from tissue samples at baseline (muscle) and the end of
the experiment (muscle and liver). Hepatic mitochondrial
respiration was compared with controls (n = 6).
Results One pig died earlier (not included). Data are presented as
the median (range). P < 0.05, Friedman test. Muscle mitochondrial
respiration was similar at baseline and the end of experiment; state
3 (317 (222–594) vs 409 (295–468)), state 4 (29 (22–58) vs 40
(31–49)), respiratory control ratio (11 (7–15) vs 10 (9–11)) (not
significant). Hepatic mitochondrial state 4 was higher (27 (16–31)
vs 19 (13–22)) and respiratory control ratio lower (3 (3–4) vs 5
(4–6)) in the hemorrhage/endotoxemia group, compared with
controls.

Table 1 (abstract P258)

After After End of 
Baseline bleeding endotoxin experiment

MAP (mmHg) 69 (52–70) 36 (30–46) 67 (49–84) 47 (19–109)

CI (ml/kg/min) 85 (62–95) 55 (42–76) 95 (78–113) 69 (16–151)

PAP (mmHg) 14 (10–17) 12 (9–13) 45 (40–51) 32 (17–38) 

SvO2 (%) 49 (41–56) 33 (25–37) 54 (47–68) 46 (14–66)

PAP, pulmonary artery pressure. P < 0.05, Friedman test.

Conclusions Repeated ischemia/reperfusion episodes plus short-
term endotoxemia decreased the efficiency of hepatic but not
muscle mitochondrial respiration. Mitochondrial dysfunction under
these experimental circumstances seems to be organ specific.
References
1. Porta F, et al.: Crit Care 2006, 10:R118.
2. Rhee P, et al.: Crit Care Med 1997, 25:166-170.
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porcine septic shock
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University of Leuven, Belgium; 3UZ Gasthuisberg, Leuven, Belgium
Critical Care 2007, 11(Suppl 2):P259 (doi: 10.1186/cc5419)

Background Sepsis-induced multiple organ failure may crucially
depend on the development of mitochondrial dysfunction and
consequent cellular energetic failure. We investigated whether

hepatic mitochondrial dysfunction was present in a clinically
relevant porcine model of fluid-resuscitated septic shock.
Methods Anesthetized and ventilated pigs (40 ± 3 kg) were
randomly assigned to septic shock by fecal peritonitis (F, n = 3) or
control (C, n = 3) after placement of portal/hepatic vein catheters
and portal vein and hepatic artery flow probes. F and C received
8 ± 13 ml/kg/hour and 5 ± 7 ml/kg/hour ringer lactate + starch,
respectively. The mean arterial pressure (MAP), total liver flow
(TLF), hepatic O2 delivery (DO2,h) and hepatic O2 consumption
(VO2,h) were recorded at baseline (BL), 12 and 24 hours
(ml/kg/min). Activities of mitochondrial respiratory chain enzymes
(complex I–IV) were assessed by spectrophotometry in snap-
frozen liver samples. Data are presented as the mean ± SD.
Results Hyperdynamic circulation developed in F with increasing
DO2,h and decreasing VO2,h (Table 1). Complex II activity signifi-
cantly decreased from 19.3 ± 4.2 to 9.5 ± 2.6 (P < 0.05 vs BL
and between groups) in F compared with C. Complex I–III–IV
function decreased in parallel in F.

Table 1 (abstract P259)

BL 12 hours 24 hours

MAP F 78 ± 22 98 ± 25 81 ± 19

MAP C 91 ± 4 101 ± 12 94 ± 6

TLF F 17 ± 1 46 ± 11* 50 ± 5*

TLF C 23 ± 7 35 ± 4 39 ± 7†

DO2,h F 2.0 ± 0.6 3.8 ± 0.2 5.4 ± 1†

DO2,h C 1.9 ± 0.4 3.2 ± 0.4 3.5 ± 0.4

VO2,h F 0.8 ± 0.2 0.6 ± 0.1 0.5 ± 0.1

VO2,h C 1.5 ± 0.7 1.1 ± 0.1 0.9 ± 0.4

*P < 0.05 vs BL and between groups. †P < 0.05 vs BL.

Conclusion While increasing DO2,h far exceeded decreasing
VO2,h in the setting of hyperdynamic fluid-resuscitated septic
shock, hepatic mitochondrial function was significantly impaired
compared with control.

P260

Real-time monitoring of mitochondrial function in the
urethral wall

S Preisman1, E Segal1, V Glauber1, E Heldenberg1, R Walden1,
D Givony2, N Dekel2, L Oren2, E Pewzner2, A Mayevsky3, A Perel1
1Sheba Medical Center, Tel-Hashomer, Rama-Gan, Israel;
2CritiSense Ltd, Givat Shmuel, Israel; 3Bar-Ilan University,
Ramat-Gan, Israel
Critical Care 2007, 11(Suppl 2):P260 (doi: 10.1186/cc5420)

Monitoring of the mitochondrial NADH redox state (an indicator of
intracellular oxygen levels) together with microcirculatory blood
flow (TBF) and with oxygenation (HbO2) could serve as a preferred
approach to evaluate tissue O2 balance or viability. We
hypothesize that in the presence of reduced oxygen delivery and
extraction, blood flow will be redistributed in order to protect the
most vital organs by increasing their regional blood flow, while O2
delivery to the less vital organs will diminish. Thus, the NADH redox
state of less vital organs could serve as an indicator of overall O2
imbalance as well as an endpoint of resuscitation. We have
therefore developed an optical device embedded in a Foley
catheter to provide real-time data on the NADH redox state, TBF
and HbO2 in critically ill patients.
The CritiView is a computerized optical device that integrates
hardware and software in order to provide real-time information of
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tissue viability [1]. A modified three-way Foley catheter that
contains a fiberoptic probe connects the CritiView to the mucosal
side of the urethral wall. We have used this device in five female
pigs that underwent graded hemorrhage, and in four patients who
were monitored during aortic abdominal aneurysm operations.
These preliminary swine model and human studies confirm the
feasibility of collecting information about mitochondrial function
from the urethral wall. The main effects of graded hemorrhage
started when the blood volume decreased by 30%. At 40% blood
loss, minimal levels of TBF and HbO2 were correlated to the
maximal NADH levels. The values of the three parameters returned
to baseline after retransfusion of the shed blood. Aortic clamping in
patients led to a significant decrease in TBF and HbO2 while
NADH levels increased. After aortic declamping, the parameters
recovered to normal values.
Our preliminary results show that the CritiView may be a useful tool
for the detection of O2 imbalance and the development of an
emergency metabolic state in nonvital tissues.
Reference
1. Mayevsky et al.: SPIE Proc 2006, 6083:OZ1-OZ10.

P261

Cytokines monitored by microdialysis detect rejection
earlier than current methods in liver transplantation

L Wælgaard, EB Thorgersen, P Line, T Mollnes, T Tonnessen
Rikshospitalet, Oslo, Norway
Critical Care 2007, 11(Suppl 2):P261 (doi: 10.1186/cc5421)

Introduction The outcome of liver transplantation is steadily
improving. There is still need for earlier detection of complications
such as hepatic artery thrombosis and rejection. In an earlier in
vitro study we showed that the CMA microdialysis system with a
100 kDa pore size membrane can be used to measure the
selected cytokines and complement. We monitored patients
undergoing liver transplantation with microdialysis continuously for
a week postoperatively, and analyzed both parameters to detect
ischemia, and cytokines and anaphylatoxins to explore whether
rejection was detected earlier than with the standard methods.
Methods Twenty patients undergoing 22 liver transplantations
were included. Two microdialysis catheter were introduced in the
liver and one in subcutaneous tissue. We analyzed metabolic
parameters (glucose, pyruvate, glycerol and lactate), and IL-6, IL-8,
MCP-1, IP-10, and C5a.
Results Fourteen patients had an uneventful course
postoperatively, judged clinically and by routine biochemical
markers and ultrasound Doppler. These patients had a median
lactate starting at 3.5 mM (2 hours after reperfusion) falling to
below 2 mM during the first 24 hours, and thereafter staying low.
The L/P ratio (a specific measure of ischemia) dropped from about
20 to below 10. These patients had a steady rise in IP-10 from 200
to 3,000 pg/ml, and also a slight raise in IL-6 initially. Case 1. The
male patient had a steadily increasing L/P ratio during the 7 days
of microdialysis measurements, indicating an insufficient blood
supply. He underwent surgery 5 days later and a hepatic artery
thrombosis was found. A biopsy was done during the operation
showing an acute rejection. There was a significant rise in IP-10 to
13,000 pg/ml 7 days before the diagnosis of rejection. Case 2.
The female patient had an acute rejection verified by biopsies on
day 10 postoperatively. Her IL-8, IP-10 and C5a increased 10-fold
to 100-fold in the liver 3 days earlier than an increase in liver
enzymes and 5 days before the rejection was verified by biopsy.
Conclusion We have described the normal course of the four
cytokines IL-6, IL-8, MCP-1 and IP-10 and complement C5a after
liver transplantation, as well as metabolic parameters to detect

ischemia. In two patients with rejection we found a large increase
in IP-10, IL-8 and complement split-product C5a in the liver but not
in the subcutis 3–5 days before any other parameter of liver injury.

P262

Microcirculatory hemodynamic alterations during cardiac
luxation in off-pump coronary artery bypass grafting surgery

B Atasever1, R Speekenbrink2, J Seyffert2, C Ince3

1Erasmus Medical Center Rotterdam, The Netherlands; 2Onze
Lieve Vrouwe Gasthuis, Amsterdam, The Netherlands; 3Academic
Medical Center, Amsterdam, The Netherlands
Critical Care 2007, 11(Suppl 2):P262 (doi: 10.1186/cc5422)

Introduction During luxation of the beating heart in off-pump
coronary artery bypass grafting surgery the cardiac output drops
and causes hypotension (<60 mmHg). It is expected that this state
of obstructive shock is detrimental for adequate perfusion and
oxygenation of organ tissue. However, it is unknown whether these
luxations cause microcirculatory dysfunction. In this study we have
explored the hemodynamics of the sublingual microcirculation
during mechanical manipulations of the beating heart.
Methods During cardiac luxations, in 12 patients reflectance
spectrophotometry (O2C®; Lea Medizintechnik, Germany) was
used to measure oxygen availability and in 12 other patients
sidestream dark field imaging (MicroScan®; MicroVision Medical,
The Netherlands) was used to directly visualize the sublingual
microcirculatory hemodynamics in a single network of micro-
vessels. Microvascular analysis software (MAS®; MicroVision
Medical) was used to analyze the vessel density and blood flow.
Synchronously, systemic hemodynamics were recorded and the
cardiac output was calculated by pulse contour analysis of arterial
pressure (PulseCO®; LiDCO, UK) in all patients.
Results During cardiac luxations, the oxygen availability in the
sublingual microcirculation decreased (µHbO2 64.2 ± 9.1 to
48.6 ± 8.7%; P < 0.01) while the functional capillary density did
not change (15.9 ± 1.1 to 15.6 ± 1.3 mm/mm2; P = 0.65).
Although the small vessels (0–20 µm) did not fall out they did
show hypoperfusion (Vmax 895 ± 209 to 396 ± 178 µm/s;
P < 0.01), whereas in the medium vessels (20–50 µm) there was
no significant change in blood velocity (Vmax 751 ± 239 to
596 ± 192 µm/s; P = 0.18) as observed with sidestream dark field
imaging and calculated with microvascular analysis software.
Conclusion Alterations in sublingual microcirculation hemo-
dynamics reflect the direct effects of obstructive shock and
elucidate the microcirculatory autoregulation.

P263

Muscle microcirculation alterations increase with disease
severity in chronic heart failure patients

V Gerovasili, C Pierakos, S Dimopoulos, E Kaldara, 
S Kourtidou, S Sarafoglou, M Kravari, J Venetsanakos, 
G Tzanis, S Nanas
National and Kapodestrian University of Athens, Greece
Critical Care 2007, 11(Suppl 2):P263 (doi: 10.1186/cc5423)

Objective To evaluate skeletal muscle microcirculation by near-
infrared spectroscopy (NIRS) in patients with chronic heart failure
(CHF).
Background Skeletal muscle microcirculation is impaired in
patients with CHF, and this impairment seems to correlate with
disease severity.
Methods We evaluated 49 patients with CHF (mean age: 58 ± 12
years) and 12 healthy volunteers. Of the CHF patients, 14 had
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end-stage heart failure (ESCHF) and were undergoing treatment
with intermittent inotropic agent infusion during the period of the
study protocol. The thenar muscle tissue oxygen saturation
(StO2%) was measured noninvasively by NIRS before, during and
after 3-minute occlusion of the brachial artery (occlusion technique).
Results Patients with ESCHF (n = 14) and CHF (n = 35) presen-
ted a significantly lower tissue oxygen saturation (StO2) than healthy
subjects (75 ± 6%, 77 ± 8% and 85 ± 5%, P = 0.001 respec-
tively). The oxygen consumption rate during the occlusion of the
brachial artery differed significantly between patients with ESCHF,
CHF and healthy subjects (22.4 ± 9%/min, 29 ± 10%/min and
38.1 ± 11.1%/min, P = 0.001 respectively). The reperfusion rate
differed significantly between patients with ESCHF, CHF and
healthy subjects (302 ± 136%/min, 393 ± 134%/min and
480 ± 133%/min, P = 0.002 respectively).
Conclusions Peripheral muscle microcirculation assessed by
NIRS is impaired in CHF patients. The degree of dysfunction is
associated with disease severity and is acutely partially reversed
with inotropic agent infusion.

P264

Sublingual microcirculation is impaired during
cardiopulmonary bypass in cardiac surgery

C den Uil1, W Lagrand1, P Spronk2, J Hofland1, C Luthen1, 
M van der Ent1, R van Thiel1, A Bogers1, M Simoons1

1Erasmus MC, Rotterdam, The Netherlands; 2Gelre Hospitals,
Apeldoorn, The Netherlands
Critical Care 2007, 11(Suppl 2):P264 (doi: 10.1186/cc5424)

Introduction Cardiac surgery patients are at low risk for
postoperative complications, but these may involve multiple organ
failure with a high mortality rate. These complications may be
related to occurrence of organ ischemia and reperfusion during
and just after surgery. We investigated whether microcirculatory
flow alterations occur during cardiac surgery.
Methods We observed 10 consecutive patients who underwent
cardiac surgery with cardiopulmonary bypass (CPB). The micro-
circulation was studied using sidestream dark field (SDF) imaging.
The sublingual capillary flow was estimated using a semi-
quantitative microvascular flow index (MFI) in small (diameter
10–25 µm), medium (25–50 µm), and large (50–100 µm) sized
microvessels (0 = none, 1 = intermittent, 2 = sluggish, 3 =
continuous flow). SDF imaging was performed at least three times
per time period (that is, at baseline, after starting CPB and after
surgery) in each patient. Data are presented as the median and
interquartile range.
Results The MFI decreased in all sizes of microvessels
<15 minutes after starting CPB in comparison with baseline
(P < 0.05, Table 1). After starting CPB, the mean arterial pressure
(MAP) was lower (61 mmHg (53–65 mmHg)) than at baseline
(100 mmHg (92–118 mmHg); P = 0.01). After return to the ICU,
the MFI increased (P < 0.05) and returned to baseline values in all
microvessels.
Conclusions SDF imaging can be used as a bedside tool to
evaluate sublingual microcirculatory changes during cardiac

surgery. Despite maintaining common circulatory parameters
during CPB, the nonpulsatile status, hypothermia, and the
temporary drop in MAP after starting CPB were associated with
decreased sublingual MFI, which normalized after surgery. Further
studies should reveal whether these changes are related to outcome.

P265

Sublingual microcirculation is impaired on the first day
postoperatively in patients undergoing gastric tube
reconstruction

J Van Bommel, H Tilanus, J Bakker, D Gommers
Erasmus MC, Rotterdam, The Netherlands
Critical Care 2007, 11(Suppl 2):P265 (doi: 10.1186/cc5425)

Introduction Complications of oesophagectomy with gastric tube
reconstruction include leakage and stenosis. This can be explained
by compromised local perfusion, although it is unclear to which
extent local and systemic factors contribute to this process. The
aim of this study was to observe the microvascular blood flow in an
unaffected, distant tissue during the perioperative period.
Methods Twelve patients were included. Anesthesia consisted of
thoracic epidural analgesia, restrictive peroperative fluid therapy
(net peroperative fluid balance below 4 l) and early extubation. In
the ICU, fluid infusion was adjusted in order to maintain hourly
urine production of 0.5 ml/kg. The mean arterial pressure was
maintained at or above 60 mmHg with administration of nor-
adrenalin if necessary. Microcirculation was visualized in the
sublingual tissue with the MicroScan, a sidestream dark field
imager. Data were collected at five time points: immediately after
induction, after gastric tube reconstruction, directly postoperative,
and days 1 and 2 postoperatively. Video data collected with the
MicroScan were analysed according to semiquantitative analysis
described by Boerma and colleagues [1]. We divided the vessels
into three categories: small (5–10 µm), medium (10–15 µm) and
large (>15 µm). By dividing the images into four quadrants and
categorizing the flow per vessel-size per quadrant, we calculated
the microvascular flow index (MFI)
Results See Figure 1.

Conclusion The sublingual microcirculation is decreased on the
first day postoperatively in patients undergoing gastric tube
reconstruction.
Reference
1. Boerma EC, Mathura KR, van der Voort PH, et al.: Quantify-

ing bedside-derived imaging of microcirculatory abnor-
malities in septic patients: a prospective validation study.
Crit Care 2005, 9:R601-R606.
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Table 1 (abstract P264)

Baseline CPB Postsurgery

MFI small 3 (3–3) 2 (0.4–3) 3 (2.9–3)

MFI medium 3 (2.2–3) 1.9 (0.8–3) 3 (2.9–3)

MFI large 3 (3–3) 2.4 (0.9–3) 3 (3–3)

MAP 100 (92–118) 61 (53–65) 79 (71–85)

Figure 1 (abstract P265)

Sublingual microvascular perfusion.
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P266

Oscillation frequency of skin microvascular blood flow is
associated with mortality in critically ill patients

H Knotzer1, S Maier1, W Pajk1, M Dünser2, W Hasibeder3

1Innsbruck Medical University, Innsbruck, Austria; 2University
Hospital Bern, Switzerland; 3Krankenhaus der Barmherzigen
Schwestern Ried, Ried, Austria
Critical Care 2007, 11(Suppl 2):P266 (doi: 10.1186/cc5426)

Introduction Microcirculatory dysfunction has been hypothesized
to play a key role in the pathophysiology of multiple organ failure,
and consequently to patient outcome. The objective of the present
study was to investigate differences in reactive hyperemia
response and oscillation frequencies in survivors and nonsurvivors
of patients with multiple organ dysfunction syndrome (MODS).
Methods Twenty-nine patients (15 survivors; 14 nonsurvivors) with
two or more organ failures were eligible for study entry. All patients
were hemodynamically stabilized, and demographic and clinical
data were recorded. A laser Doppler flowmeter was used to
measure the cutaneous microcirculatory response. Reactive
hyperemia and oscillatory changes in the Doppler signal were
measured during 3 minutes before and after a 5-minute period of
forearm ischemia during hyperemia.
Results Nonsurvivors demonstrated a significantly higher MODS
score when compared with survivors (P = 0.004). Norepinephrine
requirements were higher in nonsurvivors (P = 0.018). Non-
survivors had higher arterial lactate levels (P = 0.046), decreased
arterial pH levels (P = 0.001), and decreased arterial PO2 values
(P = 0.013) when compared with survivors. A higher oscillation
frequency of skin microvasculature at rest (P = 0.033) and after an
ischemic stimulus (P = 0.009) was observed in nonsurvivors. No
differences were observed in reactive hyperemia response
between groups. The flowmotion frequency observed in reactive
hyperemia was associated with the severity of the MODS
(P = 0.009), and – although not statistically significant – arterial
lactate concentration (P = 0.052).
Conclusion An increased skin microvascular oscillation frequency
during rest and after an ischemic stimulus is associated with
increased mortality in patients suffering from MODS. We suggest
that the underlying mechanism of the increased flowmotion could
be a response of the skin microvasculature to hypoxia or to an
impaired oxygen utilization of the skin tissue.

P267

Effect of intermittent positive pressure ventilation on the
skeletal muscle and small intestine microcirculation in rats

V Cerny, Z Turek, R Parizkova, P Dostal
University Hospital Hradec Kralove, Czech Republic
Critical Care 2007, 11(Suppl 2):P267 (doi: 10.1186/cc5427)

Introduction Intermittent positive pressure ventilation (IPPV) may
be accompanied by alteration of microcirculation [1,2]; however,
the effect of IPPV is not mentioned in the interpretation of the
results of studies evaluating microcirculation using orthogonal
polarization spectral or sidestream dark-field imaging. This study
aimed to evaluate the effect of IPPV on microcirculation in the
skeleton muscles and in the serosa of the small intestine in rats.
Methods Ten animals were tracheostomized and prepared for
microcirculation study; after tissue preparation, five rats were
allowed to breath spontaneously (Group SB = spontaneous
breathing), and five rats (Group IPPV) were connected to a small
animal ventilator (IPPV: FiO2 0.21, respiratory rate 60/min, tidal
volume 10 ml/kg, inspiratory time 50% of respiratory cycle, and

2 cmH2O PEEP). Sidestream dark-field images were obtained from
the quadriceps femoris muscle (QFM) and serosa surface of the
ileum. The arterial blood pressure and rectal temperature were also
recorded. The functional capillary density (FCD) and small and
medium vessels rate were analysed offline using AVA V1.0 soft-
ware (AMC, University of Amsterdam, The Netherlands), P ≤ 0.05.
Results The FCD was decreased significantly in QFM in rats with
IPPV with respect to Group SB (184 ± 27 resp. 197 ± 61 cm/cm2),
but the FCD of the intestinal serosa was not affected by IPPV
(265 ± 46 resp. 267 ± 25 cm/cm2). There were no differences in
mean blood pressure and temperature between groups (128 ± 7
Torr and 36.6 ± 0.1°C in Group SB, or 128 ± 10 Torr and
36.5 ± 0.1°C in Group IPPV).
Conclusion The use of IPPV should be taken into account in the
interpretation of the studies examining the changes in
microcirculation in rats.
Acknowledgement Research project MZO 00179906.
References
1. Saner FH, et al.: Eur J Anaesth 2006, 23:766-771.
2. De Backer D, et al.: Am Heart J 2004, 147:91-99.
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Changes in sublingual microvascular flow during
experimental human endotoxemia

R Bemelmans1, A Draisma2, J van der Hoeven2, P Pickkers2, 
P Spronk1

1Gelre Ziekenhuizen, Apeldoorn, The Netherlands; 2UMCN,
Nijmegen, The Netherlands
Critical Care 2007, 11(Suppl 2):P268 (doi: 10.1186/cc5428)

Introduction We examined sublingual microvascular changes in
experimental human endotoxemia. Changes in microcirculation and
mitochondrial dysfunction appear to be key mechanisms in sepsis,
since they can lead to regional mismatch of oxygen supply and
demand. Lipopolysaccharide (LPS) can be used to induce endo-
toxemia as a model of sepsis, but the effects on microcirculatory
perfusion have not been tested before, particularly after tolerance
induction during repeated challenges of LPS.
Methods Six healthy volunteers received an intravenous injection
of 2 ng/kg Escherichia coli LPS to induce endotoxemia on five
consecutive days. Microvascular perfusion was sublingually
measured using sidestream darkfield imaging just before, and 2
and 4 hours after LPS injection on day 1. All measurements were
repeated on day 5 of LPS administration. Sublingual capillary flow
was estimated using a semiquantative microvascular flow index
(MFI) in small (10–25 µm), medium (25–50 µm) and large-sized
(50–100 µm) microvessels (no flow, 0; intermittent flow, 1;
sluggish flow, 2; and continuous flow, 3). Changes were evaluated
with the paired Wilcoxon test and sign test. P < 0.05 was judged
to indicate a significant difference. Values are expressed as the
median (P25–P75).
Results Two hours after the induction of endotoxemia (n = 6),
sublingual flow in small (2 (1.7–2.3)), medium-sized (1.5
(1.2–1.9)), and large microvessels (2.5 (1.2–2.7)) did not differ
from baseline values (2.3 (1.5–2.8), 2.3 (1.4–2.5), and 2.3
(1.3–2.5), respectively, all P = not significant). Microvascular flow
did not change in the subsequent 2 hours. In addition, no
difference in microvascular flow could be demonstrated between
timepoints on day 1 and day 5 of intermittent endotoxemia.
Conclusion In this small pilot study in experimental human
endotoxemia, no significant effect of LPS administration on
microcirculatory perfusion could be observed, nor any sign of
tolerance. Further studies should reveal whether microvascular
impairment does not occur in early human experimental
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endotoxemia, or that sidestream darkfield imaging is not useful in
this specific setting.

P269

Biochemical changes detected by microdialysis in
subcutaneous tissue during experimental endotoxemia in
rat

H Ohashi, Y Taira, Y Masui, K Morisawa, H Takahashi, 
Y Fujinawa, T Kashimura, K Akashi
St Marianna University School of Medicine, Kawasaki, Japan
Critical Care 2007, 11(Suppl 2):P269 (doi: 10.1186/cc5429)

Introduction Shock is defined currently as tissue oxygen metabolic
disorders. It is most important to understand oxygen metabolic
disorders in individual tissue. Microdialysis allows the deter-
mination of the metabolic condition in regional tissue and it
appears ideal to determine the regional metabolic tissue conditions
during endotoxemia.
Objective This study was designed to assess the regional
metabolic tissue conditions on markers of tissue metabolism
(lactate in regional tissue: tissue lactate (TL)) and tissue partial
oxygen pressure (PtO2) during severe endotoxemia and to
compare them with variables determined by standard monitoring
(hemodynamics, blood gas analysis, blood lactate (BL)).
Materials and methods Male Wister rats (body weight 270–300 g)
were used for this study. The rats in the control group (n = 6) were
injected with saline of 2 ml intraperitoneally, and the rats in the
experimental group (n = 6) were treated with intraperitoneal
injection of lipopolysaccharide (LPS) of 40 mg/kg. The hemo-
dynamic parameters, arterial blood gas analysis, BL and PtO2 were
measured in both groups. TL and pyruvate in subcutaneous tissue
were measured using microdialysis. These parameters were
measured every 50 minutes until 400 minutes after LPS was
administered.
Results In the control group, all parameters were not changed
during the observation period of 400 minutes. In the experimental
group, the mean arterial pressure (MAP) remained fairly stable until
300 minutes after injection of LPS, and the MAP gradually
decreased subsequently. While the MAP was maintained, the PtO2
gradually decreased linearly (Figure 1). TL increased with time
linearly. Meanwhile, BL did not change from 150 to 250 minutes;
after 300 minutes it increased abruptly in the experimental group
(Figure 2).
Conclusions In our experimental endotoxemia model it has been
shown that partial pressure of oxygen in subcutaneous tissue
decreased even if systemic blood pressure was maintained.
Boekstegers and colleagues [1] revealed that mean skeletal

muscle PO2 was increased in patients with sepsis compared with
patients with limited infection. We obtained conflicting results to
those of Boekstegers and colleagues. The reason for this is
unknown. BL abruptly increased during 50–150 minutes, probably
from abnormal metabolism induced by LPS in whole-body organs.
It is considered that BL did not show a rise during 150–250
minutes due to metabolization of lactate in liver and muscle. TL,
which is insusceptible of lactate metabolism by other organs, may
reflect abnormality of tissue metabolism precisely.
Reference
1. Boekstegers P, Weidenhofer S, Kapsner T, Werdan K: Skele-

tal muscle partial pressure of oxygen in patients with
sepsis. Crit Care Med 1994, 22:640-650.

P270

Occurrence and functional consequences of shunting of
the microcirculation after mesenteric ischemia

M Lauterbach, G Horstick, N Plum, L Weilemann, T Münzel, 
O Kempski
University Hospital Mainz, Germany
Critical Care 2007, 11(Suppl 2):P270 (doi: 10.1186/cc5430)

Shunting of the microcirculation contributes to the pathology of
sepsis and septic shock. In this study, we hypothesize that
shunting of the microcirculation occurs after superior mesenteric
artery (SMA) ischemia (occlusion) and reperfusion, and we explore
functional consequences using intravital microscopy.
Spontaneously breathing animals (rats) (n = 30) underwent
occlusion of the SMA for 0 (controls), 30 or 60 minutes followed by
reperfusion (4 hours) with normal saline. Leukocyte–endothelial
interactions in mesenteric venules were quantified in an exteriorized
ileal loop using intravital microscopy. Abdominal blood flow was
recorded continuously, and arterial blood gases were analyzed at
intervals. Continuous SMA blood flow measurements were
performed in comparable groups without exteriorizing an ileal loop.
Adherent leukocytes increased shortly after reperfusion in ischemia
groups, and plateaued in these groups. The centerline velocity and
shear rate in the recorded venules were significantly reduced after
reperfusion down to low-flow/no-flow in animals undergoing 60
minutes of mesenteric artery occlusion compared with animals with
30 minutes occlusion and controls, whereas perfusion of the SMA
and ileal vessels persisted. The microcirculatory changes in
animals with 60 minutes occlusion were accompanied by
progressive metabolic acidosis, substantially larger volumes of
intravenous fluids needed to support arterial blood pressure and
significantly reduced survival (30%). In the groups with continuous
SMA blood flow measurements, SMA blood flow increased in
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relation to abdominal blood flow after reperfusion in animals with
60 minutes occlusion, and remained constant in animals under-
going 30 minutes occlusion and controls. Survival was 80% in
animals with 60 minutes occlusion without an exteriorized ileal loop.
SMA occlusion for 60 minutes and subsequent reperfusion causes
perfusion abnormalities in the mesenteric microcirculation as often
seen in sepsis and septic shock with increased microcirculation
shunting, progressive metabolic acidosis and increased mortality.
To detect these significant changes requires prolonged
observation periods and might help to find new treatments to
improve the poor prognosis of mesenteric ischemia.

P271

Changes in tissue oxygen saturation reflect changes in
targeted oxygen delivery in postoperatively optimised
patients

M Hamilton, M Canete, M Cecconi, N Al-subaie, A Vercuil, 
J Fawcett, D Dawson, A Rhodes
St George’s Hospital, London, UK
Critical Care 2007, 11(Suppl 2):P271 (doi: 10.1186/cc5431)

Introduction Targeting oxygen delivery in the postoperative period
has been shown to reduce hospital length of stay and complica-
tions [1]. Using a near-infrared spectroscopy device such as the
Inspectra™ 325 allows the measurement of tissue oxygen satura-
tion (STO2) noninvasively as well as a rudimentary measure of
blood flow beneath the probe. It is plausible, then, that changes in
oxygen delivery (DO2) during postoperative optimisation may be
reflected in changes in STO2 and provide a noninvasive surrogate
of DO2.
Methods All adult patients admitted to the ICU after surgery who
underwent protocolised haemodynamic optimisation were
included. All patients had STO2 recorded over the thenar eminence
using an Inspectra™ 325 for the first 8 hours of their stay.
Results We found a significant correlation between the changes in
STO2 and oxygen delivery index (DO2I) over the first 8 hours of
intensive care stay (n = 40, correlation coefficient of 0.947,
P = 0.0001, Figure 1). We classified patients who achieved DO2I
> 600 ml/min/m2 as responders. These responders had higher
STO2 values by 3 hours of optimisation, a change that remained
significant throughout the duration of the study (Figure 2).
Conclusion Changes in STO2 during postoperative optimisation
appear to mirror changes in DO2I and may allow more widespread

use of noninvasive tissue oxygenation devices in surgical
optimisation.
Reference
1. Pearse et al.: Early goal-directed therapy after major

surgery reduces complications and duration of hospital
stay. Crit Care 2005, 9:R687-R693.
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General anesthesia impairs muscle microvascular
compliance

M Boezi, S Palmisani, F Troisi, A Marcelli, R De Blasi
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Critical Care 2007, 11(Suppl 2):P272 (doi: 10.1186/cc5432)

Introduction Drugs used to induce and maintain general
anesthesia have deep effects on the cardiovascular system. To our
knowledge there are no studies investigating microvascular
compliance during general anesthesia with a noninvasive approach
based on near-infrared spectroscopy (NIRS) technology.
Methods We randomized 36 healthy subjects undergoing maxillo-
facial surgery to receive general anesthesia with a sevofluorane–
remifentanil (Group S) or a propofol–remifentanil association
(Group P). We collected noninvasive measures of hemoglobin
concentration from the gastrocnemius muscle of the subjects
using a NIRS device (NIMO, NIROX srl, Italy), which performs
quantitative assessments of the [HbO2] and [Hb] exploiting
precise absorption measurements close to the absorption peak of
the water. Data were collected during a series of venous
occlusions at different cuff pressures, before and after 30 minutes
from induction of general anesthesia. The muscle blood volume
and microvascular compliance were obtained with a process
previously described elsewhere [1]. Data were analyzed with a
one-way analysis of variance test.
Results Demographic data of the 36 subjects were similar in both
Groups S and P. General anesthesia reduced the heart rate and
mean arterial pressure and increased the total muscle blood
volume in both groups (Group S: from 2.4 ± 0.9 to 3.2 ± 1.2 ml/
100 ml; Group P: from 2.4 ± 1.2 to 3.5 ± 1.8 ml/100 ml;
P < 0.05). During general anesthesia, despite no differences in
muscle blood volume between the two groups, sevofluorane–
remifentanil significantly decreased microvascular compliance
(from 0.15 ± 0.08 to 0.09 ± 0.04 ml/mmHg/100 ml; P = 0.001)
whereas propofol–remifentanil did not (from 0.15 ± 0.08 to
0.16 ± 0.11 ml/mmHg/100 ml; P = 0.39).
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Conclusion General anesthesia affects the microvascular bed of
skeletal muscle. An association between opioid and ipnotic agents
increases the muscle blood volume, whereas microvascular com-
pliance is reduced only by the sevofluorane–remifentanil association.
Reference
1. De Blasi RA, Palmisani S, Alampi D, et al.: Microvascular

dysfunction and skeletal muscle oxygenation assessed by
phase modulation near-infrared spectroscopy in patients
with septic shock. Intensive Care Med 2005, 31:1661-
1668.

P273

Skeletal muscle oxygen saturation estimates mixed venous
oxygen saturation in patients with severe left heart failure

M Podbregar, H Mozina
University Medical Center Ljubljana, Slovenia
Critical Care 2007, 11(Suppl 2):P273 (doi: 10.1186/cc5433)

Introduction Low cardiac output states, such as left heart failure,
are characterized by a preserved oxygen extraction ratio compared
with severe sepsis. Near-infrared spectroscopy (NIRS) allows
noninvasive estimation of skeletal muscle tissue oxygenation
(StO2). The aim of study was to determine relationship between
StO2 and mixed venous oxygen saturation (SvO2) in patients with
severe left heart failure with or without additional severe sepsis or
septic shock.
Methods Sixty-five patients with severe left heart failure due to
primary heart disease were divided into two groups: Group A were
patients without (n = 24) and Group B were patients with (n = 41)
additional severe sepsis/septic shock. The thenar muscle StO2
was measured using NIRS.
Results In Group A StO2 was lower compared with Group B and
healthy volunteers (58 ± 13% vs 90 ± 7% vs 84 ± 4%, P < 0.001).
StO2 was higher in Group B compared with healthy volunteers
(P = 0.02). In Group A StO2 correlated with SvO2 (r = 0.689,
P = 0.002), and StO2 overestimated SvO2 (bias: –2.3%, precision:
4.6%). In Group A changes of StO2 correlated to changes of SvO2
(r = 0.836, P < 0.001; ∆SvO2 = 0.84 x ∆StO2 – 0.67). In Group B
important disagreement between these variables was present.
Plasma lactate concentrations negatively correlated with StO2
values only in group A (r = –0.522, P = 0.009; lactate = –0.104 x
StO2 + 10.25).
Conclusions Exact numerical values of StO2 are not equivalent to
those of SvO2. However, for clinical purpose, StO2 values could be
used for fast noninvasive SvO2 estimation; and the trend of StO2
may be substituted for the trend of SvO2 in severe left heart failure
without additional severe sepsis or septic shock.

P274

Tissue oxygen saturation and the rate of tissue
deoxygenation during stagnant ischemia in the medical
emergency department

M Meþþnar, R Pareþþnik, G Voga
General Hospital Celje, Slovenia
Critical Care 2007, 11(Suppl 2):P274 (doi: 10.1186/cc5434)

Hypothesis Tissue oxygen saturation (StO2) and the rate of tissue
deoxygenation during stagnant ischemia can early and reliably
detect inadequate tissue oxygenation and assess prognosis in
medical emergency room patients.
Introduction Early recognition of patients with inadequate tissue
oxygenation facilitates early diagnostic evaluation and treatment
that was correlated with improved outcome. Near-infrared

spectroscopy is noninvasive and in the emergency setting is a
rapidly appliable method for measuring StO2.
Methods In a prospective observational study we included 340
consecutive medical emergency room patients. On admission,
StO2 and the rate of tissue deoxygenation during stagnant
ischemia were measured by the near-infrared spectroscopy
method (InSpectra tissue spectrometer; Hutchinson Technology
Inc., The Netherlands) and correlated with clinical signs of shock,
lactate and outcome.
Results Three hundred and forty patients were included. Of 137
patients admitted, 16 (11.7%) were admitted to the ICU and 14
(10.2%) died in the hospital. The StO2 was higher in patients who
were not admitted compared with patients with LOS > 7 days
(80.2 ± 8.7% vs 76.9 ± 9.2%, P = 0.009). Tissue deoxygenation
was faster (16.7 ± 7.0%/min vs 12.9 ± 5.6%/min, P = 0.014) in
survivors. Tissue deoxygenation was slower in the group of
patients with clinical signs of shock compared with all patients
(11.8 ± 6.0%/min vs 16.5 ± 7.0%/min, P < 0,05). Age, lactate and
rate of tissue deoxygenation but not StO2 were significant
predictors of death (Table 1). There was weak but significant
correlation between StO2 and age (P < 0.0001, r = –0.28), StO2
and lactate (P = 0.035, r = –0.12) and StO2 and systolic blood
pressure (P < 0.0001, r = 0.26).

Table 1 (abstract P274)

Predictors of survival

Predictor Odds ratio P value

Age 1.083 0.004

Lactate 1.798 <0.001

Deoxygenation rate 0.895 0.046

Conclusions StO2 and the rate of tissue deoxygenation during
stagnant ischemia are promising additional variables, which can be
measured rapidly and noninvasively in the emergency room setting.
The rate of deoxygenation rather than StO2 may be helpful for early
detection of patients with inadequate tissue perfusion and worse
prognosis.

P275

Near-infrared spectroscopy during resuscitation of trauma
patients predicts development of multiple organ
dysfunction: a prospective cohort study

B Nicks, K Hill, M Chang, W Bozeman
Wake Forest University Health Sciences, Winston-Salem, NC, USA
Critical Care 2007, 11(Suppl 2):P275 (doi: 10.1186/cc5435)

Introduction Near-infrared spectroscopy (NIRS) noninvasively
monitors muscle tissue oxygen saturation (StO2). It may provide a
continuous measurement to identify occult hypoperfusion, guide
resuscitation, and predict the development of multiple organ
dysfunction (MOD) after severe trauma. We evaluated the
correlation between initial StO2 and the development of MOD in
multitrauma patients.
Methods Patients presenting to our urban, academic, Level I
Trauma Center/Emergency Department (TC/ED) and meeting
standardized trauma-team activation criteria were enrolled. NIRS
monitoring with collection of StO2 at the thenar eminence was
initiated immediately on arrival at the ED and continued up to
24 hours for those admitted to the trauma ICU. Standardized
resuscitation assessment laboratory measures and clinical evalua-
tion tools were collected. The primary outcome in this prospective
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study was the association between StO2 and the development of
MOD within the first 24 hours based on a MOD score of 6 or
greater. Clinicians were blinded from the StO2 values.
Results Over a 14-month period, 78 patients were enrolled. Of the
78 patients, 26 (33.3%) developed MOD within the first 24 hours.
The MOD patients had mean (SD) initial StO2 values of 53.3
(±10.3), significantly lower than those of non-MOD patients (61.1
(±10.0); P = 0.002). The MOD patient mean shock index of 0.92
(±0.28) was also significantly higher than those of non-MODS
patients (0.73 (±0.19); P = 0.0007). Lactate values were not
significantly different.
Conclusions Noninvasive, continuous StO2 NIRS on initial arrival
in the TC/ED correlates with the shock index and with the
development of MOD.

P276

Buccal visible light spectroscopy and laser Doppler
flowmetry: reliability analysis

V Gath, Y Sakr, S Klinzing, T Simon, K Reinhart, G Marx
Friedrich-Schiller-University Hospital, Jena, Germany
Critical Care 2007, 11(Suppl 2):P76 (doi: 10.1186/cc5436)

Background There are insatiable demands for new technologies
to advance basic biological investigation at the microcirculatory
level. Oxygen to see (O2C)® is a newly developed system that
combines laser Doppler flow (LDF) and visible light spectroscopy
(VLS) technology. The aim of our study was to assess the reliability
of O2C® measurements applied to the buccal mucosa and to the
thenar eminence in healthy volunteers.
Methods Microcirculatory hemoglobin oxygen saturation (µHbO2,
%) and blood flow (flow, AU) were measured using an O2C® (Lea
Medizintechnik GmbH, Giessen, Germany) probe applied to the
buccal mucosa and to the thenar eminence. Measurements were
obtained simultaneously at two depths, superficial (2 mm) and
deep (6 mm), every 2 seconds for 5 minutes and were recorded for
later analysis. The procedure was repeated on another occasion at
least 1 week apart.
Results We studied 20 healthy subjects; 10 males and 10 females
(mean age = 38 ± 18 years, range 21–74 years). Both µHbO2 and
flow measurements were consistently higher when measured from
the deep tissue layers (6 mm) than those measured from the
superficial layers, regardless of the site of measurement. Buccal
mucosal µHbO2 ranged from 78% to 96% and varied only
minimally (CV: 4–7.5%), whereas there was a marked variability in
flow measurements (CV: 29–63.9%). The reproducibility of buccal
mucosal µHbO2 and flow measurements were moderate to good
(that is, intra-individual reliability, ICC: range 0.7–0.87, P < 0.05).
However, only measurements from the superficial mucosal layers
showed a moderate to good degree of inter-individual agreement
(that is, inter-individual reliability, ICC: range 0.68–85, P < 0.001).
LDF and VLS values measured on the thenar eminence were highly
variable, were not reproducible, and the inter-individual agreement
was poor.
Conclusion O2C® provides reliable measurement of buccal
µHbO2 and microvascular flow. Skin measurements on the thenar
eminence are highly variable and unreliable.

P277

Central venous pressure in a femoral access: a true
evaluation?

N Caramelo1, P Gonçalves1, A Paisana2, B Silva2, C Dias2, 
S Severino2, P Henriques2, D Marcelino2, D Marum2, D Fernandes2

1Hospital Júlio de Matos, Lisbon, Portugal; 2Hospital Curry Cabral,
Lisbon, Portugal
Critical Care 2007, 11(Suppl 2):P277 (doi: 10.1186/cc5437)

Introduction In patients with bad vascular access, the evaluation
of central venous pressure (CVP) obtained in a femoral vein could
be an alternative to the evaluation in central venous catheters
(CVCs) located in internal jugular or subclavian veins.
Objective To compare CVP measurement obtained in two different
locations (jugular or subclavian veins and femoral veins).
Setting A 16-bed medical–surgical ICU.
Materials and methods This study began about 2 years ago, and the
CVP of 41 patients in our ICU were evaluated and compared. Each
one of those 41 patients had a CVC in two different locations, one
placed in the internal jugular or subclavian veins, and a second in a
femoral vein. Simultaneous measurements of CVP were undertaken
by two different operators, with a pressure transducer zero referenced
at the mid-chest. Standard CVCs with similar features (20 cm length)
were used. The patients with an intra-abdominal pressure (IAP)
> 15 mmHg were excluded. The IAP was previously evaluated in all
patients, using the method described by Sugrue and Hillman. A linear
correlation analysis was performed, considering significance P < 0.05
and a correlation coefficient > 0.85.
Results Forty-one patients were studied, and four patients were
excluded due to an IAP > 15 mmHg. The mean age was 63.7 ±
16.2 years, the ICU stay was 10.4 ± 3.5 days, the APACHE II
score was 27.8 ± 6.7, and SAPS II was 55.8 ± 11.2. The mean
CVP measured with jugular/subclavian access was 11.3 ± 4.5 mmHg,
and in the femoral access was 11.8 ± 4.4 mmHg. The linear corre-
lation between those measurements was 0.96, and P < 0.007.
Conclusion The CVP can be accurately measured in a femoral
vein, using standard CVC, in patients with an IAP < 15 mmHg.

P278

Left ventricular volumes but not filling pressure are
determinants of mortality in critically ill patients

D Sturgess, T Marwick, C Joyce, M Jones, B Venkatesh
University of Queensland, Brisbane, Australia
Critical Care 2007, 11(Suppl 2):P278 (doi: 10.1186/cc5438)

Introduction Transthoracic echocardiography (TTE) is gaining
acceptance as a powerful diagnostic tool in critical illness. It can
assess left ventricular (LV) volumes, as well as indices of ventri-
cular filling pressure (including the ratio of mitral E velocity/mitral
annular velocity [E/E′]). TTE evidence of raised filling pressure is
associated with mortality following myocardial infarction but its
prognostic value in critical illness is undefined. The aim of this
study was to evaluate the prognostic significance of echo-
cardiographic LV volumes and filling pressure in the critically ill.
Methods A consecutive group of 94 patients (66 males, mean ±
SD age 61 ± 15 years) who had standard TTE supplemented by
measurement of E/E′ in a tertiary referral ICU were enrolled. TTE
was performed 5 ± 6 days after ICU admission. Severity of critical
illness was assessed using APACHE III. Cox proportional hazards
regression analysis was based on 28-day mortality from the date of
echo with survivors censored on hospital discharge.
Results The mean APACHE III score was 72 ± 25. Hospital
mortality was 33% (n = 31). Table 1 summarises correlates of 28-
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day mortality. The independent predictors of mortality were
APACHE III risk of hospital death (HR 1.3 (1.1–1.5), P = 0.003),
and increased LV end systolic volume (HR 2.1 (1.2–3.7), P = 0.007).
Indices of ventricular filling pressure (E/E′, left atrial area/volume)
were not predictors of mortality.

Table 1 (abstract P278)

Variable OR (95% CI) P

APACHE III score (/10) 1.2 (1–1.4) 0.017

E/E′ (/10) 1.3 (0.6–2.8) 0.5

LV end diastolic volume (/100 ml) 2.0 (1.2–3.3) 0.0059

LV end systolic volume (/100 ml) 2.2 (1.3–3.8) 0.0047

Conclusion In this cohort of critically ill patients, increased
echocardiographic LV end systolic volume, but not filling pressure,
is a highly significant predictor of mortality that adds incremental
value to APACHE III prediction.

P279

Prehospital echocardiography in pulseless electrical
activity victims using portable, handheld ultrasound

C Byhahn1, E Müller2, F Walcher1, H Steiger2, F Seeger1, 
R Breitkreutz1

1JW Goethe-University Hospital, Frankfurt, Germany; 
2Emergency Medical Service, Darmstadt, Germany
Critical Care 2007, 11(Suppl 2):P279 (doi: 10.1186/cc5439)

Objective Potentially treatable causes of sudden cardiac arrest,
such as pericardial tamponade, myocardial insufficiency or hypo-
volemia, should be identified as soon as possible (that is, at the
scene). Although these diagnoses are mainly made by echo-
cardiography, old and new ERC or ILCOR guidelines only recom-
mend pauses of ventilation or chest compressions as ‘brief interrup-
tions’ at a maximum of 10 seconds, thereby potentially limiting
transthoracic ultrasound examinations. We introduced an ALS-
based algorithm of focused echocardiographic evaluation during
resuscitation (FEER) to be performed in a time-sensitive manner.
Methods We tested both the capability of FEER to differentiate
states of pulseless electrical activity, and its feasibility in the out-of-
hospital setting using mobile, battery-powered ultrasound systems.
Trained emergency physicians (EP) applied FEER to assessing
basic ventricular function by ‘eye-balling’ in less than 10 seconds
in prehospital cardiac arrest victims who were being resuscitated.
True pulseless electrical activity (PEA) was defined according to
the ERC as ‘clinical absence of cardiac output despite electrical
activity’. In contrast, any PEA was classified as a ‘pseudo-PEA’
when cardiac output was visualized by echocardiography.
Results Seventy-eight CPR cases (age 66 ± 19 years) were
included. On arrival of the EP on the scene, a true PEA was
suspected in 31/78 cases. However, in 20/31 PEA cases cardiac
wall movement was detected (pseudo-PEA) and correctable
causes such as pericardial tamponade (four cases), poor
ventricular function (14 cases) and hypovolemia (two cases) were
treated. Fourteen out of 20 pseudo-PEA cases survived to hospital
admission. In 11/30 PEA cases, no cardiac wall movement was
visible (true PEA). All such patients died on the scene. FEER-
based changes in therapy were induced in 25/31 cases.
Conclusions Application of FEER was feasible within a 10-second
time-frame of CPR interruptions. While differentiating PEA states,
FEER has the ability to identify a pseudo-PEA state, allowing
further treatment of the underlying disorder on the scene to
improve outcome.

P280

The effectiveness of transthoracic echocardiography as a
screening examination in a noncoronary intensive care unit

P Marcelino1, S Marum1, A Fernandes1, M Lopes2, L Mourao1

1Hospital Curry Cabral, Lisbon, Portugal; 2Lisbon Faculty of
Medicine, Lisbon, Portugal
Critical Care 2007, 11(Suppl 2):P280 (doi: 10.1186/cc5440)

Introduction The authors tested the feasibility of transthoracic
echocardiography (TTE) as a routine technique in a medical/
surgical ICU.
Methods The study was carried out in a 16-bed noncoronary ICU
during 18 months. For this purpose, a TTE was performed within
the first 24 hours of admission. The issues addressed were: data
acquisition possibilities, quantification of selected echocardio-
graphic parameters (cardiac chamber dimensions, left ventricular
function, cardiac output, and Doppler examination), detection of
any structural echocardiographic alteration, as well as new severe
conditions.
Results In this study 704 consecutive patients were enrolled, with
a mean age of 61.5 ± 17.5 years, an ICU stay of 10.6 ± 17.1 days,
APACHE II score of 22.6 ± 8.9, and SAPS II of 52.7 ± 20.4. In
four patients TTE could not be performed. The data are presented
in Table 1. At least an echocardiographic alteration was detected
in 234 (33%) patients. The most common alterations were left
atrial enlargement (n = 163), and left ventricular dysfunction
(n = 132). Patients with these alterations were older (66 ± 16.5 vs
58.1 ± 17.4 years, P < 0.001), presented a higher APACHE II
score (24.4 ± 8.7 vs 21.1 ± 8.9, P < 0.001) and a higher mortality
(40.1 vs 25.4%, P < 0.001). Severe previously unknown
echocardiographic diagnoses were detected in 53 (7.5%)
patients. The most frequent condition was severe left ventricular
dysfunction. By multivariate logistic regression analysis, TTE
parameters did not correlate with mortality or ICU stay. Mortality
was related to ICU stay (CI 1.0–1.019, P < 0.001).

Table 1 (abstract P280)

Chamber 689

Left ventricular function 670

Inferior vena cava 571

Mitral E/A 399

Isovolumetric relaxation time 569

Tricuspid regurgitation 291

Cardiac output 610

All patients 704

Conclusion We conclude that TTE is feasible in a noncoronary
ICU, most parameters being obtained. A routine utilization of TTE
detected 53 (7.5%) patients with severe unsuspected diseases.

P281

Identification of contractility abnormalities in intensive care
unit patients with sepsis using tissue Doppler imaging

H Michalopoulou, P Stamatis, A Bakhal, T Kelgiorgis, A Basile,
J Vaitsis, E Reinou, P Batika, D Pragastis, A Foundouli
Metaxa Hospital, Athens, Greece
Critical Care 2007, 11(Suppl 2):P281 (doi: 10.1186/cc5441)

Introduction Tissue Doppler imaging (TDI), as a more recent
ultrasound technique, is a precious diagnostic tool revealing earlier
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left ventricular (LV) contractility abnormalities as compared with the
conventional echocardiography. This study aimed at assessing the
contribution of TDI to the early diagnosis of LV systolic dysfunction
in ICU septic patients maintaining a normal ejection fraction (EF).
Methods Twenty-two ICU patients of average age 57.6 ± 7.3 years
(13 males) (Group A) and 20 seemingly healthy individuals (Group
B) were studied. The ICU patients met the sepsis criteria (infection
by Gram-negative bacterium and, at least, two of the SIRS criteria).
The APACHE II score mean value was 21.2 ± 4.9. All the patients
of the study were subjected to the same session in a 2D echo-
cardiogram. The EF of the left ventricle was calculated according
to Simpson’s method. The systolic velocities on the long axis were
measured by TDI, placing the sample volume 0.5 cm distance from
the mitral annular in the basic posterior interventricular septum
(Sm) and on the lateral wall (Sl). Patients with ischemic, dilated,
hypertrophic cardiomyopathy, severe valvular disease, uncontrolled
blood pressure and chronic atrial fibrillation were excluded.
Results No differences were observed in the LV systolic
performance by use of the conventional 2D echocardiography
between the two groups (EF: 63.8 ± 3.7% in Group A as
compared with 64 ± 4.8% in Group B, P = not significant).
Nevertheless, differences were ascertained in the maximum
systolic velocities on the long axis using TDI. Sm: 8.2 ± 1.1 m/s in
Group A, 9.7 ± 1 m/s in Group B (P = 0.04), Sl: 10.6 ± 1.3 m/s in
Group A, 13.6 ± 1.4 m/s in Group B (P = 0.02).
Conclusion TDI echocardiography identifies LV contractility
abnormalities in ICU septic patients that appear to have a normal
EF in the conventional echocardiogram, so it provides earlier
recognition and treatment of LV dysfunction related to sepsis.

P282

Determination of intravascular volume status in critically ill
patients using portable chest X-rays: measurement of the
vascular pedicle width

N Salahuddin, I Chishti, S Siddiqui
Aga Khan University & Hospital, Karachi, Pakistan
Critical Care 2007, 11(Suppl 2):P282 (doi: 10.1186/cc5442)

Introduction Traditionally invasive haemodynamic measurements
of pulmonary artery occlusion pressures have been used to assess
the volume status in critically ill patients. The vascular pedicle, as
seen on chest X-ray scan, is the mediastinal silhouette of the great
vessels. We hypothesized that the vascular pedicle width (VPW)
on supine, portable chest X-ray scans could be used to predict
intravascular volume overloaded status in critically ill patients.
Methods We conducted a prospective, blinded observational trial
where both pulmonary artery occlusion pressures (PAOP) and
VPWs were measured in patients admitted to the ICU. We used
measurements of PAOP ≥ 18 mmHg as indicative of a fluid
overloaded state, and measurements of PAOP < 18 mmHg as
normal or low volume states. Standardized, portable chest X-ray
scans in the supine position were obtained within 1 hour of PAOP
measurement. Receiver-operating characteristics (ROC) curves
were constructed using different cutoffs of the VPW measurement
to identify sensitivities and specificities for each value (see Figure 1).
Results Measurements were obtained from 50 patients. Using
ROC-derived cutoffs, a VPW measurement of 74.5 mm was found
to have a sensitivity of 83% and a specificity of 78% for correctly
predicting a fluid overloaded state.
Conclusions These results suggest that serial measurements of
the VPW can reliably be used to predict intravascular volume
overload in the ICU.

P283

The role of clinical examination, chest X-ray and central
venous pressure in volume assessment in critically ill
patients: a comparison with PiCCO-derived data

W Huber, S Ringmaier, A Umgelter, K Holzapfel, W Reindl, 
M Franzen, J Gaa, R Schmid
Klinikum Rechts der Isar, Technical University of Munich, Germany
Critical Care 2007, 11(Suppl 2):P283 (doi: 10.1186/cc5443)

Background Assessment of preload and goal-directed resusci-
tation are crucial parts of ICU therapy. To assess preload, clinical
parameters such as filling of the jugular veins, edema and pleural
effusions as well as X-ray are used. In addition, haemodynamic
parameters such as the central venous pressure (CVP), pulmonary
arterial wedge pressure and PiCCO-derived global end-diastolic
volume index (GEDVI) are determined. The GEDVI has been
shown to be superior to pressure-based parameters with regard to
volume responsiveness in several studies. However, PiCCO data
are not available in all patients, and frequently clinical examination,
CVP and chest X-ray are the first tools for preload assessment. It
was the aim of our study to evaluate clinical assessment, X-ray and
CVP with regard to the GEDVI and extravascular lung water index
(ELWI).
Methods In 86 patients of an internal ICU, clinical examination was
independently determined by a physician and investigator not
working in the ICU. Subsequently, chest X-ray (analysed by an
experienced radiologist), CVP and PiCCO (Pulsion Company,
Munich, Germany) measurements were performed and these data
were correlated to clinical findings.
Results Patients (n = 86; 34 females, 52 males) included 25
patients with cirrhosis, 18 patients with pancreatitis, 19 patients
with sepsis; age 63.0 ± 15.5 years; APACHE II score 23.3 ± 8.4.
Leg edema significantly correlated to CVP (r = 0.247; P = 0.038)
and (negatively) to GEDVI (r = –0.258; P = 0.032). CVP and
GEDVI were not associated: r = 0.035; P = 0.784. The ELWI
significantly correlated to the degree of rales (r = 0.258; P = 0.016)
and GEDVI (r = 0.557; P < 0.001). The ELWI and CVP did not
correlate (r = 0.030; P = 0.785). Global clinical preload assess-
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Receiver-operating characteristics curve for vascular pedicle width.
The curve shows the ability of the vascular pedicle width to
differentiate between fluid overload and euvolemia at different cutoff
points. The area under the curve is 0.724. Increased vascular volume
is defined as pulmonary artery occlusion pressure ≥ 18 mmHg.
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ment (scale 1–10) was not predictive for GEDVI. Radiological
assessment significantly overestimated the GEDVI (901.41 ± 139.76
vs 782.56 ± 183.80 ml/m2; P < 0.001) and underestimated the
ELWI (7.22 ± 1.38 vs 9.77 ± 4.51 ml/kg; P < 0.001).
Conclusions (1) Leg edema and increased CVP do not exclude
preload deficiency determined by the GEDVI, which was
overestimated by X-ray. (2) CVP and leg edema are poor
predictors of the ELWI, which was significantly associated with
audible rales but underestimated by X-ray.

P284

Clinicians’ prediction of advanced cardiopulmonary
variables in critically ill patients: a multicenter study

A Perel1, M Maggiorini2, M Malbrain3, J Teboul4, J Belda5, 
E Fernández Mondéjar6, M Kirov7, J Wendon8

1Sheba Medical Center, Tel Hashomer, Israel; 2Universitatsspital,
Zurich, Switzerland; 3Ziekenhuis Netwerk Antwerpen-Hospital
Campus Stuivenberg, Antwerp, Belgium; 4Hôpital De Bicêtre, Le
Kremlin-Bicêtre, France; 5Hospital Clinico Universitario, Valencia,
Spain; 6Hospital Universitario Virgen De Las Nieves, Granada,
Spain; 7Northern State Medical University, Arkhangelsk, Russian
Federation; 8King’s College Hospital, London, UK
Critical Care 2007, 11(Suppl 2):P284 (doi: 10.1186/cc5444)

Introduction Lack of evidence that more advanced monitoring
techniques improve outcome may have led to insufficient
monitoring of critically ill patients. However, clinical judgment and
conventional hemodynamic monitoring alone were shown to be
inadequate for a reliable estimate of hemodynamic status. We have
therefore compared clinicians’ prediction of advanced cardio-
pulmonary parameters with actual measurements.
Methods Cardiopulmonary assessment was done in critically ill
patients from 12 European ICUs just before the use of the PiCCO
monitor (Pulsion, Germany). Independent prediction of cardiac
output (CO), systemic vascular resistance (SVR), indexed global
end-diastolic volume (GEDVi), stroke volume variation (SVV), and
indexed extravascular lung water (EVLWi) was done by one to four
physicians per patient. Following the first set of PiCCO
measurements each physician self-rated the accuracy of his pre-
PiCCO predictions.
Results A total of 257 questionnaires of 165 patients (67 females
and 98 males, age 59.8 ± 16.7 (range 16–93) years) were
completed by 135 residents and 122 specialists. The main
reasons for using the PiCCO included unclear fluid status (109
cases), sepsis/septic shock (70 cases), respiratory failure (42
cases), cardiogenic shock (19 cases), renal failure (27 cases), and
other (18 cases). Only 30–50% of the predicted values were
correct (±20% of measured values) (Table 1). Ranges of errors
were: CO (–77/+100%), SVR (–94/+303%), GEDVi
(–88/+135%), SVV (–91/+367%), EVLWi (–76/+650%). There
was a significant underestimation of CO (P < 0.00001) and
GEDVi (P < 0.0003), and overestimation of SVR (P < 0.003) and
SVV (P < 0.0002).
The 240 self-ratings (scale of 1–5, [1] = excellent; [5] = poor) of
predictions accuracy included – [1] 1.6%, [2] 40%, [3] 38.8%, [4]

15.1%, [5] 4.5%. The mean self-rate was 2.8 ± 0.9, with that of
residents (2.8 ± 0.9, n = 129) being similar to that of specialists
(2.7 ± 0.8, n = 111), P < 0.31.
Conclusions The ability of physicians to predict advanced
cardiopulmonary parameters based on clinical evaluation and
conventional monitoring alone has considerable limitations and is
not improved by experience.
Acknowledgement The authors of this unsupported study are
members of Pulsion’s medical advisory board.
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Change of therapeutic plan following advanced
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Introduction Many therapeutic decisions are made in the ICU on
the basis of clinical judgment and conventional monitoring alone,
although these may be inadequate for a reliable estimate of
hemodynamic status. We therefore measured the effects of more
advanced cardiopulmonary parameters (ACP) on major therapeutic
decisions.
Methods Cardiopulmonary assessment was done in critically ill
patients from 12 European ICUs independently by one to four
physicians per patient just before the use of the PiCCO monitor
(Pulsion, Germany). Following cardiopulmonary evaluation and
prediction of ACP (reported elsewhere), each physician suggested
a therapeutic plan before and after the first set of PiCCO measure-
ments (cardiac output, systemic vascular resistance, global end-
diastolic volume, stroke volume variation, and extravascular lung
water), and then self-rated the accuracy of his original therapeutic
plan.
Results A total of 257 questionnaires of 165 patients (67 females
and 98 males, age ± SD 59.8 ± 16.7 (range 16–93) years) were
completed by 135 residents and 122 specialists. The main
reasons for using the PiCCO included unclear fluid status (109
cases), sepsis/septic shock (70 cases), respiratory failure (42
cases), cardiogenic shock (19 cases), renal failure (27 cases),
other (18 cases). Changes (plan-and-not-give and no-plan-and-
give) made in the pre-PiCCO therapeutic plans included: fluid,
31.8%; inotropes, 23.3%; vasoconstrictors, 23.5%; diuretics, 15%
(Table 1). The 240 overall self-ratings of the original plan (scale of
1–5, [1] = not different; [5] = very different) included – [1] 33.7%,
[2] 23.5%, [3] 25.9%, [4] 11.5%, [5] 5.3%. The mean self-rate
was 2.3 ± 1.2, with that of residents (2.3 ± 1.3, n = 129) being
similar to that of specialists (2.3 ± 1.1, n = 111), P < 0.88.
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Table 1 (abstract P284)

EVLWi % CO % SVR % GEDVi % SVV %

Under 69 29.4 127* 49.6 46 18.1 72 28 85 39.7

Correct 93 39.6 99 38.6 90 35.4 93 50.2 64 29.9

Over 73 31.1 30 11.7 116 45.7 73 21 65 30.4

*Number of predictions.
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Conclusions The measurement of advanced cardiopulmonary
parameters caused both specialists and residents to make
considerable changes in therapeutic decisions that were previously
made based on clinical judgment and conventional monitoring
alone.
Acknowledgement The authors of this unsupported study are
members of Pulsion’s medical advisory board.
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Introduction Pulse contour cardiac output (PiCCO) provides an
estimate of the intrathoracic blood volume (ITBV), extravascular
lung water (EVLW), and pulmonary vascular permeability index
(PVPI). Few investigations have prospectively examined EVLW in
patients with severe sepsis or ARDS.
Objective The aim of this study was compare measurements of
ITBV, EVLW, and PVPI in systemic inflammatory response
syndrome (SIRS) patients.
Materials and methods Twenty-eight adult patients with SIRS
admitted to our ICU were studied in three groups. Group A, nine
patients with pneumonia; group B, nine patients with extrathoracic
infection; group C, 10 patients without infection were enrolled. In
each patient, PiCCO was used to measure the ITBV and EVLW for
3 days of meeting criteria for SIRS. The PVPI was calculated as
the ratio of EVLW to ITBV. EVLW values were indexed by the
predicted body weight and ITBV values were indexed by the
predicted body surface. All data are presented as mean ± standard
deviation. The Kruskal–Wallis H test was performed for statistical
analysis and P < 0.05 was considered statistically significant.
Results See Table 1. One hundred and forty samples of data were
collected. The mean PVPI value was within the normal range. The
EVLWI and PVPI were significantly higher in group A than in group

B. The EVLWI and PVPI were significantly higher in group B than
in group C too.
Conclusion Our data indicate that the permeability of pulmonary
vessels is increased more with infection than without infection, and
is also higher with pneumonia than with extrathoracic infection in
SIRS patients.
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Fluid status assessment in mechanically ventilated septic
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Background Early optimization of fluid status is of major
importance in the treatment of critically ill patients. It is unclear
whether sonographic measurement of the inferior vena cava (IVC)
diameter is valuable in the evaluation of fluid status in mechanically
ventilated septic patients.
Methods Thirty mechanically ventilated patients with severe sepsis
or septic shock (age 59.9 ± 15.4 years; APACHE II score 30.6 ± 7.7;
18 males) requiring advanced invasive hemodynamic monitoring
due to cardiovascular instability were included in a prospective
observational study in a university hospital setting with a 24-bed
medical ICU and a 14-bed anaesthesiological ICU. Volume-based
hemodynamic parameters were determined using the thermal-dye
transpulmonary dilution technique. Simultaneously, the IVC
diameter was measured throughout the respiratory cycle by trans-
abdominal ultrasonography.
Results We found a statistically significant correlation of both
inspiratory and expiratory IVC diameter with central venous
pressure (P = 0.004 and P = 0.001), extravascular lung water
index (P = 0.001 and P < 0.001), intrathoracic blood volume index
(P = 0.026 and P = 0.05), the intrathoracic thermal volume (both
P < 0.001), and the paO2/FiO2 oxygenation index (P = 0.007 and
P = 0.008, respectively).
Conclusions Sonographic determination of the IVC diameter is
useful in the assessment of volume status in mechanically
ventilated septic patients. This approach is rapidly available,
noninvasive, inexpensive, easy to learn and applicable in almost any
clinical situation without doing harm. IVC sonography may
contribute to a faster, more goal-oriented optimization of fluid
status and may help to identify patients in whom deleterious
volume expansion should be avoided. It remains to be elucidated
whether this approach influences the outcome of septic patients.

P288

Noninvasive cardiac output: accuracy between the
ultrasound cardiac output monitor and the esophageal
Doppler monitor

R Bilkovski1, J Martini1, R Phillips2

1Henry Ford Hospital, Detroit, MI, USA; 2University of Queensland,
Brisbane, Australia
Critical Care 2007, 11(Suppl 2):P288 (doi: 10.1186/cc5448)

Introduction The hypothesis is that measurement of the cardiac
index (CI) is accurate between the ultrasound cardiac output
monitor (USCOM) and the esophageal Doppler monitor (EDM).
The EDM is a minimally invasive device that has demonstrated
strong correlation with cardiac output measurements obtained by
thermodilution. A disadvantage of the EDM is the need for probe
placement in the esophagus, effectively limiting its use to
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Table 1 (abstract P285)

Given % Not given %

Fluid P 109 43 53 21

Fluid NP 28 11 65 25

Inotropes P 33 13 46 18

Inotropes NP 14 5 164 64

Vasoconstrictors P 50 20 36 14

Vasoconstrictors NP 24 9 143 57

Diuretics P 19 7 20 8

Diuretics NP 18 7 197 78

P = planned; NP = not planned.

Table 1 (abstract P286)

Group A Group B Group C

ITBVI 933 ± 256 977 ± 197 996 ± 407

EVLWI 12 ± 5 10 ± 4* 8 ± 3*,**

PVPI 2.3 ± 1.1 1.8 ± 0.8* 1.6 ± 0.7*,**

*P < 0.05 vs group A. **P < 0.05 vs group A and group B.
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mechanically ventilated patients. The USCOM, in contrast, can
measure cardiac hemodynamics by use of a CW Doppler probe
placed on the skin to measure blood flow across either the aortic
or pulmonic valve.
Methods A prospective study of adult ED patients who were
intubated and managed concurrently with an EDM. Setting: urban
tertiary care center with >90,000 annual visits. Exclusion criteria:
ESRD, ascites, known valvular heart disease and pre-existing
tracheotomy. IRB approval was obtained with waiver of informed
consent. USCOM measurements of CI were obtained, blinded to
EDM values measured concurrently. Repeated pairs were obtained
every 30–60 minutes, in a similar manner. Statistical analysis:
correlation and Bland–Altman plots using SPSS 9.0.
Results A total of 95 paired measures were obtained from 20
patients with an average age of 60.1 years, 60% male and 70%
African American. The mean CI was 5.2 with a range of
1.4–6.6 l/min/m2. For the aggregate, r = 0.81 (P < 0.001) and bias
was 0.14 with limits of agreement (LOA) of –1.48 to 1.76. Excess
scatter was noted at CI > 4.0 CI. For CI < 4.0, correlation was
0.80 (P < 0.001) with bias and LOA of –0.15 and –1.01 to 0.71.
At CI < 2.5, greater accuracy was noted with bias of 0.01 and
LOA of 0.73 to 0.75.
Conclusions CI measurement with the USCOM has a high degree
of agreement with the EDM, most notably when CI is below 4.0. Of
particular interest is the high degree of accuracy seen at low CI
values (<2.5). These findings support the use of the USCOM for
CI measurement in mechanically ventilated patients and a wider
range of patients in which the EDM would be impractical or difficult
to use.
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Noninvasive cardiac output monitoring: a clinical validation

P Squara, P Estagnasie, A Brusset, D Denjean, J Dib, C Dubois
CERIC, Neuilly-sur-Seine, France
Critical Care 2007, 11(Suppl 2):P289 (doi: 10.1186/cc5449)

Introduction Our objective was to evaluate the clinical utility of
noninvasive cardiac output monitoring (NICOM), a new tool for
automatic continuous cardiac output (CO) monitoring based on
chest bioreactance, using continuous thermodilution as reference
(PAC-CCO).
Method We included 110 consecutive adult patients immediately
after cardiac surgery in a prospective, single-center study taking
place in the ICU. CO measurements obtained from NICOM and
PAC-CCO were simultaneously recorded minute by minute (Figure
1). We evaluated the accuracy, precision, responsiveness, and
reliability of NICOM for detecting CO changes. Tolerance for each
of these parameters was specified prospectively.
Results A total of 65,888 pairs of CO measurements were
collected. Mean reference values for PAC-CCO ranged from 2.79
to 9.27 l/min. During periods of stable PAC-CCO (slope < ±10%,
2SD/mean <20%), the correlation between NICOM and PAC-
CCO was R = 0.82; bias was +0.16 ± 0.52 l/min (+4.0 ± 11.3%),
and the relative error was 9.1 ± 7.8%. In 85% of patients the
relative error was <20%. During periods of increasing CO, slopes
were similar with the two methods in 96% of patients and
intraclass correlation was positive in 96%. Corresponding values
during periods of decreasing CO were 90% and 84%,
respectively. Precision was always better with NICOM than with
PAC-CCO. During hemodynamic challenges, changes were 3.1 ±
3.8 minutes faster with NICOM (P < 0.01) and amplitude of
changes were not different (not significant). Finally, sensitivity of
the NICOM for detecting significant directional changes was 93%
and specificity was 93%.

Conclusion CO measured by NICOM had most often acceptable
accuracy, precision, and responsiveness in a wide range of
circulatory situations.
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Method comparison – a new approach to implementing
the Bland–Altman analysis to estimate the precision of a
new method: tested on 30 critically ill patients monitored
with pulse pressure analysis and continuous cardiac
output vs intermittent thermodilution
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Introduction The Bland–Altman plot is the standard way of
determining agreement between two methods of measuring the
same variable. Following work by Critchley and Critchley [1],
±30% is now accepted as the cutoff point when calculating the
percentage error. This study estimates the coefficient of variation
(CV) of three different cardiac output (CO) techniques with the aim
of assessing the relative contributions to the percentage error.
Materials and methods Thirty critically ill patients had their CO
measured every hour with continuous cardiac output by Vigilance
(CCO), pulse pressure analysis by LiDCO™plus (PulseCO) and
intermittent thermodilution (ITD) (average of four ITD curves). Data
were analysed with Bland–Altman plots, calculation of the
percentage error, determination of the CV of ITD, and calculation
of the overall CV for CCO and PulseCO.
Results Two hundred and forty (eight per patient) measurements
of CO were obtained. CCO vs ITD had an overall bias (±2SD) of
0.2 ± 2.4 l/min (error 31%), mean CO (ITD + CCO) 7.7 l/min.
PulseCO vs ITD had an overall bias of –0.1 ± 2.4 l/min, mean CO
(PulseCO + ITD) 7.5 l/min (error 33%). According to the above
criteria (without measuring the CV for ITD), CCO performed well
when compared with ITD (31%) but PulseCO (33%) was outside
clinically acceptable levels of agreement. The CV for a single ITD
CO measurement was 15%, and this decreased to 7.5% when
averaging four thermodilution curves. Using the CV for ITD of
7.5%, the relative CVs for the CCO and PulseCO were
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Figure 1 (abstract P289)

Mixed venous hemoglobin oxygen saturation (SvO2) vs cardiac output
(CO) by noninvasive cardiac output monitoring and Swan on Mister197.
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determined. The CV for CCO was 13.6% and for PulseCO was
14.7%.
Conclusions In trying to understand the relative contributions of
error when testing two techniques to measure the same variable it
is vital to understand the CV of the reference technique. Using this
approach, both the PulseCO and Vigilance perform in a clinically
acceptable fashion.
Reference
1. Critchley LA, Critchley JA: A meta-analysis of studies using

bias and precision statistics to compare cardiac output
measurement techniques. J Clin Monit Comput 1999, 15:
85-91.
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Introduction Assessing clinically the intravascular volume status of
critically ill patients can be exceedingly difficult. Due to concerns
about the efficacy and safety (possible increase in mortality) of
using invasive haemodynamic monitoring, noninvasive diagnostic
testing has gained increasing importance.
Objective To compare the reliability of vascular pedicle width
(VPW) as an indicator of overload, in patients of a general ICU,
with a method of invasive haemodynamic monitoring that has
proved its efficacy in the literature and in everyday practice.
Patients and methods The VPW, which represents the media-
stinal silhouette of the great vessels, was compared with the
haemodynamic measurements, which were obtained with the
method of transpulmonary thermodilution (PiCCO Plus; Pulsion,
Munich, Germany). We measured the VPW in anteroposterior
chest X-rays in the supine position, with standard parameters, in
100 patients without prior cardiac surgery, prior mediastinal
irradiation, obesity, severe acute respiratory distress syndrome and
positive end-expiratory pressure > 7.5 cmH2O. In every patient we
performed invasive haemodynamic monitoring with the PiCCO
Plus. An intrathoracic blood volume index (ITBI) > 1,000 ml/m2,
global end-diastolic index (GEDI) > 800 ml/m2, and extravascular
lung water index (ELWI) > 7.0 ml/kg were considered the markers
of significant volume overload. After further refinement, 27 patients
fulfilled the above criteria and were considered eligible to be
included in the study.
Results The mean VPW in overloaded patients was 75.14 mm
compared with a mean of 64.71 mm for the rest. The results were
subsequently analyzed using Spearman’s nonparametric test and
we found correlation (0.785, 0.710, and 0.510) between VPW and
the GEDI, ITBI, and ELWI, respectively. The results were
considered statistically significant (P < 0.000, P < 0.000, and
P < 0.005, respectively).
Conclusion The VPW, when appropriately assessed at the
bedside by the same physician and therefore avoiding the possible
bias, using portable chest X-rays, might give very useful information
regarding the volume status of the patients, results that are
comparable in their efficacy with those obtained with invasive and
more expensive methods.
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Reliability of the continuous cardiac index measurement
using the pulse contour analysis of the PiCCO system
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Critical Care 2007, 11(Suppl 2):P292 (doi: 10.1186/cc5452)

Introduction Reliable continuous hemodynamic monitoring of
critically ill patients is essential for effective volume management
and adequate administration of vasoactive drugs. The PiCCO
system allows continuous measurement of the cardiac index using
arterial pulse contour analysis. Calibration of this system by
transpulmonary thermodilution is recommended every 8 hours. In
this study we compared the difference of the continuous measure-
ment of the cardiac index using the arterial pulse contour analysis
(CIpc) with the cardiac index acquired by the transpulmonary
thermodilution (CItd) when calibrating the system.
Methods Our study includes 140 measurements in 10 critically ill
patients (eight males, two females, age 37–84 years, mean 64.1 ±
13.0 years) requiring hemodynamic monitoring with the PiCCO
system. Five patients had septic shock, three hepatorenal
syndrome and two acute heart failure. First the CIpc was recorded
immediately before the next calibration and afterwards the CItd
was measured three times, which resulted in a simultaneous
calibration of the pulse contour algorithm of the PiCCO system.
We performed a mean of 14 ± 9.4 measurements per patient. The
time-lag between the measurements was 12 hours 54 minutes ±
7 hours 47 minutes.
Results The comparison of the CIpc immediately before calibration
and the calibration-derived CItd resulted in a correlation coefficient
of 0.84 with a P value of 0.02. In the Bland–Altman analysis the
CIpc was a mean 0.14 l/min/m2 lower than the CItd. The standard
deviation was 0.72 l/min/m2. There was no correlation of the time-
lag between the calibrations and the difference of CIpc and CItd
(r = –0.03; P = 0.13).
Conclusion The PiCCO system allows a reliable continuous
measurement of the cardiac index using the pulse contour analysis.
In our study we could not find an increased difference of CIpc and
CItd even with longer time periods between the calibrations using
transpulmonary thermodilution. Because calibration is easy to
achieve and additional data for the intrathoracic blood volume and
the extravascular lung water are obtained, a 12-hour period
between the calibrations is reasonable.
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PiCCO monitoring – are two injections enough?

S Alaya, S Abdellatif, R Nasri, H Ksouri, S Ben Lakhal
Intensive Care Unit, Tunis, Tunisia
Critical Care 2007, 11(Suppl 2):P293 (doi: 10.1186/cc5453)

Introduction PiCCO monitoring using the thermodilution
technique has become an alternative method of invasive
haemodynamic monitoring for the critically ill patient. Usually the
results of an arbitrarily chosen number (one to five) of thermal
indicator injections are averaged to increase the reliability of the
measurement. The number of injections needed to achieve a given
level of precision has, however, not previously been systematically
investigated. We tried in this study to validate the accuracy of two
injections instead of three injections.
Methods We analysed retrospectively all data (triplate measure-
ments) obtained during the past 2 years by PiCCO monitoring:
injection of 10 ml saline solution three times by the same operator.

Available online http://ccforum.com/supplements/11/S2
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We compared the cardiac index (CI) obtained at each bolus, the
average of the CI obtained at the first two injections (M1) and then
the triplate (M2).
Results Two hundred and forty-nine triplates were collected in 25
patients with septic shock, under mechanical ventilation. There
were no significant differences in CI at each bolus. The average of
the first two iced injections M1 = 3.28 ± 1.07 l/min/m2. The
average of the triplate M2 = 5.74 ± 1.07.
Discussion Normally, we consider that 10–15% of variation in the
CI signifies a change in the haemodynamic state. The difference
between M1 and M2 exceeds 15%. In the literature, Nilsson and
colleagues [1] demonstrated concerning the pulmonary arterial
catheter that we need an average of at least four injections to be
95% confident.
Conclusion With PiCCO monitoring, certainly two injections are
not enough to have reliable measurement of the CI.
Reference
1. Nilsson LB, et al.: Acta Anaesthesiol Scand 2004, 48:1322-

1327.
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Introduction Pulmonary intermittent thermodilution (from the pul-
monary artery catheter), transpulmonary thermodilution (PiCCOplus;
Pulsion, Munich, Germany) and transpulmonary lithium dilution
(LiDCO™plus; LiDCO, Cambridge, UK) are all well-validated
techniques in common use in intensive care for cardiac output
estimation. The precision has been looked into previously and
strategies to improve it have been made (that is, averaging three or
four measurements over the respiratory cycle) yet not much is
known about the precision of transpulmonary techniques in terms
of repeatability. This study aims to look into the coefficient of
variation (CV) of the lithium dilution technique in a mixed
(medical/surgical) intensive care population and propose a method
to improve its precision.
Materials and methods We performed four consecutive lithium
dilution cardiac output determinations on 70 critically ill patients
requiring haemodynamic monitoring. The heart rate (HR), central
venous pressure (CVP) and mean arterial pressure (mAP) were
documented in conjunction with cardiac output estimation. Data
were excluded if a ±5% change in HR, CVP or mAP occurred
during the sequential measurements. The CV ((SD/mean cardiac
output) x 100) was calculated for single measurements and for the
average of repeated measurements. In order to clinically accept the
precision of the technique, we aimed to obtain a CV below 10%.

Results Sixty-five series were suitable for analysis. The CV showed
a normal distribution and no correlation with the magnitude of the
mean cardiac output. The mean CV for single lithium dilution was
12.3%. The CV for the average of n lithium dilutions was 8.6% for
n = 2, 7.1% for n = 3, 6.1% for n = 4.
Conclusions The CV for one lithium dilution was higher than
clinically acceptable (12.3 > 10%). The average of two lithium
dilution measurements improves the precision by 30% and shows
an excellent CV (that is, 8.6%). When measuring cardiac output
with LiDCO an average of two lithium dilution curves provide an
excellent precision, and we suggest that in this population
(medical/surgical) this approach should always be used when
calibrating the pulse pressure algorithm (PulseCO) at the baseline.
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Transpulmonary lithium indicator dilution: a new method of
intrathoracic blood volume measurement

B Maddison, T Best, C Wolff, P Jones, C Hinds, R Pearse
Barts & The London School of Medicine & Dentistry, London, UK
Critical Care 2007, 11(Suppl 2):P295 (doi: 10.1186/cc5455)

Introduction Extravascular lung water (EVLW) measurement may
improve outcome. Double indicator dilution, which is the most
accurate method of EVLW measurement, is no longer commer-
cially available. Lithium indicator dilution could be used to measure
the intrathoracic blood volume index (ITBVI) and therefore EVLW.
Method A single-centre, observational study. Consent was sought
from patients aged over 50 years undergoing elective cardiac
surgery with cardiopulmonary bypass (CPB). Exclusion criteria
included significant valvular regurgitation and lithium therapy.
Anaesthetic, CPB, blood transfusion, ventilation and sedation
practices were standardised. Indicator dilution measurements were
performed following induction of anaesthesia, after CPB and then
2, 4 and 24 hours following surgery, using existing technology
(LiDCO Ltd, London, UK). Data are presented as the median (IQR).
Results Twenty patients were recruited (age 70 years (64–75
years); Parsonnet score 10 (1–14)). No difficulties were encoun-
tered with the new method of ITBVI measurement. Absolute values
and the changes in the ITBVI were close to those anticipated.
Linear regression analysis did not indicate mathematical coupling
between the cardiac index (CI) and the ITBVI (R2 = 0.22;
P < 0.001). The relationship between the pulmonary blood volume
index (PBVI) and the ITBVI was not constant.
Conclusion Lithium indicator dilution may be a valuable new
method of ITBVI measurement, and therefore EVLW measurement.
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Table 1 (abstract P295)

Time

2 hours 4 hours 24 hours 
Preoperative Post-CPB postoperatively postoperatively postoperatively

ITBVI (ml/m2) (n = 20) 739 (612–969) 1,078 (815–1,262) 1,266 (1,031–1,433) 1,188 (947–1,343) 1,008 (738–1,257)

PBVI (ml/m2) (n = 16) 213 (201–279) 343 (307–371) 338 (288–449) 394 (305–545) 407 (267–464)

CI (l/min/m2) (n = 20) 1.92 (0.45) 1.81 (0.42) 2.03 (0.56) 2.20 (0.58) 2.28 (0.94)
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critically ill patients
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Introduction Cardiac output (CO) monitoring is often required to
manage critically ill patients. Nominal values can be determined
from analysis of arterial pressure waveforms. It is assumed that
arterial waveforms from different arterial sites give similar CO
values. The aim of this study was to compare the values of
uncalibrated CO derived from simultaneous radial (COr) and
femoral (COf) blood pressures.
Methods We enrolled 17 medical and surgical ICU patients,
requiring haemodynamic monitoring and vasoactive drugs.
Simultaneous recordings of the arterial radial and femoral
waveforms were made from arterial pressure monitors via an A–D
converter and analysed to obtain CO values using the PulseCO®

algorithm of the LiDCOplus (LiDCO, London, UK). Paired CO
values were selected at several points on each recording.
Calibrations were not done at each time point so the comparison
required examination of the ratio of uncalibrated COr and COf.
Results The median value of the CO ratio was 0.95 (IQR
0.88–1.02), with a high variability across the patients, ranging from
0.3 to 1.41, whereas intrapatient variability was low, with a median
CV of 3.26% (IQR 1.1–5.3%). Although the ratio in COs between
the two sites varied greatly, the difference between the median
(range) arterial pressures was 2 mmHg (–3 to 8 mmHg). However,
the pulse pressure difference between the two sites was generally
large with a median (range) of 2 mmHg (–26 to 44 mmHg).
Conclusions CO derived from blood pressure records at radial
and femoral sites can appear similar when a patient population as a
whole is considered. However, in individual patients, the difference
between the two sites is large enough to be clinically unacceptable
without a site-specific recalibration.
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Measurement of intrathoracic blood volume by lithium
dilution: comparison with thermodilution

H Roberts, A Saayman, L Ala, G Findlay
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Critical Care 2007, 11(Suppl 2):P297 (doi: 10.1186/cc5457)

Introduction The intrathoracic blood volume is usually measured
clinically by transpulmonary thermodilution (PiCCO system;
Pulsion Ltd). New software also allows measurement at the
bedside by lithium dilution (LiDCO system; LiDCO Ltd). We
sought to compare the new lithium dilution method with the
existing method.
Methods Ethics approval was obtained. Nonpregnant adult
patients on the ICU with PiCCO monitoring were recruited.
Consent was given by patients’ representatives. Simultaneous
calibration of PiCCO and LiDCO systems with one lithium dilution
curve and the average of three thermal dilution curves allowed
comparison of results.
Results Six patients were studied (five males, one female). All
were intubated but none were receiving muscle relaxation. Mean
age was 60.6 ± 21.8 years. The mean APACHE II score was
20.8 ± 2.3. Ten paired results were obtained (see Table 1). The

mean difference of LiDCO from PiCCO overall was –5.49 ±
21.3%. The correlation coefficient r = 0.73 (P = 0.0166).
Conclusion There was general agreement between LiDCO and
PiCCO. There were significant differences (>30%) in only three
out of 10 measurements. Combining the results of >1 lithium
calibration may improve accuracy. These results are promising but
a larger trial will be required.

P298

Impedance cardiography to assess hemodynamic status: a
comparison with transpulmonary thermodilution

A Donati, R Nardella, V Gabbanelli, C Valentini, F Gabriele, P Pelaia
AOU Umberto I Ancona, Italy
Critical Care 2007, 11(Suppl 2):P298 (doi: 10.1186/cc5458)

Introduction Measurement of extravascular lung water (EVLW)
obtained with transpulmonary thermodilution (PiCCO system) can
help the physician to guide fluid management of critically ill
patients [1]. The thoracic fluid content (TFC) is a parameter
deriving from the electric conductivity of the thorax, determined
from intravascular, alveolar and interstitial fluids [2,3]. To the
author's knowledge, there is no clinical study comparing PiCCO
EVLW and the TFC provided by the impedance cardiac output
(ICG) system. The aim of the study was to compare measurements
of cardiac index (CI) obtained with PiCCO (P) and ICG before and
after fluid challenge (FC), to evaluate whether the TFC can provide
a noninvasive estimate of lung fluid balance, compared with
PiCCO EVLW, in 10 critically ill patients.
Methods We studied 10 patients (eight males), aged 16-76 years
(mean 22 ± SD 38), admitted to our ICU for head injury (three
patients), septic shock (four patients), ARDS (one patient), and
postsurgical (two patients).
The APACHE II score was 26-36 (30 ± 5). They were all moni-
tored with the P system (PiCCO, V4.12; Pulsion Medical Systems
AG) and the ICG system (Solar ICG module; GE Medical Systems
Technology, Milwaukee, USA, 2001), to evaluate the CI. All
patients received FC to optimize the haemodynamic status. Haemo-
dynamic measurements were made before and after FC with
colloids (5 ml/kg in 30 min). Statistical analysis was performed with
Spearman nonparametric correlation and the Bland–Altman test.
Results Twenty samples of data were collected. The CI P mean ±
SD was 3.91 ± 0.83 l/min/m2 before FC and 3.32–8.52 l/min/m2

after FC. The mean CI ICG value before FC was 3.44 ± 0.99 l/min/m2

(2.10–5.50) and was 4.56 ± 1.37 l/min/m2 after FC. The correlation
coefficient found was 0.526 (P < 0.05) and 0.588 after. The 95%
CI was 0.149–0.804. The overall mean CI P – CI ICG difference
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Table 1 (abstract P297)

Patient ItbiP ItbiL Difference (%)

1 894 960 7.4

2a 1,517 1,990 31

2b 1,572 1,078 –31.4

3 1,069 724 –32.3

4 1,280 1,318 3.0

5a 1,478 1,213 –17.9

5b 1,324 1,058 –20.1

5c 1,429 1,797 25.8

6a 732 731 –0.01

6b 787 627 –20.3
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was 0.70 l/min/m2, with ±1.96 SD of –2.53 and 3.23, respectively.
One measurement (5%) extended beyond the lower SD limit. The
EVLW index ranges from 3.3 to 13.7 (7.86 ± 3.27) ml/kg before
FC and 3.4 to 15.1 (8.58 ± 3.52) ml/kg after FC (P = 0.015). The
TFC before FC was 34–60 (43 ± 10) ml/kg and 32–64 (46 ± 10)
ml/kg after FC (P = 0.011). The correlation coefficient found
before FC is 0.798 (P = 0.007) with 95% CI 0.656–0.940. The
correlation coefficient found after FC is 0.802 (P = 0.005) with
95% CI 0.661–0.943.
Conclusions The main findings in this study are the great
discrepancy between the two methods. CI measurements obtained
with the ICG system underestimated CI when compared with the P
system, particularly after FC. The TFC and EVLW index trends
derived from FC appear similar; TFC measurements obtained with the
ICG system show good correlation when compared with the EVLW
index of the P system and it may be a useful index of pulmonary
overloading, if supported by further randomized clinical trials.
References
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Clinical evaluation of the FloTrac/Vigileo system and two
established methods for continuous cardiac output
monitoring in patients undergoing cardiac surgery

D Button, C Hofer
Triemli City Hospital, Zurich, Switzerland
Critical Care 2007, 11(Suppl 2):P299 (doi: 10.1186/cc5459)

Introduction A new arterial pressure waveform analysis device,
which does not need external calibration (FloTrac/Vigileo; Edwards
Lifesciences, Irvine, CA, USA), became recently available for
cardiac output (CO) measurement. However, only limited validation
data for this technique are so far available [1,2].
Objective The aim of this study was to compare cardiac output
assessed by the FloTrac/Vigileo system (FCO), the PiCCOplus
system (PCO) [1] (Pulsion Medical Systems; Munich, Germany)
and continuous cardiac output (CCO) monitoring using a pulmo-
nary artery catheter (Vigilance; Edwards Lifesciences) with inter-
mittent pulmonary artery thermodilution (ICO) in cardiac surgery
patients.
Methods With ethics committee approval and written patient
informed consent, patients undergoing elective cardiac surgery
were studied. The CCO, FCO and PCO were recorded in the
perioperative period after induction of anaesthesia (= study
initiation) and 1, 4, 8, 12 and 24 hours post initiation. At each
measurement point the ICO was assessed as mean of three
repeated bolus injections. Statistical analysis was done using
Bland–Altman analysis of absolute CO values and of percentage
changes (δ) between consecutive CO measurements (= trend
analysis).
Results One hundred and eighty-five matched sets of data were
available for statistical analysis from 31 patients (ASA III, male/
female ratio = 26/5, mean ± SD age = 66.58 ± 0.53 years (range:
45–84 years), mean ± SD body mass index = 28.2 ± 5.3 kg/m2

(range: 19.5–48.0 kg/m2)). CO values during the observation time
ranged from 2.4 to 9.3 l/min. Bland–Altman analysis revealed a
mean bias ± 2SD (limits of agreement) of 0.20 ± 2.3 l/min for
FCO–ICO, 0.3 ± 2.7 l/min for PCO–ICO and 0.3 ± 2.5 l/min for
CCO–ICO. Mean bias ± 2SD was –3.6 ± 59.2% for δ FCO–
δ ICO, –1.6 ± 67.1% for δ PCO–δ ICO and 2.5 ± 58.8% for δ ICO–
δ CCO.
Conclusion These results indicate that the FloTrac/Vigileo system
is a reliable alternative to PiCCO and the pulmonary artery catheter
for CO measurement in cardiac surgery patients.
References
1. Manecke G: Edwards FloTrac sensor and vigileo monitor;

easy, accurate, reliable cardiac output assessment using
the arterial pulse wave. Expert Rev Med Devices 2005,
2:523-527.

2. Opdam HI, Wan L, Bellomo R: A pilot assessment of the
FloTrac™ cardiac output monitoring system. Intensive Care
Med 2006 [Epub ahead of print].
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Flow Trac™ cardiac output determination correlates with
echocardiography

F Turani, M Falco, A De Chiara, A Belli, C Parisi, A Marineli
Aurelia European Hospital, Rome, Italy
Critical Care 2007, 11(Suppl 2):P300 (doi: 10.1186/cc5460)

Introduction A new device may be used in intensive care to
measure the cardiac output (CO) by arterial pulse pressure
waveform analysis, but few studies have evaluated the reliability of
this method and the correlation with other methods of CO deter-
mination. The aims of this study were to evaluate the CO obtained
using the Flow Trac™ Vigileo™ and the correlation with CO
obtained by transthoracic echocardiography (TTE).
Materials and methods Ten critical care patients admitted to a
general ICU were enrolled in the study. All patients were
mechanically ventilated (tidal volume 6–8 ml/kg, plateau pressure
< 30 cmH2O) and connected to an integrated monitoring system
(Flow Trac™/Vigileo™; Ewdards Lifescience, Irvine, CA, USA) that
attaches to an arterial cannula. After haemodynamic stabilization
the CO was calculated from an arterial pressure-based algorithm
that utilises the relationship between pulse pressure and stroke
volume. At the same time a TTE examination was performed
(Hewlett Packard, SONO 1000) and the CO was calculated by
Doppler measurement of the left ventricular outflow area (LVOT)
and the velocity–time integral (VTI LVOT), assuming stroke volume
= cross-sectional area x VTI. Every patient had two CO
determinations by TTE during Flow Trac™ measurement. A
regression analysis and Bland–Altman analysis were used to
compare the two methods of CO determination.
Results A total of 40 CO determinations were performed in 10
patients. Table 1 reports the main results.

Table 1 (abstract P300)

R2 P Bias SD of bias

CO Flow Trac™/CO TTE 0.85 <0.0001 0.24 0.45

Conclusion CO measurements obtained by Flow Trac™ show
agreement with CO TTE with no clear bias, but comparative
studies with thermodilution are warranted.
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A survey of cardiac output monitoring in intensive care units

R Green1, J Craig1, B Kyle1, M Jonas2

1Poole General Hospital, Poole, UK; 2Southampton General
Hospital, Southampton, UK
Critical Care 2007, 11(Suppl 2):P301 (doi: 10.1186/cc5461)

Introduction We surveyed adult ICUs, looking at cardiac output
monitor use with a view to demonstrating a practice change over
the last 3 years.
Method The senior physicians on ICUs in the South of England
were surveyed via telephone. Information was collected as to
which cardiac output monitors were available for use, which was
their first choice and how often they measured cardiac output in
severe sepsis.
Results Forty-nine out of 52 ICUs units contacted completed the
survey. Monitor availability can be seen in Figure 1 and use in
severe sepsis compared with 2003 can be seen in Table 1.

Table 1 (abstract P301)

Rarely Sometimes Routinely 
(<5%) (<50%) (>50%) Always

Severe sepsis (%) 0 30 45 25

Severe sepsis 2003 (%) 11 36 37 14

Conclusion Less invasive forms of cardiac output monitor are now
used as the first line. A survey in 2005 showed 20% of units still
used the PAC as their first-line monitor. This change has been
associated with a lower threshold for use in severe sepsis.

P302

CeVOX for continuous central venous oxygenation
measurement in patients undergoing off-pump coronary
artery bypass grafting

A Rist, S Schneider, P Fodor, L Weibel, A Zollinger, C Hofer
Triemli City Hospital, Zurich, Switzerland
Critical Care 2007, 11(Suppl 2):P302 (doi: 10.1186/cc5462)

Objective The aim of this study was to compare central venous O2
saturation (ScvO2) [1] measured continuously by the CeVOX
(Pulsion Medical System, Munich, Germany) device (CScvO2) with
ScvO2 determined by blood gas co-oximetry (BScvO2).
Methods Twenty-five patients undergoing elective off-pump
coronary artery bypass grafting were studied during operation
(OP) and during their ICU stay (ICU). OP/ICU measurement
started after in vivo calibration of CeVOX. BScvO2 and CScvO2
readings were recorded at intervals of 30 minutes during OP and
120 minutes during ICU. Bland–Altman analysis and Pearson
correlation was performed for overall OP, overall ICU, consecutive
measurements during OP ≤1 hour, 1–2 hours and 2–3 hours after
initial calibration (OP1–OP3, respectively) as well as during ICU
≤4 hours, 4–8 hours, 8–12 hours and 12–16 hours after re-
calibration (ICU1–ICU4, respectively).
Results Five hundred and nine matched sets of data were
obtained; the BScvO2/CScvO2 range was 36–98.9%/46.5–99.0%,
respectively. Overall mean bias ± 2SD was –1.2 ± 13.8% for
CScvO2–BScvO2 during OP and –2.6 ± 16.2% during ICU. The
correlation coefficient (r2) for CScvO2 vs BScvO2 was 0.614 (OP)
and 0.174 (ICU). Statistics for OP1–OP3 were comparable,
whereas mean bias ± 2SD increased and r2 decreased during
ICU1–ICU4 (Table 1).
Conclusions The results indicate that ScvO2 can be reliably
assessed by CeVOX. In order to maintain accurate measurements,
scheduled re-calibrations at intervals <12 hours are mandatory.
Reference
1. Respiration 2001, 685:279-285.
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Incidence of low central venous oxygen saturation after
standard postoperative intensive care management

M Boyle, E Steel, M Murgo, G Flynn, M O’Brien, J Lawrence, 
D Bihari
Prince of Wales Hospital, Randwick, NSW, Australia
Critical Care 2007, 11(Suppl 2):P303 (doi: 10.1186/cc5463)

Introduction Targeted early postoperative management of high-
risk surgical patients has been reported to be associated with a
lower rate of complications and shorter hospital length of stay
(HLOS) compared with conventional management. A low
postoperative central venous oxygen saturation (ScVO2) has also
been shown to be associated with higher rates of complications
and of HLOS for high-risk surgical patients. Benefit from early goal-
directed therapy would be unlikely if ‘standard’ postoperative
management resulted in a low incidence of patients with a low
ScVO2 in the early postoperative period.
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Figure 1 (abstract P301)

Table 1 (abstract P302)

OP1 OP2 OP3 ICU1 ICU2 ICU3 ICU4

Mean bias ± 2SD (%) –0.2 ± 13.9 +1.3 ± 9.6 +1.8 ± 16.6 –0.1 ± 12.0 –0.6 ± 15.4 –0.5 ± 13.8 –4.6 ± 16.9

r2 (P value) 0.580 (<0.001) 0.616 (<0.001) 0.513 (<0.001) 0.416 (<0.001) 0.514 (<0.001) 0.310 (0.001) 0.030 (0.247)
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Methods Arterial and central venous blood gas analysis was done
on admission (T1) and after 8 hours (T2) of admission to the ICU.
The HLOS and the incidence of complications were determined for
patients with low (<70%) or normal (≥70%) ScVO2.
Results Sixty-three postoperative patients were screened and 23
patients were analysed. Patients were excluded if they did not have
a central line positioned in the superior vena cava or blood had not
been sampled at both time points. Patients with pre-ICU HLOS
> 5 days (n = 10), acute spinal cord injury (n = 3), or admitted for
postoperative airway management (n = 4) were omitted. ScVO2
was low in 7/23 patients at T2 and six of these had lower
gastrointestinal surgery. The HLOS (median (IQR)) was longer in
those with low ScVO2 at T2 (17 (37.8) v 9.5 (5.0) days, P = 0.04).
The incidence of complications was not different. There were no
differences between the ScVO2 groups at T2 with respect to age,
gender, standard base excess, lactate, haemoglobin, mean arterial
pressure or central venous pressure. The volume of colloid the two
groups received in the 8-hour observation period was not different
although there was a trend for the low group to receive more
crystalloid (P = 0.08).
Conclusion A significant proportion of patients had a low ScVO2,
which was associated with increased HLOS. The results provide a
basis for the trial of postoperative early goal-directed therapy for
high-risk surgical patients admitted to our ICU.

P304

Relative influence of hypoxemia and anemia on the
measurement of central venous oxygen saturation

F Valenza, S Froio, L Fagnani, S Coppola, M Maffioletti, 
A Sicignano, E Riva, S Sibilla, L Gattinoni
Fondazione IRCCS Ospedale Maggiore Policlinico Mangiagalli
Regina Elena, Milano, Italy
Critical Care 2007, 11(Suppl 2):P304 (doi: 10.1186/cc5464)

Introduction Central venous oxygen saturation (ScvO2) is frequently
used as a surrogate measurement of adequacy of perfusion.
However, ScvO2 is also affected by arterial oxygen saturation
(SpO2), oxygen consumption, and hemoglobin (Hb) according to
the formula: ScvO2 = SpO2 – (VO2 / Q*1/Hb). The aim of this
study was to investigate the relative influence of hypoxemia and
anemia on the measurement of ScvO2.
Methods A database of 700 pairs of arterial and central venous
blood gases drawn from 300 patients admitted to the ICU of a
university hospital was considered. After assessing for the
technical adequacy of sampling (defined as a discrepancy of
hematocrit and blood glucose between arterial and venous
samples lower than 5%), 462 couples were selected for analysis.
Samples were then clustered according to ScvO2: <70% (low),
≥70% (high). SpO2, partial pressure of oxygen (PaO2) and Hb
were considered. Venous to arterial difference of partial pressure
of CO2 (DpCO2), arterial to venous difference of oxygen content
(DavO2) and the oxygen extraction ratio (ER) were also considered
as measures of perfusion adequacy. Differences between low and
high ScvO2 samples were estimated by Mann–Whitney rank sum
test (Sigma Stat, SPSS), accepting P < 0.05 as significant. Data
are presented as median (25th–75th percentile).
Results ScvO2 was 62.5% (56.3–66.2) in the low group (n = 180),
76.7% (73.6–80.7) in the high group (n = 282). In the low group
values were: SpO2 95.0% (95.1–98.3), PaO2 72.0 mmHg
(59.5–112.5), DpCO2 8 mmHg (6–9), DavO2 4.3 ml/100 ml
(3.4–5.2), ER 0.346 (0.310–0.399), Hb 9.9 g/dl (8.9–11.1). In the
high group values were: SpO2 98.3% (96.2–99.5), PaO2
106.5 mmHg (81.0–167.0), DpCO2 6 mmHg (4–7), DavO2 2.9 ml/
100 ml (2.3–3.6), ER 0.215 (0.185–0.250), Hb 9.9 g/dl (8.7–11.1).

As expected, DpCO2, DavO2 and ER were different between high
and low ScvO2 groups (P < 0.001). However, while Hb was similar
(P = 0.670), SpO2 and PaO2 were significantly lower when ScvO2
was below 70% (P < 0.001). Normalization of ScvO2 to SpO2
(ScvO2/SpO2) allowed one to overcome the effects of hypoxemia.
Values were: 0.662 (0.603–0.693) in the low group and 0.794
(0.757–0.828) in the high group (P < 0.001).
Conclusions When considering ScvO2 as a surrogate measure of
perfusion adequacy, it is mandatory to consider the relative effect
of hypoxemia. Anemia was less relevant in our case mix.

P305

Oxygen delivery optimization using lithium indicator
dilution and pulse power analysis during major surgery in
high-risk patients

S Lobo1, N Oliveira1, F Lobo1, E Rezende2, B Borges1, 
G Cunrath1, J Silva2, L Ronchi1
1Faculdade de Medicina de São José do Rio Preto, Brazil;
2Hospital do Servidor Público, São Paulo, Brazil
Critical Care 2007, 11(Suppl 2):P305 (doi: 10.1186/cc5465)

Introduction Increasing oxygen delivery in high-risk surgical
patients led to a dramatic reduction in both mortality and morbidity.
Yet, it is still not widely practised due to logistical difficulties asso-
ciated with its use. We aimed to evaluate whether pulse power
analysis calibrated by the lithium dilution technique, a pragmatic
minimally invasive technique, can be used to optimize the oxygen
delivery index (DO2I) in high-risk patients during major surgery.
Methods Lithium indicator dilution and pulse power analysis were
used to measure cardiac output and to calculate DO2I (LiDCO-
plus system). We prospectively evaluated the oxygen delivery
pattern and perfusion variables of 26 high-risk patients (LiDCO
group) submitted to major surgeries and goal-directed therapy
during surgery and 8 hours postoperatively, aiming to maximize the
DO2I to levels higher than 600 ml/min/m2 using dobutamine and
either ‘restrictive’ (4 ml/kg/min) or ‘liberal’ (12 ml/kg/min) strategies
of intraoperative fluid management (partial results). Postoperatively
both groups received 1.5 ml/kg/min lactated ringer. Fluid challenge
with 250 ml colloid was done in the presence of signs of
hypovolemia and additional fluids were given if necessary. Patients
were considered responders if they achieved the therapeutic goal.
A historical group of 42 high-risk surgical patients in whom the
therapeutic goals were to keep a mean arterial pressure between
80 and 110 mmHg, a central venous pressure between 6 and
12 cmH2O, hematocrit > 30% and urine output > 0.5 ml/kg/hour
in the first 24 hours after ICU admission was used as control.
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Results Median doses of 10 µg/kg/min and 7.5 µg/kg/min
dobutamine were used intraoperatively and postoperatively, respec-
tively. A total of 75% and 84% of the patients were responders
during surgery and postoperatively. However, a much better
pattern of DO2I during surgery was seen in the liberal group than in
the restrictive group (Figure 1). The values for arterial lactate and
central venous oxygen saturation (ScvO2) on ICU admission and
24 hours later for both groups are shown in Table 1. Significantly
lower arterial lactate and higher ScvO2 were seen in optimized
patients (P < 0.05 vs control group). Major complications occurred
in 50% of the patients in the historical control group (21/42) and in
15% of the LiDCO group (4/26) (RR 0.15, 95% CI 0.037–0.600,
P < 0.05).
Conclusion The use of a therapeutic approach guided by DO2I
calculated by the LiDCO plus system, intraoperatively and
postoperatively, seems to be a feasible and practical approach to
guide oxygen delivery optimization therapy during major surgery in
high-risk patients. Better perfusion and a much lower rate of
complications were seen in optimized patients.

P306

Oxygen delivery to carbon dioxide production ratio for
continuously detecting anaerobic metabolism in trauma
patients

F Franchi1, S Scolletta1, E Casadei1, P Mongelli2, B Biagioli1, 
P Giomarelli1
1University of Siena, Italy; 2Policlinico Le Scotte, Siena, Italy
Critical Care 2007, 11(Suppl 2):P306 (doi: 10.1186/cc5466)

Introduction Lactate levels have been shown to correlate with tissue
hypoxia. Unfortunately, due to their slow clearance, lactate levels may
not reflect the actual metabolic condition. Under tissue hypoxia the
carbon dioxide production (VCO2) should be less reduced than the
oxygen consumption, and the respiratory quotient (RQ) should
increase. The oxygen delivery (DO2)/VCO2 ratio could be used as an
indicator of anaerobic metabolism (AM) since it reflects the oxygen
demand and delivery, and the tissue oxygenation. We tested the
DO2/VCO2 ratio as a potential predictor of AM in trauma patients.
Methods Eighty consecutive adult trauma patients were pros-
pectively studied. The DO2, VCO2, RQ, DO2/VCO2 ratio, SvO2,
and arterial lactate (Lac) values were collected at ICU admission.
The DO2 was calculated using the cardiac index measured by a
pulse contour system (Hemoscan). The VCO2 was measured
under steady-state conditions using a CO2 analyzer (930 Siemens
Elema). The presence of AM (for example, hyperlactatemia, Lac+)
was defined by an increase in Lac >2 mmol/l. Correlation analysis
and the ROC test were applied.
Results For a threshold value of DO2 > 9 ml/kg, Lac showed an
inverse relationship with SvO2 (R = –0.84; P < 0.01) and
DO2/VCO2 ratio (R = –0.73; P < 0.01). Conversely, a direct

correlation between Lac and RQ (R = 0.66; P < 0.01) was found.
For a DO2 < 9 ml/kg, SvO2 did not correlate with Lac. Opposite, a
direct correlation between Lac and RQ (R = 0.81; P < 0.01) was
found. The DO2/VCO2 ratio showed an inverse relationship with Lac
(R = –0.75; P < 0.01). ROC curves to predict Lac+ were
constructed. The areas under the ROC curves were 0.40, 0.74, and
0.81 for SvO2, RQ, and DO2/VCO2 ratio, respectively. An optimal
cutoff value of 3.1 (sensitivity = 0.70, specificity = 0.77) was
determined for the DO2/VCO2 ratio predicting the presence of Lac+.
Conclusions Our findings showed that, for a DO2 > 9 ml/kg, the
SVO2, RQ, and DO2/VCO2 ratio may be used interchangeably. For
a DO2 < 9 ml/kg, the DO2/VCO2 ratio seems a more reliable
predictor of AM than SvO2 and RQ. The DO2/VCO2 ratio can be
simply and quickly calculated at the bedside because pulse wave
analysis allows the DO2 to be frequently calculated, and because
the CO2 analyzer provides VCO2 values continuously. Combined
gas exchange and pulse wave monitoring might be a valuable and
a useful approach to detect AM in trauma patients.

P307

Passive leg raising-induced changes in mean radial artery
pressure can be used to assess preload dependence

B Geerts, R de Wilde, P van den Berg, J Jansen
Leiden University Medical Centre, Leiden, The Netherlands
Critical Care 2007, 11(Suppl 2):P307 (doi: 10.1186/cc5467)

Introduction We evaluated whether changes in, routinely
measured, mean radial artery pressure (MAP) due to passive leg
raising (PLR) can be used to assess preload dependence in
nonspontaneous breathing patients. We therefore compared the
changes in cardiac output (CO) with changes in MAP, pulse
pressure (PP) and systolic pressure (SP) as well as the stroke
volume variation (SVV) before PLR.
Methods In this prospective, intervention and response study, 30°
PLR of both legs was performed in 20 supine patients receiving
mechanical ventilation after elective cardiothoracic surgery. The
thermodilution cardiac output (COtd), heart rate, central venous
pressure (CVP), MAP, PP, SP and SVV measurements were
performed before, during and after PLR.
Results The COtd, MAP, CVP, PP and SP increased after PLR.
No change in heart rate and systemic vascular resistance was
observed. We found a significant correlation between PLR-
induced changes in COtd versus SVV during baseline (slope =
0.902, P = 0.003), changes in MAP (slope = 0.499, P = 0.003),
PP (slope = 0.190, P = 0.024) and SP (slope = 0.276, P = 0.021).
Changes in CVP were not correlated to changes in COtd. The
area under the receiver operating curves was larger than 0.7 but
not different for MAP, PP, SP and SVV.
Conclusion Not only baseline SVV but also PLR-induced changes
in MAP, PP and SP are reliable parameters to assess preload
dependence in cardiac surgery patients. In the clinical setting we
prefer the MAP approach, based on simplicity, availability and
robustness.
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Pulse pressure variation and adrenal insufficiency in septic
shock

A Sami, S Abdellatif, R Nasri, H Ksouri, S Ben Lakhal
Rabta Hospital, Tunis, Tunisia
Critical Care 2007, 11(Suppl 2):P308 (doi: 10.1186/cc5468)

Introduction It is known that corticosteroid therapy improves the
hemodynamic state in patients with septic shock and relative
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Table 1 (abstract P305)

Control LiDCO

Age 60 ± 17 68 ± 10

Lact1 3.5 ± 1 2.6 ± 1

Lact2 2.7 ± 1 1.9 ± 1

ScvO2-1 64 ± 18 75 ± 10

ScvO2-2 68 ± 13 72 ± 14

Complications (%) 50 15

Deaths (%) 26 7.7
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adrenal insufficiency. This effect is partially due to a direct action
on vascular tone in the more vasoplegic patient, so they may be
more hypovolemic. We tried in this study to determine whether
pulse pressure variation measured just before the adreno-
corticotropin test can predict the adrenal state.
Methods During a period of 3 years (January 2001–December
2003) we realized a prospective observational study. All patients
having septic shock were enrolled. Patients with arrhythmia were
excluded. We measured hemodynamic data (mean arterial
pressure (MAP), pulse pressure variation (∆PP)), then we realized
an ACTH short test (injection of 250 mg ACTH with dosage of the
cortisol level before the injection, at 30 and 60 minutes).
Results One hundred and one patients were enrolled. Age was
48 ± 17 years. SAPS II = 45 ± 16, APACHE II score = 18 ± 8,
MAP = 52 ± 12 mmHg, lactate = 3.5 ± 2 mmol/l, and basal
cortisol level (BCL) = 278 ± 143 µg/l. We divided all patients into
two groups using the ∆PP cutoff: <12% (n = 30) and ≥12%
(n = 71). There is no difference in the two groups in age, SAPS II,
and MAP. Patients with low ∆PP (<12%) have a significantly
(P = 0.01) low BCL: 204 ± 127 µg/l vs 291 ± 133 µg/l, a low
increase of cortisol level in response to ACTH: 264 ± 144 µg/l vs
369 ± 142 µg/l (P = 0.02), and a low maximum variation after the
ACTH test: 59 ± 52 µg/l vs 79 ± 63 µg/l (not significant). The
relative adrenal deficiency (∆max < 90 µg/l) is more frequent in
patients with low ∆PP: 80% vs 60%. Survival is lower in the low
∆PP group, 13% vs 40%.
Discussion Patients with low ∆PP seem to be of poor prognosis
because they have a low BCL, a low maximum cortisol increase
after the ACTH test, and a high death rate. Annane and colleagues
[1] found that nonsurvivors have low MAP, high lactate level, high
basal cortisol level and low maximum cortisol level increase after
the test compared with survivors. This finding is in contrast to our
patients.
Conclusion Patients with low ∆PP before realizing the ACTH test
tend to have more probability of adrenal deficiency, have more
probability to receive corticosteroid and have poor prognosis.
Reference
1. Annane et al.: JAMA 2000, 283:1038-1045.
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Changes in stroke volume and intrathoracic blood volume
induced by a sequential leg compression in critically ill
patients.

M Costa, R Casaretti, M Tuccillo, L Girardi, P Chiarandini, 
G Della Rocca
University of Udine, Italy
Critical Care 2007, 11(Suppl 2):P309 (doi: 10.1186/cc5469)

Introduction The new sequential leg compression device (SCD)
(Tyco, Mansfield, MA, USA) pneumatically applies sequential
compression to the lower limb, while maintaining a pressure
gradient throughout the compression cycle [1,2]. We hypothesized
that the SCD Response System could shift blood volume toward
the thoracic compartment comparable with a volume challenge,
with an increase in preload index such as the intrathoracic blood
volume index (ITBVI) and stroke volume index (SVI). The aim of the
study was to evaluate the relationships between changes in SVI
(∆SVI) induced by SCD and ∆SVI induced by rapid fluid loading
(RFL) in critically ill patients.
Methods Twenty-seven patients (mean age 60 ± 9.1 years) admitted
to the ICU were studied. Each patient received conventional
monitoring plus hemodynamic–volumetric monitoring (PiCCO
System; Pulsion Medical Systems, Munich, Germany). The heart
rate, mean arterial pressure, central venous pressure, cardiac

index, ITBVI, and SVI were recorded in the supine position before
and after treatment with the SCD Express Compression System®.
The same data where collected before and after a RFL performed
with 3 ml/kg hydroxyethyl starch 6%. The relationships between
∆SVI induced by SCD and ∆SVI induced by RFL were analyzed by
linear regression analysis. Statistical significance was considered
to be at P <0.05.
Results Linear regression analysis between ∆SVI induced by SCD
(∆SCD) and ∆SVI induced by RFL (∆RFL) showed r2 = 0.50
(P = 0.0002). When analyzed in a subgroup of spontaneously
breathing versus mechanically ventilated patients, the relationships
observed were respectively r2 = 0.41 (P < 0.01) (Figure 1) and
r2 = 0.73 (P < 0.007) (Figure 2).
Conclusions The SCD Response System could shift blood
volume toward the thoracic compartment comparable with RFL
better in mechanically ventilated than in spontaneously breathing
patients. Larger population studies are needed to confirm these
preliminary data.
References
1. Kakkos SK, et al.: Int Angiol 2005, 24:330-335.
2. Kakkos SK, et al.: J Vasc Surg 2005, 42:296-303.
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Respiratory pulse oximetry plethysmographic waveform
amplitude correlates with arterial pulse pressure variations

G Penna, M Kalichsztein, G Nobre, F Braga, J Kezen, P Kurtz, 
P Rosa
Casa de Saude Sao Jose, Rio de Janeiro, Brazil
Critical Care 2007, 11(Suppl 2):P310 (doi: 10.1186/cc5470)

Introduction Arterial pulse pressure (PP) respiratory variation is a
good predictor of fluid responsiveness in ventilated patients.
Recently, it has been shown that variation in PP may correlate with
variation in pulse oximetry plethysmographic (POP) waveform
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amplitude, as they both depend on the stroke volume. We
designed a prospective study to evaluate the correlation between
respiratory arterial PP variation and POP waveform amplitude
variations in ventilated patients and the influence of acute lung
injury (ALI) in this relationship.
Methods Sixty patients were included in the study. Thirty-nine
(65%) had diagnosis of ALI and 21 (35%) had normal gas
exchange, defined as a relation of PaO2 to FiO2 (P/F) below and
above 300, respectively. Respiratory variation in arterial PP and
POP waveform amplitude were recorded simultaneously on a beat-
to-beat basis, and mean values of two measures for each
parameter were compared for correlation and agreement.
Results Respiratory variation in POP waveform amplitude could
accurately predict variation in arterial PP with a sensibility of
83.3%, specificity of 85.7%, positive predictive value (PPV) of
71.4 and negative predictive value (NPV) of 92.3. The area under
the ROC curve was 0.88 (0.79–0.97) with a best cutoff value of
14% to predict a variation in arterial PP of 13%. The kappa index
of agreement was 0.65 (P < 0.001). Eighteen (30%) patients had
variations in arterial PP above 13%, and 21 (35%) showed
variations in POP waveform amplitude above 14%. In patients
without ALI (P/F > 300) the sensibility was 100%, specificity was
93.3%, NPV was 100% and PPV was 80%. In the group with ALI
(P/F < 300) the kappa index measure of agreement was 0.55, and
in the group without ALI the kappa index was 0.85. PEEP levels
were not different between the groups.
Conclusion Respiratory variation in arterial PP above 13% can be
accurately predicted by a variation in POP waveform amplitude of
14% with good correlation and agreement. Our results confirm the
findings of a recent trial and suggest that the correlation is even
stronger when ALI is absent. These findings raise potential clinical
applications of respiratory variation in POP waveform amplitude for
haemodynamic management of patients without an arterial catheter.

P311

Assessing fluid responsiveness in patients undergoing
abdominal major surgery: a comparison of the respiratory
systolic variation test and other indices

A Bisoffi Varani1, A Martini1, N Menestrina2, A Russo3, L Gottin1

1Policlinico GB Rossi, Verona, Italy; 2Hopital Erasme, Verona, Italy;
3Romano D’Ezzelino Vicenza, Italy
Critical Care 2007, 11(Suppl 2):P311 (doi: 10.1186/cc5471)

Introduction Fluid responsiveness can be predicted by
respiratory-induced changes in arterial blood pressure. In this study
we compare the predictive performance of various haemodynamic
parameters, including the respiratory systolic variation test (RSVT),
pulse pressure variation (DPP) and stroke volume variation (SVV),
in 18 patients undergoing abdominal major surgery.
Methods Eighteen patients, ASA I–II, were undergoing pancreatic
surgery (whipple resection). The heart rate (HR) central venous
pressure (CVP), arterial pressure (AP), cardiac output (CO),
cardiac index (CI), stroke volume (SV), stroke volume index (SVI),
SVV, DPP and RSVT were measured before and after a volume
load of 7 ml/kg hydroxyethylstarch. (CO, CI, SV, SVI and SVV were
displayed by the Edwards Vigileo monitor with FloTrac sensor.)
Receiving-operating characteristic (ROC) curves were plotted for
each parameter to evaluate its predicting value. In addition,
correlation between the baseline value of haemodynamic
parameters RSVT, DPP, SVV and change in SVI after volume
administration was made.
Results DPP, SVV and RSVT demonstrate a good predicting value
(ROC area 0.870, 0.877 and 0.943 with P = 0.010, 0.009 and
0.002, respectively). A statistically significant correlation was found

between preoperative values of DPP, SVV and RSVT and
percentage changes in SVI after volume load (better than the
values of HR, AP, CVP).
Conclusion Functional parameters are superior to static indicators
of cardiac preload in predicting the response to fluid
administration. DPP and SVV, with their suggested threshold value,
can predict fluid responsiveness in patients undergoing major
abdominal surgery. The RSVT may be a more accurate predictor of
fluid responsiveness although its performance demands a complex
respiratory manoeuvre and is dependent on offline measurement
and calculations, which limits its clinical use.
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Goal-directed intraoperative fluid therapy improved
postoperative renal functions in aortic surgical patients

M Soliman, S Bajaj, K Ismail
Department of Anaesthesia and Intensive Care Medicine, The Mid
Yorkshire Hospitals, UK
Critical Care 2007, 11(Suppl 2):P312 (doi: 10.1186/cc5472)

Introduction Goal-directed intraoperative fluid therapy reduced
the hospital stay after major surgery [1]. Aortic vascular surgery is
associated with excessive blood loss and massive fluid shift [2].
We found that postoperative urea and creatinine improved when
intravascular fluid volume was maintained using transoesophageal
Doppler.
Methods We randomly selected 40 patients who underwent
elective infrarenal aortic surgery (aortic aneurysm repair/aorto-
bifemoral grafting). All patients’ cardiac output was continuously
monitored using a transoesophageal Doppler probe (EDM™;
Deltex Medical, Inc., Irving, TX, USA). The corrected flow time
(FTc) was recorded immediately after induction as a baseline and
recorded again pre-extubation. A target FTc of 375–425 ms was
aimed for. The estimated total blood loss was calculated for each
patient at the end of surgery. Preoperative and 24-hour
postoperative urea and creatinine were recorded for comparison.
Results The mean baseline FTc was 278 ms, and the mean target
FTc was 405 ms. The mean average blood loss was 3.77 l/patient.
The mean preoperative urea and creatinine were 5.9 mmol/l and
95.3mmol/l, respectively. The mean 24-hour postoperative urea
and creatinine were 5.23 mmol/l and 76.77 mmol/l, respectively.
See Figure 1.
Conclusion Goal-directed intraoperative fluid therapy aiming for
FTc of 375–425 ms as a target improved the 24-hour
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postoperative urea urea and creatinine in 40 aortic surgical
patients in spite of the excessive blood loss.
References
1. Gan et al.: Goal-directed intraoperative fluid administration

reduces length of hospital stay after major surgery. Anes-
thesiology 2002, 97:820-826.

2. Miyashita T, et al.: An analysis of risk factors of periopera-
tive bleeding in surgical repair of abdominal aortic
aneurysm. J Cardiovasc Surg 2000, 41:595-599.
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Analysis of physiological functions of different human
serum albumin pharmaceutical preparations

M Di Giambattista, L Mascio, T Branckaert, R Laub
Central Department for Fractionation, Red Cross, Brussels, Belgium
Critical Care 2007, 11(Suppl 2):P313 (doi: 10.1186/cc5473)

Introduction New information is emerging as a basis for
reconsidering albumin as a key homeostatic molecule in the critically
ill. We are only beginning to understand the full spectrum of albumin
properties and action in healthy individuals and hypoalbuminaemic
patients. Besides its function in the regulation of colloidal osmotic
pressure, albumin has an important antioxidant capacity and a role in
the transport of a wide range of drugs, hormones, ions, amino acids,
and fatty acids. Few comparative studies have as yet been
performed, and they address only a restricted number of parameters
mostly defined by the European Pharmacopeia.
Objective To study and compare the main albumin functions of
eight preparations of pharmaceutical-grade albumin, using a
battery of different techniques. Two additional albumin prepara-
tions, a preparation without stabilisers and a recombinant albumin
from Pichia pastoris, were also included in the study.
Methods The following biochemical and physicochemical
parameters were investigated: total protein concentration (Biuret
assay) and albumin antigen (nephelometry); quantitative analysis of
contaminating proteins by nephelometry, levels of polymers and
fragments by gel filtration chromatography on Superose 6, the
binding affinity of exogenous ligands for Sudlow’s site I (warfarin)
or site II (dansylsarcosine) by steady-state spectrofluorimetry, the
reactivity of Cys34 with Ellman’s reagent, and the esterase-like
activity using p-nitrophenyl acetate as substrate by spectro-
photometry.
Results All pharmaceutical-grade products show a purity ranging
from 95% to 108%. The main contaminant proteins are
prealbumin, transferrin, α-1 acid glycoprotein, haptoglobulin, and
retinol-binding protein. All of them are in conformity with the
European Pharmacopeia specifications. The warfarin-binding
capacity of the 10 albumin preparations was studied. An average
binding constant of 2.6 (±0.3) x 105 M–1 (n = 1) was found. The
presence of stabilisers reduced the binding of dansylsarcosine
significantly (by 27–40%). The esterase-like activity toward p-
nitrophenyl acetate and the reactivity of Cys34 differed from
product to product. Interesting is the absence of free Cys34 in the
recombinant albumin.
Conclusion Significant differences were observed between the 10
different human albumin preparations, recombinant or not. We
confirm that the presence of stabilisers such as tryptophan
derivatives significantly reduces the binding capacity of Sudlow’s
site II. Two important physiological properties of albumin, the
esterase-like and antioxidant activities, were also found to be
modified to different extents in all pharmaceutical-grade products
in comparison with the albumin without stabiliser. The benefits of
albumin administration should be considered carefully, taking into
account the different functions and properties of albumin.

P314

Saline-induced hyperchloraemic metabolic acidosis: an
unrecognised phenomenon among medical staff?

A Turley, B Bose, J Gedney
The James Cook University Hospital, Middlesbrough, UK
Critical Care 2007, 11(Suppl 2):P314 (doi: 10.1186/cc5474)

Introduction Hyperchloraemic acidosis is well recognised within
critical care, is implicated in the development of organ dysfunction
and is an important consequence of administration of large
volumes of chloride-containing intravenous (i.v.) fluid, such as
normal (0.9%) saline [1,2]. Within most hospitals, junior medical
staff with differing levels of experience prescribe the majority of i.v.
fluid therapy.
Aims and methods A clinical scenario was used to assess current
knowledge among medical staff regarding i.v. fluid therapy. ‘An 85-
year-old lady is brought into A&E semiconscious. Temperature
32°C, blood pressure 90/50 mmHg and BM 6.5 mmol/l. Arterial
blood gases (ABG) on room air: pH 7.12 pO2 10.8 kPa, pCO2
2.6 kPa, HCO3

– 12 mmol/l, O2 saturation 94% and base excess
–19’. Medical staff were asked to complete a questionnaire
relating to the case under supervised conditions.
Results Eighty-seven questionnaires were completed by seven
SpR/consultants, 48 F2/senior house officers, 13 F1 and 19 final-
year medical students. ABG interpretation was correct in 80/87
(92%). Only 52/87 (59.8%) could calculate the anion gap and only
1/87 listed fluid as a cause of a metabolic acidosis. Eighty-three
staff (93.4%) knew that a metabolic acidosis caused an increased
respiratory rate. Normal saline was the first-choice fluid for
resuscitation in almost 60% (52/87) cases. The chloride
concentration of normal saline was known by 12/87 staff (13.8%).
The serum chloride concentration was known by 28/87 staff (32%).
Conclusion The majority of medical staff prescribe normal saline
as their first-choice intravenous fluid. Many medical staff are
unaware of the electrolyte composition of normal saline, the
phenomenon of hyperchloraemic metabolic acidosis, or how to
differentiate hyperchloraemic metabolic acidosis from lactic
acidosis by calculating the anion gap. A good understanding of
fluid therapy is important for all medical staff.
References
1. Wilkes NJ: Anesth Analg 2001, 93:811-816.
2. McFarlane C, Lee A: Anaesthesia 1994, 49:779-781.
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surgical patients
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1JB Medical Ltd, Sudbury, UK; 2The Royal London Hospital,
London, UK; 3Cephalon UK, Stevenage, UK; 4St George’s
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Critical Care 2007, 11(Suppl 2):P315 (doi: 10.1186/cc5475)

Introduction Postoperative outcomes may be improved if cardiac
output and oxygen delivery are maintained at optimal levels. Trials
of the use of dopexamine for this purpose have yielded
inconsistent results. This may relate to the use of high doses in
some trials. A meta-analysis of data from these trials may therefore
identify a benefit of low-dose dopexamine on postoperative
mortality and length of stay.
Methods A comprehensive literature review was performed to
identify published randomised trials of perioperative dopexamine
infusion in patients undergoing major surgery. Individual patient
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data were obtained, allowing a meta-regression approach to
explore mortality outcomes after correction for age and dose of
dopexamine. A Cox proportional hazards model was constructed
to examine the length of stay.
Results Five studies fulfilled the inclusion criteria [1-5]. Low-dose
dopexamine (≤1 µg/kg/min) was associated with a 49% reduction
in 28-day mortality (6.3% vs 12.3%; OR = 0.51 (95% CI
0.29–0.89), P = 0.008). The length of postoperative stay was also
reduced in the low-dose dopexamine group compared with control
(median 13 vs 15 days, HR 0.75 (95% CI 0.65–0.88), P = 0.004).
High-dose dopexamine (>1 µg/kg/min) was not associated with a
difference in mortality (14.5% vs 12.3%; OR = 1.18 (95% CI
0.67–2.08), P = 0.37) or length of stay (median 17 vs 15 days, HR
1.10 (95% CI 0.90–1.34), P = 0.37) when compared with
controls.
Conclusions Perioperative use of low-dose dopexamine
decreases mortality and duration of hospital stay in patients
undergoing major surgery.
References
1. Boyd O, et al.: JAMA 1993, 270:2699-2707.
2. Wilson J, et al.: BMJ 1999, 318:1099-1103.
3. Takala J, et al.: Crit Care Med 2000, 28:3417-3423.
4. Stone MD, et al.: Br J Anaesth 2003, 91:619-624.
5. Pearse R, et al.: Crit Care 2005, 9:687-693.
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The onset of ventricular isovolumetric contraction as
reflected in the carotid artery distension waveform
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Critical Care 2007, 11(Suppl 2):P316 (doi: 10.1186/cc5476)

The blood pressure waveform carries information about the cardiac
contraction and the impedance characteristics of the vascular bed.
Here, we demonstrate that the start of isovolumic ventricular
contraction is persistently reflected as an inflection point in the
pressure wave as recorded in the aortic root (TPIC) as well as in
the carotid artery distension waveform (TDIC) as it travels down
the arterial tree. In a group of six patients with normal pressure
gradients across the aortic valve after valve replacement, the TPIC
had a small delay with respect to the onset of isovolumic
ventricular contraction (<10 ms). In a group (n = 21) of young,
presumably healthy, volunteers, the inflection point occurred
persistently in the carotid distension waveform, as recorded by
means of ultrasound, before the systolic foot (intersubject delay

between inflection point and systolic foot: mean ± SD = 40.0 ±
9.4 ms, intrasubject SD 4.6 ms). Retrograde coronary blood flow
during isovolumic ventricular contraction may be the origin of the
persistent end-diastolic pressure and distension perturbation. This
study shows that the duration of the isovolumic contraction can be
reliably extracted from the carotid artery distension waveform.
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Critical care utilisation following bariatric surgery

P Whiting, A Mannings, S Reynolds, S Hutchinson, R Ackroyd
Royal Hallamshire Hospital, Sheffield, UK
Critical Care 2007, 11(Suppl 2):P317 (doi: 10.1186/cc5477)

Introduction Following the introduction of a new bariatric surgical
service in Sheffield, we aimed to assess the impact upon critical
care services and examine how this has changed as the service
has evolved.
Method All admissions for bariatric surgery between 1 April 2003
and 30 April 2006 were reviewed retrospectively. These proce-
dures were performed on two sites, the Royal Hallamshire Hospital
(RHH) and Thornbury Hospital (TH). The critical care admissions
and length of hospital stay (LOS) were reviewed.
Results A total of 497 patients were identified as having had
bariatric surgery. After review of hospital and critical care
admission data, a total of 473 were identified with complete data.
Of these, 94 (19.9%) were open procedures (OP), 260 (55.0%)
laparoscopic bandings (LB) and 119 (25.1%) laparoscopic gastric
bypasses (LGB). The age range was 16–68 years. The average
hospital LOS for OP was 6.8 days, for LGB 4.0 days and for LB
1.9 days. Surgical procedures and HDU admissions increased
annually (2003–2006) from 74 to 249, and 21 to 107, respec-
tively. As a proportion, open procedures declined from 60% to 7%,
and laparoscopic interventions increased (LB from 40% to 63%
and LGB from 0% to 30%). There were a total of 14 admissions to
the ITU by 10 patients, of which seven had undergone an initial
OP. No admissions were elective and eight patients required
further surgical interventions. HDU admissions occurred on both
sites, with 148/277 (53.4%) of patients admitted to HDU at TH,
and 53/196 (27.6%) at RHH. At TH only three patients required
level 2 care, and 95 were discharged within 26 hours. At RHH, 16
patients required level 2 care, and 38 were discharged within 26
hours.
Discussion The requirement for ITU admission in this surgical
group is, and has remained, low, despite a significant increase in
bariatric surgical procedures. This increase is predominantly
laparoscopic surgery. HDU activity has increased as the service
has expanded; however, 90.4% of this is level 1 care, particularly
at TH, where admission to the HDU is a matter of policy rather than
clinical necessity. Availability of a level 1 facility would significantly
decrease the requirement for HDU provision – an important
consideration when introducing a new bariatric service.
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Intrathoracic pressure effects on hepatic flow and inferior
vena cava diameter: an ultrasonographic study

A Graziani, E Gamberini, B Praticò, F Morgagni, F Savelli, 
S Bonarelli
Oospedale Maurizio Bufalini, Cesena, Italy
Critical Care 2007, 11(Suppl 2):P318 (doi: 10.1186/cc5478)

Objective To compare the effect of an increased intrathoracic
pressure on the inferior vena cava (ICV) diameter and hepatic flow
(HF) in healthy subjects.

Available online http://ccforum.com/supplements/11/S2

Figure 1 (abstract P316)



S130

Patients and methods Ten healthy subjects (seven females, three
males; age 27.3 ± 4.5 years) were investigated in a supine position
before and after application of continuous positive airways
pressure (CPAP) of 10 cmH2O by nasal mask. The study was
performed using sonographic equipment with a multiprobe (convex
3.5–5 MHz; sector 2.5–3.5 MHz) and color-Doppler capability
(Hitachi H 21). IVC was visualized by a two-dimensional
echographic sector probe and M-mode was used to measure the
inspiratory and expiratory diameters at the origin of the supra-
hepatic veins. HF is composed of portal flow (PF) and hepatic
artery flow (HAF). Portal velocity, assessed near the liver hilum,
was used as a measure of PF, and the left intrahepatic branch
resistivity index (RI) was used as a measure of HAF. Measures
were repeated twice for each value of intrathoracic pressure by
two different examiners and the mean value was given for the
statistical analysis. Results are given as the mean ± SD. Data were
evaluated by paired t test and P < 0.05 was taken as statistically
significant.
Results CPAP determined a reduction of portal vein velocity:
30.0 ± 9.1 cm/s vs 19.7 ± 5.0 cm/s (P = 0.01). IVC diameters are
increased by CPAP: inspiratory diameter 9.49 ± 2.5 cm vs
12.05 ± 3.9 cm (P = 0.002), expiratory diameter 16.46 ± 2.9 cm
vs 18.08 ± 3.65 cm (P = 0.05).
Conclusions The results of this study demonstrate that, in healthy
subjects, variation of intrathoracic pressure by CPAP influences
venous return. HF reduction could be due to an increased IVC
pressure, as displayed by the bigger diameters measured during
CPAP, other than a diaphragmatic descent. Ultrasonography is
able to detect this effect and could be useful in a more complete
evaluation of patient haemodynamic status in various clinical
settings.

P319

Intra-abdominal hypertension as a risk factor of death in
patients with severe sepsis or septic shock

A Reintam1, P Parm2, R Kitus2, H Kern3, J Starkopf2

1East Tallinn Central Hospital, Tallinn, Estonia; 2Tartu University
Clinics, Tartu, Estonia; 3DRK Kliniken Berlin, Germany
Critical Care 2007, 11(Suppl 2):P319 (doi: 10.1186/cc5479)

Introduction Critically ill patients with severe sepsis or septic
shock have a very high mortality rate. The aim of our study was to
investigate the impact of intra-abdominal hypertension (IAH) on the
outcome of patients with or without severe sepsis/septic shock.
Methods Two hundred and fifty-three mechanically ventilated
patients admitted to the general ICU of Tartu University Hospital
were prospectively studied. Patients who had severe sepsis or
septic shock at admission or developed it during their first week of
stay were compared with patients not suffering from severe sepsis.
IAH was defined as sustained intra-abdominal pressure above or
equal to 12 mmHg developing within the first week in the ICU.
Results Severe sepsis or septic shock was observed in 123
patients (48.6%). The ICU mortality among these patients was
33.3% compared with 18.5% in nonseptic patients (P = 0.005).
IAH developed in 95 patients (37.0%). The incidence of IAH was
higher among septic patients (45.5% vs 28.5%, P = 0.004). Those
septic patients who developed IAH had a mortality rate of 50.0%
compared with 19.4% in septic patients without IAH (P < 0.001).
Mortality among nonseptic patients was not different between the
patients with or without IAH (18.9% vs 18.3%). Development of
IAH was a significant risk factor for death in septic patients (OR
4.15; 95% CI 1.87–9.26), but not in nonseptic patients (OR 1.04;
95% CI 0.39–2.77).

Conclusion Development of IAH significantly increases the risk of
death in patients with severe sepsis or septic shock, but not in
nonseptic patients.
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Abdominal pressure volume determinants

J Mulier, B Dillemans, K Verbeke, A Luijten
AZ Sint Jan AV Brugge, Belgium
Critical Care 2007, 11(Suppl 2):P320 (doi: 10.1186/cc5480)

The abdominal pressure–volume relation can be described by a
linear relation giving an elastance (E) and a pressure at zero
volume (PV0). The goal of this study was to measure this relation in
a large group of patients with different characteristics looking for
the factors that influence and explain this relation. It is believed that
obese persons have higher abdominal pressures and it is unclear
whether muscle relaxation lowers it.
A large group of 70 patients, ASA class I or II, between 21 and
75 years old and scheduled for laparoscopic surgery were included
in this study with approval from the hospital ethical committee.
Anaesthesia was induced with propofol 200 mg, sufentanil 20 µg,
and sevoflurane 1.5 Mac in 50% O2/N2O. Some patients were fully
muscle relaxed with nimbex 20 mg while others not. Patients were
asked to empty the bladder before surgery. The stomach was
emptied by suction through a gastric tube. An Olympus insufflator
UHI-3 was initialised and the abdomen was inflated with a
stepwise flow to 7, 10, 13 and 16 mmHg. When the pressure was
reached, flow was stopped and the actual pressure and volume
measured giving four data points. E and PV0 were calculated by
fitting to a linear relation. The following recorded determinants
were evaluated by regression analysis for their effect: age, length,
weight, BMI, sex, gravidity and muscle relaxation.
PV0 increases significantly with body weight and decreases
significantly with muscle relaxation.

Table 1 (abstract P320)

PV0 E

Age 0.838 0.003
Length 0.356 0.245
Weight 0.012 0.294
BMI 0.054 0.272
Sex 0.596 0.536
Gravidity 0.305 0.049
Relaxation 0.001 0.376
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Bystander CPR for out-of-hospital cardiac arrest in Japan

Y Moriwaki, M Sugiyama, H Toyoda, T Kosuge, M Iwashita, 
J Ishikawa, S Matsuzaki, Y Tahara, N Suzuki
Yokohama City University Medical Center, Yokohama, Japan
Critical Care 2007, 11(Suppl 2):P321 (doi: 10.1186/cc5481)

Background and aims The aim of this study is to clarify how
Japanese citizens are interested in the importance of immediate
cardiopulmonary resuscitation (CPR) and defibrillation, and how
they understand that importance. In Japan, the out-of-hospital
emergency medical service system has been established with the
ambulance service and an emergency life saving technician (ELST)
belonging to the fire department.
Subjects and methods Patients’ records were reviewed for the
past 2 years. In Yokohama (3,700,000 people), the cardio-
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pulmonary arrest (CPA) patient is transferred to the nearest ED of
the selected 11 hospitals with adequate ability of CPR and
cerebral resuscitation. We perform ultrasound, chest X-ray, and
blood examination including Troponin in all CPA patients, and
cerebral plane CT (40%) or chest CT (7%). CT was not performed
in patients with a clearly known aetiology.
Results and discussion We treated 624 CPA patients in the past
2 years, 38% were cardiac and 62% were noncardiac aetiology
(3% subarachnoid haemorrhage and 5% acute aortic dissection).
Restricted in cardiac aetiology patients, 13% showed a ventricular
fibrillation (VF) as a first monitored rhythm and 33% showed a VF
during resuscitation. In all patients, 50% of VF were witnessed. In
witnessed patients, 17% were witnessed by the ELST during
transfer and 81% by a layperson, most of whom are patients'
families and patients’ friends. Fifty-three per cent were witnessed
in the patients' home (35% in patients’ private room, 1% in
bathroom and 7% in lavatory), 4% in an aged people’s residence,
1% in a hotel, restaurant, office, and 3% on the road. Only 48% of
CPA patients underwent bystander CPR, and 51% of witnessed
CPA patients (24% of all CPA patients) underwent bystander CPR
by the witness; most patients underwent bystander CPR in the
patients’ home by the patients’ families.
Conclusions In Japan, CPA patients were witnessed mainly in
their home by their families or their friends. The aetiology of some
CPA patients is noncardiac (subarachnoid haemorrhage or acute
aortic dissection, etc.). However, only 24% CPA patients
underwent bystander CPR by the witness.

P322

D-Dimer level and outcome in patients after
cardiopulmonary resuscitation

H Busch, A Geibel, C Bode, T Schwab
UKL Freiburg, Germany
Critical Care 2007, 11(Suppl 2):P322 (doi: 10.1186/cc5482)

Background Clinical and experimental studies have demonstrated a
marked activation of blood coagulation and fibrin formation after
prolonged cardiopulmonary resuscitation (CPR). Several experimental
studies suggest that thrombolysis therapy acts directly on thrombi or
emboli but also enhances microcirculatory reperfusion. In this
retrospective study we investigated the extent of blood coagulation
and fibrin formation via the plasma D-dimer level, an indicator of
endogenous fibrinolytic activity, in patients who underwent inhospital
and out-of-hospital cardiac arrest from nontraumatic causes.
Methods and results Forty-five patients were included from
1 January 2004 to 31 March 2005 after CPR in the case of
restoration of spontaneous circulation (ROSC). The plasma D-
dimer level was measured immediately after admission to the ICU.
Results In 38 patients (84%) cardial reasons for cardiac arrest
were found. Marked activation of blood coagulation was found in
all patients. After prolonged cardiopulmonary resuscitation (ROSC
not within the first 30 min) patients showed significant elevated
serum D-dimer level compared with patients after ROSC in the first
30 minutes (663 µg/l vs 3,328 µg/ml, P < 0.0001; normal range
<0.25 µg/ml). The time period between cardiac arrest and ROSC
and plasma D-dimer level correlated significantly (r = 0.8, P < 0.01)
after CPR. Patients who died showed significant elevated serum
D-dimer level compared with the surviving patients (1,258 ± 1,587
µg/l vs 3,164 ± 1,974 µg/l, P = 0.026 median). The plasma D-
dimer level correlated significantly to the negative outcome in these
patients (r = 0.55, P < 0.01).
Conclusions Our data demonstrate a marked time-dependent
activation of blood coagulation and fibrin formation after prolonged
cardiac arrest and CPR in humans. These changes of the

coagulation system may contribute to reperfusion disorders and
possibly affect the outcome of these patients. Further studies need
to show whether elevation of the D-dimer level in patients after
CPR could be a prognostic marker.

P323

Vasopressin alone or with epinephrine may be superior to
epinephrine in asystolic out-of-hospital cardiac arrest: an
observational study

M ÐÐpindler, ÐÐ Grmec, ÐÐ Mally
Center for Emergency Medicine Maribor, Slovenia
Critical Care 2007, 11(Suppl 2):P323 (doi: 10.1186/cc5483)

Background In patients undergoing cardiopulmonary resusci-
tation, circulating endogenous vasopressin concentrations were
significantly higher in successfully resuscitated patients than in
patients who died. Clinical data considering vasopressin to be an
equivalent option to epinephrine in cardiopulmonary resuscitation
(CPR) are limited. The studies of out-of-hospital cardiac arrest
(OHCA) confirm an increasing part of asystole as the initial rhythm.
The hypothesis of this study was that vasopressin improves the
rate of return of spontaneous circulation (ROSC) and the survival
rate in asystolic OHCA, when used early in the resuscitation effort.
Methods This was a prospective cohort study, with a historic
group compared trial set in an urban emergency medical services
system, serving a population of 200,000. All nonpregnant,
normothermic adults (>18 years) suffering nontraumatic OHCA
with asystole were eligible. We compared two treatment groups of
resuscitated patients with OHCA. In the epinephrine group (EPI)
patients received epinephrine 1 mg i.v. every 3 minutes only. In the
vasopressin group (VASO) patients received arginine vasopressin
40 IU i.v. only or followed by epinephrine 1 mg every 3 minutes
during CPR. Statistics. Exact Fisher test, Wilcoxon rank-sum test,
and analysis of independent predictors with multivariate logistic
regression were used; P < 0.05.
Results The investigators enrolled 227 consecutive patients: in the
EPI group 183 patients (years 2001–2003) and in the VASO
group 44 patients (year 2004). Baseline (demographic and
clinical) characteristics were similar for the two groups. Comparing
the EPI and VASO groups, any ROSC was achieved in 81/183
(44%) and 34/44 (77%), P = 0.04; ROSC with admission in
61/183 (33%) and 27/44 (61%), P = 0.03; 24-hour survival in
44/183 (24%) and 23/44 (52%), P = 0.01; and discharge from
hospital in 17/183 (9%) and 10/44 (23%), P = 0.04. Vasopressin
was an independent predictor of ROSC with admission with an
odds ratio of 2.4 (95% CI = 1.24–4.98).
Conclusions Vasopressin was superior to epinephrine in patients
with asystole (better ROSC with admission, 24-hour survival and
discharge from hospital). Vasopressin followed by epinephrine was
more effective than epinephrine alone in the treatment of refractory
cardiac arrest.

P324

Vasopressin, epinephrine, and methylprednisolone in
inhospital cardiac arrest

S Mentzelopoulos, N Katsios, A Papastylianou, S Gisioti, 
A Stathopoulos, E Stamataki, C Roussos, S Zakynthinos
Evaggelismos Hospital, Athens, Greece
Critical Care 2007, 11(Suppl 2):P324 (doi: 10.1186/cc5484)

Introduction Combined vasopressin, epinephrine, and methyl-
prednisolone during cardiopulmonary resuscitation (CPR) may
improve survival in inhospital cardiac arrest.
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Methods Ninety-one adults with cardiac arrest were randomized to
receive either vasopressin (20 IU/CPR cycle for five cycles) plus
epinephrine (1 mg/CPR cycle) plus methylprednisolone (single
dose = 40 mg) or placebo plus epinephrine (1 mg/CPR cycle) plus
placebo. Primary endpoints were return of spontaneous circulation
(ROSC) for ≥15 minutes, and survival to discharge either to home
or to a rehabilitation facility.
Results Study group patients had higher rates of ROSC (37/44 vs
24/47; P < 0.01) and discharge either to home or to a
rehabilitation facility (7/44 vs 1/47; P < 0.05). Sixty-day survival
was improved in the study group (Figure 1).
Conclusions Combination treatment improves survival in inhospital
cardiac arrest.

P325

Procalcitonin is a powerful predictor of outcome after
cardiopulmonary resuscitation

C Stoppe, D Brücken, J Bickenbach, R Kuhlen, M Fries
University Hospital Aachen, Germany
Critical Care 2007, 11(Suppl 2):P325 (doi: 10.1186/cc5485)

Introduction We evaluated the time course and relationship of
proinflammatory cytokines and procalcitonin (PCT) serum levels
after cardiopulmonary resuscitation (CPR). We hypothesized that
an increase of cytokine levels would precede a marked increase in
PCT levels and that PCT would be the best predictor of the final
neurologic outcome.
Methods Data were prospectively collected from 71 patients.
Blood samples were taken after admission to the hospital and after
6, 12, 24, 72 and 120 hours. PCT, IL-6, IL-8 and TNFα levels were
measured using automated assays. On day 14 patients were
divided into two neurologic outcome groups according to the
Cerebral Performance Categories (CPC 1–3: bad; CPC 4–5:
good). Differences between groups were evaluated using a t test.
ROC curves were computed to analyze the predictive value of the
markers for a bad outcome.
Results There was an early and significant increase in TNFα, IL-6
and IL-8 after admission to the hospital (14.4 ± 5.2, 185 ± 248
and 89 ± 81 µg/l) and in the ensuing 6 hours (15.6 ± 8.7,
209 ± 239 and 176 ± 232 µg/l) in patients with bad neurologic
outcome. Initially, PCT levels were indistinguishable between the

groups; however, a striking increase was observed in patients with
bad neurologic outcome peaking after 24 hours (16.7 ± 30.0 vs 6.9
± 2.1 µg/l; P < 0.013). PCT values after 24 hours were the best
predictor for a bad neurologic outcome with an area under the
curve of 0.91 (cutoff value: 0.44; sensitivity 100%/specificity 62%).
Conclusion TNFα, IL-6 and IL-8 serum levels are significantly
elevated in the early phase after successful CPR in patients with
bad neurological outcome. PCT increases are subsequently found
and have a high prognostic value for the neurologic outcome.

P326

Do patient characteristics or factors at resuscitation
influence long-term outcome in patients surviving to be
discharged following inhospital cardiac arrest?

M Skrifvars1, M Castrén2, J Nurmi2, A Thorén3, S Aune3, 
J Herlitz3

1Helsinki EMS and 2Department of Anaesthesiology and Intensive
Care Medicine, Helsinki University Hospital, Helsinki, Finland;
3Sahlgrenska Hospital, Gothenburg, Sweden
Critical Care 2007, 11(Suppl 2):P326 (doi: 10.1186/cc5486)

Introduction Mortality among patients surviving to be discharged
following inhospital cardiac arrest (IHCA) is high. The present
study assesses whether this might be explained by differences in
patient factor or in factors at resuscitation.
Methods An analysis of IHCA data collected from one Swedish
tertiary hospital and from five Finnish secondary hospitals over a
10-year period. The study was limited to patients surviving to be
discharged from the hospital. Multiple logistic regression analysis
was used to identify factors associated with survival at 1 year from
the arrest.
Results Of a total of 1,578 resuscitated patients, 441 (28%) survived
to hospital discharge and 359 (80%) were alive at 12 months.
Factors associated with survival at 12 months were age (odds ratio
(OR) 0.96, 95% confidence interval (CI) 0.935–0.979), no renal
disease (OR 0.4, CI 0.2–0.9), good functional status at discharge
(OR 2.9, CI 1.4–6.0), and arrest occurring at (compared with arrests
at general wards) the emergency ward (OR 5.8, CI 1.8–18), cardiac
care unit (OR 2.9, CI 1.3–6.3), ICU (OR 2.6, CI 1.1–6.2), ward for
thoracic surgery (OR 12.9, CI 3.4–49.1) and unit for interventional
radiology (OR 16.4, CI 4.4–61.2). There was no difference in initial
rhythm, delay to defibrillation or delay to return of spontaneous
circulation between survivors and nonsurvivors at 12 months.
Conclusion Several patient factors, mainly age, functional status
and co-morbid disease, influence long-term survival following
IHCA. Location of the arrest also influences survival, but the initial
rhythm, the delays to defibrillation and return of spontaneous
circulation do not.
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P327

Out-of-hospital surface cooling with a cooling-blanket to
induce mild hypothermia in humans after cardiac arrest: a
feasibility trial

T Uray1, R Malzer2, A Auer2, A Zajicek2, F Sterz1, J Arrich1, 
R Fleischhackl1, A Janata1, M Holzer1, A Laggner1, W Behringer1

1Medical University Vienna, Austria; 2Ambulance Service of Vienna,
Austria
Critical Care 2007, 11(Suppl 2):P327 (doi: 10.1186/cc5487)

Introduction Mild hypothermia (32–34°C) is a promising new
therapy for patients resuscitated from cardiac arrest. Animal
studies suggest that early and fast cooling is crucial for beneficial
effect on neurological outcome. Inducing mild hypothermia
immediately after successful restoration of spontaneous circulation
(ROSC) in the out-of-hospital setting remains a challenge.
Therefore, a novel cooling-blanket (EMCOOLSpad®), independent
of any energy source during use, was developed. The aim of the
study was to evaluate feasibility and safety of out-of-hospital
surface cooling with EMCOOLSpad® in patients successfully
resuscitated from cardiac arrest.
Methods We included patients successfully resuscitated from out-
of-hospital cardiac arrest with an oesophageal temperature (Tes)
>34°C. The EMCOOLSpad® consists of multiple cooling units
(12 mm thick), filled with a mixture of graphite/water, which are
stored in a cooling box at –3°C in the ambulance car. Cooling was
initiated as soon as feasible by the first treating paramedics and
emergency physicians, and was continued in the emergency room.
The cooling-blanket was removed when the Tes reached 34°C. The
target temperature of Tes 33°C was maintained for 24 hours. Data
are presented as the median and interquartile range (25–75%).
Results From September 2006 to December 2006, 10 patients,
weighing 70 (64–93) kg, were included in the study. Cooling was
initiated 14 (7–20) minutes after ROSC. The cooling-blanket
decreased the Tes from 36.5 (36.2–36.7)°C at the start of cooling
to 34.0°C within 61 (47–93) minutes, and to target temperature
Tes 33°C within 83 (61–119) minutes, resulting in a cooling rate of
2.6 (1.6–3.6)°C/hour. Hospital admission was 45 (40–53) minutes
after ROSC, and Tes 33°C was achieved 78 (32–107) minutes
after admission. In eight patients, precooled parts of the cooling-
blanket had to be applied repeatedly on the chest and abdomen to
maintain the target temperature of Tes 33°C for 24 hours. No skin
lesions were observed.
Conclusion Noninvasive surface cooling with the EMCOOLSpad®

immediately after resuscitation from cardiac arrest, in the out-of-
hospital setting, was shown to be feasible and safe. Whether early
cooling, as compared with delayed cooling in the hospital, will
improve neurological outcome needs to be determined in a
prospective randomized trial.

P328

Mild hypothermia induction following cardiac arrest using a
water-circulating cooling device

E Miñambres, B Suberviola, A González-Castro, J San Jose, 
J Gutierrez Morlote
Hospital Universitario Marques de Valdecilla, Santander, Spain
Critical Care 2007, 11(Suppl 2):P328 (doi: 10.1186/cc5488)

Introduction The use of mild hypothermia for comatose survivors
of cardiac arrest has been endorsed by the American Heart
Association and the International Liaison Committee on Resusci-
tation [1,2]. Unintentional overcooling is common with some
techniques such as cool intravascular fluid or the use of ice packs.

Nowadays, the maintenance of hypothermia can be facilitated with
new technology to avoid unintentional overcooling.
Methods A 77-year-old male with a history of hypertension,
previous replacement of aortic valve and a right coronary artery
bypass was admitted to our ICU after cardiac arrest. He suffered a
collapse while walking. The emergency service arrived within
5 minutes. The initial cardiac rhythm was ventricular fibrillation. The
estimated time to return to spontaneous circulation was
20 minutes. The patient arrived in the hospital 50 minutes after
collapse and was immediately admitted to the ICU. Thirty minutes
after ICU admission, he was unconscious with a Glasgow coma
score of 5. Hypothermia was induced by the Artic Sun 2000
cooling system (Medivance, Louisville, CO, USA), and the goal
temperature was obtained 105 minutes after induction. The body
temperature was monitored continuously with a Foley catheter.
Hypothermia was maintained for 24 hours at 33ºC and rewarming
to the target temperature of 37ºC was achieved over 12 hours. No
electrolyte imbalances or coagulopathies were observed. No
overcooling was observed at any moment. The patient was
extubated on day 6 after admission and discharged from the ICU
on day 10 without neurological sequelae.
Conclusions Careful monitoring of temperature is important during
use of therapeutic hypothermia because unintentional overcooling
below 32°C may place the patient at risk for serious complications
such as arrhythmias, infection, and coagulopathy. Cooling with a
water-circulating cooling device is fast and safe. Clinicians should
work to institute protocols for mild hypothermia treatment for such
patients as a part of their critical care treatment.
References
1. Bernard SA, Gray TW, Buist MD, et al.: Treatment of

comatose survivors of out-of-hospital cardiac arrest with
induced hypothermia. N Engl J Med 2002; 346:557-563.

2. 2005 International Consensus on Cardiopulmonary
Resuscitation (CPR) and Emergency Cardiovascular Care
(ECC) Science with Treatment Recommendations. Circula-
tion 2005, 112 (Suppl):III-1-III-136.
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Induction of mild hypothermia in cardiac arrest survivors
with cardiogenic shock syndrome

R Skulec, J Belohlavek, V Dytrych, T Kovarnik, M Aschermann,
A Linhart
General Teaching Hospital, Prague, Czech Republic
Critical Care 2007, 11(Suppl 2):P329 (doi: 10.1186/cc5489)

Introduction Induction of mild hypothermia (MH) in patients
resuscitated from cardiac arrest can improve their outcome.
However, benefits and risks of MH induction in patients who
remain in cardiogenic shock after the return of spontaneous
circulation (ROSC) are unclear. We therefore analysed a group of
all cardiac arrest survivors who were indicated for MH induction in
our coronary care unit (CCU) and compared the outcome of
patients with cardiogenic shock syndrome after ROSC with the
outcome of those who were relatively haemodynamically stable.
Methods We performed retrospective analysis of all consecutive
cardiac arrest survivors treated by MH in our CCU from November
2002 to August 2006. They were classified into two groups,
according to whether they met the criteria for cardiogenic shock or
not after ROSC and just before MH initiation. Primary outcome
measures were inhospital mortality, and the best inhospital and
discharge neurological result. Predicted mortality was evaluated by
the APACHE II score, and neurological outcome by Cerebral
Performance Category score. MH was initiated as soon as
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possible after ROSC and patients were cooled to body
temperature 32–34ºC for 12 hours.
Results From 50 consecutive patients, 28 fulfilled criteria of
cardiogenic shock before MH initiation (group A), and 22 were
relatively hemodynamically stable (group B). While predicted
mortality was 83.1 ± 13.1% in group A and 63.2 ± 19.0% in group
B (P < 0.001), real inhospital mortality was 55.6% in group A and
only 18.2% in group B patients (P = 0.009). The best inhospital
neurological outcome was found favourable in 71.4% patients in
group A and in 86.3% in group B (P = 0.306). Favourable
discharge neurological outcome was reached in 100% in group A
and in 94% in group B (P = 1.000). Patients in both groups did
not differ in rate of complications.
Conclusions While inhospital mortality in cardiac arrest survivors
treated by MH was expectably higher in those with cardiogenic
shock than in stable patients, favourable neurological outcome was
frequent and comparable in both groups of patients. Moreover, MH
application was safe in both groups. Therefore, induction of MH
should be considered also in cardiac arrest survivors with
cardiogenic shock syndrome after ROSC.

P330

Changes in urinary 8-hydroxy-2-deoxyguanosine in
patients with global brain ischemia undergoing brain
hypothermia therapy: comparison of whole body and
selective head cooling

K Ikeda, Y Kuroki, K Yosikawa, T Yokoyama, H Utino
Hachiouji Medical Center, Tokyo, Japan
Critical Care 2007, 11(Suppl 2):P330 (doi: 10.1186/cc5490)

Introduction Oxygen free radicals play an important role in global
brain ischemia after cardiac arrest. Brain hypothermia therapy is
effective in suppressing free radical expression. The aim of this
study was to assess free radical expression under brain
hypothermia, and to compare the expression between whole body
and selective head cooling.
Methods The subjects were 12 patients treated with mild brain
hypothermia (34 ± 1°C) after resuscitation following cardiac arrest
in our ICU; five patients received whole body cooling and seven
patients received selective head cooling. We examined the
hemodynamic changes and the urinary concentration of 8-hydroxy-
2-deoxyguanosine (determined by HPLC) during brain hypothermia
therapy. Furthermore, we compared the prognosis at 28 days after
admission to the ICU.
Results The induction time for whole body cooling was
significantly shorter than that for selective head cooling. The
rewarming time for head cooling was significantly shorter than that
for whole body cooling. The mean arterial pressure and heart rate
were both stable in the head cooling group. The urinary 8-hydroxy-
2-deoxyguanosine concentrations decreased significantly in both
groups, but data were significantly lower in the whole body cooling
group compared with the selective head cooling group. Five and
seven patients, respectively, exhibited good recovery 28 days after
admission, in the whole body and selective head cooling groups.
Conclusions Mild brain hypothermia therapy suppressed the
production of free radicals following global brain ischemia. Whole
body cooling had a stronger effect of suppression of free radicals
compare with selective head cooling. It is considered that selective
head cooling exhibits neuroprotection similar to whole body
cooling.

P331

Reduction of magnetic resonance spectroscopy brain
temperature by convective head cooling in healthy humans

B Harris1, P Andrews1, I Marshall1, T Robinson2, G Murray1

1University of Edinburgh, UK; 2KCI, Ferndown, UK
Critical Care 2007, 11(Suppl 2):P331 (doi: 10.1186/cc5491)

This pilot study assessed the effect of forced convective head and
neck cooling on brain temperature, measured by magnetic resonance
spectroscopy (MRS), in five healthy adult humans (three males).
Following a 10-minute baseline, subjects received 30 minutes
head cooling followed by 30 minutes head and neck cooling. The
cooling device delivered air at 11ºC and 15 m/s through a hood
and separate neck collar made of a double layer of nylon sheeting,
the inner layer pierced with holes. Subjects wore a windproof
waistcoat taped round the base of their neck and were wrapped in
blankets from the base of the neck down. Bilateral foot warming
with chemical hot packs was used to encourage heat loss in the
presence of normothermia.
MRS temperature data were collected at the level of the basal
ganglia over the baseline and the last 10 minutes of each cooling
intervention. MRS detects naturally occurring brain metabolites
and interpretation of the relative frequencies of N-acetyl aspartate
and water allows estimation of tissue temperature in 1 cm3 voxels.
For assessment of regional cooling, voxels lying within the region
formed by joining the tips of the lateral ventricles were defined as
‘core’, voxels within approximately one voxel of the brain surface
were defined as ‘outer’, and all other voxels were defined as
‘intermediate’. The oesophageal temperature was measured
continuously with a fluoroptic thermometer.
The mean baseline-corrected MRS brain temperature over all
voxels reduced by –0.45ºC (SD 0.23ºC, P = 0.01, 5% CI –0.74 to
–0.17ºC) with head cooling and –0.37ºC (SD 0.30ºC, P = 0.049,
95% CI –0.74 to 0.00ºC) with head and neck cooling. Head
cooling reduced the mean baseline-corrected MRS brain
temperature in core voxels in all subjects. The formal test for
gradient was not significant (P = 0.43; 95% CI –0.15 to 0.29ºC).
Head and neck cooling reduced the temperature in core voxels in
three subjects; the test for gradient was not significant (P = 0.07;
95% CI –0.03 to 0.58ºC). The mean baseline-corrected
oesophageal temperature reductions for the last 10 minutes of
each intervention were –0.16ºC (SD 0.04ºC) with head cooling
and –0.36ºC (SD 0.12ºC) with head and neck cooling.
Forced convective head cooling reduced the MRS brain
temperature at an equivalent of 1.35ºC per hour in healthy
subjects, and the reduction was apparent across the brain.

P332

Induction of therapeutic mild hypothermia after cardiac
arrest: a new combined method to achieve the target
temperature

H Busch, T Schwab, K Fink, C Bode
UKL Freiburg, Germany
Critical Care 2007, 11(Suppl 2):P332 (doi: 10.1186/cc5492)

Background Clinical and experimental investigations have demon-
strated that induction of mild hypothermia works after successful
cardiopulmonal resuscitation (CPR) neuroprotection. After the
presentation of controlled studies, therapeutic hypothermia moved
into the topical international guidelines.
Methods and results A total of 50 patients were examined after
successful CPR. Twenty-nine patients received 4°C cold infusions
after arrival in the heart catheter laboratory. Retrospective data of
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21 patients who had received a volume substitute by means of
drips from ambient temperature served as a control group. After
admission to the ICU, both groups were immediately connected to
an external cooling device (CoolGard® or Thermo Wrap®) and were
cooled to a target temperature of 33°C (bladder temperature).
Results The average temperature at admission did not differ in
both groups (35.5 ± 0.9°C vs 35.89 ± 0.8°C). In the group with
initial cooling by means of 4°C cold infusions, a significant
temperature decrease could be reached during the invasive
coronary diagnostics to admission to the ICU of an average 0.84°C
(35.88 ± 0.9°C vs 35.04 ± 0.9°C, P < 0.0001). The middle chill
duration up to the achievement of the target temperature after
admission was significantly shorter with the combined method
(341 ± 113 min versus 553 ± 342 min, P < 0.01). The period to
the achievement of the target temperature after the beginning of
the external cooling device with the group of the combined method
was significantly shorter (163 ± 91 min versus 342 ± 258 min,
P < 0.01).
Conclusions The combined method with initial cooling with 4°C
cold solutions shows a sure and actual prestationary cooling
procedure to the introduction or realisation of mild hypothermia and
offers the possibility to reach the purpose temperature significantly
faster. Preclinical introduction of mild hypothermia by means of 4°C
cold solutions could be a beneficial criteria in the future treatment,
and probably affects the outcome of these patients.

P333

A comparison of complications during therapeutic
hypothermia between surface cooling and endovascular
cooling techniques

P Hayden, A Salam, R Beale, M Gillies
Guy’s & St Thomas’ NHS Foundation Trust, London, UK
Critical Care 2007, 11(Suppl 2):P333 (doi: 10.1186/cc5493)

Introduction Therapeutic hypothermia (TH) following cardiac
arrest is associated with several complications including sympto-
matic bradycardia, coagulopathy, and pneumonia [1]. Furthermore,
hyperthermia is associated with poor outcome following brain
injury. The incidence of these complications may be increased by
excessive temperature fluctuations. We sought to compare
complications between two techniques used to induce TH; surface
cooling (SC) using ice packs, and endovascular cooling (EV),
using the Coolgard™ system (Alsius Corp., USA).
Methods A retrospective review was performed of all cardiac
arrest patients undergoing TH and surviving ≥48 hours between
June 2005 and November 2006.
Results Thirty-five patients underwent our TH protocol (SC group =
21, EV group = 14). The incidence of overcooling (<32°C) in the
SC group was significantly higher than the EV group (10 vs 1,
P = 0.01), whilst a trend towards more episodes of symptomatic
bradycardia (SC 9 vs EV 2, P = 0.07) and rebound hyperthermia
(SC 9 vs EV 2, P = 0.07) was also present. The incidence of
pneumonia (SC 7 vs EV 4, P = 0.77) and coagulopathy/bleeding
(SC 2 vs EV 3, P = 0.32) were similar between groups.
Conclusions (1) SC is associated with a significantly higher
incidence of overcooling than EC and may be associated with an
increase in complications such as symptomatic bradycardia. (2)
SC may also be associated with an increase in rebound
hyperthermia.
Reference
1. Polderman KH: Application of therapeutic hypothermia in

the intensive care unit. Opportunities and pitfalls of a
promising treatment modality – Part 2: practical aspects
and side effects. Intensive Care Med 2004, 30:757-769.
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Buspirone and dexmedetomidine synergistically reduce
the shivering threshold in humans

R Lenhardt, R Komatsu, M Orhan-Sungur
University of Louisville, KY, USA
Critical Care 2007, 11(Suppl 2):P334 (doi: 10.1186/cc5494)

Introduction Hypothermia may be therapeutically beneficial in
stroke victims; however, it provokes vigorous shivering. Buspirone,
a partial serotonin 1A antagonist, and dexmedetomidine, an α2
agonist, linearly reduce the shivering threshold (triggering core
temperature) with minimal sedation and respiratory depression. We
tested the hypothesis that buspirone and dexmedetomidine
synergistically reduce the shivering threshold without producing
substantial sedation or respiratory depression.
Methods We studied four healthy male volunteers (18–40) on
4 days: (1) control (no drug); (2) buspirone only (60 mg orally); (3)
dexmedetomidine only (target plasma concentration 0.6 ng/ml);
and (4) combined buspirone and dexmedetomidine in the same
doses. Lactated Ringer’s solution (3°C) was infused via a central
venous catheter to decrease tympanic membrane temperature by
≈2.2°C/hour; the mean skin temperature was maintained at 31°C.
An increase in oxygen consumption more than 25% of baseline
identified the shivering threshold. Sedation was evaluated using
the Observer’s Assessment Sedation/Alertness scale. Two-way
repeated-measures analysis of variance was used to identify
interactions between drugs. Data are presented as means ± SDs;
P < 0.05 was statistically significant.
Results The shivering thresholds were 36.4 ± 0.5°C on the control
day; 34.9 ± 0.6°C (P < 0.01 from control) on the buspirone only
day; 36.1 ± 0.6°C (P < 0.01 from control) on the dexmedeto-
midine only day; and 34.2 ± 0.5°C (P < 0.01 from control) on the
combined buspirone and dexmedetomidine day. The calculated
mean difference between the thresholds on the combined and the
control days was 1.9 ± 0.4°C, while the measured mean difference
derived from the difference between the combined and control
days was 2.3 ± 0.4°C. There was only trivial sedation with either
drug alone or in combination. The respiratory rate and end-tidal
PCO2 were well preserved on all days.
Conclusion Buspirone and dexmedetomidine act synergistically to
reduce the shivering threshold with only mild sedation and no
respiratory depression. This combination might be a valid treatment
to prevent shivering in stroke patients during therapeutic
hypothermia.

P335

Bispectral index and suppression ratio are very early
predictors of neurological outcome during therapeutic
hypothermia after cardiac arrest

D Seder, R Riker, G Fraser, H Bruce, T Robbins
Maine Medical Center, Portland, ME, USA
Critical Care 2007, 11(Suppl 2):P335 (doi: 10.1186/cc5495)

Introduction The bispectral index (BIS) is calculated from fronto-
temporal electroencephalogram (EEG), and the suppression ratio
(SR) estimates the percentage of EEG suppression. We monitored
the BIS and SR during therapeutic hypothermia (TH) and
compared them with neurological outcomes of encephalopathic
survivors of out-of-hospital cardiac arrest (OHCA).
Methods Thirty-two patients with anoxic encephalopathy after
OHCA received 18 hours of TH at 32–34°C. BIS monitoring was
initiated at the onset of TH, and neuromuscular blockade (NMB)
was dosed in response to shivering. Blinded BIS and SR data
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were recorded after the first dose of NMB, and compared with the
Cerebral Performance Category (CPC) at discharge and 6 months.
CPC 1 or CPC 2 was considered a good outcome (GO).
Results Fourteen out of 32 patients (44%) survived, 11 (34%)
with GO. Five of the remaining 18 patients died before neuro-
logical evaluation at 72 hours, and one patient recovered
neurological function but died of cardiogenic shock. No survivor
recalled the period of NMB. First NMB was administered a median
of 5 hours after cardiac arrest or 87 minutes after initiation of TH,
at 35.6 ± 1.7°C. Patients with GO had a higher first post-NMB BIS
(39 ± 6 vs 13 ± 14, P < 0.001) and a lower SR (10 ± 12 vs
69 ± 29, P < 0.001) than those with CPC 3–5. Initial NMB
reduced frontotemporal electromyogram (EMG) power from
52 ± 8 to 27 ± 1 db, P < 0.001. In 17 of the patients with
downloaded EEG data, an increase in EMG power of 17 dB (IQR
10–27) from baseline was associated with clinically detectable
shivering. Epileptiform discharges were noted on the monitor
during NMB in two patients, and seizure activity was confirmed by
formal EEG in both.
Conclusions In cardiac arrest survivors receiving TH, a higher
post-NMB BIS score and a lower SR are very early predictors of
neurological outcome. The potential benefits of monitoring BIS and
SR, as well as EMG power for early recognition of shivering, and
continuous frontotemporal EEG to detect seizures, warrant further
study.

P336

Role of bedside electroencephalogram in intensive care: 
a critical review

R Jayaram Ramachandran, C Hargreaves, S Sinha
Whittington Hospital NHS Trust, London, UK
Critical Care 2007, 11(Suppl 2):P336 (doi: 10.1186/cc5496)

Electroencephalogram (EEG) is an appropriate monitoring tool in
intensive care because it is linked to cerebral metabolism, is
sensitive to ischaemia/hypoxia, can detect neuronal dysfunction at
a reversible stage and is the best method to detect seizure activity.
Scientific data have proved utility of continuous EEG monitoring in
intensive care [1,2]. But there is a paucity of data relating to single
recordings of EEG especially in general ICUs.
A retrospective chart review of patients who had bedside EEG in a
medical–surgical ICU was done. Data were collected with a focus
on: indication for requesting EEG, technical difficulties during the
study, the report and its influence on subsequent clinical manage-
ment.
Forty-two charts were reviewed. The indications were: evaluation
of persistent comatose state (n = 27), to diagnose/exclude seizure
activity and nonconvulsive status epilepsy (n = 12), and as an
adjunct to support clinical diagnosis of suspected brain death prior
to formal testing (n = 3). Movement artifacts led to technical
difficulty in four studies.
EEG confirmed: moderate to severe nonspecific brain dysfunction
as the cause for persistent comatose state by the presence of
either diffuse slowing with theta/delta activity, absence of cerebral
activity, continuous rhythmic and semi rhythmic lateralized/bilateral
epileptiform discharges, burst suppression pattern or continuous
bilateral slow U-shaped waves; anoxic brain damage by absence of
changes in electrical signals following external application of
noxious stimuli; and seizure activity by epileptiform discharges.
Twelve reports stated that use of sedation interfered with EEG
interpretation.
The following clinical decisions were made based on the EEG
report in conjunction with clinical findings: initiating withdrawal of
life support or ‘do-not-resuscitate orders’ in patients diagnosed to

have hypoxic ischaemic encephalopathy (n = 15); adding/
escalating or stopping antiseizure drugs based on the presence/
absence of seizure activity (n = 12); and continuing supportive
care in comatose patients diagnosed to have metabolic encephalo-
pathy/prolonged sedation effect as the cause for coma (n = 8).
Based on these results it can be concluded that, despite limitations
such as motion artifacts and influence of sedation on electrical
signals, EEG impacts on clinical decision-making processes in
critical care. Hence it is beneficial, and more widespread use
would improve its diagnostic potential.
References
1. Hirsch LJ, Kull LL:Am J Electroneurodiagnostic Technol

2004, 44:137-158.
2. Newton DEF: Electrophysiological monitoring of general

intensive care patients. Intensive Care Med 1999, 25:350-
352.
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Aneurysmal subarachnoid hemorrhage induces the
expression of Pentraxin3 in patients

G Brandi1, E Roncati Zanier1, L Longhi1, G Peri2, G De Simon3,
M Tettamanti3, A Mantovani2, N Stocchetti1
1Milan University, Ospedale Maggiore Policlinico IRCCS, Milan,
Italy; 2Clinical Institute Humanitas, Milan, Italy; 3Mario Negri
Institute, Milan, Italy
Critical Care 2007, 11(Suppl 2):P338 (doi: 10.1186/cc5498)

Introduction Aneurismal subarachnoid hemorrhage (SAH) is an
extremely severe illness associated with a high mortality rate and
permanent severe neurological dysfunction in two-thirds of all
affected patients. One of the major complications of SAH is
vasospasm-associated cerebral ischemia. Clinical and experi-
mental data suggest that vasospasm is linked to the inflammatory
response associated with SAH. The goal of this study was to
investigate the expression of Pentraxin3 (PTX3), a prototypic long
pentraxin protein induced by proinflammatory signals in the brain,
in SAH patients to test the hypothesis that SAH is followed by an
upregulation of PTX3, and establish a temporal relationship
between the expression of PTX3 and the induction of vasospasm.
We also attempted to establish that PTX3 is detectable in cerebro-
spinal fluid (CSF).
Methods We studied eight severe SAH patients admitted to our
neuroscience ICU with a median World Federation Neurosurgical
Score of 4 and a Fisher score of 4. Arterial, jugular venous blood
and CSF samples were routinely obtained every 12 hours for
7 days. PTX3 levels were measured by ELISA in plasma and CSF
samples.
Results Compared with plasma levels of PTX3 in normal
volunteers (<2 ng/ml [1]), SAH induced a marked increase in
plasma PTX3 expression. During the first 48 hours following SAH
(acute phase), PTX3 arterial and jugular venous levels increased to
36.93 ± 24.32 ng/ml and 33.64 ± 28.76 ng/ml, respectively, and
then subsequently decreased concomitantly with the reduction of
the inflammation (48–96 hours: subacute phase). PTX3 is
detectable in the CSF: mean CSF levels of PTX3 were
4.07 ± 3.64 ng/ml during the acute phase and 0.69 ± 0.44 ng/ml
during the subacute phase (t test: P < 0.05 compared with the
acute phase). In the presence of vasospasm (four patients), we
detected a second peak of PTX3 (4.03 ± 2.85 ng/ml) in CSF
samples (t test: P < 0.05 compared with the subacute phase) that
was not detectable in plasma.
Conclusions SAH is characterized by the production of PTX3 and
the induction of vasospasm is associated with an upregulation of
PTX3 in the CSF that is not detectable in plasma.
Reference
1. Muller et al.: Crit Care Med 2001, 29:1404-1407.
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Outcome of intensive care unit patients with spontaneous
intracerebral hemorrhage

M Sartzi, A Papaeveggelou, A Stogiannidi, P Kouki, 
B Romanou, E Panagiotakopoulou, G Kallitsi, K Mihas, 
F Tsidemiadou, P Clouva-Molyvda
General Hospital of Eleusis, Athens, Greece
Critical Care 2007, 11(Suppl 2):P339 (doi: 10.1186/cc5499)

Introduction We evaluated the factors that may influence the
outcome of patients with spontaneous intracerebral hemorrhage
(SICH).

Methods Retrospective analysis of prospectively gathered data of
102 patients with SICH treated in our ICU during the past 8 years.
On admission the following data were registered: vascular risk
factors (high blood pressure, diabetes mellitus), age, gender,
APACHE II score, GCS, hemorrhage characteristics (location, side,
volume, mass effect), surgical procedure, MODS, blood pressure
(systolic, diastolic, mean), pulse pressure, pulse rate, laboratory
parameters (hemoglobin, white cell and platelet count, INR, serum
values for Na, glucose, lactate, creatinin, bilirubin). Also registered
were length of stay (LOS), duration of mechanical ventilation (MV),
time of intubation (TT) and patient outcome. Haemodynamic
instability was defined as low mean blood pressure and support with
vasoactive and inotrop drugs. Statistical evaluation was performed
using univariate and multivariate logistic regression, Student’s t test
Pearson’s chi-square test and Fisher’s exact statistic were used.
Results From the 102 patients (56 men and 48 women) 38
(37.5%) died within the first 30 days, most of them in the first
10 days. Age (OR 13.801, P < 0.04), APACHE II score (OR
1.114, P < 0.008), GCS (OR 2.158, P < 0.002), ICH score (OR
1.183, P < 0.001), FiO2/pO2 (OR 0.996, P < 0.009), haemodynamic
instability (OR 2.340, P < 0.002), fever (OR 1.245, P < 0.002),
and INR (OR 13.801, P < 0.04) were the strongest associated
factors of 30-day mortality. Gender (OR 0.652, P < 0.301), prior
illness (OR 1.070, P < 0.870), MODS (OR 0.978, P < 0.803),
LOS (OR 0.988, P < 0.266), MV (OR 0.994, P < 0.356) and TT
(OR 0.990 P < 0.371) were not associated with mortality. Patients
who where operated on had higher mortality but were also more
severely ill.
Conclusion Age, severity of illness, ICH score, hypoxemia,
haemodynamic instability, and increased temperature are directly
related with the outcome of patients with SICH. Gender, LOS, MV,
TT, and MODS did not influence mortality.

P340

Maintenance of prehospital medical systems due to clinical
advance in acute stroke

K Ishii1, Y Wakabayashi1, Y Momii2, T Asano2, H Kenai2, 
M Yamashita2, M Mori2, Y Hori2, H Nagatomi2
1Oita University School of Medicine, Oita, Japan; 2Nagatomi
Neurosurgical Hospital, Oita, Japan
Critical Care 2007, 11(Suppl 2):P340 (doi: 10.1186/cc5500)

Introduction Recently, the medical treatment in acute stroke has
been making rapid progress. Especially, in the ischemic stroke of
acute stage, the efficacy of thrombolysis, systemic t-PA or local
transarterial urokinase infusion has been proved. However, the
effective treatment time is still quite limited. The patients must be
brought to the stroke center as soon as possible. We analyzed the
reason why most stroke patients delay coming to the stroke center.
We extracted the problems and proposed some solutions.
Patients and methods The clinical subjects consisted of 1,112
consecutive patients with ischemic stroke in the acute stage,
hospitalized in our hospital between April 2003 and September
2006. We investigated the clinical course, especially the time from
the onset to the physical examination, and radiological exami-
nations (CT, MRI, MRA and/or cerebral angiography). The mean
age was 72.3 years. Among them, 334 patients were classified as
atherothrombosis, 232 were cardiac embolism, 439 were lacunar
infarction and 107 were transient ischemic attack. Only 19 patients
underwent acute thrombolytic therapy.
Results Two hundred and forty-one patients (21.7%) were
hospitalized within 3 hours from the onset, and 365 patients
(32.9%) were within 6 hours. Among them, only 438 were admitted
by ambulance. We found the following results. The main reason for
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the delayed admission is through another hospital, not a stroke
center. The patients denied their symptoms are not so rare. The
patients or their family often hesitate to request the emergency car.
Conclusions The most significance point for rapid diagnosis and
therapy is that people must doubt ‘stroke’ at first. We should
further educate citizens to the warning signs of stroke and also the
necessity of emergency admission using an emergency car. In
addition, we should justly build a core stroke center in the district
and centralize the patients.

P341

Effects of intraaortic balloon counterpulsation on middle
cerebral artery blood flow velocities

A Vakalos, D Setzis, P Doukelis, S Pampori, D Matamis
Papageorgiou General Hospital, Thessaloniki, Greece
Critical Care 2007, 11(Suppl 2):P341 (doi: 10.1186/cc5501)

Introduction The intraaortic balloon pump has been shown to
improve cardiac output and diastolic coronary flow. The aim of our
study was to determine the effects of intraaortic counterpulsation
(IABP) on cerebral blood flow velocities measured on the middle
cerebral artery.
Methods In 11 cardiac surgery patients receiving IABP
postoperatively, blood flow velocities in the middle cerebral artery
were assessed by transcranial Doppler (TCD). In each patient,
measurements of Vmax, Vmean and Vmin were performed at four
different pump settings: without support (WS), and at pump assist
pulse with ratio 1:1, 1:2 and 1:3.
Results Repeated-measures analysis of variance: P = 0.0006,
considered extremely significant variation of TCD measurements
among IABP settings. Comparing all pairs of Vmax, Vmean and Vmin
values, we found that Vmax and especially Vmean are significantly
greater at the 1:2 and 1:3 pump settings, but not at the 1:1 setting.
We also found that the end diastolic velocities (Vmin) were
significant lower during the pump deflation. None of our patients
had a significant diastolic flow velocity reversal during the pump
deflation.

Table 1 (abstract P341)

WS vs 1:1 WS vs 1:2 WS vs 1:3

Vmax P > 0.05 P < 0.01 P < 0.01

Vmean P > 0.05 P < 0.001 P < 0.001 

Conclusions Left ventricular support with IABP significantly
changed the flow velocity pattern of our patients. The pump
significantly increased the Vmax and the Vmean at the 1:2 and 1:3
settings because of pump inflation during the diastole. We suggest
that the velocities did not change at the 1:1 setting because the
end-diastolic flow velocities reduce during every pulse, according
to pump deflation.
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Neuromuscular dysfunction acquired during critical illness:
a systematic review

R Stevens, D Dowdy, R Michaels, P Mendez-Tellez, 
P Pronovost, D Needham
Johns Hopkins University School of Medicine, Baltimore, MD, USA
Critical Care 2007, 11(Suppl 2):P342 (doi: 10.1186/cc5502)

Background Patients with critical illness can acquire a syndrome
of weakness and dependence on mechanical ventilation that has

been linked to peripheral nerve and muscle injury. Our aim was to
systematically review published data on the diagnosis, risk factors
and outcomes of patients with critical illness neuromuscular
abnormalities (CINMA).
Methods MEDLINE, EMBASE, CINAHL, and the Cochrane Library
were searched, and studies were included if they reported on ICU
patients > 16 years old who were evaluated for CINMA clinically
and electrophysiologically, and they contained sufficient data to
quantitatively measure the association between CINMA and
clinically relevant exposures and/or outcomes. Two reviewers
independently extracted data on study methodology and quality,
methods for diagnosing CINMA, and CINMA prevalence, risk
factors, and outcomes.
Results In 1,421 ICU patients who were evaluated in 24 studies,
655 (46%) were diagnosed with CINMA. All enrolled patients were
receiving protracted mechanical ventilation, had sepsis, or had
multiple organ failure. Diagnostic criteria for CINMA were hetero-
geneous and few reports explicitly differentiated between the
polyneuropathic, myopathic and mixed types of CINMA. CINMA
was linked in several studies to hyperglycemia, the systemic inflam-
matory response syndrome, sepsis, renal replacement therapy, and
catecholamine administration. In contrast, across studies there was
no consistent relationship between CINMA and patient age,
gender, severity of illness, multiple organ failure, and use of gluco-
corticoids, neuromuscular blockers, aminoglycosides, or midazolam.
Mortality was not increased in patients with CINMA, but
mechanical ventilation and ICU and hospital stays were prolonged.
Conclusions The risk of CINMA is nearly 50% in a subset of ICU
patients with sepsis, multiorgan failure, or protracted mechanical
ventilation, but there were no data to support CINMA as an
independent predictor of death. The impact of frequently cited risk
factors is uncertain, but emerging data indicate glycemic control
decreases CINMA risk in vulnerable patients.

P343

Gram-negative bacteremia is an independent predisposing
factor for critical illness polyneuromyopathy

K Kritikos, E Angelopoulos, A Siafaka, M Kontogeorgi, 
S Tsikriki, D Kanaloupiti, M Pratikaki, M Poriazi, V Gerovasili, 
C Routsi, C Roussos, S Nanas
Medical School, National and Kapodistrian University,
Evangelismos Hospital, Athens, Greece
Critical Care 2007, 11(Suppl 2):P343 (doi: 10.1186/cc5503)

Introduction Critical illness polyneuromyopathy (CIPM) is a major
clinical problem in the ICU resulting in prolonged ICU stay and
increased morbidity and mortality.
Objective To investigate risk factors of CIPM involved, in a general
multidisciplinary ICU.
Patients and participants Four hundred and seventy-four (323
males/151 females, age 55 ± 19) consecutively admitted patients
in a 28-bed university multidisciplinary ICU were prospectively
evaluated. All patients were assigned admission APACHE II
(15 ± 7) and SOFA (6 ± 3) scores and were subsequently
evaluated for newly developed neuromuscular weakness. We
examined muscle strength according to the Medical Research
Council scale, deep tendon reflexes, sensory function and muscle
wasting. Laboratory values and medical therapy were recorded
daily. Other potential causes of new-onset generalized weakness
after ICU admission were excluded before the diagnosis of CIPM
was established. Out of the 474 patients, 185 remained in the ICU
for ≥10 days.
Results Forty-four (23.8%) out of those 185 patients developed
generalized weakness that met the criteria for CIPM. Patients with
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CIPM had a higher admission APACHE II score (18.9 ± 6.6 vs
15.6 ± 6.4, P = 0.004) and SOFA score (8.4 ± 2.9 vs 7.1 ± 2.9,
P = 0.013). Multivariate logistic regression analysis showed that
risk factors independently associated with the development of
CIPM were severity of illness at the time of admission to the ICU,
administration of aminoglycoside antibiotics and high blood
glucose levels. Analysis according to severity of illness stratifica-
tion revealed the emergence of Gram-negative bacteremia as the
most important independent predisposing factor for CIPM
development in less severely ill patients.
Conclusions CIPM has a high incidence in the ICU setting. Our
study revealed the important association that Gram-negative
bacteremia, aminoglycosides, hyperglycemia and severity of illness
have with CIPM development.

P344

Interhospital cooperation after critical and emergency care
for patients with cervical–thoracic–abdominal trauma and
emergency diseases in the local medical area in a typical
urban city of Japan

Y Moriwaki, M Sugiyama, S Arata, N Harunari, H Manaka, 
T Katsumura, T Yamada, N Suzuki
Yokohama City University Medical Center, Yokohama, Japan
Critical Care 2007, 11(Suppl 2):P344 (doi: 10.1186/cc5504)

Background Capacity of the critical care and emergency center
(CCEC) is usually restricted. Transfer of patients from CCEC is
one of the most important issues in the CCEC.
Subjects and methods We examined interhospital cooperation
after critical and emergency care for life-threatening cervical–
thoracic–abdominal trauma (n = 501) and thoracoabdominal
emergency diseases (n = 236) who were treated with intensive
care in our CCEC and were able to be discharged or transferred to
another acute treatment hospital.
Results Of the trauma patients directly transferred to our center,
48% were transferred to the ‘affiliated hospitals’, whose medical
staffs were dispatched from the ‘departments’ in our university,
17% were transferred to the nonaffiliated hospitals, and 34% were
directly discharged from our center. Of emergency disease
patients, 28% were transferred to the affiliated hospitals, 20%
were transferred to other hospitals, and 52% were directly
discharged. Patients staying in our center for more than 14 days
tended to be transferred to the affiliated hospital. Of trauma
patients indirectly transferred from other hospital to our center,
30% and 11% were transferred to the affiliated and nonaffiliated
hospitals, and 19% were directly discharged. Of emergency
disease patients, these values were 21%, 7%, and 13%,
respectively. Patients staying in our center for more than 14 days
tended to be transferred to the affiliated hospital.
Discussion and conclusion These results are thought to be a
common situation in a typical urban city in the world. Now, the
interhospital cooperation between city hospital and referral hospital
does not function well because of poor understanding of re-
transfer to the previous hospital, resulting in dysfunction of the
management of critical patients in the local medical area. It is
important to construct a new interhospital-cooperation system
based on the local medical area.

P345

Early hypothermia in severely injured trauma patients is a
significant risk factor for multiple organ dysfunction
syndrome but not mortality

G Beilman1, T Nelson2, A Nathens3, F Moore4, P Rhee5, 
J Puyana6, E Moore7, S Cohn8

1University of Minnesota, Minneapolis, MN, USA; 2Princeton
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Houston, TX, USA; 5University of Southern California, San Diego,
CA, USA; 6University of Pittsburgh, PA, USA; 7University of
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Critical Care 2007, 11(Suppl 2):P345 (doi: 10.1186/cc5505)

Introduction The objective was to determine the relationship of
early hypothermia to multiple organ failure and mortality in severely
injured trauma patients.
Methods This prospective observational study was performed at
seven Level I trauma centers over 16 months. Severely injured
patients with hypoperfusion and a need for blood transfusion
during the early hospital course were followed with near-infrared
spectroscopy-derived tissue oxygen saturation (StO2) and clinical
variables. Outcomes including multiple organ dysfunction syn-
drome (MODS) and 28-day mortality were evaluated. Hypothermia
was defined as temperature < 35°C within the first 6 hours.
Results Hypothermia was common (43%, 155/359). Hypothermic
patients were more likely than normothermic patients to develop
MODS (21% vs 9%, P = 0.003), but did not have increased
mortality rates (16% vs 12%, P = 0.28). The maximum base deficit
(Max BD) in hypothermic patients did not discriminate between
those who did or did not develop MODS (9.8 ± 4.6 mEq/l vs
9.4 ± 4.4 mEq/l, P = 0.56) but had good discrimination for
mortality in both hypothermic and normothermic patients. Significant
predictors of MODS using multivariate analysis included minimum
StO2 (P = 0.0002) and hypothermia (P = 0.01), but not Max BD
(P = 0.09). Predictors for mortality with multivariate analysis
included minimum StO2 (P = 0.0004) and Max BD (P = 0.01), but
not hypothermia (P = 0.74). Hypothermia remained a significant
risk factor for MODS when fluid/blood infusion volumes were
included in the multivariate model.
Conclusions Hypothermia is common in severely injured trauma
patients and is a risk factor for MODS but not mortality. Minimum
StO2 predicts MODS and mortality in normothermic and
hypothermic patients, while the predictive effect of BD for MODS
is blunted in the presence of hypothermia.
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The nonlactate gap: a novel predictor of organ failure and
mortality following major trauma

S Robertson1, E Dickson2, G Richards1

1Johannesburg Hospital, Johannesburg, South Africa; 
2Royal Glasgow Infirmary, Glasgow, UK
Critical Care 2007, 11(Suppl 2):P346 (doi: 10.1186/cc5506)

Introduction Early identification of patients who are not fully
resuscitated following major trauma improves outcome. However,
current markers of clinically occult hypoperfusion, such as lactate
and base deficit, have serious limitations, and our aim was to
establish a new endpoint of resuscitation.
Methods In a prospective study conducted in a Level 1 trauma
unit, 49 consecutive patients admitted to the trauma ICU were
evaluated. Serum electrolytes, albumin, phosphate and lactate
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were measured on admission. We derived the calculated ion gap
using a simplified Stewart–Figge equation, and subtracted the
measured serum lactate from the calculated ion gap to obtain the
nonlactate gap (NLG).
Results See Table 1. The NLG discriminated survivors from non-
survivors (P = 0.008, analysis of variance). An NLG above 2 mmol/l
was associated with an increased risk of mortality (P = 0.010,
Fisher’s exact test). No patient with an NLG less than 2 mmol/l
died; 32.4% of the patients with an NLG above 2 mmol/l died. A
NLG above 2 mmol/l also correlated strongly with organ failure
(Multiple Organ Dysfunction Syndrome score P = 0.011, Sequen-
tial Organ Failure Assessment score P = 0.011, Mann–Whitney U
test).

Table 1 (abstract P346)

Survived Died Total

NLG < 2 mmol/l 15 (39.5%) 0 (0%) 15 (30.6%)

NLG > 2 mmol/l 23 (60.5%) 11 (100%) 34 (69.4%)

Total 38 (100%) 11 (100%) 49 (100%)

Conclusions We describe the NLG for the first time, and quantify
it using simple bedside calculations derived from routine blood
investigations. The NLG is an excellent marker for organ failure and
death following major injury, and should be used to guide trauma
resuscitation.

P347

Prehospital hypotension that persists on arrival at the
emergency department is a powerful predictor of mortality
following major trauma

E Dickson, S Robertson, D Van Niekerk, J Goosen, F Plani, 
K Boffard
Johannesburg Hospital Trauma Unit and University of the
Witwatersrand, Johannesburg, South Africa
Critical Care 2007, 11(Suppl 2):P347 (doi: 10.1186/cc5507)

Objective Outcome following major injury is time dependent. Early
identification of high-risk patients allows rapid decision-making and
correction of life-threatening disorders. Complex scoring systems
are of limited value during major trauma resuscitation. Our aim was
to evaluate the utility of a single blood pressure during the
prehospital phase in combination with the blood pressure on arrival
at the emergency department.
Methods Data were collected prospectively on 1,111 patients
admitted to a Level 1 South African trauma unit over a 1-year
period. Patients were subdivided into two groups according to the
combination of their prehospital (PH) and emergency department
(ED) blood pressure. Hypotension was defined as a systolic blood
pressure less than 90 mmHg. Mortality was defined as death within
30 days.
Results The mortality in patients (n = 1,031) with normal PH and
ED blood pressure was 5.4%. The mortality in patients (n = 80)
with PH and ED hypotension was significantly higher at 45%
(P < 0.0001, chi-square test) (Table 1).

Conclusion The combination of prehospital and emergency
department systolic blood pressure is a simple yet extremely
powerful predictor of mortality following major trauma and should
be used as a triage tool to rapidly identify the highest risk patients.

P348

Traumatic cardiac injury in chest trauma

E Charalambous1, S Manousakis1, A Kapasaki1, C Chronaki2, 
G Vrouchos1

1Venizelio General Hospital of Heraklion, Greece; 2ICS-FORTH,
Heraklion, Greece
Critical Care 2007, 11(Suppl 2):P348 (doi: 10.1186/cc5508)

Introduction Blunt chest trauma is often accompanied by traumatic
cardiac injury (TCI), formerly called cardiac contusion. Severe TCI
can affect the prognosis of chest trauma patients due to cardiac
arrhythmias, heart failure, or cardiac tamponade. The objective of
this study was the detection and evaluation of TCI in chest trauma.
Methods Twenty-seven consecutive patients without cardiac
disease history (five females), mean age 37.2 years (63% <35 years)
were admitted to the ICU with blunt chest trauma. Five patients had
minor head brain injury. The majority needed mechanical ventilation
support. The mean Injury Severity Score (ISS) was 21.1 (11–34).
The following injuries/lesions of thorax or lung parenchyma were
identified on chest and abdominal CT scan: fractures of clavicle,
sternum, ribs, scapula or vertebral column, lung contusion,
hemo/pneumothorax, hemo/pneumomediastinum, abdominal organ
injury. TCI diagnosis was based on auscultation findings (pericardial
friction rub, new cardiac murmurs), electrocardiogram (ECG)
findings (ST–T disturbances, arrhythmias), cardiac enzymes (CE)
(cardiac Tropinin I, CK-MB), transthoracic echocardiography (TTE)
(wall motion abnormalities (WMA), reduced left ventricular ejection
fraction (LVEF) pericardial effusion (PE)), and thorax CT findings.
Results Twenty-two out of 27 patients (81%) exhibited at least
one sign of TCI, 17/27 (63%) had more than two signs: ECG
changes (18/22, 81.8%), mostly ST–T disturbances of left
precordial or inferior leads, slight CE increase (17/22, 72%), PE in
TTE or CT (12/22, 54,5%), WMA, mostly of the interventricular
septum wall (6/22, 27%), reduced LVEF (5/22, 23%), or
pericardial friction rub (5/22, 23%). Patients with TCI signs had
more frequently bilateral or right-sided hemothorax (16/22, 72%),
bilateral lung contusion (15/22, 68%), right-sided rib fracture
(15/22, 68%), abdominal organ injury (spleen, left kidney/adrenal,
liver) (14/22, 63%) or right-sided pneumothorax (13/22, 59%).
Two patients (one with flail chest) exhibited PE leading to cardiac
tamponade. Pericardiocentesis was performed with success. None
of the patients had severe ventricular arrhythmia. Five young
patients had mildly reduced LVEF, in almost all cases transient.
There was a positive correlation between ISS and TCI severity.
Conclusions TCI is frequent in blunt chest trauma. Additional
ECG findings and an increase in CE suggest possible TCI to be
confirmed by a bedside TTE study. TCI usually accompanies
bilateral hemothorax, lung contusion, or right-sided rib fracture.

P349

Prognosis of blunt abdominal trauma patients with contrast
medium extravasation on computed tomography scan

K Lee, H Shin
Wonju Medical College, Wonju, Republic of Korea
Critical Care 2007, 11(Suppl 2):P349 (doi: 10.1186/cc5509)

Introduction Until now there have been few studies concentrating
on the diagnostic and prognostic significance of contrast medium
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SBP < 90 mmHg SBP > 90 mmHg

Alive 55.0% (n = 44) 94.6% (n = 975)

Dead 45.0% (n = 36) 5.4% (n = 56)
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extravasation site computed tomography (CT). In this study we
investigated the site and extent of contrast medium extravasation
on CT findings and its effect on treatment and predicting clinical
outcome in trauma patients.
Methods Fifty patients admitted to our emergency department
with blunt abdominal trauma showing contrast medium extravasa-
tion on abdominal–pelvic CT scan were included in our study for
33 months. Patients were prospectively collected and medical
records were reviewed and analyzed retrospectively. The patients’
clinical and laboratory findings, abdominal sonographic (FAST)
findings, and CT findings were reviewed. Extravasation sites were
classified as intraperitoneal, retroperitoneal, intrapelvic and correlated
with post-treatment complications, mortality and morbidity rates.
Results The incidence of extravasation site was intraperitoneal in 33
cases (66%), retroperitoneal in 13 cases (26%), and intrapelvic in
four cases (8%). The frequency of injured vessels showing
extravasation was 18 (36%) hepatic vessels, nine (18%) splenic
vessels and six (12%) iliac vessels. There was no correlation between
the extravasation site and ICU or total hospitalization duration
(P > 0.523). Sixteen patients with intraperitoneal extravasation
required surgical intervention, six patients underwent angiography
with embolization. In patients with retroperitoneal extravasation, nine
were treated conservatively and two with embolization. Over all there
were no significant differences between the extravasation site and
treatment modality. The intraperitoneal group had the highest mortality
with 13 deaths (11/33, 39%) and the highest early mortality rate
(10/13, 76%) in the first 24 hours (P = 0.001).
Conclusion CT findings in patients with blunt abdominal trauma
showed no significant correlation between the contrast medium
extravasation site and treatment modality, ICU hospitalization
duration, or final results. However, patients with intraperitoneal
extravasation required more aggressive transfusion with packed
red cells and had a higher mortality rate in the first 24 hours.

P350

Full-body low-dosage X-ray instead of single X-ray series
in trauma: a preliminary experience report of a modified
advanced trauma life support algorithm

A Exadaktylos, H Brunner, L Martinolli, L Benneker, F Gatterer,
R Soyka, H Bonel, H Zimmermann
Inselspital Bern, Switzerland
Critical Care 2007, 11(Suppl 2):P350 (doi: 10.1186/cc5510)

Introduction Patients presenting with trauma normally require
resuscitation according to the advanced trauma life support (ATLS)
algorithm. Techniques suggested during primary survey include X-
ray of C-spine, chest and pelvis. This can be time consuming and
radiation intensive. In comparison with conventional multiple
radiographs, Lodox (Statscan), a full-body digital radiology device,
performs a.p. and lateral whole-body examinations in 3–5 minutes
with about one-third of the irradiation and without the necessity for
lifting patients. This is the first device installed in Europe.
Methods This paper describes our experience with the use of a
new low-dose X-ray technique as part of our modified ATLS
algorithm, where single–total a.p./lateral body radiographs have
been implemented as adjuncts to primary survey in favour of
several conventional X-rays.
Results There were 94 patients (males = 59; females = 35)
between 4 October and 9 December 2006; age range from 1 to
86 years. The ISS ranged from 3 to 75 (ISS > 16 in 54/94
patients). The average time for obtaining LODOX radiographs was
3.5 minutes (range 3–6 min). The mean time in the resuscitation
room (during primary and secondary surveys) was 28.7 minutes
with the new technique compared with 29 minutes before

implementing LODOX (median time 27 min to 24 min). In 54/94
patients an additional full body CT scan was performed as adjunct
to secondary survey. In only 14/54 patients were additional
conventional X-rays necessary to visualize the skeleton.
Conclusion The implementation of a modified ATLS algorithm using
LODOX allows a complete a.p. and lateral whole-body examination
without a significant increase in the time taken for resuscitation.
Since we are at the very beginning of a learning curve we are
confident that in future the time for the ATLS primary survey can be
markedly reduced. The LS imaging system seems to be a useful
tool for rapid screening and management of trauma patients.

P351

Peripheral oxygen extraction predicts organ failure and
mortality following major trauma

S Robertson1, E Dickson2, G Richards1

1Johannesburg Hospital, Johannesburg, South Africa; 
2Royal Glasgow Infirmary, Glasgow, UK
Critical Care 2007, 11(Suppl 2):P351 (doi: 10.1186/cc5511)

Introduction Current markers of occult hypoperfusion following
major trauma have serious limitations. Our aim was to evaluate
oxygen extraction as a resuscitation endpoint, and predictor of
organ failure and mortality following trauma.
Methods A prospective, noninterventional study of 39 consecutive
patients admitted to a Level 1 trauma unit ICU. Blood gas analysis
was performed on samples from three locations: central venous
line, peripheral venous line, and arterial line. Blood was drawn 6-
hourly in the first 24 hours, and oxygen extraction calculated using
the Fick equation. Organ failure was assessed using MODS and
SOFA scores.
Results See Table 1. Peripheral, but not central, oxygen extraction
with a threshold of 150 ml oxygen extracted per litre of blood
distinguished survivors from nonsurvivors on admission to the trauma
ICU. Low peripheral oxygen extraction (<150 ml) had an odds ratio
for risk of death of 5.3 (P = 0.016, Fisher’s exact test) and was
associated with higher organ failure scores (P = 0.044, Mann–
Whitney U test). A trend of increasing peripheral oxygen extraction
was also a strong predictor of mortality (P = 0.019, Mann–Whitney U
test) and organ failure (P = 0.003, Mann–Whitney U test).

Table 1 (abstract P351)

Survived Died Total

Extract < 150 ml 8 6 14

Extract > 150 ml 23 2 25

Total 31 8 39

Conclusions With an arterial and venous blood sample, and a
simple equation, we have for the first time demonstrated that
absolute and serial peripheral oxygen extraction are powerful
predictors of organ failure and mortality following major injury.

P352

Damage control orthopedics can improve outcome in
trauma patients

A Di Filippo, A Circelli, G Cianchi, A Peris
Anesthesia and Intensive Care Unit, Florence, Italy
Critical Care 2007, 11(Suppl 2):P352 (doi: 10.1186/cc5512)

Introduction Damage control orthopedics (DCO) is a reviewed
concept used in major trauma. Advances in critical care
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management enable surgical stabilization in the early phase of
trauma care. Logistical organization and accessibility to several
therapeutic solutions can influence a physician’s decisions
regarding a trauma patient. The aim of this study is to investigate
whether the timing of surgery and method of stabilization in trauma
patients with femoral fracture can influence the incidence of
pulmonary complication, MOF and the length of stay in the ICU.
Method In a retrospective study performed at a Level I trauma
center, we considered all adult patients with major trauma (ISS
> 15) and femoral shaft fracture admitted between January 2003
and July 2006. Patients were separated into two groups according
to the management strategies for the femoral fracture: group 1, no
surgery within 72 hours after primary admission; group 2, surgical
stabilization within 72 hours (DCO). To compare the two groups
we considered age, ISS, RTS, TRISS, SAPS II, GCS, comorbidity,
and other associated surgery. Parameters of evaluation were:
mortality in the ICU, ICU length of stay, respiratory failure and
length of ventilation, and daily SOFA collected for 8 days.
Statistics were determined with the Student t and chi-squared
tests; P < 0.05 was considered significant.
Results We identified 48 patients, 24 for each group. The groups
were comparable regarding all the considered parameters except
for GCS at admission (group 1, 8.63 ± 5.12; group 2, 12.2 ± 3.99;
P = 0.01) and TRISS (group 1, 62.04 ± 34.55%; group 2,
82.37 ± 18.60%; P = 0.01). We observed in group 2 a significant
decrease of mortality (5 vs 0; P = 0.02), incidence of ALI–ARDS
(13 vs 4; P = 0.01) and pneumonia (18 vs 6; P = 0.01), a
decrease of SOFA score (mean SOFA score: 7.58 ± 4.11 vs
3.97 ± 2.39, P < 0.001; maximum SOFA score: 9.83 ± 4.36 vs
5.62 ± 2.97, P < 0.001; days with SOFA >6: 3.79 ± 3.08 vs
2.16 ± 2.18, P = 0.04).
Conclusions We observed an improvement of respiratory
parameters and SOFA score in patients treated with DCO.
Furthermore, patients with worse neurological conditions at
admission do not undergo orthopaedic surgery because it could
worsen the cerebral perfusion (risk related to transfer to a far
operating room). The physician’s decisions (and therefore the
patient’s prognosis), in our experience, are limited by access to
optimal therapeutic solutions that could improve the clinical course
of the patient.

P353

Head trauma: risk factors for early brain death – our
experience

A Di Filippo1, S Damiani1, M Migliaccio1, M Bonizzoli2, A Peris3

1Anesthesia and Intensive Care Unit, Florence, Italy; 2Careggi
Hospital, Florence, Italy; 3Ospedale Firenze, Florence, Italy
Critical Care 2007, 11(Suppl 2):P353 (doi: 10.1186/cc5513)

Introduction In a group of patients that evolved in brain death after
head trauma, we evaluated the risk factors for an early brain death
(in the first 3 days) among the parameters collected prehospital, in
the emergency room (ER) and during the ICU stay.
Method All the consecutive patients admitted to the ER of Careggi
Hospital that evolved to brain death after head trauma during the
period January 2004–June 2006 were considered (n = 54). The
following parameters were considered for the study: prehospital
phase: hypoxemia (SaO2 < 95%), hypotension (SAPS II < 90 mmHg),
orotracheal intubation, fluids (>1,000 or ≤1,000 ml), and GCS; ER
phase (ATLS approach): hypoxemia, hypotension, orotracheal
intubation, fluids, GCS, blood lactate, pharyngeal temperature, and
ISS; ICU stay: SAPS II, daily SOFA score, blood lactate, core
temperature, glycaemia, and ScVO2 (>75% or ≤75%). On the
basis of the timing of brain death, the patients were divided into

two groups: group 1 (n = 27), brain death occurred in the first
3 days; group 2 (n = 27), brain death occurred in the days after.
Statistics were determined with the Student t and chi-squared
tests; P < 0.05 was considered significant.
Results The significant differences between the two groups are
reported in Table 1. A strict relationship exists between early brain
death and prehospital treatment. During the ICU stay low levels of
ScVO2 and high levels of glycaemia are related to early brain
death.

Table 1 (abstract P353)

Group 1 (n = 27) Group 2 (n = 27) P

Prehospital

Hypotension 22 13 <0.05

ICU stay

Glycaemia 170.8 ± 49.5 116.6 ± 24.4 <0.05

ScVO2 < 75% 15 7 <0.05

Conclusion The results of the study confirm that prehospital
hypotension is the main risk factor for an early evolution to brain
death in head trauma. Also, patients that have prolonged
hypoperfusion and neurohormonal imbalance after the
postresuscitation phase present an increased risk of brain death.

P354

Sensitivity and specificity of a triage score dedicated to
trauma patients in a tertiary-level hospital: preliminary
results

P Masturzo1, R Regolo1, G Ferro2, G Nardi3, D Orazi2, V Maggi2
1Seconda Università, Napoli, Italy; 2San Camillo Forlanini, Roma,
Italy; 3Ospedale S. Camillo-Forlanini, Roma, Italy
Critical Care 2007, 11(Suppl 2):P354 (doi: 10.1186/cc5514)

Introduction The aim of the study was to determine the sensitivity
and specificity of the triage criteria adopted for multiple trauma
patients in order to activate the Trauma Team in our tertiary-level
trauma centre.
Methods A cohort study. Between 1 September and 30 November
2006, all trauma patients admitted to the ED triaged red, yellow or
green on admission and discharged as a red code from the ED
following specific criteria were included. Triage criteria on
admission included at least one of the following: GCS < 13,
systolic BP > 220 and < 100 mmHg, SaO2 < 95% on oxygen
100% or intubated; clinical signs: penetrating wounds, spinal
injury, sternal or flail chest, two long-bone fractures, proximal crash
or amputation of limbs, post-traumatic seizures at any time, signs of
fracture of the skull; major accident mechanics: fatality in the same
vehicle, fall from a height > 3 m, prolonged extrication time
(> 20 min), pedestrian hit by a car, ejection, explosion in a close
environment. Severely injured patients at discharge from the ED
were defined by: invasive resuscitating procedures (that is,
tracheal intubation), invasive life-saving procedures (emergency
surgery, defibrillation) and need for admission to the ICU.
Sensitivity and specificity of the triage criteria assigned on
admission were calculated and compared with the patients that
were triaged red at discharge from ED.
Results During the time span, 5,142 trauma patients were
admitted to the ED: 4,884 were triaged green, 182 yellow and 76
were triaged as red. Of the 76 red on admission, 55 patients
fulfilled the abovementioned criteria and were confirmed severely
injured at discharge from ED. Out of the 55, 53 patients were
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correctly identified by triage criteria, while two patients were
missed. The sensitivity is 96%. Out of the 76 triaged red on
admission, 53 patients were confirmed at discharge from ED. The
specificity is 70%.
Conclusions Even if major accident mechanics were included in
the admission triage criteria, overtriage was limited to 30%. On the
other hand, undertriage was approximate to zero, and the only two
yellow codes missed were related to miscommunication by the
prehospital team.

P355

Conjunctival and sublingual microcirculation alterations in
head trauma patients with increased intracranial pressure

B Atasever, D Gommers, J Bakker
Erasmus Medical Center Rotterdam, The Netherlands
Critical Care 2007, 11(Suppl 2):P355 (doi: 10.1186/cc5515)

Introduction Both the conjunctiva and the sublingual tissue have a
common blood supply via the common carotid artery trunk.
Moreover, the conjunctiva receives blood from the internal carotid
artery and the sublingual tissue receives from the external carotid
artery. We hypothesized that conjunctival and sublingual
microcirculation can be used to evaluate intracranial and
extracranial perfusion and to monitor therapy to improve cerebral
perfusion pressure in patients after head trauma.
Methods In three groups of patients with increased intracranial
pressure (ICP) (high ICP > 30, medium ICP 20–30 and low ICP
< 20) following head trauma, both the conjunctival and sublingual
microcirculation was measured using sidestream darkfield imaging
(MicroScan®; MicroVision Medical, The Netherlands) to evaluate
intracranial and extracranial perfusion. Using microvascular analysis
software (MAS®; MicroVision Medical), functional density of small
(<20 µm), medium (20–50 µm) and large (>50 µm) microvessels
were determined in addition to erythrocyte velocities.
Results Conjunctival microcirculatory flow was intermittent in
patients with highest ICP, low-continuous in patients with medium
ICP, and normal-continuous in patients with lowest ICP. Intra-
cranial perfusion pressure was lowest in patients with highest ICP
and vice versa. Functional vessel densities in the conjuctiva were in
the same range in all three groups. However, the sublingual
functional capillary densities were consistently lower in all groups
as compared with controls, suggesting an active intracranial and
extracranial regional autoregulation.
Conclusion Conjunctival microcirculatory flow analysis reflects
alterations in cranial perfusion pressure and might be a possible
noninvasive endpoint to monitor cerebral perfusion and therapy.

P356

The influence of hypotensive resuscitation in hemorrhagic
shock with coexisting severe head injury: an experimental
protocol

T Vrettos, P Athanasopoulos, N Karageorgos, S Balasis, 
G Gatzounis, T Siklis, K Filos
University of Patras Medical School, Patras, Greece
Critical Care 2007, 11(Suppl 2):P356 (doi: 10.1186/cc5516)

Introduction We examined the efficacy of hypotensive
resuscitation, compared with fluid resuscitation, in patients with
closed abdominal trauma and coexisting severe head injury.
Method Female pigs, 25–30 kg body weight, were used.
Retrograde catheterization of the internal jugular vein (SjO2) and
laparotomy was performed. A surgical knot 4 mm long was made
at the aorta, with a 3.0 diameter stitch. The abdomen was closed.
Then a craniotomy and traumatic brain injury (TBI) was made. A
regional cerebral blood flow catheter (RoCBF) was placed under
the dura. After the TBI the intraabdominal hemorrhage was made
by pulling the titch (rupture of the aorta). The animals were
assigned into two groups: group A (fluid resuscitation) and group
B (hypotensive resuscitation). The animals that survived after 1
hour of hemorrhage were managed by surgical checking and with
1 hour more of fluid resuscitation.
Results See Table 1: RoCBF and SjO2 before and after the
surgical checking of the hemorrhage.
Conclusion In group B there was complete restoration of cerebral
blood flow and brain oxygenation, after the surgical checking of
hemorrhage. Hypotensive resuscitation causes significant
reduction in mortality in patients with closed intraabdominal trauma
and coexisting head injury, without putting cerebral function in
jeopardy.

P357

Hyperoxemia improves cerebral autoregulation in severe
traumatic brain injury

R Celis, R Hlatky, C Robertson
Baylor College of Medicine, Houston, TX, USA
Critical Care 2007, 11(Suppl 2):P357 (doi: 10.1186/cc517)

The intrinsic autoregulation mechanisms of the cerebral vessels
that normally maintain a constant cerebral blood flow (CBF)
relatively independently from the cerebral perfusion pressure
variations are frequently impaired in the severely traumatized. It has
been shown that hyperventilation can restore the cerebral
autoregulation and controlling intracranial pressure, but much less
attention has been given to the effects of the hyperoxic state in the
restoration of cerebral autoregulation. The purpose of the study
was to compare the autoregulatory response to hyperventilation vs
hyperoxia in severe traumatic brain injury.
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Table 1 (abstract P356)

5 minutes 15 minutes 45 minutes 5 minutes 15 minutes 45 minutes 
Baseline before before before after after after Mortality

Group A RoCBF (ml/min.100 ml) 31.92 35.47 19.32 5.25*** 100%

SjO2 (%) 71.2 32.8 25.7 28.7***

Group B RoCBF (ml/min.100 ml) 30.3 14.2* 14.5* 16.4 33.47 38.24 37.67 50%

SjO2 (%) 81.1 25.8*** 22.7*** 24.4*** 38.5** 49.5** 57.1*

*P < 0.05, **P < 0.01 and ***P < 0.001 for comparison with baseline.
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We prospectively examined 186 (aged 34.4 ± 14.99 years)
patients with severe traumatic brain injury (postresuscitation GCS
5.98 ± 3.0957) following admission to the neurosurgical ICU of a
level one trauma hospital. Hyperventilation and hyperoxia studies
were conducted, recording middle cerebral artery flow velocity and
the autoregulation index (ARI) bilaterally and simultaneously at
baseline and posthyperventilation (CO2 reactivity = %∆CBF/
∆pCO2)/hyperoxia (O2 reactivity = ∆PbtO2/∆pO2). Continuous
multimodal neuromonitoring, intracranial pressure, mean arterial
blood pressure, cerebral perfusion pressure, end-tidal CO2
(ETCO2), PbtiO2, and SjvO2, was recorded.
The ARI (normal 5 ± 1) in these head-injured patients averaged
2.2 ± 1.5 on day 1 and gradually improved over the 10 days of
monitoring. The ARI significantly improved with hyperoxemia,
during the first 6 days after injury when compared with the ARI
measured at normoxemia. The mean left ARI difference during
hyperoxia was 0.4069 ± 1.7948 while the right ARI difference was
0.4708 ± 1.8413. The average change in pCO2 during hyperoxia
was 35.6468 ± 5.8778. These changes in the ARI during
hyperoxia were smaller than those observed during hyper-
ventilation. Hyperventilation increased the ARI by average
0.8519 ± 0.2310 on the left and 1.0833 ± 0.4654 on the right.
Pressure autoregulation was impaired in these head-injured
patients. Hyperoxia significantly improved pressure autoregulation.
The very small change in pCO2 induced by hyperoxia does not
seem to explain this improvement in pressure autoregulation.
Vasoconstriction induced by hyperoxia may partially contribute to
the improved pressure autoregulation.

P358

C1-inhibitor attenuates neurobehavioral deficits following
controlled cortical impact brain injury in mice

L Longhi1, C Perego2, E Zanier1, F Ortolano1, P Bianchi1, 
L Bergamaschini1, N Stocchetti3, G De Simoni2
1Milan University, Ospedale Maggiore Policlinico IRCCS, Milano,
Italy; 2Mario Negri Institute, Milano, Italy; 3Ospedale Policlinico
IRCCS, Milan, Italy
Critical Care 2007, 11(Suppl 2):P358 (doi: 10.1186/cc5518)

Introduction The goal of the study was to evaluate the neuro-
behavioral effects of the C1-inhibitor (C1-INH), an endogenous
inhibitor of complement and contact-kinin pathways, following
controlled cortical impact (CCI) brain injury in mice.

Methods Mice were anesthetized and subjected to CCI brain
injury. At 10 minutes postinjury, animals randomly received an
intravenous infusion of either C1-INH (15 U) or saline (equal
volume, 150 µl). A second group of mice received identical
anesthesia, surgery, and saline to serve as uninjured controls. The
neurobehavioral motor outcome was evaluated weekly (for 4 weeks)
by performing a neuroscore, and cognitive function was evaluated
at 4 weeks postinjury using the Morris water maze.
Results Consistently, brain-injured mice receiving C1-INH showed
attenuated neurological motor deficits during the 4-week period
compared with injured mice receiving saline (Figure 1). At 4 weeks
postinjury we observed a trend towards a better cognitive
performance in mice receiving C1-INH compared with mice
receiving saline (n = 8 per group, P = 0.08).
Conclusion Post-traumatic administration of the endogenous
complement inhibitor C1-INH significantly attenuates neurological
motor deficits associated with traumatic brain injury.

P359

Haemostatic activation markers in brain injury for mortality
prediction: comparison of blood samples from the jugular
bulb and central venous line

N Baffoun1, C Kaddour1, Z Haddad2, R Souissi1, W Gdoura1, 
L Skandrani1
1National Institute of Neurology, Tunis, Tunisia; 2CHI St-Cloud,
France
Critical Care 2007, 11(Suppl 2):P359 (doi: 10.1186/cc5519)

Objective Our aim was the identification of coagulopathy disorders
and their relation to outcome in severely head-injured patients.
Patients and methods A prospective study was performed June
2003–March 2004. Included were critically ill patients with
isolated closed severe head trauma. Collected data were
demographics, management prior to and during ICU hospitalization
(sedation, catecolamin drug use, blood product transfusion,
intracranial pressure monitoring, neurosurgical emergency surgery,
etc.), CT-scan results, daily worst Glasgow Coma Scale score, and
admission Simplified Acute Physiology Score II. We inserted an
arterial catheter for invasive pressure monitoring, a central venous
catheter and a unilateral jugular bulb in front of the most damaged
brain hemisphere (cf. CT scan). Jugular bulb thrombosis was
prevented by continuous infusion of 2 ml/hour isotonic serum
without heparin. Blood samples were obtained simultaneously from
the central venous line (K) and jugular bulb (B) at admission,
6 hours, 12 hours, and then in case of neurological aggravation or
daily until 5 days. We measured the platelet count, prothrombin
time (PT), activated partial thromboplastin time (ACT), fibrinogen
concentration (Fib), prothrombin fraction 1+2 (F) and thrombin–
antithrombin complex (TAT). During the study only central venous
blood samples (PT, ACT, Fib and platelet count) could be available
if necessary. Otherwise blood samples were centrifuged and
preserved refrigerated for post-hoc analysis. Statistical analysis
was by Student’s t test, paired t test for paired results and analysis
of variance. Significance was set as P < 0.05.
Results The total n = 19; nine survivors (S) and 10 deaths (NS).
No differences between S and NS in demographics, management
modalities, admission GCS score (7 ± 3), CT scan, and SAPS II
(27 ± 10 vs 30 ± 17, P = 0.69). The B vs simultaneous K platelet
count was significantly lower in all drawn blood samples, with a
trend to decrease over time. S vs NS at day 2 and day 3: 191 ± 60
vs 125 ± 35 (P = 0.017). The admission B thrombin fraction was
higher in NS (1,000 ± 209 vs 460 ± 294, P = 0.014). The B day 1
TAT was higher in NS: 45 ± 20 vs 9.6 ± 12 (P = 0.02). No
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difference was observed for other tests between B vs K and S vs
NS for different paired tests.
Conclusion Procoagulant factors (F and TAT) are valuable
prognostic factors at day 1 in closed isolated severe head trauma.

P360

Decreased adrenal reserve after etomidate use in
moderate and severe traumatic brain injuries: clinical
implications

P Archambault, C Dionne, G Lortie, F LeBlanc, A Rioux, 
G Larouche
Université Laval, Ottawa, Canada
Critical Care 2007, 11(Suppl 2):P360 (doi: 10.1186/cc5520)

Introduction Etomidate is frequently used as an anesthetic
induction agent for the intubation of head trauma patients. The
clinical impacts of its effects on adrenal function are still debated.
Therefore, the primary objective of this study was to determine the
length and the importance of relative adrenal insufficiency (RAI)
induced by etomidate in moderate and severe head trauma
patients. The secondary objective was to determine etomidate’s
impacts on mortality and morbidity.
Methods This was a prospective cohort study. Eligible participants
were intubated moderate to severe head trauma victims aged
≥16 years, admitted to a tertiary neurosurgical reference center
between August 2003 and November 2004. The induction agent
was chosen by the physician, without any interference by the
research team. ACTH stimulation tests (250 µg) were performed
on each participant 24, 48 and 168 hours after intubation.
Responses to these tests were compared between patients having
received etomidate and those having received other induction
agents. RAI was defined as an increase in cortisol levels
<248.4 nmol/l (9 µg/dl), measured 30 and 60 minutes after the
ACTH test. Logistic and linear regression models were used to
compare the two groups of patients on outcomes while taking
confounding variables into account.
Results Of the 94 patients eligible for this study, 40 (43%) gave
consent for the ACTH test. Fifteen patients received etomidate and

25 received other induction agents. At 24 hours, there were no
differences in the risk of RAI between groups (OR: 1.8, 95% CI:
0.2–14.3, P = 0.59). However, at 24 hours, subjects who had
received etomidate presented a significantly lower response to
ACTH (adjusted mean: 299.7 nmol/l, 95% CI: 214.7–384.8
versus 503.8 nmol/l, 95% CI: 441.8–565.7, P = 0.002). At 48 and
168 hours, this difference disappeared. For all eligible patients
(n = 94), there was a nonsignificant trend to an increased risk in
mortality in the etomidate group (adjusted OR: 4.8, 95% CI:
0.6–35.9, P = 0.13). Etomidate was also associated with an
increased risk of pneumonia (adjusted OR: 3.0, 95% CI: 1.0–8.7).
The adjusted length of stay in the ICU was not different between
groups. At discharge, the adjusted motor Functional Independence
Measure (FIM) score was significantly lower for subjects in the
etomidate group (32 versus 56, P = 0.002), but the adjusted
cognitive FIM score was not significantly different in the etomidate
group (35 versus 46, P = 0.15).
Conclusions These results suggest that etomidate decreases the
adrenal reserve up to 24 hours after a single dose used for the
intubation of traumatic brain injury victims. A larger randomized
controlled trial is needed to further assess etomidate’s impacts on
morbidity and mortality.

P361

Differential effects of in vitro norepinephrine on platelets
isolated from severely traumatic brain injured patients

J Stover, C Tschuor, L Asmis, J Fehr, R Stocker
University Hospital Zürich, Switzerland
Critical Care 2007, 11(Suppl 2):P361 (doi: 10.1186/cc5521)

Introduction Norepinephrine used in clinical routine to increase
cerebral perfusion following severe traumatic brain injury (TBI) may
activate α2-adrenergic receptors on platelets, thereby possibly
promoting formation of microthrombosis and inducing additional
brain injury.
Methods Arterial and jugular venous platelets isolated from nor-
epinephrine-receiving TBI patients (n = 11) and healthy volunteers
(n = 36) (cubital vein) were stimulated in vitro with increasing
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Figure 1 (abstract P361)

Changes in P-selectin expression in isolated platelets stimulated in vitro with norepinephrine or TRAP. +P < 0.001 vs low-dose norepinephrine; 
*P < 0.001 vs controls; #P < 0.001 vs first week.
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norepinephrine concentrations (10 nM to 100 µM); thrombin
receptor activator peptide (TRAP) served as positive control.
P-selectin expression was determined by flow cytometry (FACS).
Results Following TBI, the number of unstimulated P-selectin-
positive platelets was significantly decreased in the second week
by 60%. During the first week, the in vitro stimulatory effect was
significantly reduced; in the second week, however,
norepinephrine-mediated effects exceeded changes in controls
and the first week without a difference between arterial and jugular
venous platelets (Figure 1).
Conclusion Clinically relevant norepinephrine concentrations are
<25 nM. The present in vitro effects occurred at concentrations
>500 nM. Thus, a clinically relevant impact appears doubtful.

P362

Ultrasound evaluation and risk factors for deep venous
thrombosis in the intensive care unit

M Boddi1, G Palano1, L Tini2, E Lucente1, S Berardino1, 
G Gensini1, A Peris3

1Department of Medical and Surgical Critical Care, Careggi
Teaching Hospital, Florence, Italy; 2Department of Emergency,
Careggi Teaching Hospital, Florence, Italy; 3Ospedale Firenze,
Florence, Italy
Critical Care 2007, 11(Suppl 2):P362 (doi: 10.1186/cc5522)

Introduction Critically ill patients have a high risk of deep venous
thrombosis (DVT); however, data about prevalence and specific
risk factors in the ICU are conflicting and the prophylaxis strategies
are still debated. The aim of this study is to evaluate the prevalence
and risk factors in an ICU dealing with trauma and major surgery
patients.
Methods We analyzed retrospectively data from 142 patients
(56 ± 4.8 years) admitted to the ICU from December 2004 to
December 2005. We recorded the history, diagnosis, SAPS II,
length of stay and major surgery. All patients received standard
prophylaxis (LMWH and/or mechanical device). For DVT diagnosis,
three compression ultrasound examinations were performed 
(a) within 48 hours from admission, (b) between the 7th and 10th
days, and (c) between the 13th and 16th days. The prevalence of
DVT and risk factors were analyzed in the whole population and in
the following four groups: ≤40 years, 41–59 years, 60–74 years,
and ≥75 years. Statistics were determined using the Wilcoxon and
Mann–Whitney tests and one-way analysis of variance on SPSS;
P < 0.5 was considered significant.
Results One hundred (70%) patients were admitted after trauma,
15 (11%) after surgery, 27 (19%) had medical disease. The mean
SAPS II score was 45 ± 15.8 and the mean length of stay was
16 ± 9.84 days. Forty-six patients (32.4%) underwent major surgery
following the admission. The overall prevalence of DVT was 17.6%
(25/142), with the highest value (24.2%) in the 41–59 year group
and the lowest (12.5%) in the >75 year group. DVT was
diagnosed in 12/25 (48%) patients within 48 hours from ICU
admission and 7/12 (58.3%) had direct venous injury. DVT was
diagnosed in the remaining patients after 10 days. We found a
strong relationship (P < 0.06) between the length of stay and DVT
in patients <40 years. No significant differences were found
regarding SAPS.
Conclusions In our experience, DVT prevalence showed a bimodal
occurrence with a first short-term peak, associated with traumatic
or surgical direct venous injury, and a medium-term peak, related to
an ICU stay >10 days. We therefore oriented the surveillance to
the two periods of higher DVT prevalence and we established a
training program for the intensivists to improve DVT detection,
relieving the workload of the ultrasound physician.

P363

Venous thromboembolism in critically ill patients:
incidence and risk factors

S Al-Qahtani, Y Arabi, A Aldawood
KIing Abdulaziz Medical City, Riyadh, Saudi Arabia
Critical Care 2007, 11(Suppl 2):P363 (doi: 10.1186/cc5523)

Objective Despite the high risk of venous thromboembolism (VTE)
in ICU patients, only few studies have examined this group of
patients systematically. The objective of this study is to examine the
incidence and risk factors of VTE among critically ill patients.
Design A prospective cohort study.
Setting A closed university-affiliated ICU in a medical–surgical ICU
in the Kingdom of Saudi Arabia.
Patients We enrolled consecutive patients >12 years of age
expected to stay in the ICU >48 hours. We excluded patients on
systemic anticoagulation and patients with pulmonary embolism
(PE) or deep venous thrombosis (DVT) on admission to the ICU or
diagnosed within 24 hours of ICU admission. We recorded a priori
defined VTE risk factors at baseline and daily. Our ICU implements
a protocol for thromboprophylaxis, which is based on the evidence-
based ACCP guidelines. The primary endpoint was the develop-
ment of PE or DVT during ICU stay. We used multivariate
regression analysis to determine independent predictors of VTE.
Results Among 277 patients with a mean APACHE II score of 25
(+9), the incidence of VTE was 7.2% (95% CI 4.5–11). We
identified three independent risk factors for ICU-acquired venous
thromboembolism: stroke (OR 13.5, 95% CI 1.9–91.19,
P = 0.008), femur fracture (OR 4.5, 95% CI 1.18–17.10, P = 0.03),
and ICU length of stay (OR for each day increment 1.08, 95% CI
1.03–1.13, P = 0.002). After adjustment for APACHE II score,
VTE was an independent predictor of mortality (OR 3.85, 95% CI
1.11–13.29, P = 0.03).
Conclusions VTE is relatively common complication in critically ill
patients and is associated with significant mortality. Longer ICU
length of stay, stroke and femur fracture are independent
predictors for VTE. These findings suggest the need for more
effective prophylactic strategies in critically ill patients, especially
those at higher risk.
Acknowledgement Sponsored by Sanofi-Aventis.
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Cardiopulmonary bypass and recombinant plasminogen
activator for treatment of experimental fatal pulmonary
embolism

B Kjærgaard, M Risom, S Risom Kristensen, E Tonnesen, 
A Larsson
Aalborg–Aarhus University Hospital, Aalborg, Denmark
Critical Care 2007, 11(Suppl 2):P364 (doi: 10.1186/cc5524)

Introduction Treatment of acute pulmonary embolism (PE), which
causes life-threatening cardiovascular collapse, consists of cardio-
pulmonary bypass (CPB) and surgical embolectomy. In the clinical
practice we have treated three such patients successfully with
CPB but instead of performing embolectomy, administered
recombinant plasminogen activator (rt-PA). We studied the
circulatory and respiratory effects of this combined therapy in a
swine model of fatal PE.
Methods Seven pigs (90 kg) were i.v. anesthetized, muscle
relaxed, tracheally intubated and mechanically ventilated (FiO2
1.0). A large-bore catheter (8.5 mm ID) was inserted in the right
superior vena cava (for injection of preformed blood clots) and
large-bore catheters were inserted in the inferior vena cava via the
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femoral vein and in the aorta via the femoral artery (for accessing
CPB). We measured the mean arterial pressure (MAP), cardiac
output (CO), blood gases, pulmonary artery pressure measurement
(MPAP), end-tidal CO2 (ETCO2) and blood gases. Then 100–300 ml
preformed blood clot was injected until systemic circulation
ceased (systolic AP < 25 mmHg) and a 5 minute interval was
allowed before start of CPB (flow rate of 4–7 l/min). Heparin
10,000 IE was given i.v., and rt-PA 10 mg as an i.v. bolus followed
by an i.v. infusion of 90 mg during 2 hours. If ventricular fibrillation
occurred, cardioversion was performed. After 145 minutes CPB
was weaned off, and after a further 40 minutes the experiment was
ended.
Results Five animals developed ventricular fibrillation, while one
animal maintained sinus rhythm. After 2 hours all animals had an
atrial rhythm. All animals were weaned off CPB and survived until
the experiment ended. Values before and after CPB (median and
range): MAP (mmHg) 101 (86, 109) and 75 (46, 106); CO (l/min)
6.7 (4.3, 11) and 6.2 (3.6, 7.8); MPAP (mmHg) 22 (19, 36) and 44
(31, 82) (P < 0.05); ETCO2 (kPa) 5.6 (4.3, 6.5) and 2.7 (2.4, 3.4)
(P < 0.05); PaCO2 (kPa) 6.2 (5.2, 7.2) and 6.1 (4.8, 7.3); PaO2
(kPa) 60 (50, 68) and 55 (30, 64).
Conclusion Although there were signs – that is, lower ETCO2 and
higher MPAP – that the massive clots were not fully dissolved after
185 minutes, this study shows that fatal PE might be treated
effectively with CPB combined with simultaneous thrombolytic
therapy.

P365

Early coagulation alterations in intensive care unit burn
patients

A Lavrendieva1, A Parlapani2, O Thomareis2, V Soulountsi1, 
M Bitzani1
1G Papanikolaou Hospital, Thessalonki, Greece; 2Aristotelian
University, Thessaloniki, Greece
Critical Care 2007, 11(Suppl 2):P365 (doi: 10.1186/cc5525)

Introduction The aim of the present study was to examine the
coagulation status of patients in the early postburn period.
Method Coagulation and fibrinolysis parameters – antithrombin III
(ATIII), protein C (PrC), free protein S (PrS), plasminogen activator
inhibitor 1 (PAI-1), tissue plasminogen activator (t-PA), thrombin/
antithrombin complexes (TAT), plasmin/α2-antiplasmin complexes
(PAP), fibrin degradation products (F1.2) – were measured at ICU
admission and daily thereafter for 7 postburn days.
Results Forty-five patients were screened (nine nonsurvivors and
36 survivors). All patients had a severe deficiency of the coagulation
inhibitors on admission. Normalization of these levels in survivors
was observed at day 5 for ATIII and PrC, and at day 7 for PrS. All
patients had elevated levels of TAT during the investigation period,
but survivors had significantly lower levels at day 7 postburn
(6.2 ± 4.9 vs 11.4 ± 4.5 µg/l, P < 0.001). PAP levels were within
the physiological range in both groups at day 1, remained low in
survivors, but raised significantly in nonsurvivors at day 7
(19.3 ± 14 vs 80.9 ± 10.4 µg/l, P = 0.003). The t-PA levels were
elevated permanently only in nonsurvivors. PAI-1 levels were
increased at day 1 in both groups, but returned to normal values at
day 5 in survivors. The degree of PAI-1 activation was significantly
higher than this of t-PA. The F1.2 levels were permanently elevated
and there was no statistically significant difference in both groups.
A logistic regression analysis revealed that ATIII and PrS at days 3,
5 and 7, Pr C at days 5 and 7 and TAT at day 7 were independent
predictors of ICU death.
Conclusion Our findings indicate the early postburn dysregulation
of the hemostatic balance characterized by the activation of

procoagulant pathways. Although fibrinolysis was activated, the
inhibition of fibrinolysis was more pronounced at the same time.
The coagulation inhibitors and TAT levels seem to be early
predictors of ICU mortality.
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Fibrinolysis during cardiopulmonary bypass detected with
thromboelastography

R Hájek, J Ruþþièèková, I Fluger, P Nemec, V Bruk
University Hospital, Olomouc, Czech Republic
Critical Care 2007, 11(Suppl 2):P366 (doi: 10.1186/cc5526)

Background Fibrinolysis is a common haemostatic abnormality
during cardiopulmonary bypass (CPB). Thromboelastography
(TEG) is a good method to detect both types of fibrinolysis.
Methods Four hundred and ninety-nine patients during mild
hypothermic CPB and elective surgery were monitored with TEG
(first – after the induction, second – after rewarming, third and
fourth – at the end of surgery native and heparinase). No prophy-
lactic antifibrinolytics were used. The data of the study group were
compared with a control group of 475 patients monitored only with
laboratory tests (fibrin degradation products (FDP) and D-dimers).
Peroperative and 24 hour postoperative bleeding, number of
transfusions, aprotinin therapy and reexploration were recorded.
Correlations between the presence of fibrinolysis and blood loss
and transfusion therapy and between aprotinin administration and
blood loss and number of transfusions were evaluated.
Results The frequency of fibrinolysis measured with TEG: before
surgery – primary 3.2%/secondary 3.4%; during CPB – 18.8%/
0.6%; after surgery – 7%/1.4% (native), 5.6%/0.6% (heparinase).
Positivity of fibrinolysis detected with laboratory tests was 100%.
The TEG parameter of fibrinolysis (LY30) was significantly
increased during CPB. The frequency of aprotinin administration
was 12% TEG, 10.7% control. No correlation between positivity of
fibrinolysis and peroperative/postoperative blood loss and red
blood cells (RBC) and fresh frozen plasma (FFP) transfusions were
recorded. No correlation between aprotinin administration and
peroperative/postoperative blood loss and RBC transfusion were
recorded. Positive correlation between aprotinin administration and
FFP transfusion were recorded
Conclusion Fibrinolysis was usually not associated with serious
bleeding. There was no positive effect of aprotinin to reduce
bleeding or transfusion therapy. FDP and D-dimers are not useful
to detect fibrinolysis in cardiac surgery.
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ROTEM® thrombelastometry in on-pump cardiac surgery
patients

W Loesche, M Reinhöfer, C Macholdt, M Brauer, D Barz, 
J Gummert, K Reinhart, G Marx
University Hospital Jena, Germany
Critical Care 2007, 11(Suppl 2):P367 (doi: 10.1186/cc5527)

Objective On-pump cardiac surgery is frequently associated with
intraoperative and postoperative bleeding. ROTEM® is a point-of-
care method that reflects more closely than classical coagulation
tests the in vivo haemostatic activity and the contribution of
fibrinogen and platelets to clot formation.
Methods Two hundred and thirty-two patients (age 67 ± 10 years)
with elective cardiac surgery and an on-pump time >45 minutes
(mean 112 ± 52 min) were enrolled. Preoperative, intraoperative
and postoperative blood samples were taken from an arterial
catheter. The ROTEM® system and test kits (INTEM/EXTEM =
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intrinsic/extrinsic activation, FIBTEM = EXTEM with inhibition of
platelets) were from Pentapharm (Munich, Germany).
Results The clot formation time (CFT) and maximum clot firmness
(MCF), but not clotting time (CT), were strongly correlated with the
fibrinogen level and platelet count. Surgery significantly decreased
the ROTEM haemostatic activity, but normalised in most patients
within 14–18 h postoperation. Lowest haemostatic activity (dramatic
increase in CT and CFT, decrease in MCF) was seen when
patients were conditioned for cardiopulmonary bypass (CPB).
When connected to CPB, the CT and CFT turned to recover, but
MCF in EXTEM remained unchanged and MCF in FIBTEM
declined further indicating continuous fibrinogen consumption. In
12.5% of our patients, postoperative MCF in FIBTEM was reduced
to <9 mm indicating a need for fibrinogen substitution. Low
postoperative activity in ROTEM® was associated with high
postoperative blood loss. The positive predictive value and
specificity of FIBTEM were clearly superior to those of the APTT or
prothrombin time. Up to 50% of patients had an increased
haemostatic activity in preoperative ROTEM®, and this was
associated with high CRP levels and intraoperative blood loss.
Conclusions ROTEM® is a valuable tool to monitor peri-
operative haemostasis. The decreases in haemostatic activity
and postoperative bleeding are probably due to anticoagulant
therapy as well as fibrinogen and platelet consumption. An
increased preoperative haemostatic activity is probably due to
an acute phase reaction associated with advanced athero-
sclerosis, and the high intraoperative bleeding in these patients
might be due to the atherosclerotic vessels rather than due to an
insufficient haemostasis.

P368

Low-frequency hemoviscoelastography: a new method of
diagnostics for coagulation disorders after abdominal
surgery for cancer

O Tarabrin, A Simovskykh, V Mazur, A Suhanov
Odessa Medical University, Marine Central Hospital, Odessa,
Ukraine
Critical Care 2007, 11(Suppl 2):P368 (doi: 10.1186/cc5528)

Background Venous thromboembolism is one of the most
common complications seen in cancer patients and may be due to
the hypercoagulable state of the malignancy and to its surgical
treatment. Despite clinical and laboratory evidence of perioperative
hypercoagulability, there are no consistent data evaluating the
extent, duration, and specific contribution of platelets and pro-
coagulatory proteins by in vitro testing.
Materials and methods Patients undergoing planned curative
open surgery for abdominal cancer received MEDNORD (Ukraine
Co analyser) analysis (HVG), a viscoelastic test that measures clot
formation and includes information on the cellular, as well as the
plasmatic coagulation, system. We examined the efficacy of a
variety of coagulation tests. A complete coagulation screen,
activated clotting time, thromboelastography (TEG) and hemo-
viscoelastography (HVG) were performed before surgery, at the
end of surgery, and on postoperative days 1, 2, 3, and 7; they were
analyzed for the reaction time and the maximal amplitude (MA). We
tested the hypothesis that the parallel use of standard TEG and
HVG can assess postoperative hypercoagulability and can
estimate the independent contribution of procoagulatory proteins
and platelets.
Results and discussion We calculated the elastic shear modulus
of standard MA (Gt) and HVG MA (GH), which reflect the total clot
strength and procoagulatory protein component, respectively. The
difference was an estimate of the platelet component (Gp). There

was a 14% perioperative increase of standard MA, corresponding
to a 48% increase of Gt (P < 0. 05) and an 80–86% contribution
of the calculated Gp to Gt. We conclude that serial standard TEG
and the HVG viscoelastic test may reveal the independent
contribution of platelets and procoagulatory proteins to clot
strength. Using multiple linear regression, all coagulation, TEG and
HVG variabilities were used to model postoperative hyper-
coagulation. Results showed that some components of the TEG
failed to identify hypercoagulation (r < 0.2, P > 0.75). However,
three components of the routine coagulation assay, including
bleeding time, prothrombin time, and platelet count, could be
modeled to show prolonged postoperative hypercoagulability
(P < 0.01). We conclude that all components of the HVG test
reflect postoperative coagulopathies; these results suggest that it
may be useful in determining the coagulation status of cancer
patients perioperatively.
Conclusion Postoperative hypercoagulability, occurring for at least
1 week after major cancer abdominal surgery, may be
demonstrated by the HVG viscoelastic test. This hypercoagulability
is not reflected completely by standard coagulation monitoring and
TEG, and seems to be predominantly caused by increased platelet
reactivity. The HVG viscoelastic test provides a fast and easy to
perform bedside test to quantify in vitro hemocoagulation.
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Thrombin generation in on-pump cardiac surgery patients

W Loesche, V König, V Oberle, M Reinhöfer, D Barz, 
J Gummert, G Marx
University Hospital Jena, Germany
Critical Care 2007, 11(Suppl 2):P369 (doi: 10.1186/cc5529)

Objective Cardiac surgery, in particular when done with cardio-
pulmonary bypass (CPB), is frequently associated with excessive
intraoperative and postoperative bleeding. Here we employed the
Technothrombin® thrombin generation assay (TGA; Technoclone)
to monitor changes in perioperative haemostasis.
Methods One hundred and forty-eight patients (age 66.0 ± 9.8 years;
103 males, 45 females) with elective cardiac surgery and a CPB
time >45 minutes (mean 114 ± 56 min) were enrolled. Arterial
blood samples were obtained preoperative, postoperative and
14–18 hours postoperative and centrifuged within 30 minutes
after withdrawal, for 5 minutes at 5,000 x g. Plasma samples were
stored until analysis at –80°C. Thrombin generation (TG) induced
by the TGA RC low reagent (71.6 pM tissue factor) was measured
in 96-well multiplates using a FLUOstar OPTIMA fluorescence
reader (MWG Labtech).
Results Due to cardiac surgery, the lag-phase and time-to-peak of
TG increased by 45% and 35%, respectively. In parallel, the peak
thrombin concentration and maximum slope decreased by 42%
and 51%, respectively (P < 0.000001). Both the lag-phase and
time-to-peak returned to basal values within 14–18 hours
postoperative, but the peak thrombin and maximum slope of TG
rose above the preoperative values (+39% and +68%, P < 0.0005).
The on-pump time was positively correlated with lag phase and
time to peak and negatively correlated with peak thrombin and
maximum slope of TG when measured at 14–18 hours
postoperative, but there was no correlation at early postoperative.
With respect to classical coagulation parameters, significant
correlations were observed between TG and activated partial
thromboplastin time at preoperative and 14–18 hours post-
operative, and between TG and prothrombin time at postoperative
(P < 0.025–0.001). At 14–18 hours postoperative there was a
significant correlation of TG with platelet as well as leukocyte
counts (P < 0.025).
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Conclusions The data provide clear evidence for a marked
decrease of TG during cardiac surgery followed by an excess
restoration in the postoperative phase. Factors released from
platelets and leukocytes (procoagulant microvesicles?) might
contribute to the enhanced TG observed at 14–18 hours
postoperative.

P370

Activated clotting time (ACT) measuring devices used
simultaneously do not produce correlating ACT values

I Lorenz, J Walde, C Schnuerer, C Velik-Salchner, P Muessigang,
A Jeller, J Engel, R Gruber, C Falbesoner, C Kolbitsch
University Innsbruck, Austria
Critical Care 2007, 11(Suppl 2):P370 (doi: 10.1186/cc5530)

Introduction The lack of a ‘gold standard’ activated clotting time
(ACT) measuring device gives rise to the broad range of ACT
measuring devices currently on the market. The present study
focused on the inter-device and intra-device differences (for
example, reproducibility of ACT measurement) in four different ACT
measuring systems.
Methods (1) Hemochron celite tubes, (2) Aktalyke celite tubes, 
(3) Actalyke ACT-Max tubes and (4) Hemochron Junior low-range
(LR) or high-range (HR) cartridges were simultaneously filled with
blood drawn (n = 3,997) at baseline, at 3 minutes following
administration of heparin (300 IU/ kg), 5 minutes after starting
cardiopulmonary bypass (CPB), every 30 minutes during CPB and
thereafter at 15 minutes following protamine administration.
Results The ACT values measured simultaneously using four
different ACT measuring devices did not correlate with each other
at any measurement time. Reproducibility of ACT measurement (for
example, intra-device difference) was, in descending order, best for
Hemochron Junior, Actalyke ACT-Max, Hemochron celite and
Aktalyke celite.
Conclusion The Hemochron Junior ACT measuring device
showed the smallest intra-device measuring error. No correlation,
however, could be established between ACT values measured
with the four devices tested.

P371

Orgaran® use in intensive care unit patients with heparin-
induced thrombocytopenia and acute renal failure

H Magnani1, J Wester2

1NV Organon, Oss, The Netherlands; 2Onze Lieve Vrouwe
Gasthuis, Amsterdam, The Netherlands
Critical Care 2007, 11(Suppl 2):P371 (doi: 10.1186/cc5531)

Introduction Orgaran® (danaparoid sodium) is a low-molecular-
weight, nonheparin glycosaminoglycan antithrombotic that is
currently a first-line treatment for heparin-induced thrombocyto-
penia (HIT). This study reports on the safety of Orgaran® in ICU
patients suffering from HIT and acute renal failure requiring
continuous renal replacement therapy (haemofiltration).
Methods Data on 96 case reports from personal experience and
publications have been collated.
Results Nineteen females and 59 males (18 unknown gender)
with a median age of 60 years (range 22–95 years) presented with
a variety of clinical problems that either preceded or complicated
their HIT; for example, postoperative/accidental trauma or overt
bleeding in 61, sepsis/septicaemia/septic shock in 37, thrombo-
embolism in 23, multiple organ dysfunction syndrome in 14,
disseminated intravascular coagulation in eight and other miscel-
laneous serious problems in 38.

A variety of continuous extracorporeal haemofiltration circuits was
used for from 1 to 39 days (median 7 days). The Orgaran® dosing
schedule was usually initiated with a 2,000–2,500 U intravenous
bolus injection. After two step-down dose periods the subsequent
maintenance infusion was usually titrated according to each
patient’s thromboembolic and bleeding risk status. Hence most
patients received 100–400 U/hour, but 11 patients required up to
600 U/hour temporarily to control extracorporeal circuit clotting.
There were 12 minor bleeding events, occurring mostly during the
maintenance infusion rate adjustment period and which responded
to transient interruption and/or lowering of the infusion rate. Eleven
nonfatal major bleeding events occurred (four due to procedural
errors) and eight fatal major bleeds, two of which occurred 3 days
and 8 days after Orgaran® discontinuation.
Plasma anti-FXa levels were reported for 38 patients. During seven
of the eight fatal bleeding episodes the plasma anti-FXa levels
were ≥0.8 U/ml in three patients and 0.31–0.66 U/ml (that is,
within the target range) in the other four patients. The highest anti-
FXa response of 2.00 U/ml was associated with minor bleeding
from an angiomatous malformation and stopped when the
Orgaran® dose was reduced. However, of the 11 patients
receiving >400 U/hour, four suffered major bleeding (three fatal)
and two developed minor bleeding. Most of these patients
received continuous arterio-venous haemodiafiltration treatment,
which may have been a contributory factor.
Conclusions We recommend that maintenance Orgaran® infusion
rates ≥400 U/hour should be avoided unless serious circuit
clotting is grossly affecting the haemofilter life. The infusion rate
should be monitored clinically; that is, on the basis of bleeding and
circuit clotting rather than the patients’ plasma anti-FXa responses.
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High incidence of positive heparin antibodies in a
multidisciplinary intensive care unit

P Renieris, V Gerovasili, M El Ali, T Theodoridis, M Poriazi, 
A Bouhla, V Markaki, S Mentzelopoulos, D Zervakis, 
C Roussos, S Nanas
National and Kapodistrian University of Athens, Greece
Critical Care 2007, 11(Suppl 2):P372 (doi: 10.1186/cc5532)

Introduction Heparin-induced thrombocytopenia (HIT) presents with
thrombocytopenia and high risk for venous and/or arterial
thrombosis, as an adverse effect of heparin (especially unfractioned).
Objective To evaluate the incidence of positive heparin antibody
test in a multidisciplinary ICU for the time period from 1 January
2006 to 30 November 2006.
Methods We retrospectively reviewed all laboratory tests for
heparin antibodies requested from the ICU for the period of
January–November 2006. The blood sample analysis was
performed with ELISA (Asserachrom® HPIA; Diagnostica Stago,
Asnieres, France). All patients were receiving fractioned heparin
subcutaneously for prophylaxis when indicated. Flushes of
unfractioned heparin for catheter clotting prevention were given to
all patients. Only ‘positive’ results were considered positive, whilst
‘mildly positive’ and ‘uncertain’ results were considered negative.
Results During that period 300 patients were admitted (mean
duration of stay 15 ± 16 days, 25th–75th 4–22 days) to the ICU;
212 (70%) were survivors and 88 (30%) were nonsurvivors. All
patients presenting with thrombocytopenia (platelets < 150,000/dl)
or showing a decrease >50% of their admission day’s platelet
count were checked for heparin antibodies. Fifty-two samples
retrieved from 48 patients suspicious for HIT were sent for heparin
antibody analysis. Of the 48 patients checked, 15 (31%) were
positive and 33 (68%) negative. Three of the suspected patients
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suffered from pulmonary embolism and were treated with
therapeutic doses of i.v. unfractioned heparin; one of them was
positive for heparin antibodies.
Conclusions Our findings of high incidence of positive heparin
antibodies may be mainly due to unfractioned heparin flushes. The
use of heparin flushes with the new high-quality catheters and
monitoring kit is questionable. Since low doses of unfractioned
heparin could lead to the production of antibodies and subsequently
to HIT, further studies should examine the risk-to-benefit ratio of the
use of unfractioned heparin flushes in the ICU setting.

P373

The beneficial effects of the combined methods in
investigating heparin-induced thrombocytopenia

M Kounavi, C Kroupis, E Iliopoulou, D Karamichaleli, 
M Katafigioti, D Degiannis, E Melissari
Onassis Cardiac Center, Athens, Greece
Critical Care 2007, 11(Suppl 2):P373 (doi: 10.1186/cc5533)

Introduction Heparin-induced thrombocytopenia (HIT) type II is a
serious side effect of unfractionated heparin, and to a lesser extent
of low molecular weight heparins. It is mediated through an
immunological mechanism and leads to platelet aggregation. The
occurrence of HIT varies between 1% and 5% of patients
receiving heparin while a substantial fraction of them develops
thrombosis (HITT). Therefore, the rapid and accurate confirmation
of HIT is a necessity. The laboratory assays available for the
diagnosis of HIT are based on the detection of HIT antibodies or
on the consequences of platelet activation (functional methods).
The purpose of the present study was to improve HIT recognition by
the combination of functional and antibody determination assays.
Patients and methods Fifty-three patients who presented
thrombocytopenia while receiving UFH or LMWH participated in
the study. A positive control group consisting of 15 patients known
to suffer from HIT/HITT was used. Moreover, 19 healthy donors
never exposed to heparin also participated as negative controls.
The antibody determination was performed using commercially
available ELISA kits. In the functional assays, heparin-induced
platelet activation/aggregation (HIPA) and a flow cytometric
technique for the detection of platelet microparticles released
(platelet microparticle assay) were included.
Results None of the negative control individuals were positive in
any applied method. In contrast, all the participants of the positive
control group were found positive in all the applied methods. No
HIT was detected in 10 patients, seven of whom were pregnant at
different gestational ages. The remaining 43 thrombocytopenic
patients were positive in HIPA and 39 of them were also positive in
the platelet microparticle assay. Out of these 39 patients, only 16
were positive in the ELISA assay.
Conclusions In comparison with the HIT-positive control group it
was found that: a 92% agreement existed between the HIPA and
the platelet microparticle assays; and the positive results in the
ELISA were significantly lower than in the functional methods,
indicating perhaps a lower sensitivity (41% agreement with the
flow cytometric method and 32% with the HIPA). Therefore, the
combination of functional and antibody detection assays is a
necessity for the HIT recognition since both could give pseudo-
positive or pseudo-negative results.
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The effect of male-donor-only fresh frozen plasma on the
incidence of acute lung injury following ruptured
abdominal aortic aneurysm repair

S Wright, S Athey, A Leaver, C Snowden, D Roberts, 
J Clarkson, C Chapman, J Wallis
Freeman Hospital and National Blood Service, Newcastle upon
Tyne, UK
Critical Care 2007, 11(Suppl 2):P374 (doi: 10.1186/cc5534)

Introduction Transfusion-related acute lung injury, due to plasma
from female donors containing antileucocyte antibodies, may be a
common contributor to the development of acute lung injury (ALI)
in the critically ill. In July 2003 the English Blood Service stopped
using female donor plasma for the manufacture of fresh frozen
plasma (FFP). Patients undergoing repair of ruptured abdominal
aortic aneurysm (AAA) receive large amounts of FFP and often
develop ALI. We investigated whether the change to male-only
FFP was associated with a change in incidence of ALI in patients
undergoing emergency AAA repair.
Methods A before-and-after, observational, single-centre study.
Subjects were 211 consecutive patients undergoing open repair of
a ruptured AAA between 1998 and 2006. Primary outcome was
development of ALI (PaO2/FiO2 < 300 and bilateral pulmonary
infiltrates on chest X-ray) in the first 6 hours after surgery.
Secondary outcomes were time to extubation, and survival at
30 days. Chest X-rays were examined independently by two
radiologists who were blinded to the study hypothesis.
Results One hundred and twenty-nine patients were operated on
before and 82 after the change in FFP procurement. Groups were
well matched, with respect to age, sex, co-morbidities and severity
of illness, and received similar volumes of i.v. fluids and blood
products from admission to 6 hours postoperatively (mean units of
FFP, 8.6 before and 8.39 after, P = 0.833). The maximum tidal
volume, PEEP, and CVP were similar in both groups.
Norepinephrine was given to 8.5% of patients in the before group
compared with 24.4% after (P = 0.001), otherwise inotrope use
was similar. Primary outcome: there was significantly less ALI
following the change to male-only FFP (36% before vs 21% after,
P = 0.042). Secondary outcomes were not statistically different
between groups; however, patients with ALI in either group had a
poorer 30-day survival (59% vs 80%, P = 0.005).
Conclusion Exclusion of female-donor FFP was associated with a
statistically significant reduction in the incidence of ALI in patients
undergoing repair of a ruptured AAA.

P375

A biochemical comparison of Octaplas with a universally
applicable development product (Uniplas) and single-
donor fresh-frozen plasmas subjected to methylene-blue
dye and white-light treatment

A Heger, J Römisch, T Svae
Octapharma PPGmbH, Vienna, Austria
Critical Care 2007, 11(Suppl 2):P375 (doi: 10.1186/cc5535)

Introduction The aim of this study was to perform an extensive
biochemical comparison of the pharmaceutically licensed
coagulation active plasma Octaplas with an identical, but
universally applicable, development product (Uniplas) and single-
donor fresh-frozen plasma (FFP) units subjected to a medical
device treatment using a combination of methylene-blue dye and
subsequent white-light exposure (MB plasma).
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Methods Twenty-four batches of Octaplas of different blood
groups and different plasma sources, three batches of Uniplas
(both products manufactured by Octapharma PPGmbH, Vienna,
Austria) and 20 random commercially available bags of MB plasma
of different blood groups were analysed. Beyond the global
coagulation parameters, the activities of coagulation factors and
protease inhibitors, as well as plasminogen, activated factor VII,
plasma turbidity and lipid components, were quantified.
Results Similar to Octaplas, Uniplas showed standardised levels
of coagulation factors, plasminogen and protease inhibitors
(decreased protein S and antiplasmin activities) according to the
product specifications. MB plasma revealed fibrinogen levels close
to or below the physiological range (<1.5 mg/ml). Coagulation
factor activities in single MB plasma units both below and above
the normal ranges for FFP were found in this study, reflecting the
considerable variability of clinically important plasma proteins.
Moreover, MB plasma revealed a higher turbidity after thawing,
probably due to the elevated lipid parameters.
Conclusion This study showed that there are significant differences
in the biochemical characteristics between Octaplas and MB
plasma, while Uniplas revealed the same high quality as Octaplas.
The variability of several plasma proteins in the 20 individual MB
plasma units tested was high compared with Octaplas/Uniplas. For
plasma prescribers and physicians it is also important to consider
the significant loss of functional fibrinogen in MB plasma when
planning and monitoring the treatment of severely ill patients.

P376

Octaplex in routine clinical use for prophylaxis and therapy
of bleeding in patients with prothrombin complex factor
deficiency

T Franken1, W Rees2, N Hübner2, J Albers3, B Gansera4, M Uhl5,
C Niessner6, B Sedemund-Adip7, T Tödter8

1Octapharma GmbH, Langenfeld, Germany; 2Schüchtermannklinik,
Bad Rothenfelde, Germany; 3Klinikum der Joh Gutenberg Universität,
Mainz, Germany; 4Städt Krankenhaus München-Bogenhausen,
München, Germany; 5Klinikum Starnberg, Germany; 6Diakonissen
Krankenhaus, Karlsruhe, Germany; 7Universitätsklinikum Lübeck,
Germany; 8Albertinen-Krankenhaus, Hamburg, Germany
Critical Care 2007, 11(Suppl 2):P376 (doi: 10.1186/cc5536)

Introduction Octaplex is a new prothrombin complex concentrate
that is indicated for treatment or perioperative prophylaxis of
bleeding in patients with deficiency of the prothrombin complex
coagulation factors, such as deficiency caused by treatment with
vitamin K antagonists or by liver failure, when rapid correction of
bleeding is required. The study was conducted to demonstrate
both prevention of bleeding and achievement of haemostasis in
acute bleeding and to obtain further information about the safety of
administration of Octaplex.
Methods One hundred and one patients were included in this
observational study with determination of the INR as part of routine
clinical management. The endpoint of this study was perioperative
prophylaxis of bleeding or successful treatment of acute bleeding
according to clinical signs.
Results The total dose administered per patient varied from 5.6 to
63.5 IU/kg bodyweight with a median dose of 20.4 IU/kg bodyweight.
The median infusion rate was 3 ml/minute; in some cases up to
10 ml/minute were administered without any adverse reactions. The
administration of Octaplex reduced the INR on average from 2.3 to
1.5. Infusion of 25 IU Octaplex per kg body weight resulted in an
average decrease of about 1.2 in INR. A subgroup analysis of those
patients with a postinfusion measurement within 1 hour after
application of Octaplex showed a fast onset of action. The

investigators evaluated the overall efficacy of Octaplex in 84.2% of
cases as ‘very good’ and in 14.9% of cases as ‘moderate’. No
adverse drug reactions or interactions were reported.
Conclusions Octaplex is effective in perioperative prophylaxis of
bleeding in patients with a coagulation deficit caused by treatment
with vitamin K antagonists. Octaplex is also effective in treatment
of acute bleeding. Octaplex was well tolerated, with no adverse
reactions being reported during the study.

P377

Reversal of oral anticoagulation with prothrombin complex
concentrate (Octaplex)

H Riess1, A Meier-Hellmann2, J Motsch3, M Elias4, F Kursten5, 
C Dempfle6

1Charité-Universitätsmedizin Berlin, Germany; 2HELIOS Klinikum
Erfurt GmbH, Erfurt, Germany; 3Universitätsklinikum Heidelberg,
Germany; 4HaEmek Medical Center, Afula, Israel; 5Octapharma
Pharmazeutika Produktions ges.m.b.H., Wien, Austria;
6Universitätsklinikum Mannheim, Germany
Critical Care 2007, 11(Suppl 2):P377 (doi: 10.1186/cc5537)

Introduction Oral anticoagulant therapy with vitamin K antagonists
may need to be rapidly reversed if acute bleeding occurs or surgical
intervention is required. This can most effectively be achieved by
administering prothrombin complex concentrates (PCCs), which
correct the INR more quickly than fresh frozen plasma without the
problem of volume overload. Octaplex, a virus-inactivated PCC con-
taining balanced potencies of coagulation factors and the regulating
proteins C and S, was developed with the intention of making a
rapid contribution to coagulation whilst limiting the risk of thrombosis.
Methods The objective of this prospective, open-label study was
to demonstrate that Octaplex, when individually dosed, efficiently
corrects the INR within 1 hour post infusion. Sixty patients were
included, 56 of them evaluable in terms of efficacy.
Results The median total dose was 41.1 IU/kg body weight (range
15.3–83.3 IU/kg body weight). In total the mean infusion rate was
6.42 ml/minute for the first infusion. In about one-third of the
patients an average infusion rate of ≥8 ml/minute was used. The
median INR decreased from 2.8 (1.5–9.5) to 1.1 (1.0–1.9) after
10 minutes and remained at that level at measurements 30 and
60 minutes after infusion. There was a rapid increase in coagulation
factor activity within the first 10 minutes as well. This activity
remained stably elevated for at least 4–6 hours, confirming the INR
results. Of 56 patients evaluable for efficacy, for 51 (91%) the
geometric mean of postinfusion values was equal to or less than
the predetermined target INR. Overall haemostatic efficacy was
assessed as ‘excellent’ by investigators in all 56 patients. Three of
the 60 patients had minor adverse drug reactions possibly related
to Octaplex. No evidence of thrombotic side effects was observed.
Conclusions Octaplex corrects quickly, effectively and safely the
INR to a predetermined level in patients with vitamin K antagonist-
related deficiency of prothrombin complex coagulation factors.

P378

Experience of NovoSeven administration in the
management of severe haemorrhage following cardiac
surgery of nonhaemophilic patients

G Michalska, R Stanek
Clinical Hospital, Szczecin-Police, Poland
Critical Care 2007, 11(Suppl 2):P378 (doi: 10.1186/cc5538)

Introduction Severe bleeding in cardiac surgery is often difficult
to manage. The aim of this study is clinical evaluation of efficacy of
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rFVIIa in the treatment of bleeding during and after cardiac
surgery.
Patients and methods rFVIIa (NovoSeven; NovoNordisk, Bagsvaerd
Denmark) was used in 20 adult patients aged between 41 and
74 years, average BMI 25.48 ± 4.03, who underwent open heart
surgery (five coronary artery bypass surgery, two valvular surgery,
four double valve operations, five combining operations (coronary
artery bypass with valve repair) and four surgery for aortic
aneurisms) in 2004–2006. All patients had normal coagulation
parameters before surgery. We used questionnaires for indications
and effectiveness of treatment. We compared the amount of blood
lost within 12 hours before and within 12 hours after giving rFVIIa,
the dynamics of bleeding (assessed in ml/hour) before and after
treatment. We also compared the haemoglobin level, haematocrit,
number of platelets and laboratory coagulation profile parameters
before treatment, 2 hours and 12 hours after treatment.
NovoSeven was administered 5–49 minutes after neutralization of
heparin with protamin sulfate. The dosage of rFVIIa was 39.23 ±
20.70 µg/kg (range 14.45–81.35). We used Student’s t test for
statistical analysis the laboratory data prior to and after rFVIIa.
Results Indications for administration of the rFVIIa were
considered when there was a postsurgical bleeding (exceeding
400 ml/hour) in the absence of surgical sources of the bleeding
and lack of efficacy of the conventional hemostatic procedures.
After administration of the first median dose (14.45–81.35 µg/kg)
rFVIIa bleeding stopped in 11 patients. A marked decrease
occurred in seven patients during 2 hours. The average blood lost
within 12 hours before treatment was 2,510 ml and the average
blood lost within 12 hours after treatment was 1,057 ml. The
average dynamic of bleeding before treatment was 1,057 ml/hour
and 87.90 ml/hour after treatment. The reduction in transfusion
requirements was statistically significant.
Conclusions NovoSeven produces a potent haemostatic effect in
bleeding events refractory to the conventional therapy complicating
the cardiosurgical interventions, and substantially decreases the
demand for blood transfusion.

P379

Evaluation of the role of recombinant activated factor VII
(NovoSeven) as a rescue haemostatic therapy in
postcardiopulmonary bypass surgical patients

Z Chen1, V Rasiah1, A Dewhurst2

1St George’s Hospital NHS Trust, London, UK; 2St Georges
Hospital, London, UK
Critical Care 2007, 11(Suppl 2):P379 (doi: 10.1186/cc5539)

Objective Evaluation of the safety and efficacy of recombinant
activated factor VII (NovoSeven) when used as a rescue
haemostatic agent in refractory bleeding post bypass surgery.
Methods A retrospective cohort study of all postcardiopulmonary
bypass patients with uncontrolled bleeding despite conventional
treatment (platelets, fresh frozen plasma, cryoprecipitate, and
Aprotonin) who received recombinant factor VII as a rescue
therapy over 12 months in a cardiothoracic centre.
Results Eight patients received NovoSeven (90 µg/kg). Seven
achieved significant reduction in blood loss. The mean blood loss
via thoracic drains 6 hours before and 2 hours after NovoSeven
administration were 341 ml/hour vs 117 ml/hour (P = 0.01) (Figure 1).
On average, 5.3 units/patient packed red blood cells, 2 pools/
patient platelets, 19 ml/kg/patient fresh frozen plasma and 148 ml/
patient cryoprecipitate were used prior to NovoSeven
administration. Five patients required further blood transfusion with
a mean of 2.2 units/patient over the next 12 hours. Two of the eight
patients developed thromboembolic complications including portal

vein thrombosis and spinal cord infarction. Of these two, one died
secondary to coagulopathic complications post initiation of
warfarin therapy 2 weeks post surgery.
Conclusion Our results support the evidence that recombinant
factor VII is an effective haemostatic agent that can be used in
patients with uncontrolled bleeding in postcardiopulmonary bypass
surgery. Despite its high cost, there is an advantage in terms of
effectiveness to support its use. However, its potential thrombo-
embolic risk remains a concern and current evidence may restrict
its use only as a rescue therapy following failed conventional
treatment.

P380

Factor VII for intractable bleeding after cardiac surgery

A Kogan1, E Sharoni2, A Stamler2, M Stein2, B Medalion2, 
B Vidne2, E Raanani1
1Sheba Medical Center, Ramat Gan, Israel; 2Rabin Medical Center,
Petah Tiqwa, Israel
Critical Care 2007, 11(Suppl 2):P380 (doi: 10.1186/cc5540)

Introduction Recombinant activated factor VII (rFVIIa)
(NovoSeven®; Novo Nordisk, Denmark) was developed primarily
for the treatment of bleeding episodes in hemophilic patients. Little
information is available on the use of rFVIIa in other situations, such
as intractable postsurgical or post-traumatic bleeding. In the field
of cardiac surgery, only a very few cases of treatment with rFVIIa
are described. Because of the difficulty in performing randomized
trials in this setting, information based on case studies is very
valuable
Methods We studied 22 consecutive patients treated with rFVIIa
due to refractory postoperative bleeding. rFVIIa was given only
after all other options, including revision, to stop bleeding was
failed. The amount of bleeding, the number of transfused units of
red cells, platelets and other blood products were recorded both
before and after administration of rFVIIa.
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Mean hourly drain output 6 hours pre and 2 hours post NovoSeven
administration.

Table 1 (abstract P380)

Treatment Before After

Bleeding (ml/hour) 350 135

RBC 7.8 ± 2.3 1.5 ± 1.4

FFP 8.5 ± 2.4 2.5 ± 2.4

Platelets 14.5 ± 6.2 2.4 ± 2.1

Cryo 5.1 ± 1.4 0
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Results See Table 1. In all patients, bleeding was decreased
significantly. Seven of 22 patients survived and were discharged
from the hospital
Conclusion rFVIIa is effective in promoting hemostasis after
cardiac surgery. rFVIIa should be considered as a possible
treatment option in intractable bleeding treatment.

P381

Recombinant activated factor VII treatment of severe
bleeding in cardiac surgery patients: a retrospective
analysis of dosing, and efficacy and safety outcomes

M Liebl, F Masud, F Bostan, E Chi, S Pass, K Stuebing
The Methodist Hospital, Houston, TX, USA
Critical Care 2007, 11(Suppl 2):P381 (doi: 10.1186/cc5541)

This study describes patient characteristics, recombinant activated
factor VII (RF7a) dosing and clinical outcomes of cardiovascular
surgery patients treated with RF7a for intractable bleeding. Use of
RF7a for postsurgical bleeding, trauma or other uses in non-
hemophiliac patients is considered off-label in the USA. Compre-
hensive studies evaluating RF7a in cardiac surgery patients are
limited. Published reports cite success with RF7a administration in
massive intractable bleeding. However, patient selection, dosing,
efficacy, safety and pharmacoeconomic benefit remain undefined.
Patients receiving RF7a between January 2004 and September
2005 were identified via pharmacy records. Clinical databases and
electronic medical records were reviewed, collecting data
elements needed to assess study objectives. One hundred and
twenty patients were identified. Twenty-seven patients were
excluded because they lacked documentation of RF7a admini-
stration, were treated for neurologic indications or had incomplete
medical record data. Ninety-three patients were analyzed. RF7a
effectively achieves hemostasis in patients with intractable
bleeding, reducing blood product transfusions within 6 hours of
treatment (Figure 1). Our findings suggest differences in PRBC
transfusion reduction between RF7a doses. We observed no
additional reduction PRBC transfusions in patients administered
doses greater than 60–90 µg/kg (Figure 2). Effects of RF7a on

surgical re-exploration and other potential related adverse events
(stroke, AMI, VTE, etc.) are forthcoming. Our study, like others
evaluating RF7a for this indication, are limited by the retrospective
scope. Randomized trials comparing RF7a doses are under way.
Although RF7a therapy is costly, minimal reductions in surgical re-
exploration may offset the cost of RF7a therapy provided that
adverse events are not increased.

P382

The influence of severe preeclampsia on maternal cerebral
perfusion

E Shifman, A Ivshin, E Gumenuk
Republican Perinatal Center, Petrozavodsk, Russian Federation
Critical Care 2007, 11(Suppl 2):P382 (doi: 10.1186/cc5542)

Introduction The method of transcranial color scan can be used to
improve and to simplify cerebral blood flow investigations. Combi-
nation of digital wide-range neurosonography and transcranial
energetic Doppler scan provides a possibility of effective monitoring
of cerebral blood flow. The goal of this study was to analyze
cerebral flow disturbances in pregnant patients with preeclampsia.
Methods Eighty-eight patients with severe preeclampsia, age
17–32 years (mean age 26 ± 4.6 years), and 90 patients with
normal pregnancy, third trimester, without significant co-morbid
states, age 19–34 years (mean age 25.9 ± 4.2 years), were
included in the study. Patients with the following features were
excluded from both groups: potentially haemodynamically signifi-
cant stenosis or occlusion of magistral arteries of the head and
basilar region; clinical features of congestive heart failure; arrhyth-
mia. All patients underwent duplex scan of extracranial portions of
brachiocephalic arteries with a linear probe and transcranial duplex
scan (TCDS) in the area of the middle cerebral artery (MCA). By
the transtemporal approach in the MCA M1 segment we
determined the peak systolic flow velocity (Vps), maximal end-
diastolic velocity (Ved), time-adjusted maximal velocity (TAMX),
resistance index (RI), pulsative index (PI), and systolic/diastolic
ratio (S/D). Significance of mean values differences in groups was
estimated using Student t criteria.
Results All haemodynamic values in preeclamptic patients were
decreased in comparison with the same values in healthy pregnant
women: PI (mean 0.71 vs 0.84, P < 0.0001); RI (mean 0.49 vs
0.54, P < 0.0001); Vps (mean 72.8 vs 104.8 cm/s, P < 0.0001); Ved
(mean 34.7 vs 48.7 cm/s, P < 0.0001); TAMX (mean 48.5 vs
67.5 cm/s, P < 0.0001); S/D (mean 1.94 vs 2.05, P < 0.001).
These pathophysiological changes of cerebral haemodynamics
were consistent with the Dopplerographic pattern of diminished
perfusion and are typical for vascular segments, which are located
proximally to the zone of abnormally high haemodynamic resistance.
Conclusion The results of the performed study showed that
patients with severe preeclampsia had decreased cerebral
perfusion and TCDS is an effective method for estimation of
preeclampsia severity.

P383

HELLP syndrome: utility of specific classifications as
prognostic tools

R Souissi, Z Haddad, W Trabelsi, N Baffoun, M Boubaker, 
C Kaddour, L Skandrani
National Institute of Neurology, Tunis, Tunisia
Critical Care 2007, 11(Suppl 2):P383 (doi: 10.1186/cc5543)

Introduction HELLP syndrome is a specific complication of
pregnancy characterized by hemolysis, elevated liver enzymes and
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low platelet count. Maternal mortality was reported to be as high as
24%. Two classifications of the HELLP syndrome are widely used
(Tennessee [1] and Mississippi [2]). The aim of this study is to
determine mortality of HELLP syndrome as defined by each
classification and try assessing the most relevant.
Patients and methods Prospective data collection as part of the
APRiMO study (Assessment of Prognosis and Risk of Mortality in
Obstetrics). Included were all obstetric patients transferred from a
referral center for high-risk pregnancies in our independent multi-
disciplinary ICU. The study period was January 1996–September
2004. Demographic data, obstetric history, morbid events, length
of stay (LOS), severity of illness scoring systems and organ
dysfunction scores at day 1 of admission were collected. Exclusion
criteria were LOS < 4 hours. The main outcome of interest was
survival status at ICU discharge. Two groups were compared:
patients with HELLP syndrome as defined alternatively by the two
classifications (Group I), and patients without hepatic dysfunction
(Group II). Results are expressed as the mean ± standard
deviation. P < 0.05 was considered significant. Discrimination of
the classifications was assessed by the area under the receiver
operator characteristic curve (AuROC). Calibration was assessed
by the Hosmer–Lemeshow (HL) goodness-of-fit test. Data were
computed on SPSS 11.5, Win-XP compatible.
Results and discussion Differences between Group I and Group
II were statistically significant concerning obstetric hemorrhagic
complication (P < 0.001), incidence of acute renal failure
(P = 0.01), mortality (P = 0.001), LOS (6.5 ± 7 days vs 4.4 ± 4 days,
P = 0.001), SAPS-Obst score (24.5 ± 8 vs 16.8 ± 7, P < 0.001).
The Mississippi classification discriminated well, but calibrated
badly. In contrary, the Tennessee classification was a poor
discriminator but calibrated very well. See Table 1.

Table 1 (abstract P383)

Number of patients, discrimination and calibration statistic tests

for each classification

Classification Dead Alive

Tennessee n = 45 (20.3%) n = 177

Mississippi n = 20 (26.7%) n = 55

ROC HL

Tennessee 0.75 0.001

Mississippi 0.64 0.533

Conclusion Both models classified patients according to different
criteria but were correlated with mortality. None of the
classifications discriminated and calibrated well at the same time.
The two models seem to be complimentary. Development of an
aggregate classification could refine the models.
References
1. Audibert F, Friedman SA, Frangieh AY, Sibai BM: Clinical

utility of strict diagnostic criteria for the HELLP syndrome.
Am J Obstet Gynecol 1996, 175:460-464.

2. Martin JN Jr, Magann EF, Blake PG, et al.: Analysis of 454
pregnancies with severe preeclampsia/eclampsia HELLP
syndrome using the 3-class system of classification. Am J
Obstet Gynecol 1993, 68:386.
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Stroke and pregnancy: etiology, timing and outcome

R Souissi, W Trabelsi, Z Haddad, M Boubaker, M Lamourou, 
K Baccar, C Kaddour, L Skandrani
National Institute of Neurology, Tunis, Tunisia
Critical Care 2007, 11(Suppl 2):P384 (doi: 10.1186/cc5544)

Background and goal Most previous studies on stroke during
pregnancy have mainly focused on incidence and risk factors.
These studies have not reported details of etiology and stroke
outcome. The present study focuses on the evaluation of the
etiology, timing and outcome of stroke occurring during
pregnancy.
Materials and methods We conducted a retrospective analysis
on all obstetric patients who have been diagnosed with stroke
during pregnancy or within 8 weeks postpartum. These patients
were transferred to our multidisciplinary ICU between January
1996 and December 2004. All patients were investigated with a
CT scan of the brain, and MRI and/or cerebral angiography.
Results Eighty-eight patients were included, 34 of them were
excluded (incomplete investigations or nonstroke diagnosis:
reversible leucoencephalopathy, cerebral abscess, etc.). Fifty-four
patients with a diagnosis of stroke were identified: 30 patients with
ischemic stroke (IS) and 24 patients with hemorrhagic stroke (HS).
The majority of events (45 patients, 83%) occurred in the third
trimester and postpartum period (P = 0.02). A specific cause was
identified in 24 patients (80%) of IS and in 21 patients (87%) of
HS. Causes of IS include preeclampsia/eclampsia in 11 patients,
venous thrombosis and coagulopathies (deficiencies of protein C,
protein S, and activated protein C resistance) in nine patients,
valvular heart disease with history of prior stroke in four patients
and six patients had no definable cause. The major causes of HS
were preeclampsia/eclampsia in eight patients, four patients
presented with hemorrhage secondary to aneurysmal rupture,
three patients presented with bleeding from arterio-venous
malformations (AVM), bleeding as a consequence of disseminated
intravascular coagulation (DIC) occurred in two patients and seven
patients had hemorrhagic events of unknown origin. Hypertensive
disorders of pregnancy were the most common comorbid
conditions (32%).
Nineteen deaths (35%) occurred in our study, eight patients with
infarction and 11 patients with hemorrhage. Thirty-one patients left
the hospital with neurologic deficits, requiring chronic care or
rehabilitation.
Discussion and conclusion The results of the present study
complement the findings of previous studies on timing of stroke in
pregnancy [1,2]. We found that preeclampsia/eclampsia and
intracranial vascular malformations were the major causes of stroke
in pregnancy, which agrees with other findings [2,3]. Our study
shows a high mortality rate of 35%, which indicates that careful
management of at-risk patients during the first postpartum weeks is
warranted.
References
1. Sharshar T, Lamy C, Mas JL: Incidence and causes of

strokes associated with pregnancy and puerperium. A
study in public hospitals of Ile de France. Stroke in Preg-
nancy Study Group. Stroke 1995, 26:930-936. 

2. Kittner SJ, Stern BJ, Feeser BR, Hebel R, Nagey DA, Buch-
holz DW, Earley CJ, Johnson CJ, Macko RF, Sloan MA, Wityk
RJ, Wozniak MA: Pregnancy and the risk of stroke. N Engl J
Med 1996, 335:768-774.

3. Jaigobin C, Silver FL: Stroke and pregnancy. Stroke 2000,
31:2948-2951
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Acute renal failure in obstetrics: risk factors and outcome

Z Haddad1, C Kaddour2, R Souissi2, T Chaaoua2, 
M Laamourou2, I Pipien1, S Nagi2
1CHI St-Cloud, France; 2National Institute of Neurology, Tunis,
Tunisia
Critical Care 2007, 11(Suppl 2):P385 (doi: 10.1186/cc5545)

Introduction Acute renal failure (ARF) was newly recognized as a
specific mortality risk factor [1] and is in general associated with a
high mortality rate.
Hypothesis Identifying risk factors for ARF could help reduce
mortality. We shall try to describe them in critically ill obstetric
patients, and explain ARF association with multiple organ failure
(MOF) and outcome using the Sequential Organ Failure Assessment
(SOFA) score and Logistic Organ Dysfunction (LOD) score.
Methods An open prospective observational cohort study in a
multidisciplinary ICU. All critically ill obstetric patients were
analysed unless diagnosed with chronic renal failure or kidney
transplant. ARF was defined as serum creatinine ≥ 100 µmol/l
and/or urine output ≤ 500 ml/day and/or doubling of baseline
serum creatinine levels.
Results Six hundred and forty patients were reviewed (mortality
rate 13.3%). ARF was diagnosed in 223 patients. Main risk factors
present at admission were: acute circulatory failure, transfusion
and association with haemolysis elevated liver enzyme and low
platelet count (HELLP) syndrome. ARF patients with HELLP
syndrome on admission were most likely to develop and alter
multiple organ dysfunctions/failures. ARF is associated with an
elevated relative risk of mortality (x1.5). Anuria and a serum
creatinine level > 300 µmol/l were independent risk factors for
mortality (OR 2 and 7, respectively). The ICU mortality of ARF
patients increased with the number of failing organs on admission,
especially persistent circulatory failure over time. The LOD score is
at least as good as the SOFA score in evaluating the association
MOF–ARF with mortality. In fact, LOD cutoff values defining
cardiovascular, respiratory hepatic and hematologic organ failures
fit particularly our obstetric population.
Conclusions Most important risk factors for ARF or mortality are
often present on admission. During the ICU stay, other organ
failures (especially cardiovascular) are important risk factors to
develop or alter renal function, especially persistence of circulatory
shock; thus, aggressive fluid challenge and volume infusion policy
could help ARF prevention. HELLP syndrome and ARF is a
particularly morbid association because of accumulating organ
failures.
Reference
1. Bellomo et al.: Crit Care 2004, 8:R204–R212.
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The majority of patients in a Swedish university hospital
intensive care unit have reduced glomerular filtration rate
measured by Cystatin C

M Lipcsey, M Furebring, S Rubertsson, A Larsson
Uppsala University Hospital, Uppsala, Sweden
Critical Care 2007, 11(Suppl 2):P386 (doi: 10.1186/cc5546)

Introduction Renal dysfunction is associated with increased
morbidity and mortality in intensive care patients. The aim of this
study was to investigate the use of laboratory markers in an ICU,
especially glomerular filtration rate (GFR) markers, and to compare
two GFR markers, creatinine and Cystatin C. A secondary aim was
to assess the frequency of reduced GFR in this patient group

using the creatinine and Cystatin C estimated GFRs as several
pharmaceuticals are prescribed according to renal function.
Methods A retrospective observational study was performed in a
general ICU at a Swedish university hospital. All adult patients
treated at the ICU during 2004–2006 were included. Reduced
kidney function was defined as ≤80 ml/min/1.73 m2.
Results GFR markers are frequently ordered in the ICU. The
majority of the patients had a reduced kidney function as evaluated
by Cystatin C and/or p-creatinine. A total 92.1% of the patient test
results had Cystatin C estimated GFR (eGFR) ≤ 80 ml/min/1.73 m2,
75.3% had eGFR ≤ 50 ml/min/1.73 m2 and 30.4% had eGFR
≤ 20 ml/min/1.73 m2. In contrast, only 46% of the patients had
reduced renal function assessed by plasma creatinine.
Conclusions The GFR is commonly assessed in the ICU. Cystatin
C is a more sensitive GFR marker than creatinine. A majority of the
ICU patients had a reduced GFR. Many of the pharmaceuticals
used in the ICU are cleared by the glomeruli. It is thus important to
monitor kidney function regularly, using an adequate assay. When
possible, drugs with a plasma concentration that is less influenced
by the GFR should be used.

P387

Fractional excretion of urea in the follow-up of acute renal
failure due to prerenal azotemia

S Kuster, C Giambarba, A Kneubühl, G Keusch
Stadtspital Waid, Zürich, Switzerland
Critical Care 2007, 11(Suppl 2):P387 (doi: 10.1186/cc5547)

Fractional excretion of urea (FEU) is a major issue to discriminate
between prerenal azotemia and acute tubular necrosis in acute
renal failure (ARF). Its role in the course of ARF remains unclear.
The aim of this study was to evaluate FEU in the follow-up of ARF
due to prerenal azotemia in order to predict the necessity of renal
replacement therapy (RRT).
The prospective study took place at the ICU of Stadtspital Waid,
Zürich. All patients admitted starting from 19 February 2006 were
evaluated for ARF according to the RIFLE classification. ARF due to
prerenal azotemia was defined as ARF combined with FEU of less
than or equal to 35%. FEU was calculated as [(urine urea/blood
urea)/(urine creatinine/plasma creatinine)] x 100. Urine specimens
were taken and FEU was calculated daily until complete or partial
renal recovery was reached or the criteria for RRT were met. The
goal of therapy was reconstitution of renal function by treatment of
the underlying condition. RRT was initiated according to the usual
criteria. Statistics were determined using Fisher’s exact test.
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Fractional excretion of urea (FEU) in the follow-up of acute renal failure
(ARF) due to prerenal azotemia. Data presented as mean ± SD. n =
number of patients.
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By 7 December 2006, 15 patients met the inclusion criteria for
ARF due to prerenal azotemia (nine males, six females). The mean
age was 71 ± 11 (SD) years for male patients and 58 ± 31 years
for female patients. Twelve out of the 15 patients responded to
conservative management and had complete or partial renal
recovery. Three patients needed RRT. Two of them refused RRT
and died during the course of the disease. During the first 48 hours
after initiation of conservative therapy, FEU remains less than or
equal to 35% in all three patients who needed RRT. By contrast,
nine out of 12 patients in whom renal function recovered without
RRT showed a FEU of more than 35% within the first 48 hours
(P < 0.05) (Figure 1).
In patients presenting with ARF due to prerenal azotemia, an
increase of FEU above 35% within the first 48 hours after initiation
of conservative therapy for ARF is a valuable parameter to predict
renal recovery. After initiation of conservative therapy,
measurement of FEU is of no value concerning discrimination of
prerenal azotemia and acute tubular necrosis in ARF.

P388

Hemodynamic goal-directed intermittent hemodialysis

S Jog, P Akole, N Gogate, S Gadgil
Deenanath Mangeshkar Hospital and Research Centre, Pune, India
Critical Care 2007, 11(Suppl 2):P388 (doi: 10.1186/cc5548)

Introduction Intermittent hemodialysis (IH) is the commonest form
of renal replacement therapy (RRT) in the majority of Indian ICUs
as each continuous veno-venous hemofiltration session for 24 hours
costs around €250, against IH that costs around €25/4 hour
session. The major concern of IH in septic shock patients is
hemodynamic instability. Whether stringent hemodynamic monitor-
ing and maintaining preset goals would reduce these instabilities
and deliver optimal RRT is not clear. We undertook a prospective
study to evaluate this concept.
Methods Preset goals of keeping the mean arterial pressure
(MAP) > 75 mm, cardiac output (CO) > 5 l/min and cardiac index
(CI) > 2.5 l/min/m2 throughout the session were attempted to
achieve by a stepwise protocol as follows: (1) fluid boluses, 
(2) increase in vasopressor/inotrope dose, (3) adjustment in the
ultrafiltration rate between 250 and 700 ml/hour, and (4) adjust-
ment in the blood flow rate between 150 and 300 ml/minute on a
hemodialysis machine. Dopamine, norepinephrine, vasopressin and
dobutamine were used alone or in combination to achieve these
goals. Hemodynamic monitoring and data collection were done
with Datex S-5 and Flo-Trac Vigileo monitors.
Results Nineteen IH sessions of seven patients with septic shock
were monitored and managed in the ICU. The baseline APACHE II
score was 24.10 ± 4.98 and all patients had at least three organ
failures. The average duration was 4.42 ± 1.30 hours and fluid
removal was 2,000 ± 527 ml per IH session. The preIH MAP, CO
and CI were 81.10 ± 10.80 mmHg, 6.23 ± 2.24 l/min and
3.45 ± 1.07 l/min/m2, respectively. The MAP, CO, CI were
81.42 ± 8.44 mmHg, 6.27 ± 2.24 l/min and 3.49 ± 1.07 l/min/m2

at 60 minutes; 79.36 ± 15.33 mmHg, 6.24 ± 2.65 l/min and
3.46 ± 1.31 l/min/m2 at 120 minutes; 82.83 ± 14.00 mmHg,
6.48 ± 2.36 l/min and 3.60 ± 1.06 l/min/m2 at 180 minutes; and
84.44 ± 13.98 mmHg, 6.46 ± 2.17 l/min and 3.6 ± 0.95 l/min/m2

at 240 minutes, respectively. Preset goals were maintained with
fluids alone in four patients, fluids and escalation of vasopressor
was required in seven patients, and fluids, vasopressor escalation
with ultrafiltration and blood flow adjustments in six patients. Only
2/19 sessions were terminated at 120 and 90 minutes, due to
development of new myocardial infarction in one and persistent
hypotension in other.

Conclusion Goal-directed hemodynamic management during IH
can reduce hemodynamic instability and deliver reasonably opti-
mum RRT in the absence of continuous veno-venous hemofiltration
facilities.

P389

Predictive factors of dialytic acute kidney injury in patients
admitted to the intensive care unit after nontraumatic
emergency abdominal surgery

F De Marco, M Barbosa, A Fantauzzi, C Nascimento, 
W Imanishi, A Guimares
Hospital Vivalle, Sao Jose dos Campos, Brazil
Critical Care 2007, 11(Suppl 2):P389 (doi: 10.1186/cc5549)

Introduction Although postoperative risk factors for dialytic acute
kidney injury (DAKI) are well described in a wide range of clinical
settings, we have few data regarding nontraumatic emergency
abdominal surgery. The aim of this study was to describe these
factors in this subgroup of patients.
Methods We have conducted a retrospective cohort study in
order to identify independent risk factors. We reviewed data from
patients admitted to the ICU after nontraumatic emergency
abdominal surgery from April 2003 to October 2006. Epidemio-
logical data, outcome and ICU resource utilization were recorded.
Statistical analysis was performed by univariate analysis (Fisher’s
exact test, chi-square test) followed by multivariate stepwise
logistic regression.
Results There were 168 consecutive patients (86 males). The
mean age was 55 ± 19 years. The mean APACHE II score was
11 ± 8. Main reasons for ICU admission according to APACHE II
classification were gastrointestinal perforation/obstruction n = 100,
gastrointestinal surgery due to neoplasia n = 21, vascular surgery
n = 18, gastrointestinal bleeding n = 6, hemorrhagic shock n = 5,
sepsis n = 5, chronic cardiovascular disease n = 4, respiratory
failure n = 3, cardiovascular n = 3, metabolic disturbance n = 2
and renal surgery due to neoplasia n = 1. The mean LOS was
5 ± 13 days. The DAKI frequency was 6.5% (n = 11). By means of
univariable analysis, risk factors for DAKI were male sex, creatinine
level ≥ 1.5 mg/dl at admission, APACHE II score ≥ 25, use of a
pulmonary artery catheter, need for mechanical ventilation
≥ 48 hours, hemoglobin level ≤ 7 g/dl, and enteral and parenteral
nutritional support. In the multivariate analysis, only APACHE II
score ≥ 25 (OR 14.9; 95% CI 1.9–111.6, P = 0.008), use of
enteral support (OR 20.3; 95% CI 3.5–117.7, P < 0.001) and use
of pulmonary artery catheter (OR 10.7; 95% CI 1.3–88.5,
P = 0.028) were independent predictors of DAKI. The overall
postoperative mortality rate was 10.7%; it was 54% in patients
with DAKI compared with 7.6% in patients without DAKI.
Conclusions DAKI following nontraumatic emergency abdominal
surgery has a high mortality rate, and APACHE II score ≥ 25, use
of enteral nutritional support and use of pulmonary artery catheter
are its postoperative predictive factors.

P390

Long-term outcome of patients with contrast-induced
nephropathy

M Franzen, E Wohlleb, C Schilling, A Umgelter, R Schmid, 
W Huber
Klinikum rechts der Isar, München, Germany
Critical Care 2007, 11(Suppl 2):P390 (doi: 10.1186/cc5550)

Introduction Despite the use of several prophylactic approaches,
contrast-induced nephropathy (CIN) remains a clinical problem.
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CIN is the third leading cause of hospital-acquired renal failure.
CIN is associated with several risk factors such as diabetes and
hypertension as well as with prolonged hospitalization and
increased mortality. Little is known about long-term renal outcome.
Within the last 10 years we have performed nine controlled studies
on prophylaxis of CIN with a total number of about 1,200 patients.
It was the aim of this study to investigate the long-term outcome of
patients with CIN within these studies.
Methods This study presents the data of the first 25 patients with
CIN (planned: 80 patients) including serum creatinine 1 week,
1 month, 6 months and 1 year after the contrast medium. The
outcome was investigated by chart review and telephone call.
Results All patients were Caucasian and had a mean age of
69.6 ± 10.6 years. Eight were female, 17 were male. Twenty-four
patients had risk factors for CIN such as diabetes (8%), hyper-
tension (44%) or both (28%) and preexisting renal impairment
(15%) prior to contrast medium application. Their mean serum creati-
nine before contrast medium application was 1.81 ± 1.21 mg/dl.
The contrast procedure was coronary angiography in 18 patients
and CT in seven patients. For prophylaxis of CIN, six patients
received N-acetylcysteine and three patients received both N-
acetylcysteine and theophylline prior to contrast medium
exposition. Mean serum creatinine 48 hours after contrast medium
was 2.36 ± 1.36 mg/dl (P < 0.01 vs 0 hours). The mean maximum
creatinine increase was 0.64 ± 0.26 mg/dl (P < 0.01 vs 0 hours).
Four patients (16%) died during the first week after contrast
medium, one of them despite initiation of dialysis 2 days after
contrast application.
One year after CIN, the mean serum creatinine in the survivors was
1.85 ± 1.39 mg/dl (P = 0.48 vs 0 hours). A clinical relevant
increase of >0.3 mg/dl compared with baseline creatinine was
found in six (24%) patients.
Conclusion CIN is a serious complication of contrast medium
administration and is associated with an increased mortality and
long-time morbidity.

P391

Survey of acute renal failure in patients after
cardiovascular surgery

N Iguchi, H Imanaka, M Takeuchi, T Nishida, M Ichikawa, 
C Takayama, S Akaeda
National Cardiovascular Center, Suita, Osaka, Japan
Critical Care 2007, 11(Suppl 2):P391 (doi: 10.1186/cc5551)

Introduction Acute renal failure (ARF) is one of the major
complications after cardiovascular surgery. To investigate the
incidence and prognosis of ARF after cardiac surgery, we
performed a retrospective study. Our hypothesis is that ARF is
more common in patients who underwent surgery for great vessel
diseases than in those who underwent coronary or valve surgery.
Methods We enrolled patients over 18 years old who underwent
cardiovascular surgery and entered our ICU between 2004 and
2005. The background diseases were classified into two groups:
great vessel disease, and coronary/valve disease. We determined
ARF when serum creatinine increased by more than 50% of the
preoperative values, or when renal replacement therapy was newly
started. By reviewing ICU charts, we collected data before, on
admission to the ICU and during the ICU stay.
Results ARF occurred more frequently in patients with great
vessel disease than in those with coronary/valve disease (33.5%
vs 11.2%, P < 0.05). The prognosis of patients with ARF was
poorer than those without ARF in both groups (Figure 1). Patients
with ARF showed a longer operation time, larger intraoperative
bleeding and a higher level of blood lactate on admission to the

ICU than those without ARF. Patients with ARF showed higher
incidence of liver dysfunction, and needed a longer mechanical
ventilation and ICU stay.
Conclusion ARF is common after cardiovascular surgery,
especially after surgery for great vessel disease. ARF was
associated with more postoperative organ disorders.

P392

Antifibrinolytic agents and angiotensin-converting enzyme
inhibitors: the effect on postoperative renal dysfunction in
cardiac surgery

R Mouton, A Binks, I Davies
Bristol Royal Infirmary, Bristol, UK
Critical Care 2007, 11(Suppl 2):P392 (doi: 10.1186/cc5552)

Objective To investigate the effect of the antifibrinolytic agents
aprotinin and tranexamic acid on the occurrence of acute post-
operative renal dysfunction in cardiac surgery on patients treated
preoperatively with angiotensin-converting enzyme (ACE) inhibitors.
Methods A total of 7,420 patients who had undergone
nonemergency coronary artery bypass graft or valve surgery in the
Bristol Royal Infirmary from January 2000 until end of March 2006
were included in a retrospective observational study. The incidence
of postoperative renal dysfunction was compared in patients given
aprotin, tranexamic acid or no antifibrinolytic agent, using
propensity-adjusted multivariable logistic regression. Further
analysis was performed comparing patients taking ACE inhibitors
preoperatively with those not taking ACE inhibitors. Renal
dysfunction was defined as creatinine higher than 200 µmol/l
and/or renal dialysis. Patients with a previous history of renal
dysfunction were excluded from the study.
Results Using propensity-adjusted multivariable logistic regression
(C-index, 0.82), the use of aprotinin in patients taking ACE
inhibitors was associated with more than doubling the risk of acute
postoperative renal failure in patients undergoing nonemergency
cardiac surgery (odds ratio 2.64; confidence interval 1.32–5.27).
Tranexamic acid was also associated with a significant increase in
the risk of renal failure (odds ratio 1.59; confidence interval
1.09–2.31) in patients taking ACE inhibitors. However, in this
study, there was no association between either aprotinin (odds
ratio 1.01) or tranexamic acid (odds ratio 1.19) and postoperative
renal failure in patients not taking ACE inhibitors.
Conclusion In cardiac surgery, there is a significant association
between use of the antifibrinolytic drugs aprotinin and tranexamic
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acid and the occurrence of acute postoperative renal dysfunction,
in patients taking ACE inhibitors. The potential blood-saving
benefits of antifibrinolytic drugs should be weighed up against this
serious postoperative complication.
Acknowledgement David Finch, Audit & Information Systems,
Cardiac Services, is thanked for doing the statistical analysis.

P393

Preoperative assessment of patients undergoing
abdominal aortic surgery: chronic kidney disease is almost
always present

A Turley, S Owen, E Kothmann, M de Belder, A Parry, G Danjoux
The James Cook University Hospital, Middlesbrough, UK
Critical Care 2007, 11(Suppl 2):P393 (doi: 10.1186/cc5553)

Introduction A number of preoperative patient-specific risk factors
contribute to increased perioperative cardiovascular risk (myo-
cardial infarction, heart failure, death) in patients undergoing major
noncardiac surgery [1]. Renal impairment is one predictor.
Creatinine values are a poor reflection of true renal function.
Measures of the glomerular filtration rate provide a more accurate
measure of renal function; as such, the true prevalence of renal
impairment in this population may be significantly higher than
previously appreciated. Our aim was to identify that proportion of
elective vascular patients undergoing abdominal aortic surgery that
have CKD, assessed by the estimated glomerular filtration rate
(eGFR, ml/min/1.73 m2 body surface area; creatinine, µmol/l) [2].
Methods A retrospective analysis of our ‘ABC study’ database
was undertaken. The ABC study is an ongoing study looking at
preoperative risk assessment using cardiopulmonary exercise
testing in patients undergoing elective aortic surgery.
Results Sixty-six patients were included in the analysis. All patients
were Caucasians, 62 males (94%). No patient had a pre-existing
diagnosis of chronic renal impairment. No patients had stage 4/5
CKD (severely reduced kidney function, eGFR < 30). Moderately
reduced kidney function (eGFR 30–59, CKD stage 3) was seen in
20 (30%) patients, and mildly reduced kidney function (eGFR
60–89, CKD stage 2) in 44 (67%). Only two patients had normal
kidney function. The mean total cholesterol for the cohort was
4.6 mmol/l (±1 mmol/l). See Table 1.

Table 1 (abstract P393)

CKD stage Stage 1 Stage 2 Stage 3 Total

n 2 44 20 66

Age (years) 64.7 (3.4) 69.9 (8.3) 75.5 (7.7) 71.5 (8.4)

eGFR 92.5 (0.7) 69.4 (7.2) 52.35 (7.4) 64.9 (11.6)

Creatinine 78 (1.4) 97.8 (9) 125.2 (19.9) 105.5 (18.8)

Cholesterol 4.5 (0.5) 4.8 (1.1) 4.3 (0.9) 4.6 (1)

BP 1 (50%) 21 (48%) 9 (45%) 31 (47%)

Smoking 2 (100%) 31 (70%) 14 (70%) 49 (74%)

Diabetes 0 1 (3%) 2 (10%) 3 (5%)

Conclusion The majority of vascular patients undergoing elective
aortic surgery in our unit have impaired renal function that is not
accurately reflected by creatinine values. Management of patients
with stage 2 and 3 CKD is primarily cardiovascular risk assessment
with aggressive treatment of modifiable vascular risk factors [3].
The full impact of risk factor modification on perioperative outcome
in vascular patients requires further detailed investigation.
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A comparison of Gc globulin and neutrophil gelatinase-
associated lipocalin in patients with liver disease

A Portal, M Austin, M Bruce, E Sizer, G Auzinger, M Heneghan,
J Wendon
Kings College Hospital, London, UK
Critical Care 2007, 11(Suppl 2):P394 (doi: 10.1186/cc5554)

Introduction Gc globulin, a hepatically synthesized actin binding
protein, is known to decrease in both acute and chronic liver
disease, and low levels are associated with poor prognosis.
Neutrophil gelatinase-associated lipocalin (NGAL), a member of
the lipocalin family of proteins, has been shown to be an early
biomarker of ischaemic renal damage. We prospectively
investigated the use of these proteins as markers of severity of
illness and prognostication in acute and acute-on-chronic liver
failure requiring intensive care.
Methods NGAL and Gc globulin were measured on admission to our
unit using a sandwich ELISA technique (AntibodyShop®) in 17
patients with acute liver failure (ALF) and 11 patients with acute-on-
chronic liver disease (ACLD). Biochemical and physiological variables
were collected prospectively and entered into a physiological database
(ICARE). All measurements were taken on day 1 of admission. Results
are expressed as the median and interquartile range.
Results Admission parameters: serum creatinine 185 µmol/l
(89–266), urine output/24 hours: 340 ml (0–1,111), APACHE II
score 20 (15–25), lactate 2.6 (1.8–4.68), INR 2.6 (1.6–3.8) and
AST 1,404 (124–6,349). There were significant differences
between median Gc globulin in ALF patients compared with
ACLD: 25 mg/l (10–50) vs 50 mg/l (25–129), P = 0.036. No
significant differences were seen for NGAL. Gc globulin correlated
with admission creatinine (r = 0.44, P < 0.01), INR (r = 0.68,
P < 0.01), and SOFA score (r = 0.419, P < 0.01) in both patient
groups. These relationships persisted when admission Gc globulin
was examined in regard to day 5 parameters. Admission Gc
globulin correlated with D3 urine output (r = 0.619, P < 0.001).
NGAL correlated with urine output throughout the first 5 days of
admission (r = –0.593 on day 1, r = –0.674 on day 3, P < 0.001)
and also with SOFA score. High admission NGAL was associated
with requirement for renal replacement therapy on day 3 (ROC
AUC 0.91 (0.895–1.022, P < 0.001)), outperforming both
admission Gc globulin and admission creatinine. A low admission
Gc globulin more accurately predicted the need for haemofiltration
on day 5 (AUC 0.889, 0.734–1.044, P < 0.007) than either NGAL
or creatinine on admission.
There were significant differences observed for Gc globulin
examining 30-day survival (transplantation from ITU being analysed
as ‘death’): 50 mg/l (29–94) vs 18 (4–40), respectively, AUC
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0.813, P = 0.006. There were no significant differences in NGAL
values between survivors and nonsurvivors for the whole group.
NGAL was significantly lower in survivors than nonsurvivors in the
ACLD group (AUC 0.875, P = 0.47).
Conclusion Gc globulin and NGAL are potentially useful methods
of identifying patients with a particularly poor prognosis and those
needing renal replacement therapy. Further larger prospective
studies are needed to elucidate their exact role not only in liver
disease but also in the general ITU population.

P395

Fibrinogen as a prognostic indicator in hepatic failure

M Thomas, M Duffy, G Auzinger, W Bernal, E Sizer, J Wendon
King’s College Hospital, London, UK
Critical Care 2007, 11(Suppl 2):P395 (doi: 10.1186/cc5555)

Introduction Fibrinogen as a prognostic test of mortality in acute
hepatic failure has not been reported. Two hundred and sixty
patients admitted to the liver intensive therapy unit (LITU) with
hepatic failure (that is, subacute, acute and fulminant) between 1
January 2004 and 30 September 2006 were identified from the
LITU database (I-Care, UK). Twelve patients without fibrinogen
testing on admission were excluded from the analysis.
Methods The mean (±SD) age was 38.1 (14) years. Ninety-seven
patients were male and 151 female; 116 had taken a paracetamol
overdose (POD). The mean (±SD) fibrinogen on admission was
1.88 (1.24) g/l. Overall ICU mortality was 30.2% (POD 43.4%;
non-POD 26.1%). Forty-nine patients received a transplant (14
POD and 35 non-POD).
Results Fibrinogen levels (all in g/l) in survivors were higher than in
nonsurvivors (1.98 ± 1.26 vs 1.63 ± 1.15; P = 0.033). Fibrinogen
was higher in survivors of POD (1.81 ± 1.0 vs 1.41 ± 0.94;
P = 0.039) and not significantly different between groups in non-
POD hepatic failure (2.13 ± 1.43 vs 1.85 ± 1.31; P = 0.28). Fibrino-
gen was higher in those who survived after transplant (1.49 ± 0.83
vs 1.23 ± 0.23; P = 0.27). A cutoff value of fibrinogen of ≤1 g/l has
sensitivity 0.47 and specificity 0.74 (positive predictive value (PPV)
0.44) for prediction of death in acute hepatic failure. In POD the
sensitivity is 0.51, specificity 0.81 and PPV 0.59; in non-POD
hepatic failure the values are 0.29, 0.73 and 0.31 respectively. In
those POD who did not receive a transplant, fibrinogen ≤1 g/l has
sensitivity 0.61, specificity 0.78 and PPV of 0.57 for death.
Fibrinogen is higher in survivors of hepatic failure after POD.
Conclusion Fibrinogen ≤1 g/l performs better than INR > 6.5 in
predicting mortality after POD (sensitivity 0.69, specificity 0.61),
but not as well as the combined King’s College Criteria (sensitivity
0.69, specificity 0.96). Fibrinogen of ≤1 g/l in POD not meeting
King’s College Criteria for transplantation may identify a group with
poor prognosis. A low fibrinogen level on admission may predict
death after transplant (more data required).

P396

Telephone triage for a liver intensive care unit – advise or
admit?

A Chan-Dominy, G Auzinger, W Bernal, E Sizer, J Wendon
King’s College Hospital, London, UK
Critical Care 2007, 11(Suppl 2):P396 (doi: 10.1186/cc5556)

Objective To determine the referral pattern and organ dysfunction
severity of interhospital consultations, and triage practice at a
specialised liver intensive therapy unit (LITU).
Methods A prospective audit was conducted from 1 March to 30
November 2006, for all interhospital telephone referrals to our

15-bed LITU as recorded on a standardised proforma. Data
evaluated were: referral diagnoses; reasons for refusal to LITU (‘too
well to benefit’, ‘too sick to benefit’ or ‘no beds’); triaged destination
of care (‘ward’ at referral hospital or our hospital liver ward, ‘IC’ at
referral hospital high-dependency unit/ICU or ‘LITU’); and parameters
for Sequential Organ Failure Assessment (SOFA) score.
Result A total of 620 calls were received for 439 referrals (37%
during the 17:00–24:00 hours period, 11% during 00:00–08:00
hours), with 38% from the London region. Drug-induced acute liver
dysfunction/failure (ALDF) was the most common reason for
consultation (39%), with paracetamol being most common
(163/172), most of whom were triaged to a referral hospital ward
(63% vs 14% to LITU). Patients with diagnosis of ‘ischaemic
hepatitis’ tended to be triaged to IC (82%), and pancreatobiliary
disease and trauma to the LITU (69% and 80%).
Of the patients not admitted to our LITU (162 to ward and 176 to
IC), 79% were deemed too well to benefit and 2% due to no beds.
the mean ± SD SOFA score for the too sick to benefit group
(19%) was 11.5 ± 4.3 (63% had decompensated chronic liver
disease (d-CLD), 36% with malignancy, major sepsis or morbid
cardiocerebral event). The mean ± SD SOFA scores for the ward,
IC and LITU groups were 2.5 ± 2.4, 7.9 ± 4.6 and 7.8 ± 4.5,
respectively. The SOFA liver score was highest in all three triage
groups, overall mean of 2.3 (ward, 1.9 ± 1.4; IC, 2.6 ± 1.2; LITU,
2.4 ± 1.2), compared with other components (respiratory 0.9,
cardiovascular 0.7, coagulation 0.9, renal 1.1, central nervous
system 0.8). Patients with INR > 6 were more likely to be triaged to
LITU (OR 4.2).
A total of 97 patients were admitted to our LITU (five of 17 patients
triaged at referral to our hospital liver ward); six patients died
before arrival and three patients were diverted to another liver
intensive care facility for family convenience. Fifteen patients
underwent liver transplantation (10/49 with ALDF, 5/37 with
d-CLD). Mortality in the LITU group was 36%, and highest with
d-CLD (57% vs 25% with ALDF). Mean referral, post-transfer and
48-hour SOFA scores of LITU nonsurvivors were 10.7, 12.7 and
13.9, respectively (6.5, 7.7 and 7.5 for survivors).
Conclusions The refusal rate to our LITU due to no beds was low.
Paracetamol remains a common cause for drug-induced liver injury,
although few are severe cases. The triage decision appeared to be
influenced by the INR, d-CLD with or without a reversible cause
and the presence/absence of morbid extrahepatic diagnoses.

P397

What is the role of carboxyhaemoglobin in patients with
liver failure?

M Austin, A Portal, J Wendon
King’s College Hospital, London, UK
Critical Care 2007, 11(Suppl 2):P397 (doi: 10.1186/cc5557)

Background Patients with liver failure have haemodynamic and
respiratory instability, the aetiology of which is unclear. Unregulated
vasoactive mediators may have an important role in this
physiological phenomenon. Carbon monoxide, a vasodilator, has
been extensively studied and is easily measured using circulating
carboxyhaemoglobin (COHb). The levels of circulating COHb have
been reported as being elevated in patients with stable cirrhosis
and hepatopulmonary syndrome. It is unknown whether the levels of
COHb are elevated in patients with liver failure.
Methods Patients admitted with acute liver dysfunction to the ITU
between January 2003 and December 2005 were considered. Sixty-
eight patients with acute liver failure (ALF) and 132 patients with
decompensated chronic liver failure (DCLF) had a full dataset
available on day 1 of admission. Patient demographics, physiological
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parameters, blood results and organ dysfunction were recorded
prospectively and entered into a patient management system
database (ICARE).
Results There was no statistical difference in patient demo-
graphics, organ failure scores or physiological parameters between
the groups. The median COHb percentage for ALF was 0.9%
(0.7–1.2) and for DCLF 1.5% (1.2–1.8). In patients with DCLF,
COHb negatively correlated with PaO2 (r = –0.4, P = 0.05) and
child Pugh (r = –0.4, P = 0.07). There was significant difference
between grouped COHb and MAP in patients with ALF; there was
a trend towards statistical significance with higher COHb. The
arterial pH correlated with COHb in ALF (r = 0.4, P = 0.01).
Conclusions These results suggest that COHb maybe an
important mediator in haemodynamic and metabolic instability in
ALF. In DCLF, COHb is an important factor in hypoxia and possible
pulmonary shunting.

P398

Predictive value of indocyanine green clearance in acute
liver failure in children: comparison with King’s College
and Clichy scores

J Quintero, J Ortega, J Bueno, S Flores, J Roqueta
Vall d’Hebron, Barcelona, Spain
Critical Care 2007, 11(Suppl 2):P398 (doi: 10.1186/cc5558)

Introduction Indocyanine green clearance (ICG), measured by the
percentage disappearance rate (PDR), detects alterations in liver
function and may be used as a noninvasive determinant of hepatic
reserve in liver failure as well as a marker of graft function following
liver transplantation. The administration of blood products does not
interfere with the ICG-PDR as occurs with other prognostic scores
(King’s College and Clichy scores). The aims of this study were to
compare in acute liver failure the ICG-PDR with King’s College and
Clichy scores and to determinate its predictive value.
Methodology Between 2003 and 2006, 114 ICG-PDRs were
performed in 38 children (mean age 2.6 years (range 1 month–
16 years)) with acute liver damage. ICG was administrated intra-
venously and its blood concentration was detected over time by
transcutaneous pulse densitometry using a commercially available
bedside monitor. The PDR was performed under hemodynamic
stability (systolic mean pressure >60 mmHg; saturation of central
venous blood saturation >70% and CO2 arterio-venous difference
<8 mmHg).
Results The mean number of PDRs/patient was three. The mean
PDR was 17% (range: 3.3–51%). In two out of 38 patients, the
PDR could not be detected due to hemodynamic instability. PDR <
5% was a predictor value for irreversible liver failure (P = 0.000). In
nine (25%) out of 36 patients, the PDR was <5%. Of those nine,
two patients recovered its synthetic function and seven (78%)
patients developed irreversible liver failure (four died of liver failure
and three underwent liver transplantation) (see Table 1).
Conclusions ICG-PDR < 5% is a significant predictor of
irreversible liver failure. It is a good complement of such scores for
decision-making.

P399

Pulmonary effects of desferrioxamine in the treatment of
an experimental model of fulminant hepatic failure

K Kalimeris, G Kostopanagiotou, C Routsi, V Smyrniotis, 
N Papoutsidakis, N Arkadopoulos, G Kampouroglou, 
D Kypriotis, D Panagopoulos, A Kollitza, M Lekka, G Nakos
Aretaieion Hospital, University of Athens, Greece
Critical Care 2007, 11(Suppl 2):P399 (doi: 10.1186/cc5559)

Introduction Desferrioxamine (DFX) is a clinically approved iron
chelator used to treat iron overload. It has also shown beneficial
effects in experimental acute liver failure (ALF) by inhibiting oxidative
damage [1]. Lung dysfunction commonly complicates ALF. Iron-
mediated processes have been shown to contribute to it [2]. We
hypothesized that inhibition of oxidative reactions by means of iron
chelation could attenuate lung injury after ischemic ALF.
Methods In 14 domestic pigs fulminant hepatic failure was
induced by surgical devascularization of the liver, and animals were
monitored postoperatively for 24 hours under general anaesthesia.
Seven randomly assigned pigs (DFX group) were treated with
intravenous desferrioxamine (14.5 mg/kg/hour for 6 hours and
2.4 mg/kg/hour for the next 18 hours), whereas the remaining
(control group) received standard care. Bronchoalveolar lavage
fluid (BALF) was obtained after central line placement, after
surgery, at 7 hours, and 24 hours postoperatively and was analysed
for cell counts, biochemical and oxidative markers of lung injury.
Results DFX resulted in maintenance of blood pressure (mmHg)
(84 ± 27 in DFX vs 51 ± 16 in control, P < 0.05) and attenuated
the increase of intracranial pressure (mmHg) (19 ± 10 in DFX vs
36 ± 9 in control, P < 0.01) at 24 hours. Protein levels in BALF
were increased in controls whereas in the DFX group protein
(µg/ml) was significantly lower (at 7 hours 398 ± 219 vs 187 ± 67,
respectively, P < 0.01; and at 24 hours 261 ± 112 vs 162 ± 52,
respectively, P < 0.05). Nitrites in BALF were elevated at 7 hours
in controls whereas a reduction was observed in the DFX group
(3.924 ± 3.67 µM vs 0.590 ± 0.69 µM, respectively, P < 0.05).
Phospholipase A2, platelet-activating factor acetylhydrolase,
nitrates, total cell counts, neutrophils and macrophages in BALF all
increased in the control and DFX groups but did not differ
significantly between them.
Conclusion Treatment of ALF with DFX attenuates the increase of
protein and nitrites in BALF, but does not seem to significantly
affect phospholipase A2, platelet-activating factor acetylhydrolase,
nitrates, macrophages or neutrophils. The observed effects may
suggest a protective role of DFX on lung inflammation during the
first 24 hours of ALF.
References
1. Crit Care Med 2004, 32:2079.
2. Am J Respir Cell Mol Biol 2003, 29:427.
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Comparison of terlipressin and norepinephrine on cerebral
perfusion, intracranial pressure and cerebral
concentrations of lactate and pyruvate in patients with
acute liver failure: a microdialysis study

M Eefsen, T Dethloff, H Frederiksen, J Hauerberg, 
B Adel Hansen, F Stolze Larsen
Rigshospitalet, University Hospital of Copenhagen, Denmark
Critical Care 2007, 11(Suppl 2):P400 (doi: 10.1186/cc5560)

Introduction Volume expansion and inotropic support with
catecholamines are often insufficient to ensure adequate blood
pressure and cerebral blood flow in acute liver failure (ALF). The
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King’s score Clichy score ICG-PDR

Sensitivity (%) 100 71.4 100

Specificity (%) 87 90 93

PPV (%) 64 63 78

NPV (%) 100 93 100
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aim of this study was to determine whether terlipressin increases
cerebral perfusion and to compare the effect with that of nor-
epinephrine (NE). Furthermore, the effect on intracranial pressure
(ICP) and cerebral concentrations of lactate and pyruvate were
recorded.
Methods A retrospective study in a national four-bed liver ICU that
treated 127 patients with ALF between 2001 and 2006. Thirty-eight
of these patients were treated with terlipressin, and 10 patients
(median age 42.5 years; range 15–66 years; five females) who also
had an ICP and a microdialysis catheter placed in the cerebral cortex
were included in this study. Concomitant measurements of mean
arterial pressure (MAP), ICP, cerebral perfusion using transcranial
Doppler sonography (Vmean) and cerebral concentrations of lactate
and pyruvate were made before and after an increase in the NE
infusion rate and i.v. injection of 1 mg terlipressin.
Results NE infusion and terlipressin injection increased the MAP
and Vmean (P < 0.01). Also, the ICP increased during NE infusion
(P < 0.01) but not after terlipressin. The cerebral lactate
concentration was unchanged during NE infusion, while it
decreased after terlipressin (P < 0.05).
Conclusion This study shows that terlipressin increases the MAP
and cerebral perfusion in patients with ALF with no influence upon
ICP and the cerebral concentrations of lactate and pyruvate. These
findings indicate that terlipressin may be valuable, as an additive, or
alternative, treatment of arterial hypotension in patients with ALF to
secure brain viability.

P401

Relative adrenal insufficiency in patients with severe acute
pancreatitis

J De Waele1, E Hoste1, D Baert2, K Heyndrickx3, D Rijkckaert4,
P Thibo5, P Van Biervliet6, F Colardyn1

1Ghent University Hospital, Ghent, Belgium; 2AZ Maria Middelares,
Ghent, Belgium; 3OLV, Aalst, Belgium; 4AZ St Lucas, Ghent, Belgium;
5AZ Palfijn, Ghent, Belgium; 6AZ Aurora, Oudenaarde, Belgium
Critical Care 2007, 11(Suppl 2):P401 (doi: 10.1186/cc5561)

Background Inadequate cortisol levels and adrenal dysfunction
may play a role in the pathophysiology of severe acute pancreatitis.
This study aimed to analyse the incidence of relative adrenal
insufficiency (RAI) in these patients, to identify factors associated
with relative adrenal insufficiency and to describe how adrenal
responsiveness affects outcome.
Methods In a prospective observational multicenter study, a short
Synacthen test (SST) was performed within 5 days after admission
to the hospital in 25 patients with severe acute pancreatitis, after
signed informed consent was obtained. The incidence of RAI,
defined as an increment after SST of less than 9 µg/dl, was the
primary endpoint of the study. Serum cortisol was measured at
baseline and 30 and 60 minutes after 250 µg adrenocorticotropic
hormone administration.
Results The median baseline cortisol level was 26.6 µg/dl, and
increased to 43.2 µg/dl and 48.8 µg/dl after 30 and 60 minutes,
respectively. RAI was found in 16% of all patients, and in 27% of
patients with organ dysfunction. Patients with RAI were more
severely ill and had higher SOFA scores from day 4 through day 7
after admission. All patients with RAI developed pancreatic
necrosis, and all of them needed surgical intervention. Mortality
was significantly higher in patients with RAI (75% vs 10%,
P = 0.016). Patients who died had a lower increment in cortisol
levels after the SST than patients who survived.
Conclusion RAI is frequent in patients with severe acute pancreatitis
and organ dysfunction. It occurs in patients with more severe
pancreatitis and is associated with an increased mortality rate.

P402

The relative sensitivity of serum lipase versus amylase for
radiological image-positive pancreatitis

K Delaney, S Luber
UT Southwestern Medical School, Dallas, TX, USA
Critical Care 2007, 11(Suppl 2):P402 (doi: 10.1186/cc5562)

Background Due to the absence of a ‘gold standard’ test for the
diagnosis of pancreatitis, the sensitivities of pancreatic enzyme
tests for pancreatitis are still debated. We compared the relative
sensitivities of lipase and amylase at their upper limit of normal
values for image-positive pancreatitis in a large consecutive series
of patients who had simultaneous tests of amylase and lipase.
Methods Consecutive patients with a clinical diagnosis of
pancreatitis defined by constant epigastric pain and elevation of
the amylase or lipase to greater than 106 U/l or 59 U/l,
respectively, were imaged by abdominal sonography or
computerized axial tomography (CAT) scan. All included patients
had positive radiological evidence of acute pancreatitis.
Results The pancreas was visualized in 399/473 (84%) patients
with suspected pancreatitis and 127/399 (38%) had radiological
evidence of pancreatitis. Elevation of the lipase to >59 U/l
detected 127/127 cases of image-positive pancreatitis, while
elevation of the amylase to >106 U/l detected 113/127 cases
(88% sensitive (0.82–0.94)). All cases of acute biliary pancreatitis
were detected by both the lipase and amylase. The amylase
missed 14 of 65 patients with nonbiliary etiologies of pancreatitis.
Four of these were alcoholics.
Conclusion Our study shows a high degree of relative sensitivity
of the lipase compared with amylase for pancreatic injury that is
demonstrable on CAT or sonographic imaging. Our findings
demonstrate a relative lack of sensitivity of amylase for nonbiliary
etiologies of pancreatitis. We recognize that the absolute
sensitivity of lipase for image-positive pancreatitis cannot be
determined by this retrospective methodology that required
elevation of one marker for inclusion.

P403

The significance of gallbladder sludge in the patient with
acute pancreatitis

K Delaney, L Velez
UT Southwestern Medical School, Dallas, TX, USA
Critical Care 2007, 11(Suppl 2):P403 (doi: 10.1186/cc5563)

Background The significance of gallbladder sludge as a potential
cause of acute biliary pancreatitis is debated. We report the
incidence and outcome of patients with gallbladder sludge in a
large population of patients with pancreatitis.
Methods Pancreatitis was defined as constant epigastric pain with
lipase greater than three times the upper reference value for our
laboratory (177 U/l). Consecutive patients with first episodes of
acute pancreatitis were identified over a 2-year period and data
were evaluated retrospectively. Patients were followed
prospectively for 2 years more.
Results All patients had gallbladder ultrasound examinations. First
episodes of acute pancreatitis were identified in 356 patients.
Initially 236 patients had stones directly visualized in the
gallbladder. Of the remaining 120 patients, 13 had sludge, 11 had
a dilated common bile duct, one had a positive sonographic
Murphy sign, and 95 had no abnormalities. During the time course
of the study, 23 of these 120 patients were demonstrated to have
stones; by the surgical pathology report (12), endoscopic
retrograde cholangio-pancreatography (10), and cholecystostomy
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(one). Seven of 13 patients with sludge underwent cholestectomy
and all had evidence of stones. Four of six nonoperated patients
with sludge (67%) returned with recurrent pancreatitis over the
course of the study. Ten of 97 patients (10%) with suspected
nonbiliary etiology of the pancreatitis returned with recurrent
pancreatitis over the same period. The nonoperated patients with
sludge were more likely to have other risk factors for nonbiliary
pancreatitis than were the operated patients.
Conclusions The presence of sludge on the gallbladder
ultrasound suggests the presence of stones and is associated with
a high rate of recurrence of pancreatitis in nonoperated patients.

P404

Recurrence rates in patients with first episodes of acute
pancreatitis

K Delaney, S Luber
UT Southwestern Medical School, Dallas, TX, USA
Critical Care 2007, 11(Suppl 2):P404 (doi: 10.1186/cc5564)

Introduction The timing of operative intervention in patients with
suspected biliary pancreatitis is debated. Recurrence rates of
pancreatitis in patients with biliary lithiasis are compared in
operated and nonoperated patients. Recurrences in patients with
suspected nonbiliary pancreatitis are also reported.
Methods First episodes of acute pancreatitis were identified in
consecutive emergency department patients over a 2-year period.
Data were evaluated retrospectively and then the identified
patients were then followed prospectively for 2 years more.
Results Pancreatitis was defined clinically as constant epigastric
pain associated with elevation of the serum lipase to greater than
three times the upper reference value (177 U/l) and no other
identified cause of abdominal pain. Of 356 patients with first
episodes of acute pancreatitis, 259 had pancreatitis that was
ultimately associated with biliary lithiasis based on abdominal
ultrasound (n = 236), positive endoscopic retrograde pancreoto-
graphy (n = 11), surgical pathology report (n = 11), or cholecystos-
tomy (n = 1). Ninety-seven patients had no identified stones during
the study period. Cholecystectomy was performed in 235/259 at
the time of admission for pancreatitis. Reasons for nonoperative
management were death (three cases), medical contraindications
(15 cases), pregnancy (two cases) and delayed diagnosis due to
negative abdominal sonogram (four cases). During the study
period 10% (10/97) of patients without demonstrated stones
returned with recurrent episodes of pancreatitis. There were two
recurrences in 235 operated patients with stones (0.85%). Twelve
of 19 nonoperated survivors with biliary lithiasis returned with
complications of biliary lithiasis, including 10 recurrences of biliary
pancreatitis (53%) and two episodes of common bile duct
obstruction, one of which resulted in death from cholangitis. The
median time to recurrence of pancreatitis in nonoperated patients
with stones was 50 days, range 26–581 days.
Conclusion Cholecystectomy reduced the incidence of recurrence
of pancreatitis in patients with biliary lithiasis.
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Replacement of albumin after abdominal surgery

K Mahkovic Hergouth1, L Kompan2

1Institute of Oncology, Ljubljana, Slovenia; 2Clinical Center,
Ljubljana, Slovenia
Critical Care 2007, 11(Suppl 2):P405 (doi: 10.1186/cc5565)

Introduction Replacement of albumin in hypoalbuminemic patients
is not proven to reduce postoperative morbidity and mortality but

no broad consensus is reached yet on abandoning the use of
albumin in intensive care and perioperative settings for the bad
prognostic value of hypoalbuminemia. As the albumin decrease in
major surgery is mostly due to extravascular leakage of albumin
(systemic inflammatory response), we regard hypoalbuminemia just
as a marker of inflammatory response to surgery that albumin
replacement cannot change. So the postoperative morbidity,
mortality and length of stay would not differ in patients without
albumin replacement.
Materials and methods We retrospectively studied 76
successive patients operated on in the abdomen at the Oncologic
Institute in Ljubljana in 1997/98 (group 1 – postoperative
hypoalbuminemia treated with 20% albumin solution) and in
2000/01 (group 2 – no albumin treatment), because of
abandoning albumin use in our surgical department. We compared
serum albumin concentrations in the first week after surgery (three
values) as well as the postoperative complication rate and the
length of hospital stay. We looked for correlation between the
postoperative albumin concentration and the duration of surgery,
amount of transfusion and amount of infusion during surgery.
Results The two groups of 38 patients were comparable in age
(52.4 and 56.5 years), ASA physical status (1.9 and 2.0),
preoperative albumin concentration (39.0 and 38.1 g/l), duration of
operation (5.9 and 6.1 hours), transfused red blood cells (3.3 and
2.0 l) and crystalloid infusion during surgery (5.3 and 4.5 l). In both
groups there was very significant drop of albumin concentration in
the first week after surgery (P < 0.001). In group 2 albumin
concentrations were very significantly lower than in group 1 until
the fifth postoperative day (P < 0.001). The difference diminished
after the sixth postoperative day (P < 0.03). There was negative
correlation between the postoperative albumin concentration and
the duration of surgery (r = –0.44, P < 0.008). We found no
difference in the postoperative complication rate (surgical or
medical), length of stay and mortality between the groups.
Conclusion Postoperative serum albumin concentrations were
reduced in both groups, but more in group 2 with no albumin
treatment, and in longer operations. Morbidity, mortality and length
of stay were not influenced by albumin replacement.

P406

Extravascular lung water following resuscitation of
hemorrhagic shock in swine: comparison between Ringers’
lactate and normal saline

C Phillips, B Tieu, D Hagg, M Schreiber
Oregon Health & Science University, Portland, OR, USA
Critical Care 2007, 11(Suppl 2):P406 (doi: 10.1186/cc5566)

Introduction Pulmonary edema is a common consequence of
hemorrhagic shock resuscitation. The type and amount of fluid
used in resuscitation may be important determinants of the amount
of edema formed. Ringers’ lactate (RL) and normal saline (NS)
remain common resuscitative fluids. These experiments were
designed to measure the extravascular lung water (EVLW) after
resuscitation from hemorrhagic shock with RL vs NS, to determine
whether the fluid type results in differences in the amount of
EVLW, and to determine whether there exists a threshold amount
of fluid that results in the development of edema.
Methods This was a randomized controlled trial using 20 female
Yorkshire crossbred pigs. Animals were mechanically ventilated.
Anesthesia was maintained using 2% isofluorane in 100% oxygen.
Continuous hemodynamic monitoring, blood sampling, and
determination of EVLW by single indicator transpulmonary dilution
was done using a PiCCO plus monitor (Pulsion Medical System,
Munich, Germany). The animals underwent a midline celiotomy,
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suprapubic Foley catheter placement, and splenectomy. The
spleen was weighed and, based on randomization, either LR or NS
solution was infused to replace three times the spleen weight in
grams. Following a 15-minute stabilization period, a standardized
Grade V liver injury (injury to a central hepatic vein) was then
created using a specialized clamp. Following 30 minutes of
uncontrolled hemorrhage, we blindly randomized the swine to
receive either NS or RL resuscitation at 165 ml/min. Resuscitation
fluid was administered to achieve and maintain the baseline mean
arterial pressure (MAP) for 90 minutes post injury.
Results All animals spontaneously stopped bleeding within
12 minutes of injury after losing approximately 25% of their blood
volume. There were no differences in initial blood loss between the
two groups – estimated blood loss (mean ± standard error) RL
group 22 ± 1.7 ml/kg vs NS group 19.0 ± 1.7 ml/kg, P = 0.15.
During the resuscitative phase the NS group required more fluid to
maintain the goal MAP than the RL group: 330.8 ± 38.1 ml/kg vs
148.4 ± 20.2 ml/kg, P = 0.001. There was nearly a fourfold
increase in mean EVLW between the groups: 5.24 ± 1.26 ml/kg
NS vs 1.46 ± 0.57 ml/kg RL, P = 0.013. The difference in EVLW
was accounted for entirely by the difference in the volume infused
(P = 0.008), with no difference seen with fluid type (P = 0.7). The
EVLW began to increase immediately with fluid administration
without exhibiting a threshold effect. An increase of 1 ml/kg EVLW
occurred at a resuscitative volume of 63 ± 25 ml/kg.
Conclusion In this swine model of traumatic hemorrhagic shock,
resuscitation with RL as compared with NS required less fluid to
maintain goal MAP and resulted in less EVLW formation. The near
fourfold difference in EVLW increase was accounted for entirely by
the differences in volumes needed to maintain goal MAP with no
differences seen with fluid type. This study suggests that, in order
to limit increases in EVLW during early resuscitation of
hemorrhagic shock prior to the arrival of blood products, RL should
be used preferentially instead of NS and the volume infused limited
to approximately 60 ml/kg.

P407

Neutrophil elastase suppression by medium-molecular-
weight hydroxyethylstarch in orthopaedic surgery

R Walker1, G McCarthy2

1Craigavon Area Hospital, Craigavon, UK; 2Belfast City Hospital,
Belfast, UK
Critical Care 2007, 11(Suppl 2):P407 (doi: 10.1186/cc5567)

The aim of this study was to compare the effect of
hydroxyethylstarch (HES) and human albumin solution (HAS) on
human neutrophil elastase (HNE) release in patients undergoing
elective knee replacement surgery.
Forty-three patients (ASA 1 or 2) were randomly allocated into two
groups. Group A (n = 21) received 5 ml/kg of 4.5% HAS pre-
operatively and a further 5 ml/kg HAS as an intraoperative replace-
ment. Postoperatively the patients received Ringers’ lactate at the
discretion of the anaesthetic team. Group B was given 5 ml/kg HES
(Fresenius-Kabi) preoperatively and a further 5 ml/kg HES intra-

operatively. Thereafter fluid management was as in group A. Arterial
blood samples were taken preoperatively and at 5 minutes,
30 minutes, 60 minutes, 120 minutes, 240 minutes and 24 hours
post-tourniquet release for HNE and arterial blood gas analysis.
Repeated measures of analysis of variance established a
significant difference in the pattern of change of HNE levels (log
transformed) and the PaO2/FiO2 ratios with time between the two
groups. Follow-up t tests revealed significantly lower levels of HNE
(Table 1) and also significantly higher PaO2/FiO2 ratios in Group B
post-tourniquet release.
In conclusion, the results suggest that infusion of HES lowers HNE
release from activated neutrophils in postoperative knee
replacement patients and may lead to less lung injury.

P408

Toxicity of two lipid emulsions on human lymphocytes and
neutrophils

M Cury-Boaventura1, R Gorjão2, T Martins de Lima2, 
F Soriano3, R Curi2
1Cruzeiro do Sul University, São Paulo, Brazil; 2University of São
Paulo, Brazil; 3Faculdade de Medicina USP, São Paulo, Brazil
Critical Care 2007, 11(Suppl 2):P408 (doi: 10.1186/cc5568)

Introduction The incorporation of lipid emulsions in parenteral
diets is a requirement for energy and essential fatty acid supply,
and may prevent many metabolic disturbances associated with
intravenous feeding amino acids and glucose alone in critically ill
patients. For different parenteral fat emulsions, a significant impact
on the immune system has been shown. In this study, the toxicity of
soybean oil-based emulsion and olive oil-based emulsion on
leukocytes from healthy volunteers was investigated.
Methods Twenty-four volunteers were recruited and blood
samples were collected before infusion of a soybean oil-based
emulsion or olive oil-based emulsion, immediately afterwards and
18 hours later. The cells were studied immediately after isolation,
and after 24 hours or 48 hours in culture. The following deter-
minations were made: composition and concentration of fatty acids
in plasma, lymphocytes and neutrophils, and lymphocyte
proliferation. The toxicity was determined by plasma membrane
integrity, DNA fragmentation, phosphatidylserine externalization,
mitochondrial depolarization, production of reactive oxygen
species and neutral lipid accumulation.
Results Both lipid emulsions decreased lymphocyte proliferation
and induced cell death, but the effects of soybean oil-based
emulsion were more pronounced. Soybean oil-based emulsion
provoked apoptosis and necrosis, whereas olive oil-based
emulsion caused neutrophil and lymphocyte necrosis only.
Evidence is presented that lipid emulsion is less toxic to
neutrophils than to lymphocytes. The mechanism of cell death
induced by this lipid emulsion involved mitochondrial membrane
depolarization and neutral lipid accumulation, but did not alter
production of reactive oxygen species.
Conclusions Olive oil-based emulsion can be an alternative to
soybean oil-based emulsion, avoiding leukocyte death and the
susceptibility of patients to infections.
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Group Preoperative, mean (SD) 5 minutes 30 minutes* 60 minutes* 120 minutes* 240 minutes* 24 hours

A 2.31 (0.21) 2.59 (0.35) 2.74 (0.34) 2.83 (0.26) 2.74 (0.24) 2.78 (0.29) 2.68 (0.19)

B 2.39 (0.25) 2.4 (0.32) 2.41 (0.15) 2.43 (0.13) 2.54 (0.2) 2.53 (0.15) 2.65 (0.31)

*P < 0.01.
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Haemoglobin concentration influences the chloride–
bicarbonate but not the strong ion difference–bicarbonate
relationship

M Mercieri, A Marcelli, C Claroni, A Mercieri
University of Rome La Sapienza, Rome, Italy
Critical Care 2007, 11(Suppl 2):P409 (doi: 10.1186/cc5569)

Introduction Chloride and bicarbonate concentrations share an
inverse reciprocal relationship during either acidosis or alkalosis.
This relationship is, in part, due to the red cell chloride shift.
However, according to the Stewart quantitative approach to acid–
base balance, it seems conceivable to expect a greater relationship
between the strong ion difference (SID) and bicarbonate, rather
then between chloride and bicarbonate. We propose that, with
decreasing haemoglobin (Hb) levels, the SID preserves its
independent role with respect to bicarbonate, while chloride
gradually loses its relationship.
Methods We retrospectively collected blood gas analysis and
electrolytes, from 206 patients, measured on a single blood
sample taken on admission. We calculated the apparent SID
through the following formula: [Na+] + [K+] + [Ca2+] + [Mg2+] –
[Cl–] – [Lact–] (mEq/l). We divided patients into three groups
based on Hb levels: group A (n = 54) with Hb levels between 12
and 15 g/dl, group B (n = 104) with Hb levels between 9 and
12 g/dl, and group C (n = 48) with Hb levels below 9 g/dl. We
calculated Pearson’s coefficients between the SID and
bicarbonate and between chloride and bicarbonate in these three
groups of patients.
Results Correlation strength between the SID and HCO3

– was
high and significant even at a Hb concentration below 9 g/dl (see
Table 1). Pearson’s coefficients for chloride and bicarbonate
showed a moderate but significant inverse correlation in group A
and group B; eventually this correlation was completely lost in
group C.

Table 1 (abstract P409)

SID–HCO3
–, Cl––HCO3

–, 
Group Hb (g/dl) r/r2 P r/r2 P

A 12–15 0.76/0.58 0.001 –0.6/0.36 0.001

B 9–12 0.83/0.70 0.001 –0.56/0.32 0.001

C <9 0.80/0.65 0.001 –0.31/0.09 ns

Conclusion These results give further validation to Stewart’s
theories: the SID appears to maintain the role of an independent
variable with respect to bicarbonate even at low haemoglobin
levels, while chloride loses this relationship at haemoglobin levels
below 9 g/dl.

P410

Transfusion from male-only vs female donors in critically ill
recipients of high plasma volume components

O Gajic1, M Yilmaz1, R Iscimen1, D Kor1, J Winters1, B Afessa2, 
J Farmer1

1Mayo Clinic, Rochester, MN, USA; 2Mayo Clinic College of
Medicine, Rochester, MN, USA
Critical Care 2007, 11(Suppl 2):P410 (doi: 10.1186/cc5570)

Objective To reduce the incidence of transfusion-related acute
lung injury (ALI), the American Association of Blood Banks (AABB)
has recently recommended rapid implementation of strategies to

minimize transfusion of high plasma volume components, fresh
frozen plasma and apheresis platelets, from potentially alloimunized
donors, especially females. The objective of this study was to
evaluate the effect of transfusing components from male-only vs
female donors on development of ALI, gas exchange, and outcome
in critically ill patients.
Methods In this retrospective case–control study we identified
patients who received more than two units of high plasma volume
components from male-only donors and compared them with
patients matched by severity of illness, postoperative state and
number of transfusions but who received high plasma volume
components from female donors.
Results From a database of 3,567 patients who received a total of
46,101 units fresh frozen plasma and 6,251 units apheresis
platelets, we identified 112 patients who received three or more
male-only donor components and 112 matched controls. Baseline
characteristics, ALI risk factors and development of ALI were
similar between the two groups. Arterial oxygenation (PaO2/FiO2)
worsened after the female donor components (mean difference
–52, 95% CI –14 to –91, P = 0.008) but not after male-only donor
product transfusion (mean difference +22, 95% CI –23 to + 67,
P = 0.325). Male-only component recipients had more ventilator-
free days (median 28 vs 27, P = 0.006) and a trend towards lower
hospital mortality (14% vs 24%, P = 0.054).
Conclusion In critically ill recipients of high plasma volume
components, gas exchange worsened significantly after transfusion
of female but not male donor components. Prospective studies are
needed to evaluate the effect of AABB recommendations on
outcome of transfused critically ill patients.

P411

Evaluation of red blood cell transfusion effects in lactate
and central venous oxygen saturation in patients with
severe sepsis and septic shock

B Mazza, M Assuncao, F Freitas, M Jackiu, H Fernandes, 
F Machado
Escola Paulista de Medicina – Universidade Federal de São Paulo,
Brazil
Critical Care 2007, 11(Suppl 2):P411 (doi: 10.1186/cc5571)

Introduction Red blood cell (RBC) transfusion is very often
performed in critically ill patients despite its potential complications.
Its effects on oxygen delivery and microcirculation are not well
known. This study aimed at evaluating RBC effects in blood lactate
levels (LAC) and central venous oxygen saturation (SvcO2) in
patients with severe sepsis and septic shock.
Methods A prospective study enrolling patients admitted to an
ICU at a university hospital with severe sepsis and septic shock
presenting hemoglobin (Hb) levels below 9.0 g/dl. These patients
were randomized for maintaining Hb >9 g/dl (Group 1) or >7 g/dl
(Group 2). Before (preT) and at least 1 hour after each transfusion
(postT) LAC, SvcO2 and Hb data were collected. Data were
analysed by analysis of variance, paired t test and paired Wilcoxon
test. Results were considered significant if P ≤ 0.05.
Results Thirty-six transfusions were evaluated in 21 patients (mean
age 59.0 ± 15.8 years, 11 females/10 males) with APACHE II
score of 13.8 ± 4.1. Each group included 18 patients. The levels
of Hb preT and postT were 7.51 ± 1.03 and 8.48 ± 1.15
(P < 0.05). There was a significant difference between preT and
postT SvcO2 (70.9 ± 8.66 and 73.6 ± 7.2, P = 0.01) but not in
LAC levels (24.1 ± 8.9 and 22.9 ± 7.6, P = 0.45). When groups
were analyzed separately, only in Group 2 was a significant
difference found (P = 0.0005 and 0.05, respectively for SvcO2
and LAC). In 10 transfusions a worsening of SvcO2 postT was
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observed and all these patients had preT SvcO2 > 70%. Although
there was no significant correlation between a worsening in SvcO2
and preT Hb, eight of these patients were allocated to Group 1.
Another 13 transfusions were done with a SvcO2 preT < 70, and
10 of them improved (> 5%) after transfusion (mean percentage of
improvement = 18.9%). Only four of these patients were allocated
to Group 1. Patients with high levels of preT LAC (n = 21) only
improved (reduction > 10%) in 42.9% of cases. A total 53.3% of
patients with normal preT LAC levels worsened (rising > 10%)
postT. The mean preT Hb from these patients was 8.18 ± 0.9.
Conclusion In patients with SvcO2 < 70 and/or Hb < 7.0 g/dl,
transfusion seems to result in an improvement of perfusion
parameters. However, in patients with SvcO2 > 70 or normal
lactate levels, transfusion seems to impair tissue perfusion.

P412

Transfusion profiles in intensive care units from a
university hospital

M Assuncao, I Paula, L Falcao, B Mazza, M Barros, M Jackiu, 
H Fernandes, F Machado
Universidade Federal de São Paulo, Brazil
Critical Care 2007, 11(Suppl 2):P412 (doi: 10.1186/cc5572)

Introduction Red blood cell (RBC) transfusion is very often
performed in critically ill patients despite its potential complica-
tions. New guidelines recommend that doctors should have
conservative behavior regarding its use. The objective of this study
was to evaluate the transfusion profile among patients in ICUs at a
university hospital in Brazil.
Methods A prospective evaluation of all patients admitted to six
ICUs (surgical–medical, private, neurosurgery, medical, pneu-
mology and coronary units) that have received a RBC transfusion
as indicated by assistant physicians during October/November
2005. Clinical data as well as the characteristics of the transfusion
were collected and submitted to univariate statistical analysis (chi-
squared and Student’s t test). Results were considered significant
if P ≤ 0.05.
Results Four hundred and eight transfusions were made in 71
patients (38 females, 33 males), 35 medical/36 surgical, with a
mean age 57.2 ± 8.4 years, mean APACHE II score 17.7 ± 5.3,
and mean SOFA score on the day of transfusion 6.09 ± 3.99. At
admission, 60 patients (84.5%) had comorbidities, 10 (14.1%)
had chronic coronary disease. At transfusion, 54.9% had sepsis,
severe sepsis or septic shock, and 9.9% had acute coronary
syndrome. The mean hemoglobin (Hb) level at ICU admission was
9.69 ± 2.3 g/dl and the mean level that triggered transfusion was
6.88 ± 1.1 g/dl. The most important transfusion indication was Hb
levels (49.8%), followed by active bleeding (31.8%). The mean
number of RBC transfused per time was 1.68 ± 0.96 and the
mean age of RBC was 14.3 ± 7.83 days (46.6% had more than
14 days). Adverse events occurred in 3.4%. The 28-day mortality
rate was 47.1%. Only the SOFA score at the day of transfusion
correlated with mortality (P = 0.004). There was no correlation with
age, type of ICU, APACHE II score, total number or age of RBC,
Hb at admission or Hb pretransfusion. There was a significant
difference between the pretransfusion Hb (P < 0.00001) and the
number of RBC transfused at the same time considering all ICU
enrolled in the study (P < 0.00001).
Conclusions The Hb level that triggered transfusion was in
agreement with recent guidelines regarding critically ill patients,
although there was a difference between all ICUs. Despite the fact
that there is a scarceness of RBC, the RBC were higher in age.
The missing correlation with mortality can be due to the small
sample size.

P413

National survey of transfusion practices

N Frikha, R Ouezini, T Mestiri, M Bechikh, M Mebazaa, 
M Ben Ammar
Mongi Slim Hospital, La Marsa, Tunisia
Critical Care 2007, 11(Suppl 2):P413 (doi: 10.1186/cc5573)

Introduction The awakening of the residual risks of blood trans-
fusion leads, everywhere in the world, to efforts to reduce them. The
aim of the study was to assess the transfusion practices in Tunisia.
Patients and methods A multicentric prospective observational
study of about 1,000 transfusions practiced during 2004 in
Tunisia. Data were determined by the prescriptor of the trans-
fusion. The data were analyzed with SPSS 12.0.
Results The mean age of the transfused patients was 35.78 years.
The sex ratio was 1.2. A total of 48.3% of the patients had trans-
fusion history. Allogeneic immunization and viral serology conver-
sion were reported in 2.1% of these patients. The indications were
generally carried in front of chronic medical pathologies (36.9%),
acute medical pathologies (28.2%) and surgical pathologies
(elective 11.7%, urgent 11.2%). The haemoglobin threshold for
transfusion was 7.29 g/dl and depended on the indication of the
red cell transfusion: 6.16 g/dl for urgent medical pathologies,
6.22 g/dl for chronic medical pathologies, 7.74 g/dl for urgent
surgical pathologies, 10.38 g/dl for elective surgery, 6.15 g/dl for
urgent obstetrical pathologies. The mean platelet count was
24,000 (patients transfused by platelet units). The ABO and
rhesus determination were made in 99% of the cases. A
phenotypic determination was required in only 34.5% of the cases.
The search for irregular agglutinins was made in 20.7% of the
cases. The test of compatibility at the laboratory was practiced in
95.4% of the cases. The amount of blood transfused was 2 units.
Immediate incidents were reported in 2.5% of the cases. The post-
transfusion haemoglobin average was of 9.15 g/dl.
Discussion and conclusion The evolution of the blood transfusion
was remarkable, since the use of total blood in the 1980s, with the
acquisition of the first techniques of separation of the blood
components. The transfusion practice in Tunisia is far from being to
the standards. The results obtained make it possible to transmit to
the clinician the failures of the system, to better include how to
prescribe a blood product, to follow its effectiveness and its
possible side effects, and to apprehend the impact of the
innovated biotechnologies to improve quality of transfusion
medicine in coherence with the security requirements.

P414

Could the combination of bleeding time and platelet
function predict the perioperative transfusion requirements
in cardiac surgery patients?

M Kataphigioti, D Karamichaleli, M Kounavi, E Iliopoulou, 
G Palatianos, E Melissari
Onassis Cardiac Surgery Center, Athens, Greece
Critical Care 2007, 11(Suppl 2):P414 (doi: 10.1186/cc5574)

Introduction The reduction in platelet count and function is the
most important, unsolved, nonsurgical cause of postoperative
bleeding after open heart surgery. On the other hand, the bleeding
time (BT), the only comprehensive test to explore primary
haemostasis, detects otherwise unknown defects in platelet–
vessel wall interactions. The present study was undertaken in order
to clarify whether the BT and platelet function tested preoperatively
could predict the perioperative transfusion requirements in cardiac
surgery patients.
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Patients and methods Sixty-eight patients (54 males/14 females)
participated in the study. Thirty-two patients underwent valve(s)
replacement (group A) and the remaining underwent coronary
artery bypass grafting(s) (group B). The BT determination was
performed according to the Mielke technique using Surgicutt
devices (ITC, USA). Platelet function was evaluated by the
aggregation procedure using four agonists: ADP, arachidonic acid,
collagen and ristocetin at a final concentration of 4 x 10–6 M,
0.5 mg/ml, 0.19 mg/ml and 1.2 mg/ml, respectively.
Results (1) In the immediate postoperative time, a significant
reduction in haemoglobulin levels was observed in both groups
compared with that of the preoperative time (13.3%, P < 0.05 for
group A and 28.4%, P < 0.01 for group B). No difference existed
in haemoglobulin levels between groups postoperatively. (2) Platelet
values were slightly different between the groups. A significant
decrease in platelet count was observed in both groups
postoperatively (28.7%, P < 0.03 for group A and 22.4%, P < 0.05
for group B). (3) The results of BT and platelet activation (per-
formed preoperatively) were similar for patients who underwent
valve replacement and patients who underwent coronary artery
bypass grafting – although in this group platelet activation with
arachidonic acid and ADP was ~11% lower with both agonists. 
(4) The transfusion requirements were slightly higher for patients in
group A, and more patients in group B received no transfusion
(one vs four patients).
Conclusion In patients undergoing cardiac surgery with a negative
history of bleeding and early interruption of antiplatelet treatment,
the BT and platelet function do not offer much in the setting to
predict perioperative bleeding.
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Emergency staff is in danger

B Gulalp1, O Karcioglu2

1Adana State Hospital, Adana, Turkey; 2Dokuz Eylul University,
School of Medicine, Izmir, Turkey
Critical Care 2007, 11(Suppl 2):P415 (doi: 10.1186/cc5575)

Objective To investigate the ratio and characteristics of
aggression, threat and physical violence directed towards staff in
emergency departments as a model of state hospitals.
Methods A questionnaire were filled in by the staff working in the
emergency department of three high-volume inner-city state
hospitals. The individualized data collected were relevant to the
pattern of violence, age, sex, number of years in the profession,
nature of the job, and the behavioral characteristics of assailants,
and outcome of incidents. The data were abstracted between
1 May and 31 May 2006.
Results A total of 109 staff reports were reviewed. The
relationship of aggression with sex, age and years of experience
were insignificant (P values were 0.464, 0.692, and 0.298,
respectively), while profession was very significantly related
(P = 0.000). The relation between threat and sex is P = 0.311,
experience 0.994, profession 0.326, age 0.278. The relationship of
threat with sex, years of experience, profession and age were
insignificant (P values were 0.311, 0.994, 0.326, and 0.278,
respectively). On the other hand, physical assault was found
significantly related to sex, years of experience, profession and age
(P values were 0.042, 0.011, 0.000, and 0.000, respectively).
Conclusion Violence to the staff is common. There is not a
significant relationship between aggression, threat and personal
characters. However, male sex, >5 years experience, emergency
doctor, ≥31 years of age are the risk factors for physical violence.

P416

Shaken baby syndrome: the classical clinical triad is still
valid in recent court rulings

M De Leeuw1, W Jacobs2

1Algemeen Stedelijk Ziekenhuis Aalst, Essene, Belgium; 
2University Hospital Antwerp, Edegem, Belgium
Critical Care 2007, 11(Suppl 2):P416 (doi: 10.1186/cc5576)

Introduction Subdural haemorrhage, retinal bleeding and hypoxae-
mic encephalopathy have long been considered a diagnostic clinical
triad for the so-called shaken baby syndrome (SBS). The classical
triad, however, has been challenged in the recent past by the so-
called ‘unified hypothesis’ by Geddes and colleagues [1] with
subsequent implications in court rulings in suspected cases of SBS.
Judicial and scientific dilemma The unified hypothesis by Geddes
suggested an alternative cause for SBS injuries that did not involve
significant shaking. The Geddes theory led to the speculation that
subdural and retinal haemorrhage was not caused by traumatic
shearing of subdural and retinal veins but by a combination of
cerebral hypoxia, raised intracranial pressure and raised arterial and
central venous pressure. The publication of this theory was met with
scepticism by many forensic and paediatric pathologists but was
enthusiastically embraced by defence attorneys. This dilemma
resulted in the UK with several appeals against prior convictions of
murder/manslaughter because of alleged traumatic shaking of
young children. The forensic community awaited with great interest
the ruling of the Court of Appeal in London on 21 July 2005.
Court ruling of 21 July 2005 Four cases of alleged SBS were
brought to the Court of Appeal in London. Two convictions were
upheld, one conviction was dismissed and one conviction was
reduced from murder to manslaughter. In their written judgement
their Lordships clearly stated: ‘In our judgment, it follows that the
unified hypothesis can no longer be regarded as a credible or
alternative cause of the triad of injuries’. The Crown Prosecution
Service made a press release that ‘Today’s judgement sends a clear
signal validating the CPS in prosecuting Shaken Baby Syndrome
cases. The Geddes theory will no longer be used by the defence.’
Conclusions Diagnosing SBS is a very complex and delicate matter.
The mere presence of the classic triad does not automatically or
necessarily lead to a diagnosis of nonaccidental head injury or a
conclusion of unlawful killing. Diagnosis of (intentional) SBS must be
based on the combination of: medical elements, elements from
police inquiry, and forensic and crime scene elements. Physicians,
particularly those working at the medico-legal interface (such as
emergency physicians), should realise that medical observations may
play a pivotal role in the diagnosis of SBS. As important is the
realisation that, despite alternative hypothesis in medical literature,
the classical triad of symptoms (subdural haemorrhage, retinal
bleeding, hypoxaemic encephalopathy) is still valid as diagnostic for
SBS according to recent (UK) court ruling.
Reference
1. Geddes J, et al.: Neuropathol Appl Neurobiol 2003, 29:14-22.
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oxime perfusion
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Introduction A retrospective study performed between 1 January
2001 and 31 October 2006 in patients admitted to the ICU with
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organophosphate poisoning (OPP). The aim of the study was to
determine the relation between mortality and: (a) toxicity of
organophosphate, (b) time between ingestion and management of
the patient, (c) coligernic manifestations, (d) time and doses of
oximes and atropine.
Methods Were admitted to the ICU 29 patients with OPP. The data
were treated by SPSS 14 for Windows and the analysis consisted of
a descriptive study, analytic study (chi-square analysis, Spearman
association analysis) and comparison between groups (Student
t analysis, Wilcoxon Mann–Whitney and Kolmogorov–Smirnov tests).
The receiver operating characteristic (ROC) was applied for the
Sequential Organ Failure Assessment (SOFA) score.
Results Twenty-nine patients were included in the study, 21 males
and eight females. The mean age of the males was 47.71 years
(SD = 13.58) and of females was 41.0 years (SD = 11.66), and
62.7% were from a rural area and 37.3% from an urban area.
Mortality does not have a significant statistic relation (P > 0.05)
with toxicity of organophosphate, time and doses of atropine.
However, statistical significance was found between mortality and:
(a) time between ingestion of the poison and treatment (Spearman
test, rs = –0.596, P < 0.05), (b) muscarinic manifestations (chi-
square test, χ2 = 4.152, P < 0.05), (c) time of oximes
(Kolmogorov–Smirnov test with Z = 1.439, P < 0.05) and doses of
oximes (Kolmogorov–Smirnov test with Z = 1.412, P < 0.05). The
ROC analysis reveals that for the respiratory SOFA at 9 days, the
area under the ROC curve was 0.917; this means that this SOFA
score can predict correctly in 91.7% of the cases.
Conclusion In our study we concluded that the mortality rate was
increased with prolonged perfusion of oximes and with muscarinic
manifestations of OPP but not with the time and dose of atropine.
The respiratory SOFA score at 9 days matches with prediction in
above 90% of the cases.
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Approaches of Turkish anesthesiologists to delirium
observed in intensive care unit patients

N Gokmen, L Iyilikci, S Kucukguclu, B Kuvaki, L Ciftci, A Gunerli
Dokuz Eylul University, School of Medicine, Izmir, Turkey
Critical Care 2007, 11(Suppl 2):P418 (doi: 10.1186/cc5578)

Objective To determine attitudes and practices of the Turkish
anesthesiologists and residents about delirium in the ICU.
Methods An anonymous questionnaire consisting of 22 questions
[1] was mailed to 258 anesthesiologists and residents.
Results One hundred and fifty-four questionnaires were returned
(60% response). Of the respondents, 57% were male and 61%
were residents. One-half of respondents work in hospitals with
more than 800 beds; 65% of respondents had an ICU facility of
7–12 beds. Seventy-two percent of the respondents had seen
delirium in the ICU and also 70.2% of these respondents observed
delirium in <25% of patients who were on mechanical ventilation.
Although delirium was accepted a significant or very serious
problem by 92.5% of the respondents, underdiagnosis was
acknowledged by 74%. Routine screening for delirium was
performed by 41.6% of the anesthesiologists and 88.1% of them
were repeating daily. Clinical assessment was used in 76.7% of
the screenings. Delirium was treated with haloperidol and
benzodiazepine by 61.5% and 24% of the respondents. Of the
respondents, 93.4% were not able to attend a meeting related to
delirium and 67.6% did not read even an article about delirium.
Conclusions Turkish anesthesiologists and residents consider
delirium a relatively common and serious problem. However, they
seldom perform screening tests and try to update their knowledge
regarding delirium.

Reference
1. Ely EW, et al.: Crit Care Med 2004, 32:106-112.
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Introduction Reports indicate an incidence of intensive care
delirium of 11–87%. The confusion assessment method for the
intensive care unit (CAM-ICU) is widely used in delirium assess-
ment in ICUs. However, its binomial results constrain the evaluation
of severity. The NEECHAM confusion scale has recently been
validated for use in the ICU and uses a numeric assessment. This
scale allows the patients to be classified in four categories of
delirium severity (normal, at-risk, mild to early, moderate to severe).
In this study we investigated the diagnostic value of the
NEECHAM referring to the CAM-ICU.
Methods A consecutive sample of 106 patients in a mixed ICU
(cardiac surgery (CS) 35%, noncardiac surgery (NCS) 26%,
internal medicine (IM) 39%, age 62 ± 14 years, male 63%) was
assessed after a stay in the ICU ≥24 hours. All patients with a
Glasgow Coma Scale ≥ 10 and age ≥ 18 years were included. A
nurse researcher simultaneously assessed both scales once daily
in the morning. A total of 272 paired observations were made. Data
were analyzed using the NEECHAM cut-off values of ≤26 (at-risk),
≤24 (mild delirium), and ≤19 (severe delirium).
Results Using the CAM-ICU the overall prevalence was 15%.
Prevalences in CS, NCS and IM were 9%, 14% and 21%,
respectively. Using the NEECHAM scale, the overall prevalence
was 33% (16.5% mild, 16.5% severe) and 36%, 21% and 38%
for the three patient categories, respectively. Sensitivity was
100%, specificity was 79%, positive predictive value was 46% and
negative predictive value was 100%. Using the cut-off value ≤19,
sensitivity was 83% and specificity was 96%. All positive CAM-
ICU patients were detected by the NEECHAM (85% severe, 15%
mild). However, 21% of the CAM-ICU negative patients had a
NEECHAM value that diagnoses delirium (4% severe, 17% mild).
Consequently, 27% of the CS group (19% severe, 8% mild), 7%
of the NCS group (7% mild) and 17% of the IM group (2% severe,
15% mild) were diagnosed to be delirious using the NEECHAM
and not delirious using the CAM-ICU.
Conclusion The NEECHAM delirium scale identified all cases of
delirium that were detected by the CAM-ICU. Moreover, additional
delirious patients were identified, especially in the CS group. In this
pilot experience, the NEECHAM scale was a valuable screening
tool for intensive care.
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The occurrence of delirium is severely underestimated by
intensivists and intensive care unit nurses during daily ICU care

P Spronk, B Riekerk, S Elias, J Rommes, J Hofhuis
Gelre Ziekenhuizen Location Lukas, Apeldoorn, The Netherlands
Critical Care 2007, 11(Suppl 2):P420 (doi: 10.1186/cc5580)

Introduction Patients improve faster in the ICU if sedatives are
stopped as soon as possible with inherent occurrence of sleeping
disorders, and delirium, which could compromise the recovery
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process and prolong the ICU stay. We investigated whether
intensivists and ICU nurses could clinically identify the presence of
delirium in ICU patients during daily care.
Methods All patients in a 3-month period who stayed >48 hours in
the ICU were evaluated daily for the presence or absence of
delirium by treating intensivists and ICU nurses responsible for
daily care. Patients were evaluated independently for the
occurrence of delirium by a trained group of ICU nurses who were
not involved in the daily care of the patients under study. Since
communication with ventilated patients is compromised due to the
inability to speak, a specific scoring system was used (confusion
assessment method for the intensive care unit (CAM-ICU)), which
has been developed for the evaluation of the presence of delirium.
Delirium as judged present by this CAM-ICU correlates well with a
DSM-IV delirium diagnosis by a trained psychiatrist. Values are
expressed as the median and interquartile range (IQR).
Results During the study period, 46 patients (30 males, 16
females), age 73 (IQR = 64–80) years with an ICU stay of 6
(4–11) days were evaluated. CAM-ICU scores were obtained
during 481 patient-days. Considering the CAM-ICU as the gold
standard, delirium occurred in 50% of the patients with a duration
of 3 (1–9) days. Days with delirium were poorly recognized by
doctors (sensitivity = 29.8%; specificity = 99.7%; PPV = 99.6%)
and ICU nurses (sensitivity = 35.6%; specificity = 97.8%; PPV =
84%). Patients with a delirium were longer on the ventilator (6
(4–25) days), and had a longer ICU (9 (6–26) days) and hospital
stay (29 (21–41) days) than those without delirium during their
ICU stay (4 (1–6), P = 0.01; 5 (3–8), P = 0.002; and 19 (7–30),
P = 0.01), respectively. APACHE II and SAPS II scores were
comparable in both groups.
Conclusion Delirium is badly recognized in the ICU by intensivists
and ICU nurses. In view of the impact of delirium on ICU and
hospital stay, more attention should be paid to the implementation
of a delirium screening instrument during daily ICU care.
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Introduction The interest of sedation in ICU patients has been
increasing the last 10 years. The benefits of protocol-driven care
have become evident.
Objective The aim of the study was to describe current practice of
sedation in Danish ICUs addressing the use of protocols and the
wake-up call test.
Methods Two doctors and two nurses from all the Danish adult
ICUs were identified to participate in an Internet-based survey.
These persons answered questions about sedation practices, use
of sedation scorings systems, and withdrawal symptoms.

Results Twenty-nine (82.9%) out of a total of 35 possible hospitals
answered, including 113 (57.7%) answers out of a total of 196
possible answers. Ninety-seven per cent of the physicians were
specialists in anaesthesiology. Eighty-seven per cent of the nurses
were certified intensive care nurses. Forty-seven per cent were from
university hospitals. Twenty-six per cent had a sedation protocol,
37% of the physicians and 14% of the nurses. Only one-third of the
ICUs had a protocol for sedation. Sixty-eight per cent having a
protocol used it always or often, whereas 32% never use it. Sixty-
seven per cent had a sedation scoring system in their departments.
The scoring systems used was: Ramsay 49%, Sedation Agitation
Score 10% and own (locally made) scoring system 41%. Twenty-
two per cent answered that the scoring systems was always used,
58% often and in 20% the scoring systems was seldom used. Forty
per sent use the ‘wake-up call’ test, 63% physicians and 37%
nurses. Sixty per cent answered ‘no we do not use’ the wake-up call
test, 47% physicians and 53% nurses. Withdrawal symptoms were
experienced more than three times as frequently by nurses
compared with physicians (31% vs 9%). Five times as many
experienced withdrawal symptoms in the group not having a
sedation and analgesia protocol (84% vs 16%).
Conclusions There is still a great educational potential for
improving the use of sedation protocols and implementing sedation
scoring systems and the wake up test in Danish ICUs. This
potential could perhaps reduce the incidence of withdrawal
symptoms. Effort should also be placed in implementing the
sedation protocol in the ICU, illustrated by the differences in
numbers of doctors and nurses having a sedation protocol.
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We compare the efficacy, adverse events, and recovery duration of
etomidate and propofol for use in procedural sedation in the
emergency department (ED). A randomized nonblinded prospective
trial of adult patients undergoing procedural sedation for painful
procedures in the ED was made. Patients received either propofol
or etomidate. Doses, vital signs, nasal end-tidal CO2 (etco2), pulse
oximetry, and bispectral electroencephalogram analysis scores
were recorded. Subclinical respiratory depression was defined as a
change in etco2 greater than 10 mmHg, an oxygen saturation of
less than 92% at any time, or an absent etco2 waveform at any time.
Clinical events related to respiratory depression, including an
increase in supplemental oxygen, the use of a bag-valve-mask
apparatus, airway repositioning, or stimulation to induce breathing,
were noted. Etomidate and propofol appear equally safe for ED
procedural sedation. Etomidate had a lower rate of procedural
success and induced myoclonus in 20% of patients (see Table 1).
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Table 1 (abstract P422)

Agent Etomidate (n = 53) Propofol (n = 55)

Subclinical respiratory depression Yes (n = 18) No (n = 35) Yes (n = 23) No (n = 32)

Increased supplemental oxygen 1/9 (2.1, 0.9–11.2) 2/34 (2.9, 0.8–7.2) 2/23 (4.4, 1.2–14.4) 1/32 (1.6, 0.2–5.5)

Bag-valve mask (%) 2/18 (6.9, 1.9–13.9) 0/34 (0, 0–2.3) 2/23 (4.4, 1.4–11.9) 0/32 (0, 0–2.7)

Airway repositioning 3/18 (9.7, 2.9–16.0) 3/34 (5.1, 1.4–8.7) 3/23 (6.5, 1.5–11.6) 3/31 (4.7, 1.1–8.0)

Stimulation to induce breathing 4/18 (11.1, 5.1–19.6) 2/34 (2.9, 0.8–7.1) 3/23 (7.6, 3.2–14.5) 3/31 (4.7, 1.8–9.6)
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Introduction Sedation is a major problem in long-stay intensive
care patients despite use of sedation stops and scores. We
hypothesized that the α2-adrenoceptor agonist dexmedetomidine
(DEX) is at least equivalent to standard-of-care sedation (SOC),
and may reduce the length of ICU stay and improve other clinically
relevant outcomes.
Methods We performed a pilot (n = 85), phase III, multicenter,
prospective, randomized, double-blind, double-dummy, active
comparator (SOC: either propofol or midazolam) study to define
the feasibility and size of a pivotal trial. Patients with expected ICU
stays ≥48 hours and a need for sedation for at least 24 hours after
randomization were included within the first 72 hours of ICU stay.
The maximum duration of study sedation was 14 days, with a 45-
day follow-up from randomization. Sedation was Richmond
Agitation Sedation Scale (RASS)-score targeted, with daily
sedation stops.
Results Forty-one patients received DEX and 44 SOC (28
propofol). The goal was moderate (RASS 0 to –3) sedation in most
patients (78% in DEX and 80% in SOC). Patients were at the
target RASS 55% (DEX) and 57% (SOC) of the sedation time (not
significant): for RASS target 0 to –3, 68% (DEX) and 64% (SOC)
of the time (not significant) and for RASS target –4, 31% (DEX)
and 63% (SOC), respectively (P = 0.006). Median time from
admission/randomization to ICU discharge was similar (DEX
6.6/5.7 days, SOC 6.7/5.5 days, not significant). Mechanical
ventilation was shorter for DEX with RASS target 0 to –3 (DEX
70.2 hours, SOC 92.5 hours, P = 0.027), and patients’ ability to
communicate (multidimensional visual analog scale) was better
with DEX (P < 0.001). Occurrence rates and number of patients
with overall and serious adverse events were similar.
Conclusion DEX is well tolerated and comparable with SOC in
long-term sedation, but not suitable as the sole agent for deep
sedation. DEX enhances the patient’s ability to communicate. Its
effects on relevant outcomes (for example, duration of mechanical
ventilation) should be tested in a large randomized controlled trial.
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and remifentanil in brain trauma patients: a prospective
randomised study

F Meurant, Z Ahdach
Kirchberg, Luxembourg State, Luxembourg
Critical Care 2007, 11(Suppl 2):P424 (doi: 10.1186/cc5584)

Introduction We hypothesize that using a multimodal short-acting
sedation regimen based on remifentanil and NMDA-antagonist
receptors such as ketamine, clonidine and magnesium will improve
cerebral protection and make clinical patient examination easier
without hemodynamic impairments.
Methods Sixty-eight ventilated brain trauma patients (mean
Glasgow Coma Scale: 5 ± 3) with controlled invasive ventilation

during 6.4 (± 4) days were prospectively randomized into two
groups (G1 n = 32; G2 n = 36) using different sedation protocols
to reach a mean hourly Ramsay Score of 4. Sedation in G1 was
based on morphine (0.1 ± 0.1 mg/kg/hour) and midazolam
(0.4 ± 0.4 mg/kg/hour); in G2 on remifentanil (0.25 ± 0.25 µg/kg/min),
magnesium (0.08 g/kg/day), ketamine (0.15 ± 0.15 µg/kg/min),
clonidine (0.001 ± 0.001 µg/kg/min) and propofol (2 ± 1.5 mg/kg/
hour). The cerebral parameters (mean intracranial continuous
pressure (mICP); mean cerebral perfusion pressure (mCPP)) and
the needs of norepinephrine (Ne) were evaluated hourly.
Preloading was adapted by a continuous central venous pressure
measurement before Ne adaptation requirements to keep the
mCPP over 60 mmHg. For statistical analysis a Shapiro–Wilk test,
a Wilcox test and a Student t test were used.
Results Demographic data (age, gender, trauma severity score)
were comparable in both groups. The waking time was significantly
shorter in G2 (5 ± 8 min) compared with G1 (35 ± 20 min)
(P < 0.05). The mICP was more stable in G2 (9 ± 4 mmHg)
compared with G1 (10 ± 9 mmHg) (P = 0.02). The mCPP were
comparable in G1 (62 ± 10 mmHg) and in G2 (63 ± 0.2 mmHg)
but with a 24% swing in dose requirement adaptation of Ne in G1
compared with a 6% daily swing in G2 (P < 0.02).
Conclusion By using a multimodal short-acting sedation protocol
based on remifentanil and NMDA-antagonist receptors we were
able to provide adequate sedation in brain trauma patients.
Neurological parameters were respected with this regimen,
avoiding the risk of secondary patient hemodynamic destabilisation
during the waking periods.

P425

Inhalational sedation during transport to the intensive care
unit

M Bellgardt, C Sirtl, M Bergmann, D Weyhe, A Terporten, 
H Laubenthal, A Meiser
St Josef-Hospital, Ruhr-Universität, Bochum, Germany
Critical Care 2007, 11(Suppl 2):P425 (doi: 10.1186/cc5585)

Introduction Inhalational ICU sedation is increasingly applied
since the introduction of AnaConDa® (Sedana Medical, Sweden).
This anaesthetic-conserving device (ACD) retains exhaled
sevofluorane (SEV) and resupplies it during inspiration [1]. A
syringe pump delivers liquid SEV into the device. Since January
2004 we have used the ACD as a standard practice. Our patients
anaesthetised with SEV in the OR and scheduled for ICU sedation
with SEV only need propofol on transport. Could this be avoided
when using the ACD during transport?
Methods Forty-one patients after major abdominal surgery were
included in this quality assurance project. In 20 patients the ACD
was inserted into the anaesthesia circuit to take up warmth,
humidity and SEV for 15 minutes and used for transport. SEV
infusion was started in the ICU after gas monitoring. Twenty-one
patients scheduled for propofol sedation served as controls.
During transport all patients were ventilated with Oxylog2000
(Dräger, Germany), vital parameters were monitored, and the
Ramsay Score (RS) was assessed at five time points. If necessary,
propofol injections of 0.5 mg/kg were given. Statistics were t test
for parametric data (mean ± standard deviation), U test for
nonparametric data (median (interquartile range)), SPSS 11.04.
Results The age, weight, duration of anaesthesia (ACD/controls
7.3 ± 2.0/6.3 ± 2.2 hours), total sufentanil (124 ± 75/118 ± 57 µg)
and transport time (16.3 ± 2.7/17.0 ± 2.7 min) were not different
between groups, and neither were heart rates, mean arterial
pressures and RS at five time points during transport. ACD
patients needed less propofol injections (0 (0–1)/3 (2–4), P < 0.001)
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and reached the ICU with a similar RS (5 (4.5–5)/5 (4.75–5)).
End-tidal SEV concentrations were similar in the OR (1.3 ± 0.2/
1.2 ± 0.2 vol%), but different when arriving in the ICU (0.6 ± 0.2/
0.2 ± 0.1 vol%, P < 0.001).
Conclusions AnaConDa® effectively retains SEV in patients and
permits inhalational sedation during >15 minutes transport. Hemo-
dynamic stability and depth of sedation are as good as the
standard regime with Propofol. Less SEV exhaled by the patients
during transport also means less contamination of the workplace.
Reference
1. A Meiser, H Laubenthal: Best Pract Res Clin Anaesthesiol

2005, 19:523-538.

P426

Pharmacokinetics of single intravenous bolus
administration of propofol in preterm and term neonates

K Allegaert1, M Rayyan1, A Debeer1, H Devlieger2, G Naulaers1

1University Hospital Gasthuisberg, Leuven, Belgium; 
2A.Z. Gasthuisberg, Leuven, Belgium
Critical Care 2007, 11(Suppl 2):P426 (doi: 10.1186/cc5586)

Background The aim of this study is to describe maturational
aspects of propofol pharmacokinetics following single intravenous
bolus administration in childhood.
Methods Seventy propofol blood–time profiles were collected in
nine neonates (mean weight 2.4, range 0.91–3.8 kg) by arterial
blood samples up to 24 hours after administration of a single
intravenous bolus of propofol (3 mg/kg over 10 s) before elective
chest tube removal. Concentration–time curves obtained for every
individual neonate were interpreted by two-stage analysis as two-
compartment and three-compartment open models. These newly
collected observations following intravenous bolus administration
of propofol in preterm and term neonates (n = 9) were combined
with individual pharmacokinetic estimates in toddlers (n = 12) and
young children (n = 10) [1,2]. Data were reported by the median
and range. The Wilcoxon test or linear correlation were used to
analyse the pharmacokinetic findings in neonates, toddlers and
young children.
Results The blood–concentration curves obtained for every
individual patient were interpreted by two-stage analysis as a three-
compartment open model in a cohort of 31 patients with a median
weight of 11.2 (range 0.91–24) kg and a median postmenstrual
age of 108 (range 27–405) weeks. The median clearance was
36.8 (range 3.7–78.1) ml/kg/min, the median apparent volume of
distribution at steady state (Vss) was 7.6 (1.33–15.6) l/kg and the
median final serum elimination half-life was 377 (range 27–1134)
minutes. Median clearance was significantly lower in neonates
compared with toddlers and older children (P < 0.01) and these
differences remained significant after allometric scaling (ml/kg
0.75/min). A significant correlation between Vss and postmenstrual
age (r = 0.61, 95% CI 0.32–0.8, P < 0.004) was observed.
Conclusions Propofol disposition is significantly different in
neonates compared with toddlers and young children, reflecting
both ontogeny and differences in body composition. Based on the
reduced clearance of propofol, accumulation during repeated
administration and longer recovery time are more likely to occur in
neonates.
References
1. Murat I, et al.: Anesthesiology 1996, 84:526-532.
2. Saint-Maurice C, et al.: Br J Anaesth 1989, 63:667-670.

P427

Remifentanil vs conventional sedation in The Netherlands:
a pharmacoeconomic model analysis

M Al, L Hakkaart, S Tan, P Mulder, J Bakker
Erasmus MC, Rotterdam, The Netherlands
Critical Care 2007, 11(Suppl 2):P427 (doi: 10.1186/cc5587)

Introduction The goal of this study was to compare the duration of
mechanical ventilation (MV), the length of stay (LOS) and the direct
medical costs of remifentanil-based sedation (RS) vs conventional
sedation (CS) in ICU patients requiring MV.
Methods A Markov model was developed based on UltiSAFE, a
recent Dutch open-label randomized controlled study that included
patients with an expected MV time of 2–3 days. Study medication
was either CS (morphine or fentanyl combined with propofol,
midazolam or lorazepam according to Dutch guidelines) or RS
(remifentanil, combined with propofol when required). The LOS on
the ICU, the time at which the patient was eligible for weaning or
extubation and the actual time of weaning and extubation, plus all
study drugs with all adjustments in dosage, were recorded. The
model describes the patient flow on the ICU. Three states were
defined: MV before weaning, MV after weaning has started before
extubation, post-MV before discharge. At every hour, patients either
stay at the current state, move to the next state or die. Transition
probabilities and the costs of the study drugs were derived from
UltiSAFE, whereas all other direct medical costs on the ICU were
estimated in a separate Dutch monocenter micro-costing study. All
costs were measured from the hospital perspective with 2006 as
the reference year. The time horizon used in the model was 28 days.
Results From the trial data, it was estimated that the costs of RS on
MV before the start of weaning amount to €22 per hour, compared
with €15 for the CS treatment. After the start of weaning, these
costs decrease to €8 per hour for RS and €2 per hour for CS. The
LOS on the ICU was 9.2 days in the CS group vs 8.1 days in the RS
group (difference 1.1, 95% CI 0.6–1.5), whereas the length of time
on MV was 6.3 days and 5.2 days, respectively, with a difference of
1.1 day (95% CI 0.6–1.6). The average total 28-day costs were
€15,911 in the CS group vs €14,855 in the RS group, resulting in
RS related cost-savings of €1,056 (95% CI €58–2,054).
Conclusion Compared with CS, RS seems to be the preferred
regimen for patients with an expected MV time of 2–3 days. It not
only significantly decreases the length of ICU stay and the total
costs but also significantly reduces the duration of MV, which is a
risk factor for ventilator-associated morbidity.

P428

Assessment and management of pain in children in A&E:
are we doing it the right way?

A Kage, A Mohammed
Calderdale Royal Hospital, Halifax, UK
Critical Care 2007, 11(Suppl 2):P428 (doi: 10.1186/cc5588)

Introduction Pain management is one of the most important
components in patient care. The severity of the pain should be
assessed effectively and weight-based analgesia should be given.
The BAEM Clinical Effectiveness Committee standard of analgesia
for moderate and severe pain within 20 minutes of arrival in A&E
should be applied to children in all A&E Departments
Methods A retrospective study. Five casualty cards with soft tissue
injury and fractures in children under 16 years old were picked
randomly every day from January 2005. The assessment and
management of pain was recorded in each case. A validated pain
score tool – Alder Hey triage pain score – was introduced April
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2005. Five casualty cards were picked randomly every day from
May 2005. The assessment and management of pain in each case
was recorded.
Results There were 155 patients in each month. In January, none
of the patients were assessed for the severity of their pain; 34
patients received analgesia, of which 15 received weight-based
and 19 received age-based analgesia. In May, 84 patients were
assessed for the severity of their pain with the Alder Hey triage
pain score; 63 received weight-based and two received age-based
analgesia. The rest had no pain.
Conclusion The Alder Hey triage pain score should be introduced
in A&E as it serves as an effective means of assessing pain in
children of all age groups. Analgesia should be prescribed based
on the weight of the children.

P429

Pain after cardiac surgery

A Kianfar1, K Shadvar1, A Mahoori2, R Azarfarin1

1Madani Heart Center, Tabriz, Israel; 2Cardiac Anesthesia, Urumie,
Israel
Critical Care 2007, 11(Suppl 2):P429 (doi: 10.1186/cc5589)

Background Acute pain is common after cardiac surgery and can
keep patients from participating in activities that prevent postoperative
complications especially respiratory complications. Accurate assess-
ment and understanding of pain are vital for providing satisfactory
pain control and optimizing recovery. This study was performed to find
the location, distribution, and intensity of pain in a sample of adult
cardiac surgery patients during their postoperative ICU stay.
Methods In a prospective study, pain location, distribution (number
of pain areas per patient), and intensity (0–10 numerical rating
scale) were documented on 250 consecutive adult patients on the
first, second and third postoperative day (POD). Patient
characteristics (age, sex, size, and body mass index) were analyzed
for their impact on pain intensity. There were 140 male and 110
female patients, with a mean ± SD age of 65.7 ± 13.5 years.
Results The maximal pain intensity was significantly higher on
POD 1 and 2 (3.7 ± 2 and 3.9 ± 1.9, respectively) and lower on
POD 3 (3.2 ± 1.5). The order of overall pain scores among
activities (P < 0.001) from highest to lowest was coughing, moving
or turning in bed, getting up, deep breathing or using the incentive
spirometer, and resting. After chest tubes were discontinued,
patients had lower pain levels at rest (P = 0.01), with coughing
(P = 0.05). Age and sex was found to have an impact on pain
intensity, with patients <60 years old and male patients having a
higher pain intensity than older patients on POD 2 (4.7 ± 2.0 vs
3.2 ± 2.4, P = 0.02 and 4.5 ± 2.3 vs 2.9 ± 2.2, respectively).
Conclusions Pain relief is an important outcome of care. A
comprehensive, individualized assessment of pain that incorporates
activity levels is necessary to promote satisfactory management of
pain. We recommend the use of remifentanil infusion for
postoperative pain relief in suitable cardiac surgery patients.

P430

Opioid receptor expression on neutrophils: effect of
tumour necrosis factor alpha treatment

A Schmidt1, I Welters2

1University of Giessen, Germany; 2Academic Unit of Critical Care
Medicine, Liverpool, UK
Critical Care 2007, 11(Suppl 2):P430 (doi: 10.1186/cc5590)

Introduction Opioids and endogenous opioid peptides possess
immunomodulating properties and are involved in the regulation of

immunocyte activity. These effects are mediated by opioid receptors
(OR) on peripheral white blood cells that can be detected and
quantified by flow cytometry. We investigated OR expression on
neutrophils using polyclonal antibodies against δ-opioid, κ-opioid
and µ-opioid receptors (DOR, KOR, MOR) to assess spontaneous
and TNFα-induced OR expression on neutrophils.
Methods After approval by the local ethics committee and
informed consent, 100 µl whole blood samples from 11 healthy
volunteers (EDTA served as anticoagulant) was incubated with
10 µl TNF-α (100 ng/ml) for 3, 6, 12 and 24 hours. Samples were
washed and incubated with 5 µl fluorescein-isothiocynate (FITC)-
labelled polyclonal antibodies against human MOR, KOR and
DOR. Rabbit IgG antibodies served as a negative control. After red
cell lysis, flow cytometry was performed to quantify OR expression
using live gating on neutrophils. The percentage of positive cells as
well as mean fluorescent intensities (MFIs) were determined.
Results Stimulation with TNFα increased the percentage of DOR-
expressing cells significantly from 2.1% to 12.8% positive cells
after 6 hours. After 12 hours of stimulation 28.6%, and after 24 hours
even 68.1%, of neutrophils expressed DOR. The MFI increased
during TNFα stimulation from 47.6 ± 15.7 to 254.8 ± 110 after
6 hours, staying levelled at this height. After 6 hours of stimulation,
the MFI for KOR reached a maximum, rising from 59.5 ± 19.4 to
513.9 ± 162. During TNFα stimulation, the percentage of positive
cells increased from 5.4 to 65.0% after 24 hours (17.5% at
6 hours). Fourteen per cent of neutrophils expressed MOR after
6 hours (initially 5.4%) and up to 57.2% after 24 hours. The MOR
MFI was measured at 43.4 ± 16.3 to 410 ± 263.6 6 hours after
stimulation with TNFα.
Conclusion Our results display that stimulation of whole blood with
TNFα amplifies OR expression of all subtypes significantly on
neutrophils. We suggest further studies to clarify the specific actions
of opioids and their receptors in health and acute inflammation.

P431

Intravenous anesthesia with S-(+)-ketamine for ‘on-pump’
coronary artery bypass surgery: hemodynamic profile and
effect on troponin T levels

C Neuhaeuser1, V Preiss1, M Mueller1, S Scholz1, M Kwapizs1, 
I Welters2

1University Hospital, Giessen, Germany; 2University of Liverpool,
School of Clinical Science, Liverpool, UK
Critical Care 2007, 11(Suppl 2):P431 (doi: 10.1186/cc5591)

Introduction In patients with ischemic coronary artery disease the
‘sympathomimetic’ effects of ketamine can cause myocardial
damage. However, the S-isomer of ketamine may have various
advantages. We studied the cardiovascular stability and safety of
intravenous anesthesia with S-(+)-ketamine for coronary artery
bypass graft surgery (CABGS).
Methods After approval of the local ethics committee and written
informed consent, 315 patients scheduled for elective ‘on-pump’
CABGS were enrolled in the study. Patients were randomly
allocated to three anesthetic protocols: sufentanil–sevofluorane–
propofol (SSP), sufentanil–propofol (SP), and S-(+)-ketamine–
midazolam–propofol (KMP). Standard invasive hemodynamic
monitoring was performed using a pulmonary artery catheter and
hemodynamic variables were reported. Measurements were taken
after induction of anesthesia, after weaning from cardiopulmonary
bypass, and 6 hours postoperatively. Serial plasma troponin T
levels were taken: before induction of anesthesia, after surgery,
and 6 and 24 hours postoperatively. All cardiovascular adverse
events were recorded (such as electrocardiographic signs of
ischemia, myocardial infarction, 28-day mortality).
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Results Groups (SSP: n = 106; SP: n = 108, KMP: n = 101) did
not differ in preoperative data (for example, biometry, cardiac and
coronary profile and risk). Intraoperative management was
comparable among groups. Tropinin T levels were rather lower in
the KMP group, but did not differ significantly between groups at
24 hours after aortic unclamping. Cardiovascular adverse events
showed the same low incidence in all groups. Hemodynamic data
were comparable; however, the heart rate (HR) and mean arterial
pressure (MAP) after induction were significantly higher in the KMP
group (HR: 59 ± 11 vs 63 ± 32 vs 66 ± 13 beats/min (P < 0.01);
MAP: 74 ± 12 vs 81 ± 16 vs 83 ± 16 mmHg (P < 0.01)).
Conclusion In our study, KMP anesthesia was safe to use for
CABGS. In comparison with SSP and SP anesthesia, no
significant rise in troponin T as a marker of myocardial damage was
observed. All three regimens resulted in stable hemodynamics.
However, the use of S-(+)-ketamine as an induction agent in
patients with coronary artery disease may be limited due to its
sympathomimetic effects leading to raised HR and MAP, even if
supplemented by midazolam or propofol.

P432

Computer management systems and protocols in intensive
care units: do we have any benefit?

M Rantala, K Kaukonen, V Pettilä
Helsinki University Hospital, Helsinki, Finland
Critical Care 2007, 11(Suppl 2):P432 (doi: 10.1186/cc5592)

Introduction Computer management systems and treatment
protocols (CMS/P) have been recommended for their potential to
improve patient safety and outcome. Computer management systems
require substantial investments in the ICUs. In return, a high-quality,
standardised ICU treatment with software-implemented protocols as
well as decreased hand-written documentation has been aimed at.
The objective of this study was to systematically review the literature
on CMS/P to evaluate their impact on outcome benefit.
Methods A Medline search from 1996 to 2006 with the following
key words was performed: critical care or intensive care, and
protocol, and data management system or computer management
system or computerized documentation.
Results The search revealed 21 potential articles. The language
was English in 18 of the articles, two in German and one in
Japanese. Of those 21, 10 articles were not studying CMS/P. Of
those 11 that fulfilled the criteria, computer management systems
were studied in four articles and treatment protocols in 11 articles.
The combination of ICU treatment protocol and computer manage-
ment system was studied in four of the 21 articles.
Of those 11, three of the studies demonstrated that the
implementation of a protocol to computer management system
increases staff compliance to the protocol. The newer studies
showed also that the costs were not increased by the computer-
ised protocol. However, no definite benefit in patient survival or
ICU length of stay could be demonstrated (11 of 21 studies). The
combined absolute reduction rate in hospital mortality was 2%
(95% CI 0–4%) in those four (19% of 21) studies. CMS/P
increased the ICU length of stay 3.5 days (95% CI 1.6–5.4 days)
and decreased the hospital length of stay 5.9 days (95% CI
1.0–10.8 days), in two different studies.
Conclusion Our results could not confirm any definite benefit from
computerised data management systems or treatment protocols
regarding outcome. The ICU personnel adherence to treatment
protocols seems to increase when implemented into the
computerised data management systems. Further research on this
topic is needed to justify the investments in computer management
systems.

P433

Decreasing the incidence of ventilator-associated
pneumonia using the FAST-HUG evaluation

T Papadimos, S Hensley, J Duggan
University of Toledo College of Medicine, Toledo, OH, USA
Critical Care 2007, 11(Suppl 2):P433 (doi: 10.1186/cc5593)

Introduction Ventilator-associated pneumonia (VAP) is a leading
cause of morbidity and mortality in critically ill patients. We
implemented a performance improvement project over 2 years to
reduce VAP incidence in the medical ICU (MICU) and surgical ICU
(SICU).
Methods From 1 January 2004 to 31 December 2005 a
prospective intervention was undertaken. Results were compared
with historic controls (2003). In year 1 we introduced aggressive
oral care using chlorhexidine mouthwash, an early extubation
strategy, changing respiratory equipment only when visibly soiled
or malfunctioning, and aggressive enforcement of hand-washing
and barrier protection methods. At the end of year 1 we
augmented the project with the addition of the FAST-HUG
(feeding, analgesia, sedation, thromboembolic prevention, head of
bed elevation, ulcer prophylaxis, and glucose control) evaluation.
During year 2 FAST-HUG was emphasized daily on patient rounds
by the intensivists. The CDC VAP definition was used; the
Friedman test and Wilcoxon signed ranks test were used for data
analysis.
Results The VAP rates in the MICU and SICU for the control
period, 1 January–31 December 2003, were 13.41 and 19.37
VAPs/1,000 ventilator-days, respectively. The MICU VAP rate
declined to 3.02 VAPs/1,000 ventilator-days and the SICU rate
declined to 8.16 VAPs/1,000 ventilator-days over 2 years. The
greatest declines occurred during year 2 (Table 1).

Table 1 (abstract P433)

2003 2004 2005 P values

MICU 13.41 10.14 3.02 NSa, <0.05b,c

SICU 19.37 16.45 8.16 NSa, <0.05b,c

NS, not significant. a2003/04. b2004/05. c2003/05.

Conclusion Daily FAST-HUG review on ICU rounds, with
aggressive oral care, an early extubation strategy, and aggressive
infection control practices, decreases VAP rates.

P434

Significance of postmortem computed tomography in
death diagnosis: investigation of the characteristics in
patients with cardiopulmonary arrest on arrival

M Ono, K Ishii, M Uehara, T Fukami, S Ikeda, K Ito
Oita University School of Medicine, Oita, Japan
Critical Care 2007, 11(Suppl 2):P434 (doi: 10.1186/cc5594)

Introduction Autopsy is a very useful method in analysis of the
cause of death. However, the number of those actual enforce-
ments of autopsy has been getting less and less recently. Now,
autopsy imaging is very important as an alternative method to
autopsy. We evaluated the characteristics in patients with cardio-
pulmonary arrest on arrival and studied the usefulness of
postmortem computed tomography (PMCT) in death diagnosis.
Patients and methods We analyzed consecutive patients with
cardiopulmonary arrest on arrival from October 1997 to November
2006. Total number of patients was 127. We studied the multiple
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factors in sex, age, trauma or nontrauma, whether or not PMCT,
cause of death and final diagnosis. We especially compared the
two groups: PMCT(+) and PMCT(–).
Results Seventy patients (55.1%) were men, and 57 (44.9%)
were women. Autopsy was done in only three patients. The number
of trauma cases was 21 (16.5%) and nontrauma was 106
(83.5%). PMCT was done in 20 patients (15.7%) and it was
possible to decide the final diagnosis in 16 (80%). Among 20
patients, there were six trauma cases and we could diagnose the
cause of death in all of them. On the other hand, PMCT was not
done in 107 patients (84.3%) and we could estimate the cause of
death in just 43 (40.2%).
Conclusions We must make more effort to decide the cause of
death. Reliable death diagnosis could lead to more effective
cardiopulmonary resuscitation. Our date obviously indicated that
PMCT was a very effective and powerful method for death
diagnosis, especially in trauma cases.

P435

Simulated critical care calls: a simple way to teach
complex skills

P Brindley
University of Alberta/Capital Health, Edmonton, Canada
Critical Care 2007, 11(Suppl 2):P435 (doi: 10.1186/cc5595)

This abstract outlines the use of simulated critical care telephone
calls into the education of trainees. We hope others may consider
it for their centres.
The Capital Health Region provides advanced healthcare for
2 million people, but spread over 9,800 km. We therefore rely
heavily on transportation of critically ill patients to a single urban
centre. In addition to geographic and climatic factors, bed
pressures complicate how we triage, stabilize, transport and
receive those patients. A major strategy is the ‘Critical-Care-Line’:
a 24-hour telephone service with teleconference capabilities and
contact numbers. However, experience suggests it takes practice
to become proficient with its use.
Given the importance of optimal communication, we arrange
simulated calls. Senior trainees are paged during a normal workday
by the Critical-Care-Line: just as they will be once in independent
practice. The facilitator then assumes the role of a referring doctor
in a small town. Peer-reviewed cases are used that include
pertinent teaching points. Applicable staff at the teaching centre
are briefed of this exercise and asked to act as they normally
would. For example, emergency physicians, internists, senior
nurses and administrators are notified that they may be brought
into the call, depending on whether the trainee decides to involve
other services (for example, if he/she decides a patient requires
further work-up before deciding upon ICU or if he/she decides to
bring the patient to emergency if no ICU bed is currently available).
All calls are recorded to aid debriefing.
This method allows us to ascertain how trainees ask focused
histories, offer practical advice based upon the variable skill set of

referring physicians, and deal with complex ethical decisions (for
example, if a family wishes to override a patient’s previous wish; or
how aggressively to treat the terminal patient for whom no prior
discussions have occurred). It allows us to test the trainees’
knowledge, but more importantly we can determine how well that
knowledge is applied in everyday practice.
In Canada, the Royal College of Physician and Surgeons has
decreed that trainees become not just medical experts, but also
proficient communicators, collaborators, and managers [1]. These
goals, while laudable, have been very difficult to capture without
novel approaches such as the one outlined. This simple and cost-
free addition to our training has been very well received. Initial
success means it will now be expanded throughout acute care
specialist training.
Reference
1. Royal College of Physicians and Surgeons of Canada,

CanMEDS framework [http://rcpsc]
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Required time for certain intensive care unit procedures

P Myrianthefs1, G Intas1, M Pitsoli1, L Louizou1, A Gavala1, 
G Baltopoulos2

1KAT Hospital, Athens, Greece; 2General Hospital of Attiki ‘KAT’,
Kifissia, Greece
Critical Care 2007, 11(Suppl 2):P436 (doi: 10.1186/cc5596)

Introduction A significant amount of time is spent in an ICU for
procedures and the care of critically ill patients.
Methods We prospectively collected data regarding demo-
graphics and time in seconds required for ICU procedures. Time
was recorded as the total time (preparation and action, Time A′)
and actual time (intervention only, Time B′).
Results We investigated 60 patients (43 males) of mean age
53.6 ± 3.3 years, severity of illness APACHE II score = 16.5 ± 0.3,
SAPS II = 46.4 ± 0.7 and mean ICU stay of 18.6 ± 2.9 days. The
time required for ICU procedures is shown in Table 1.
Conclusions A significant amount of time is spent in an ICU for
certain procedures. The length of time required is related to
complications, failures, physicians’ level of training, and presence
of assistance. ICU staff personnel should be adequately trained to
decrease time, complications and thus the ICU stay and costs.

P437

Intra-observer and inter-observer variability of clinical
annotations of monitoring data

M Imhoff1, R Fried2, U Gather2, S Siebig3, C Wrede3

1Ruhr-University Bochum, Germany; 2University of Dortmund,
Germany; 3University Hospital Regensburg, Germany
Critical Care 2007, 11(Suppl 2):P437 (doi: 10.1186/cc5597)

Introduction In order to evaluate new methods for alarm genera-
tion from monitoring data, a gold standard of alarm evaluation is
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Table 1 (abstract P436)

Failure at first Number of 
Procedure n Time A′ Time B′ attempt (%) required efforts

Central line placement 120 1,791 ± 52.6 1,023.6 ± 40.3 10.4 2.6 ± 0.3

Arterial line placement 251 491.4 ± 38.5 240.6 ± 26.8 30.4 2.3 ± 0.2

Tracheal tube change 78 910.1 ± 43.7 46.4 ± 4.4 5.5 1.4 ± 0.1

Tracheostomy change 96 565.2 ± 26.8 34.3 ± 2.5 7.1 1.1 ± 7.1

Transfer for CT 76 3,375.5 ± 174.5 1,912.1 ± 87.3 0.0 1.0
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needed. Nearly all clinical studies into monitoring alarms used
clinician judgement and annotation as the reference standard. We
investigated the intra-observer and inter-observer variability between
two intensivists in the classification of monitoring time series.
Methods A total of 3,092 time series segments (heart rate and
blood pressures) of 30 minutes each from six critically ill patients
were presented to two experienced intensivists (MD1 and MD2)
offline and were visually classified into clinically relevant patterns
(no change, level shift, trend) by the physicians separately. One
intensivist (MD2) repeated the classification 4 weeks after the first
analysis on the same dataset.
Results MD1 found clinically relevant events in 36%, and MD2 in
29% of all time series. In 16% of all cases both intensivists came
to different classifications. In 10% even the direction of change
was classified differently. MD2 classified 10% of all cases
differently between the first and second analysis. Even if level
changes and trends were treated as one universal pattern of
change, intra-individual variability (MD2 first analysis vs MD2
second analysis) was still 5% and inter-individual variability (MD1
vs MD2, only unequivocal classifications) was 10%.
Conclusion Although this study is small with only two observers
who were investigated, it clearly shows that there is a significant
intra-individual and inter-individual variability in the classification of
monitoring events done by experienced clinicians. These findings
are supported by studies into image analysis that also found high
intra-individual and inter-individual variability. High inter-observer
and intra-observer variability is a challenge for clinical studies into
new alarm algorithms. Our findings also show a need for reliable
classification methods.

P438

Robust regression methods for intensive care monitoring

M Imhoff1, K Schettlinger2, R Fried2, U Gather2, S Siebig3, 
C Wrede3

1Ruhr-University Bochum, Germany; 2University of Dortmund,
Germany; 3University Hospital Regensburg, Germany
Critical Care 2007, 11(Suppl 2):P438 (doi: 10.1186/cc5598)

Introduction Alarm generation of modern patient monitoring
systems still predominantly relies on simple threshold methods. This
leads to an unacceptably high rate of false positive alarms. Many
false positive alarms are generated by measurement artefacts and
measurement noise. One approach to address this problem is to
alarm on the underlying signal (that is, the noise-free time series of
the physiological variable), instead of the raw measurement.
Methods Monitoring time series were simulated. Against these
data four robust regression methods were evaluated: least trimmed
squares (LTS), least median of squares (LMS), repeated median
(RM), and deepest regression (DR). Moreover, online monitoring
series from critically ill patients during multiparameter monitoring
were also compared.
Results LTS and LMS showed comparable behaviour, as did RM
and DR. LMS and LTS provided only 20% efficiency, DR 61% and
RM 70% (least squares regression = 100%). RM and DR had
smaller standard deviations and smaller mean-squared errors than
LMS and LTS under different noise distributions (standard
deviation of online estimates based on sliding windows of size n =
21 for simulated standard normal errors: LMS: 0.875, LTS: 0.887,
RM: 0.500, DR: 0.533). Analyses with clinical monitoring data also
showed that LMS and LTS preserve sudden level shifts but are
unstable and perform poorly with trend changes; RM and DR blur
shifts but yield more stable estimations.

Conclusion All four methods allow one to extract the underlying
signal from physiological time series in a way that is robust against
measurement artefacts and noise. However, there are significant
differences between the methods. Overall, repeated median
regression seems the best choice for intensive care monitoring
since it is not only the most stable but also the fastest method.

P439

ISIS program: a new tool for medical research at the
bedside in critical care units

H Mehdaoui1, B Sarrazin1, I El Zein1, L Allart2, C Vilhelm2, 
S Guerra2, D Zitouni2, M Lemdani2, R Valentino1, A Herbland1,
P Ravaux2

1Fort De France University Hospital, Fort De France, Martinique;
2Lille 2 University, Lille, France
Critical Care 2007, 11(Suppl 2):P439 (doi: 10.1186/cc5599)

Introduction The goal of this program is to develop an experi-
mental tool able to record, store and analyse data issued from
critical care patients. Due to technical limitations and medical
constraints, information systems able to manage such data flow are
difficult to deploy.
Methods Data recording is done through a laptop connected to
the medical devices, allowing analogical and digital signal
transmission through a high-speed network. Several servers are
dedicated to specialised tasks: mass storage, model generation,
artificial intelligence (AI), telecommunications, and security. A 3
Teraflops supercomputer is dedicated to intensive computation
when necessary. Twenty applications are dedicated to elective
tasks, most of them running using the Linux operating system.
The ‘Aiddiag’ data-acquisition software is a standalone application
adapted to patient data recording from the biomedical devices and
caregiver’s inputs. It has a friendly designed user-interface
touchscreen at the bedside and was adapted according to
caregivers’ feedback. Data are also stored in a repository and a
selective secondary extraction is possible. Online and offline
analysis by the AI engine is allowed. Software had to consider time
specifications and uses distributed computation to achieve high
workload tasks. We complied to the French legal patient data
management constraints.
Results After 2 years, our system is fully deployed. It recorded
more than 2,500 patient-hours over a 3-month period. Signal loss
is less than 1%. Our tool allows recording of more than 40 digital
signals, eight analogical signals sampled at a rate of 1 kHz, and
caregiver comments and actions. CPU resources of the laptop are
available for supplemental AI developments during data
acquisition. Transfer of data to the repository is either a hotplug-
automated process or delayed with 5 days of buffering in the
laptop. Automated artefacts’ cleaning allows time-series analysis
(GARCH method) to extract behavioural models after intensive
computation. The AI engine is used for medical guideline
implementation (that is, severe brain trauma care algorithms) and
later comparison with caregiver’s behaviour. Remote use of our
system is possible and schedulable, allowing other research teams
to work on the data. Limitations have been detected during
intensive calculation. Fine-tuning of the network will suppress
these limitations.
Conclusion ISIS is the first program to achieve an easy-to-use
recording tool able to build a very large medical repository. Data
analysis methods and AI-controlled automated complex medical
guidelines are under evaluation.
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P440

Inter-rater agreement in the triage of calls to a paediatric
interhospital transfer service

S Riphagen, M Alasnag, S Hanna, S Manna, M McDougall
Guy’s and St Thomas’ Hospital, London, UK
Critical Care 2007, 11(Suppl 2):P440 (doi: 10.1186/cc5600)

Introduction As a result of centralisation of PICU services in the
United Kingdom, transfer of critically ill children has become
common over the past decade. It is not uncommon to receive
multiple retrieval requests simultaneously, thus a tool to prioritise
the urgency of this would be beneficial. Our aim was to develop
such a tool and assess its inter-rater repeatability.
Methods The tool was developed by three senior medical staff of
the South Thames Retrieval Service (operating from the PICU at
Evelina Children’s Hospital, London with 1,000 calls per annum
from 24 district general hospitals, resulting in 600 retrievals). A
modified Delphi method was used, which comprised an iterative
process including a literature review, knowledge of the underlying
conditions and a review of retrievals performed by the service over
the previous 7 years (n = 3,669). Inter-rater agreement was
assessed using the weighted kappa statistic, and was measured
between various pairings of junior and senior medical staff (n = 28
combinations) on 50 retrieval episodes.
Results The final tool comprised five categories (three levels of
severity each) allowing for a range of scores from 0 to 15
(Figure 1). Three levels of urgency were defined: semi-urgent
(score <8), urgent (score 8–10), immediate (score >10). Overall
the tool showed a good to very good strength of inter-rater
agreement (kappa scores ranging from 0.65 to 0.88; Figure 2).
There were no obvious differences between levels of staff seniority.
Conclusion The score showed acceptable agreement, fullfilling
the first step of validation.

P441

Reduction in retrieval mobilisation time over a 5-year
period (South Thames Retrieval Service)

M McDougall, S Riphagen, S Hanna, S Moganasundram, 
F Bickell, A Durward, I Murdoch
Evelina Children’s Hospital @ Guy’s and St Thomas’ NHS
Foundation Trust, London, UK
Critical Care 2007, 11(Suppl 2):P441 (doi: 10.1186/cc5601)

Introduction The South Thames Retrieval Service (STRS) is a
specialised paediatric intensive care retrieval service, integrated
into the Evelina Children’s Hospital, the lead centre in the South
Thames Region, London. Over the last 5 years a number of
initiatives have been adopted to reduce mobilisation times (the
time from retrieval acceptance and activation to departure from the
lead centre) and improve service delivery to surrounding district
general hospitals (DGHs). The aim of this study was to evaluate
whether these initiatives led to a reduction in mobilisation time
between January 2002 and December 2006.
Methods The STRS covers 24 DGHs within an 80 mile range
serving a population of 1.6 million children in the South Thames
region of Greater London. All calls to the service were logged on a
detailed database. Retrieval requests for potential PICU patients
were triaged and coordinated via a retrieval-specific telephone line.
Once accepted, the onsite retrieval team was mobilised and
dispatched via a dedicated ambulance to the DGH. Mobilisation
includes assimilating and checking pre-packed equipment bags
(ventilators, drugs, intubation kit, monitors, and so on) and
organising a team of at least one retrieval nurse, doctor and
ambulance driver. Details of each retrieval request to the STRS,
including the time of the call, were captured on a database
containing the patient demographic and clinical details. The interval
between accepting the patient for retrieval and team departure
from the unit was termed the ‘mobilisation time’ (minutes). Data
were analysed over two time periods, before (n = 976 retrievals)
and after 2004 (n = 1,785), coincident with a dedicated
ambulance and driver on site. Nonparametric tests were used for
continuous data (Kruskall–Wallis test or Mann–Whitney test) and
the chi-squared test for categorical 2 x 2 comparisons.
Results A total of 2,761 retrievals (median age 12 months, 78%
ventilated) were performed and included for analysis during the
study period, 33 were excluded (missing mobilisation times
(n = 30) or elective transfers (n = 3). Figure 1 shows the process
introduced to improve mobilisation times with a dedicated onsite
ambulance service in 2004. There was a significant reduction in
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Figure 1 (abstract P441)

Processes introduced to improve mobilisation times.
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mobilisation time from 2002 to 2006 from 55 minutes (IQR
35–80) to 30 minutes (IQR 25–50), P < 0.0001 (Kruskall–Wallis)
(Figure 2). When comparing pre-2004 and post-2004 time
periods, the median mobilisation time was significantly lower after
2004 with a fall from 45 minutes (IQR 30–70) to 35 minutes (IQR
27–55). There was also a significant increase in the incidence of
sub-30-minute mobilisation times, which almost doubled after
2004 with the availability of an onsite dedicated ambulance service
(14.3% to 25.9%, P < 0.0001).
Conclusion There has been a significant decrease in the
mobilisation time of the STRS over the last 5 years. Although the
presence of an onsite ambulance service in 2004 had a significant
impact on reducing retrieval mobilisation times, a number of other
factors and initiatives contributed to steadily reducing mobilisation
times over the study period.

P442

Ambulance transport is associated with a higher mortality
than private transport following major penetrating trauma
in a semi-urban environment

E Dickson, D Van Niekerk, S Robertson, J Goosen, F Plani, 
K Boffard
Johannesburg Hospital Trauma Unit and University of the
Witwatersrand, Johannesburg, South Africa
Critical Care 2007, 11(Suppl 2):P442 (doi: 10.1186/cc5602)

Aims The use of private transportation has been associated with
improved outcomes in urban trauma patients. The need for patient
stabilization at the scene needs to be balanced with the need for
early operative intervention, and therefore the need for rapid
transportation to hospital. Our aim was to assess the relationship
between the mode of transport to hospital and outcome in a semi-
urban trauma environment.
Methods Data were collected prospectively on 1,396 patients
admitted to a Level 1 South African trauma unit over a 1-year
period. The Revised Trauma Score was used to assess injury
severity and physiological derangement at the time of admission,
and to allow comparison between the groups. Mortality was
defined as death within 30 days.
Results The mortality in the blunt trauma patients (n = 527) was
higher in the ambulance transport group, but this was not
statistically significant. However, the mortality in the penetrating
trauma patients (n = 808) was significantly higher in the ambu-
lance transport group (P = 0.020, chi-square; Table 1) despite
similar Revised Trauma Scores (Table 1).

Conclusion The use of ambulance transportation is associated
with a 3.7-fold increase in mortality following penetrating injury.
This may be related to longer times in the field resulting in delay to
definitive care in hospital.

P443

The use of a track and trigger system on general medical
wards

M Lawson, A Stone, D King, A Davison
Southend University Hospital, Southend, UK
Critical Care 2007, 11(Suppl 2):P443 (doi: 10.1186/cc5603)

Introduction Many groups have advocated identification of critically
ill medical patients by abnormal or deteriorating physiological
parameters. In Southend Hospital a track and trigger system has
been used since 2005 to alert nurses to abnormal physiological
parameters in order to trigger urgent medical review of the unwell
patient. It is recognised that the respiratory rate is a particularly
useful predictor of significant deterioration and should be measured
with every set of observations. This audit aimed to assess the use of
the track and trigger system on the medical wards and ensure that
deteriorating critically ill patients are promptly reviewed.
Methods Patient observation charts were reviewed for a specified
24-hour period. Data were gathered on the frequency and type of
observations taken. For patients who met criteria to trigger a
review, further data were abstracted about the nature of the
deterioration and the promptness of the review.
Results One hundred and sixty patient-days of observations were
evaluated over seven medical wards. Twenty-nine patients met the
trigger criteria and in 16 cases this represented a deterioration.
Doctors were called in two cases. Observations were recorded
with different frequency on different wards. One ward managed to
record the respiratory rate with every set of observations.
Conclusions Documented deteriorations in physiological
observations did not trigger medical review. This may be a
communication failure or failure to recognise recorded observations
as abnormal. For this process to work well relevant observations
must be recorded regularly and accurately. The respiratory rate was
not consistently recorded between wards and the frequency of
measurement of observations was variable. Further education and
training is needed to improve recording of the respiratory rate and
work needs to be done to establish why doctors were not called
appropriately. Concerns about the volume of work generated by the
system are unfounded. A positive predictive value of 55% is
acceptable and 29 ‘triggers’ in a 24-hour period are manageable.

P444

Design and implementation of needs-specific critical care
response teams

R Hodder1, A Fox-Robichaud2, R Wax3, P Cardinal1, S Reynolds3

1University of Ottawa, Canada; 2McMaster University, Hamilton,
Canada; 3University of Toronto, Canada
Critical Care 2007, 11(Suppl 2):P444 (doi: 10.1186/cc5604)

Introduction Following the severe acute respiratory syndrome
epidemic in Ontario Canada, the Canadian Resuscitation Institute
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Median retrieval mobilisation times.

Table 1 (abstract P442)

Penetrating trauma Private transport Ambulance

Alive 98.8% (n = 254) 95.6% (n = 527)

Dead 1.2% (n = 3) 4.4% (n = 24)
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was commissioned by the Ministry of Health and Long-term Care
to facilitate the improvement of inhospital emergency preparedness
through a System-Level Training Initiative. Objectives for the
program were to reduce mortality and improve efficiency of ICU
resource use through early identification of patients at risk of
deterioration and the provision of rapid resuscitation to abort
avoidable ICU admissions. The program was designed to train
nonphysician responders (primarily nurses and respiratory
therapists) supported by remote physician oversight, especially in
centres where ICU-trained physicians were not available.
Methods Following an educational needs assessment of learners,
a multicomponent critical care response team (CCRT) training
course was developed. The 2-day course consisted of a series of
small group, interactive, case-based seminars, high-fidelity
simulation training, and the publication of a CCRT Provider Manual
and Quick Reference Cards. A database for monitoring the
effectiveness and impact of the CCRTs was also developed.
Results Beginning in October 2005, 24 CCRT physician instructors
were trained in one of two streams: (i) simulator instructors with skills
in constructive feedback and assessment of crisis management skills;
(ii) instructors who further refined the case-based seminars and
edited the Quick Reference Cards. Acquisition of equipment, liaisons
with participating hospitals and creation of the CCRT database were
completed in the spring of 2006. Since June 2006, 12 CCRT
courses have been run, and 263 participants have been trained as
CCRT Providers (87% nurses, and 13% respiratory therapists). Local
hospital implementation and preceptored programs occurred over a
12-week period before CCRTs we made available full time (24/7).
Conclusions It has been demonstrated that unmet needs in critical
care education and training for allied healthcare professionals can
be identified and corrected through the development and
implementation of a multidisciplinary course designed to facilitate
creation of CCRTs in the Province of Ontario. Evaluation of the
effectiveness of these teams is ongoing.

P445

Multicentre evaluation of the impact of the introduction of
outreach services in the United Kingdom

H Gao1, D Harrison1, G Parry2, K Daly3, C Subbe4, K Rowan1

1ICNARC, London, UK; 2Children’s Hospital Boston, MA, USA; 
3St Thomas’ Hospital, London, UK; 4Wrexham Maelor Hospital,
Wrexham, UK
Critical Care 2007, 11(Suppl 2):P445 (doi: 10.1186/cc5605)

Background Critical care outreach services (CCOS) have been
introduced in the United Kingdom with aims to: avert or ensure timely
admission to critical care; enable discharge from critical care; and
share skills with ward staff. We aimed to assess the impact of the
introduction of CCOS at the critical care unit level, as characterised
by the case mix, outcome and activity of critical care unit admissions.
Methods An interrupted time-series analysis was carried out using
data from 108 units participating in the Case Mix Programme that
had completed a survey on CCOS provision. Individual patient-
level data were collapsed into monthly time series for each unit
(panel data). Population-averaged panel-data models were fitted
using a generalised estimating equation approach. Various
outcomes reflecting the stated aims of CCOS were considered for
three groups of admissions: all admissions to the unit; admissions
from the ward; and unit survivors discharged to the ward. The
primary exposure variable was the presence of a formal CCOS
with secondary exposures of CCOS activities, coverage and
staffing, identified from the survey data.
Results Of 108 units in the analysis, 79 (73%) had a formal
CCOS introduced between 1996 and 2004. For admissions from

the ward, the presence of a CCOS was associated with significant
reductions in: the proportion of admissions receiving cardio-
pulmonary resuscitation during the 24 hours prior to admission
(odds ratio 0.84, 95% confidence interval 0.73–0.96); the
proportion of admissions between 22:00 and 06:59 (0.91,
0.84–0.97); and the mean ICNARC physiology score (absolute
reduction 1.2, 0.3–2.1). No significant effects of CCOS on
outcomes including hospital mortality and readmission to critical
care were identified for patients discharged to the ward.
Interpretation The results of this study were mixed. While some
differences in the characteristics of patients admitted to critical
care units were found to be associated with the introduction of
CCOS, there was no evidence for an impact on the outcomes of
patients discharged from critical care. It was not possible to
identify any clear characteristics for an optimal CCOS.

P446

Influence of ABO blood group polymorphism on mortality
in intensive care unit patients

M Seubert
Academic Medical Center, Amsterdam, The Netherlands
Critical Care 2007, 11(Suppl 2):P446 (doi: 10.1186/cc5606)

Introduction Blood groups may be related to differences in
inflammatory responses [1]. We looked at blood group as a risk
factor for ICU mortality in general and for patients with sepsis.
Methods Data were retrospectively collected from all 11,553
patients that were admitted from 1997 to 2005 to our medical/
surgical ICU.
Results ICU mortality and SAPS II score for different blood groups
are shown in Table 1. P values are given for the difference
between blood groups A and O. No differences were found for
age, gender, and reason for admission. No influence of rhesus
blood group type was seen on mortality.

Table 1 (abstract P446)

ABO blood group A B AB O P value

All patients n = 4,787 n = 1,168 n = 479 n = 5,119

ICU death (%) 9.5 10.2 10.9 11.2 <0.01

SAPS II 32 ± 16 33 ± 17 34 ± 18 33 ± 17 NS

Severe sepsis n = 265 n = 73 n = 34 n = 318

ICU death (%) 24.9 28.8 26.5 32.4 0.05

SAPS II 49 ± 18 49 ± 18 54 ± 19 51 ± 18 NS

Conclusion Blood group O is associated with a higher ICU
mortality rate than blood group A. The relative risk increase for ICU
mortality was 18% for all patients and 30% for patients with severe
sepsis.
Reference
1. Garratty G: Transfusion Med Rev 2000, 14:291.

P447

Contribution of genomic variations within human ββ-
defensin 1 to incidence and outcome of severe sepsis

X Fang, C Lv, Q Chen, L Huang
Zhejiang University, Hangzhou, China
Critical Care 2007, 11(Suppl 2):P447 (doi: 10.1186/cc5607)

Sepsis, a systemic inflammatory response to infection, is a common
clinical syndrome in the ICU. Human β-defensin 1 (DEFB1) is a

Available online http://ccforum.com/supplements/11/S2
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multifunctional mediator in infection and inflammation, which has
been largely explored in ex vivo studies. The lack of fully
representative genetic animal models increases the importance of
analyzing the impact of defensin gene polymorphisms on the
courses of infectious and inflammatory diseases such as sepsis.
This study was designed to investigate whether DEFB1 genomic
variations are associated with incidence and outcome of severe
sepsis. Six reported polymorphisms were detected in 211 patients
with severe sepsis and 157 control individuals using diverse
analytic methods. Linkage disequilibrium (LD), haplotype frequen-
cy, and statistical power for this association study were analyzed.
The –44G-allele and –44G-allele carrying genotypes were
significantly associated with incidence and outcome of severe
sepsis. There was enough statistical power (1 – β > 0.8 at type I
level of 0.05) to demonstrate a significant contribution of the –44G
allele to severe sepsis. The –20G allele and GG genotype were
associated with susceptibility to severe sepsis, while the –1816G-
allele and –1816G-allele carrying genotypes influenced the
outcome of severe sepsis. SNPs –20A/G, –44C/G and –52A/G
were in strong LD. Haplotype –20A/–44C/–52G showed a
protective role against severe sepsis, whereas haplotype
–20G/–44G/–52G served as a risk factor for fatal outcome of
severe sepsis. The present findings have important implications in
the understanding of the role of DEFB1 in the pathophysiology of
severe sepsis, and DEFB1 genomic variations may offer a new
means of risk stratification for patients with severe sepsis.

P448

TNFαα promoter single nucleotide polymorphisms may
influence gene expression in patients with severe sepsis

M Odwyer1, M White1, R McManus2, T Ryan1

1St James’s Hospital, Dublin, Ireland; 2Trinity College, Dublin, Ireland
Critical Care 2007, 11(Suppl 2):P448 (doi: 10.1186/cc5608)

Introduction We examined the association of TNFα promoter
single nucleotide polymorphisms and haplotypes with gene
expression in terms of mRNA levels and with outcome in a cohort
of patients with severe sepsis.
Methods Sixty-two Irish Caucasian patients presenting with severe
sepsis were enrolled. Blood sampling was carried out on day 1 and
on day 7. Mononuclear cells were isolated and TNFα mRNA
quantified using the technique of quantitative real-time polymerase
chain reaction (QRT-PCR). DNA was extracted and assayed for
four TNFα promoter polymorphisms. Haplotypes were inferred
using PHASE software.
Results Twenty-seven patients died. Patients carrying an A allele
at position –863 produced more TNFα mRNA on day 1 than C
homozygotes (P = 0.037). There was a trend for patients
homozygous for the G allele at position –308 to produce more
TNFα mRNA on day 1 than those carrying an A allele (P = 0.059).
Carrier status for haplotype 1 (with A at position –863 and G at
position –308) was associated with greater TNFα mRNA levels on
day 1 (P = 0.0374). Carrier status for haplotype 4 (with C at
position –863 and A at position –308) was associated with a
nonsignificant decrease in TNFα mRNA levels on day 1
(P = 0.059). When directly compared, haplotype 1 was associated
with significantly greater levels of TNFα mRNA than with haplotype
4 on day 1 (P = 0.02). Patients homozygous for the A allele at
position –308 were more likely to succumb to severe sepsis than
those carrying the G allele (P = 0.01).
Conclusion These results contradict previous in vitro functional
studies on the TNF2 allele. This may be secondary to the method

of quantification of in vivo gene expression with QRT-PCR
providing more accurate and sensitive data when compared with
prior ELISA-based assays. Indeed, the extrapolation of functionality
from in vitro functional genetic tests after lipopolysaccharide stimu-
lation may be of questionable value. We conclude that genotypic
analysis does have a place in risk stratification in sepsis and that
genetic variants at positions –863 and –308, or sites in linkage
disequilibrium with these variants, may influence TNFα production.

P449

IL-1/tumor necrosis factor receptor gene expression
characterizes sepsis in critically ill systemic inflammatory
response syndrome patients

M Lissauer1, S Johnson1, C Feild1, C Whiteford2, 
W Nussbaumer2, T Scalea1

1University of Maryland Medical Center, R Adams Cowley Shock
Trauma Center, Baltimore, MD, USA; 2BD Diagnostics, Sparks,
MD, USA
Critical Care 2007, 11(Suppl 2):P449 (doi: 10.1186/cc5609)

Introduction The classic response to isolated endotoxin challenge
entails secretion of IL-1 and TNFα. The purpose of this study was to
longitudinally characterize the cytokine response to sepsis in critically
ill systemic inflammatory response syndrome (SIRS) patients.
Methods Uninfected, critically ill trauma patients with SIRS were
evaluated daily for sepsis. Patients were divided into two groups:
pre-septic = SIRS patients who developed sepsis, and uninfected
SIRS = SIRS patients remaining uninfected. Plasma samples and
whole blood (PAXgene) obtained at study entry and daily for
3 days prior to sepsis were analyzed for differential gene expression
between groups (Affymetrix Hg_U133 2.0 plus microarray, false
discovery rate < 0.5%, P < 0.005) and quantitative plasma protein
TNF and IL-1 levels (Immunoassay, Luminex™, elevated if > 3 SD
above the mean for normals). Gene expression data are the median
fold change between groups (uP = pre-septic > uninfected).
Results Gene expression on 90 patients and protein measure-
ments on 142 patients were available. Protein levels of both
subtypes of TNF and IL-1 were not elevated at any time point in
either group. IL-1α was noted to have differential gene expression
24 hours before sepsis. No differences were noted in gene
expression for TNFα, TNFβ, or IL-1β. Differential gene expression
for only two TNF family members (TNFSF10 and TNFSF13b) was
noted. However, differential gene expression for TNF and IL-1
receptors and IL-1 receptor antagonist was prominent (Table 1).

Table 1 (abstract P449)

Gene symbol Fold change Gene symbol Fold change

TNFRSF1A 1.30 up IL1R1 1.50 up

TNFRSF10D 1.21 up IL1R2 2.52 up

TNFRSF25 1.19 down IL1RN 1.48 up

Conclusion Compared with critically ill uninfected SIRS patients,
sepsis increases IL-1α but not TNFα gene expression and does
not increase TNF and IL-1 protein levels. Interestingly differential
gene expression for TNF and IL-1 receptors exists, suggesting
receptors, more than ligands, are important in differentiating sepsis
from uninfected SIRS.
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A novel score based on age and cardiac biomarkers
predicts outcomes in severe sepsis and septic shock

A Turley, A Thornley, A Roberts, M Johnson, M de Belder, 
J Gedney
The James Cook University Hospital, Middlesbrough, UK
Critical Care 2007, 11(Suppl 2):P450 (doi: 10.1186/cc5610)

Background Myocardial dysfunction is common among critically ill
septic patients. Elevated levels of cardiac biomarkers are predictors
of mortality in acute coronary syndrome and in unselected critically
ill patients. Our aim was to evaluate the role of the cardiac markers
NT-proBNP, Troponin T (TnT) and myoglobin as predictors of
inhospital and 6-month all-cause mortality in patients admitted to a
general adult ICU with severe sepsis/septic shock.
Methods Serial plasma samples were taken for five sequential
days on all patients admitted with severe sepsis/septic shock.
Samples were analysed for NT-proBNP, TnT and myoglobin.
Results Samples were analysed on 49 patients. Elevated
myoglobin was the only predictor of ICU mortality. Age, myoglobin
and NT-proBNP levels predicted hospital mortality. Predictors of 6-
month mortality were age, peak TnT, peak myoglobin and peak NT-
proBNP levels. The APACHE II score did not predict mortality. A
score was established dependent on TnT (<0.1 = 1, ≥0.1 = 2), age
(<65 years = 1, ≥65 years = 2), BNP (<10,000 = 1, >10,000 = 2),
and myoglobin (<750 = 1, >750 = 2). Patients were placed into
tertiles (score = 4&5, 6, 7&8) to produce survival curves (Figure 1,
P < 0.01).

Conclusion In critically ill patients with severe sepsis/septic shock
a score based on age and increased plasma levels of cardiac
biomarkers can help risk-stratify patients and predict short-term
(<6 months) outcome.

P451

The calculated ion gap: a novel predictor of mortality in the
critically ill surgical patient

F Leitch1, E Dickson1, A McBain1, S Robertson2, D O’Reilly1, 
C Imrie1

1Glasgow Royal Infirmary, Glasgow, UK; 2Johannesburg Hospital,
Johannesburg, South Africa
Critical Care 2007, 11(Suppl 2):P451 (doi: 10.1186/cc5611)

Introduction Early identification of critically ill surgical patients who
are not fully resuscitated improves outcome. Current markers of
clinically occult hypoperfusion, such as lactate, have serious limi-
tations. Increased oxidative stress as a consequence of inadequate
cellular respiration results in elevated levels of unmeasured anions.
We evaluated these anions as a novel marker of outcome.
Methods We prospectively evaluated 109 consecutive patients
admitted to a surgical high-dependency unit (HDU). Regional
Ethics Committee approval was obtained. Serum electrolytes,
albumin, phosphate and lactate were measured on admission and
days 1 and 2. We derived the calculated ion gap (CIG) using our
simplified modification of the Stewart–Figge equations.
Results The CIG on day 1 predicted mortality (P = 0.001, analysis
of variance). A CIG > 10 mmol/l correlated very strongly with
mortality. The mortality in patients with a CIG < 10 mmol/l (n = 86)
was 4.7%. The mortality in patients with a CIG > 10 mmol/l
(n = 23) was 26.1% (P = 0.006, chi-square test). There were no
differences in CIG with respect to mortality on admission or day 2
(P = 0.273 and 0.104, respectively). The mean hospital stay was
significantly longer in patients with a CIG > 10 mmol/l (46.6 vs
18.7 days, P = 0.015, t test) (Table 1).

Table 1 (abstract P451)

Day 1 Day 1 
CIG < 10 mmol/l CIG > 10 mmol/l P value

Inhospital mortality 4.7% (n = 86) 26.1% (n = 23) P = 0.006 
(χ2 test)

Length of hospital stay 18.7 days 46.6 days P = 0.015 
(t test)

Conclusion We describe the CIG for the first time in the critically
ill surgical patient, and quantify it using simple bedside calculations
derived from routine blood investigations. Failure to normalise the
CIG by day 1 after admission to the HDU is an excellent marker for
mortality and length of hospital stay, and should be used to guide
resuscitation.

P452

Lactate levels from arterial, central venous and peripheral
venous blood in severe sepsis and septic shock patients

M Assuncao, A Nascente, C Guedes, B Mazza, M Jacki, 
H Fernandes, F Machado
Universidade Federal de São Paulo, Brazil
Critical Care 2007, 11(Suppl 2):P452 (doi: 10.1186/cc5612)

Introduction Serial lactate measurements are reliable and may be
useful as a prognostic marker in critically ill patients. Differences in
its levels, depending on the sample site, can lead to mis-
interpretation and inadequate treatment. The primary objective of
this study is to evaluate the relationship between lactate levels in
different compartments of the body, such as peripheral venous,
central venous and arterial blood in patients with severe sepsis and
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septic shock. Secondarily, we aimed at evaluating the impact of
them in patient management
Methods This transversal study included patients with severe
sepsis or septic shock with a central venous line in place. Blood
from a peripheral venous puncture, central venous line and arterial
line were collected, at the same timepoint each 12 hours.
Peripheral lactate collection was performed carefully with the left
superior limb garroted for a maximal of 2 minutes. Data were
analysed by linear correlation test, and a Bland–Altman test was
done to verify the degree of agreement between values from
different samples. A P value <0.05 was considered significant.
Results Fifteen patients were enrolled, with a mean age of
57.8 years (eight males and seven females), APACHE II score of
15.3 ± 5.0 and SOFA score of 7.13 ± 3.39. A total of 129
samples were available for analysis. The linear correlation between
arterial and central venous lactate levels showed an r2 = 0.66
(95% CI: 0.71–1.12). However, Bland–Altman had a mean ±
standard deviation bias of 1.25 ± 5.0. Results were similar for
arterial and peripheral venous lactate with an r2 = 0.85 (95% CI:
0.97–1.27) and a bias of –2.44 ± 5.0. Clinical agreement between
arterial and central venous blood was 90%, arterial and peripheral
blood was 71% and central venous and peripheral blood was 64%.
Conclusion Lactate from central venous blood can replaced arterial
samples. However, peripheral samples are not clinically reliable.

P453

Lung nitroxidative stress as a prognostic factor in
ventilated septic patients

J Gorrasi1, H Botti2, C Batthyany2, M Naviliat2, M Cancela1, R Radi2
1University Hospital, School of Medicine, Montevideo, Uruguay;
2Center for Free Radical Biomedical Research, School of Medicine,
Montevideo, Uruguay
Critical Care 2007, 11(Suppl 2):P453 (doi: 10.1186/cc5613)

Introduction During sepsis and mechanical ventilation, nitric oxide
(•NO) is produced by lung cells. We study whether pulmonary •NO
production is a prognostic factor in mechanically ventilated septic
patients.
Materials and methods We studied 50 patients with sepsis
within the first 48 hours of sepsis. Operating room patients served
as control a group (ORCG). Nitrite and nitrate (NOx

–) and 3-
nitrotyrosine (3NT) in plasma and bronchoalveolar lavage fluid
(BALF) were analyzed by the Griess/vanadium chloride method
and ELISA, respectively. Results were expressed as median and
interquartile range. Receiver operator curves were constructed to
compare the predictive value of NOx

– values in BALF at admission
with other variables. Kaplan–Meier analysis was used to compare
survival between high and low BALF NOx

– levels at admission. A P
value less than 0.05 was considered significant.
Results At study admission in the sepsis group, nonsurvivors had
higher levels of BALF NOx

– than survivors: 20 (17–33) µM, 27
versus 72 (46–91) µM, 23, P = 0.0001. At day 7, BALF 3NT was
higher in nonsurvivor septic patients than in survivors: 1,666
(30–3,173) pmol/mg protein versus 291 (13–1,908) pmol/mg
protein. BALF NOx

– had the highest area under the receiver
operator curve for mortality (0.812, P = 0.001) in relation to other
variables. Septic patients with BALF NOx

– above 36 µM had a
relative risk for mortality of 4.23 and an OR of 15.84. The
difference between the low bronchoalveolar •NO group (BALF
[NOx

–] < 36 µM at admission) versus the high bronchoalveolar
•NO group (BALF [NOx

–] ≥ 36 µM at admission) in ICU mortality
was significant: 19% versus 78% (log rank 18.19, P = 0.00001).
Conclusion During sepsis there is enhanced lung •NO production
that is associated with ICU mortality.

P454

Brain natriuretic peptide and left ventricular area variation
with fluid challenge in septic shock: an echocardiographic
study (preliminary results)

A Ghaddab, H Quintard, L Rami, D Grimaud, C Ichai
St Roch Hospital, Nice, France
Critical Care 2007, 11(Suppl 2):P454 (doi: 10.1186/cc5614)

Introduction Myocyte stretch is the main stimulus of brain
natriuretic peptide (BNP) synthesis and release. During septic
shock, important variations of volemia can occur and a correlation
has been described between the cardiac index and the BNP level
[1]. However, the relation between the echocardiographic left
ventricule area and the BNP level has never been described. The
aim of our study was to evaluate BNP and left ventricule area
variations after an acute fluid loading in septic shock.
Methods Mechanical ventilated patients with septic shock, and
without anterior cardiac disease, were included in our study. A fluid
challenge was performed with colloid (500 ml) in 30 minutes. A
BNP blood sample was drawn before and 1 hour after fluid
loading. The primary endpoint was BNP variation after fluid
challenge. Median values (25–75th percentiles) were compared
with the Wilcoxon test (P < 0.05). The end-diastolic left ventricule
area was recorded before and 1 hour after fluid challenge. Linear
regression of BNP variation and left ventricular area variation was
determined and r2 was calculated.
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Results Eight patients (median age 68 years; six males/two females;
SOFA score = 12) were enrolled in our study. The initial BNP level
median increased from 695 (417–2,738) to 715 (478–2,596) µg/ml
after a fluid loading (P = 0.7) (Figure 1).We did not find a statistically
significant relationship between BNP variation and left ventricule
area variation after fluid challenge (P = 0.13) (Figure 2).
Conclusion There is no increase in BNP level in patients with
septic shock after fluid challenge. To our knowledge, this
preliminary study is the first to evaluate the relationship between
BNP and left ventricule area variation in patient with septic shock.
Although no statistical significance between left ventricule area
variation and BNP variation after fluid challenge, there is a trend to
correlation between these two parameters. More patients have to
be included to confirm this result.
Reference
1. McLean AS: The effects of acute fluid loading on plasma

B-type natriuretic peptide levels in a septic shock patient.
Anesth Intensive Care 2005, 33:528-530.

P455

Atrial natriuretic peptide reduces the ischemia/
reperfusion-induced renal injury in rats by enhancing
sensory neuron activation

N Harada, K Okajima, Y Mizuochi
Nagoya City University Graduate School of Medical Sciences,
Nagoya, Japan
Critical Care 2007, 11(Suppl 2):P455 (doi: 10.1186/cc5615)

Introduction Although carpertide, a synthetic α-human atrial
natriuretic peptide (ANP), reduces ischemia/reperfusion (I/R)-
induced tissue injury, the precise therapeutic mechanism(s)
remains to be elucidated. Calcitonin gene-related peptide (CGRP)
released from sensory neurons reduces I/R-induced liver injury by
inhibiting neutrophil activation through an increase in the
endothelial production of prostacyclin (PGI2). In the present study,
we examined in rats whether ANP reduces I/R-induced renal injury
by enhancing sensory neuron activation.
Methods The right renal vessels were clamped in rats for 45
minutes after left nephrectomy. ANP (0.3 µg/kg/min) was
continuously infused from 30 minutes before ischemia to 60
minutes after reperfusion. We attempted to determine whether
ANP promotes CGRP release from cultured dorsal root ganglion
neurons isolated from adult rats in vitro.
Results Intravenous infusion of ANP reduced I/R-induced increase
in serum levels of blood urea nitrogen and creatinine at 24 hours
after reperfusion. ANP inhibited I/R-induced increases in renal
tissue levels of TNF and myeloperoxidase at 3 and 6 hours after
reperfusion, respectively. ANP significantly enhanced I/R-induced
increases in renal tissue levels of CGRP and 6-keto-PGF1α, a
stable metabolite of PGI2, at 1 hour after reperfusion. ANP-induced
increases in renal tissue levels of CGRP were significantly inhibited
by pretreatment with SB366791, a specific vanilloid receptor-1
antagonist. ANP-induced increases in renal tissue levels of 6-keto-
PGF1α were significantly inhibited by pretreatment with
SB366791, CGRP(8-37), a CGRP receptor antagonist, and
indomethacin. Reduction of I/R-induced increases in serum levels
of blood urea nitrogen and creatinine and those in renal tissue
levels of TNF and myeloperoxidase in rats treated with ANP were
completely abrogated by pretreatment with SB366791, CGRP(8-
37), and indomethacin. ANP significantly increased CGRP release
from dorsal root ganglion neurons in vitro.
Conclusions These results strongly suggested that ANP might
reduce I/R-induced renal injury in rats by inhibiting neutrophil
activation through enhancement of sensory neuron activation.

P456

Mid-regional pro-atrial natriuretic peptide is a strong predictor
of outcome in an unselected cohort of critically ill patients

B Meyer1, P Wexberg1, R Berger1, D Moertl1, N Morgenthaler2, 
J Struck2, A Bergmann2, G Heinz1, R Pacher1, M Huelsmann1

1Medical University of Vienna, Austria; 2B.R.A.H.M.S. Ag,
Henningdorf, Germany
Critical Care 2007, 11(Suppl 2):P456 (doi: 10.1186/cc5616)

Introduction Atrial natriuretic peptide (ANP) is a strong predictor
of outcome in patients with heart failure, various other
cardiovascular diseases and in patients with systemic inflammatory
response syndrome and sepsis. Furthermore, ANP is elevated in
patients with kidney disease. We aimed to test the prognostic
potency of the precursor molecule mid-regional pro-atrial natriu-
retic peptide (MR-pro-ANP) in an unselected cohort of critically ill
patients.
Methods Between August 2004 and February 2006, a total of
294 patients (191 males, age 63.8 ± 14.7 years) admitted to our
ICU were studied. The mean SAPS2 and APACHE II score were
52 ± 23 and 24 ± 11, respectively. Two hundred and three
patients (69.1%) were on intravenous inotropic support, 30 patients
had additional mechanical circulatory support (23 intraaortic
balloon counterpulsation (7.8%), eight extracorporeal membrane
oxygenation (2.7%), three left ventricular assist device (0.9%)). Two
hundred and five patients (69.7%) were mechanically ventilated,
and 59 patients (20.1%) presented with acute renal failure. Plasma
samples for determination of MR-pro-ANP were obtained on
admission in all patients. As MR-pro-ANP values were not normally
distributed, log MR-pro-ANP values were used for analysis.
Results Two hundred and thirty-five patients (79.9%) survived to
ICU discharge and 59 patients died (21.1%). Log MR-pro-ANP
plasma levels were significantly higher in patients who died than in
ICU survivors (2.76 ± 0.39 pmol/l vs 2.50 ± 0.38 pmol/l,
respectively, P < 0.0001). In the Kaplan–Meier analysis of 28-day
survival, patients with log MR-pro-ANP plasma-levels above the
median had significantly lower survival rates compared with
patients with log MR-pro-ANP plasma levels below the median
(P = 0.02).
Conclusion Our data show that elevated plasma levels of MR-pro-
ANP at ICU admission are associated with an adverse outcome in
an unselected cohort of critically ill patients.

P457

Clinical meaning of brain natriuretic peptide in the
intensive care unit

T Principi, D Elisei, M Strovegli, G Falzetti, P Pelaia
Anaesthesia and Intensive Care Clinic – Politechnical University of
Marche, Ancona, Italy
Critical Care 2007, 11(Suppl 2):P457 (doi: 10.1186/cc5617)

Introduction The aim of this study is to evaluate differences in
brain natriuretic peptide (BNP) dosage (vn < 100 pg/ml) during
the weaning procedure, in patients with heart disease (HD) vs
patients without HD, admitted to the ICU.
Methods Ten patients with HD (group A) and 33 patients without
HD (group B) were studied by BNP dosage in three specific steps:
(1) admission to the ICU; (2) before the extubation (performed if
patients, after the end of mechanical ventilation and 1 hour of
connection to T-tube, were considered suitable for extubation); and
(3) 24 hours after extubation. Necessity of noninvasive ventilation
or reintubation after the extubation was considered as weaning
failure. Data are shown as the mean ± standard error of the mean;
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nominal variables were analyzed with the chi-square test and the
risk ratio (RR) with 95% confidence interval (IC95) was performed;
intragroup ordinal variables were analyzed with the Wilcoxon test
(W), intergroup ordinal variables were analyzed with the
Mann–Whitney test (MW). The receiver operative characteristic
test was used to discriminate the BNP cutoff value with sensibility,
specificity and respective IC95, between group A and group B.
P < 0.01 is taken as statistically significant.
Results Weaning failure in group A occurred in 50% of patients vs
12% of group B patients (P < 0.01 chi-square test; RR = 4.13,
IC95 = 1.36–12.49). BNP value differences in group A are not
significant (step 1: 662 ± 147 pg/ml; step 2: 769 ± 171 pg/ml;
step 3: 843 ± 167 pg/ml), while BNP value differences in group B
are statistically significant (W) (step 1: 130 ± 21 pg/ml; step 2:
236 ± 41 pg/ml, P < 0.01 vs step 1; step 3: 375 ± 75 pg/ml,
P < 0.001 vs step 1 and P < 0.01 vs step 2). There are statistically
significant differences between group A and group B in every step
(P < 0.01 MW). The BNP cutoff value to discriminate group A from
group B is 274 pg/ml with sensibility 90 (IC95 = 55–98) and
specificity 79 (IC95 = 61–91).
Conclusions Risk of weaning failure is increased four times in
patients with HD. BNP values of group B patients are higher than
normal people probably because the heart of ICU patients is
submitted to different kinds of stress; therefore the BNP cutoff
value to consider for discrimination of patients with HD from
patients without HD in the ICU should be higher. BNP production
in ICU patients with good performance of the heart is the right
protective response to stress performed by therapy adopted
during the ICU stay, this response is absent in patients with HD
because their hearts already work in safety mode.

P458

Combining various severity of illness scoring systems to
improve outcome prediction: pilot experience in the
critically ill obstetric population

Z Haddad1, C Kaddour2, L Skandrani2, S Nagi2, T Chaaoua2, 
R Souissi2
1CHI St-Cloud, France; 2National Institute of Neurology, Tunis,
Tunisia
Critical Care 2007, 11(Suppl 2):P458 (doi: 10.1186/cc5618)

Introduction No perfect severity score exists to predict ICU
mortality, thus the search for new systems is still a preoccupation.
Hypothesis Use of many severity of illness scores simultaneously
improves mortality prediction.
Patients and methods An open prospective observational study
as part of the APRiMo project [1]. The study period was January
1996–September 2004. Inclusion criteria were critically ill
obstetric patients and ICU length of stay >24 hours. Exclusion
criteria were those of the used scores. The main outcome of
interest was the survival status at ICU discharge. The database
was divided into two samples: development and validation
datasets. Development database patients were chosen randomly
(n = 414) and the remaining patients composed the validation
dataset (n = 229). A multivariable logistic regression model was
developed to predict mortality associating the Acute Physiology
and Chronic Health Evaluation II score [2], Simplified Acute
Physiology Score II [3], Admission Mortality Prediction Model
(MPM-H0) and Day 1 Mortality Prediction Model (MPM-H24) [4].
Discrimination and calibration were assessed by goodness-of-fit
C-hat statistics and area under the ROC curve. The developed
model was then tested in the validation dataset. Good
discrimination was retained if C-hat statistics P > 0.1 and good
calibration if area under the ROC curve > 0.8.

Results Six hundred and forty-three patients enrolled. The overall
mortality rate was 11.51%. The new model predicted accurately
99% of survivors and more than 60% of nonsurvivors.
Conclusion The ‘multiscore’ model seems to refine prognosis. This
is partly due to mixing of new evaluated parameters. Testing the
latest developed generations of scores and also organ dysfunction
systems could be interesting.
References
1. Haddad Z, et al.: Critically ill obstetric patients: outcome

and predictability. Crit Care 2005, 9(Suppl 1):S92-S93.
2. Knaus WA, et al.: APACHE II: a severity of disease classifi-

cation system. Crit Care Med 1985, 13:818-829.
3. Le Gall JR, et al.: A new simplified acute physiology score

(SAPS II) based on a European/North American multicen-
ter study. JAMA 1993, 270:2957-2963.

4. Lemeshow S, et al.: Refining intensive care unit outcome
prediction by using changing probabilities of mortality. Crit
Care Med 1988, 16:470-477.
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Validation of logistic organ dysfunction score prediction
compared with APACHE II score prediction hospital
outcome in Thai patients

B Khwannimit
Prince of Songkla University, Songkhla, Thailand
Critical Care 2007, 11(Suppl 2):P459 (doi: 10.1186/cc5619)

Introduction To assess the performance of the logistic organ
dysfunction (LOD) score and Acute Physiology and Chronic Health
Evaluation II (APACHE II) score in a mixed medical–surgical ICU of
a tertiary referral university hospital in Thailand.
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Development Validation

Hosmer–Lemeshow 0.868 0.42
C-hat statistics test

ROC 0.936 0.945

Nonsurvivor prediction 28/46 (60.9%) 18/28 (64.3%)

Survivor prediction 364/368 (99%) 199/201 (99%)

Figure 1 (abstract P459)
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Methods The data were collected prospectively on consecutive
patients admitted to the ICU of Songklanagarind Hospital over a
24-month period from 1 July 2004 until 30 June 2006.
Results A total of 1,962 patients were enrolled, with 432 deaths
(22%) prior to hospital discharge. Both systems provided
overprediction of hospital mortality. LOD and APACHE II scores
predicted hospital mortality of 25.4 ± 26.5 and 29.6 ± 27.8,
respectively. Both models showed excellent discrimination. The
receiver operating characteristic curves of both systems are shown in
Figure 1. The area under the receiver operating characteristic curve
(AUROC) of LOD was 0.867 (95% CI = 0.846–0.886) and the
AUROC was 0.906 (95% CI = 0.889–0.923) for APACHE II. Both
models presented a poor calibration in overall population. However,
the LOD score had good discrimination and calibration in subgroups
of nonoperative patients (AUROC 0.854, the Hosmer–Lemeshow
goodness-of-fit H statistic 11.67, P = 0.166) and patients that
exclude coronary artery disease and cardiac surgery (AUROC 0.860,
the Hosmer–Lemeshow goodness-of-fit H statistic 10.03, P = 0.263).
Conclusion The LOD score showed good accuracy to predict
hospital mortality in subgroups of nonoperative critically ill patients
and excluded coronary heart disease and cardiac surgical critically
ill patients in Thailand.

P460

Could we use the admission Acute Physiology and Chronic
Health Evaluation II score for outcome prediction in
critically ill obstetric patients?

Z Haddad1, R Souissi2, C Kaddour2, W Trabelsi2, M Bouchnak3,
S Nagi2
1CHI St-Cloud, France; 2National Institute of Neurology, Tunis,
Tunisia; 3Centre de Maternité et de Néonatologie, Tunis, Tunisia
Critical Care 2007, 11(Suppl 2):P460 (doi: 10.1186/cc5620)

Introduction The APACHE II score (APII) has widespread use in
ICUs for research and benchmarking. Physiological data for
calculation of the APII score derive from worst values in the first
24 hours after ICU admission.
Hypothesis Mortality prediction by the APII system depends on
data sampling. Use of ICU admission data (first hour) could be
accurate to predict mortality.
Methods An open prospective data-sampling part of the APRiMo
study. Included were critically ill obstetric patients, with ICU length
of stay (LOS) ≥6 hours. Admission (H1: first-hour worst
physiological data) and H24 (worst 24-hour physiological variables
including H1 collected data) were used to generate, respectively:
the admission APII score (H1-APII) and H24-APII. The formulae to
calculate individual mortality for H1 and H24 APII were those
validated for H24-APII as stated by Knaus and colleagues [1],
adjusting for admission diagnosis. We compared both scores by
discrimination and calibration statistical tests. P < 0.05 was the
threshold for statistical significance.
Results The study period was January 1996–September 2004.
We included 541 patients, overall mortality was 10.5%. Mean H1-
APII and H24-APII scores. respectively. were 7.6 ± 6.1 and 8.6 ± 7,
with derived mean predicted mortality, respectively, of 8.63% and
9.86%. The H24-APII score was higher than the H1-APII score in
135 patients (25%), among those patients 32 died (24% of
patients with worsened APII) vs 6.16% if H1 = H24 (P < 0.01).
Running a multiple logistic regression with mortality as the
dependent parameter, we found that worsening of the APII score
over time is not significantly associated with mortality (P = 0.791),
whereas the H1-APII score (P < 0.001) and ∆APII score (H24-APII

minus H1-APII score) (P = 0.04) are correlated with mortality.
Respective ORs are 1.28 and 1.45. Overall discrimination ability
assessed by receiver operating characteristic curves was good for
H1-APII (0.78) and H24-APII (0.784) (P = 0.834).
Conclusion To avoid variation in APII mortality prediction caused
by variable sample rates, the admission APII is reliable.
Customizing mortality formulae could improve performances of
APII-H1.
Reference
1. Knaus WA, et al.: APACHE II: a severity of disease classifi-

cation system. Crit Care Med 1985, 13:818-829.
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Two-day intensive care unit outcome prediction score: a
trial to improve outcome prediction in critically ill obstetric
patients

Z Haddad1, S Nagi2, R Souissi2, C Kaddour2

1CHI St-Cloud, France; 2National Institute of Neurology, Tunis,
Tunisia
Critical Care 2007, 11(Suppl 2):P461 (doi: 10.1186/cc5621)

Introduction The critically ill obstetric population median ICU stay
is 4 days, thus general severity of illness scores are supposed to
be accurate in mortality prediction. A literature review makes us
sceptical.
Objective Development of a new prognostic model based on
association of one of the generalistic severity scores (SAPS II,
APACHE II), one of the organ dysfunction scores (LOD, MODS,
SOFA) and evolution of these scores during the first 2 days of ICU
hospitalization.
Methods An open prospective analysis part of the APRiMo study
[1] ranging from January 1996 to September 2004. Inclusion
criteria were critically ill obstetric patients with an ICU length of
stay > 24 hours. Exclusion criteria were those of the used scores.
The main outcome of interest was survival status at ICU discharge.
The database was divided into two samples: a development
sample by random choice of 450 patients, and the remaining
patients in the validation dataset. Multivariable logistic regression
models were developed. We chose among different developed
models the best performer as assessed by Hosmer–Lemeshow
(HL) goodness-of-fit statistics (calibration) and the area under the
receiver operating characteristic curve (AUROC) for discrimination.
Accuracy of the developed model was verified on the validation
dataset using the same statistical tests. Results are expressed as
the mean ± standard deviation unless stated elsewhere. Data were
computed on SPSS 11.5 Win-XP version.
Results Six hundred and forty patients included. Age 31 ± 6 years,
length of stay 5 ± 5 days, SAPS II 27 ± 16, SOFA score 5 ± 4,
LOD score 2 ± 1.7. The overall mortality rate was 13.3%. The best
model was the one combining SAPS II and LOD scores. The LOD
score and SAPS II alone discriminated well but calibrated poorly in
outcome prediction. Discrimination was optimal for the new
developed model in both development and validation datasets,
with AUROC respectively of 0.87 and 0.85. Calibration was good
in the developed and validated datasets, respectively P = 0.176
and 0.34. The developed model predicts death accurately in 2/3
cases.
Discussion and conclusion The SAPS II and LOD scores are
complementary. Development of dynamic models in time helps to
refine prognosis prediction.
Reference
1. Haddad Z, et al.: Critically ill obstetric patients: outcome

and predictability. Crit Care 2005, 9(Suppl 1):S92-S93.
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P462

The correlation of the Sequential Organ Failure
Assessment score with intensive care unit outcome

I Ketchley, A Theodoraki, T Reynolds, A Tillyard, R Lawson, 
N Al-Subaie, M Cecconi, R Grounds, A Rhodes
St George’s Hospital, London, UK
Critical Care 2007, 11(Suppl 2):P462 (doi: 10.1186/cc5622)

Methods We conducted a prospective observational review of
100 consecutive patients admitted to our ICU. We collected data
relating to daily maximum organ dysfunction scores. Outcome was
defined in terms of length of ICU stay and ICU mortality.
Results We included 100 patients (62 males), mean age 60.9
years. Of these admissions, 45 were elective surgical, 22
emergency surgical, 33 medical. The median Sequential Organ
Failure Assessment (SOFA) score on admission was 4.50 (IQR 4).
The median maximum SOFA score was 5.00 (IQR 5). The median
length of ICU stay was 3.0 days (IQR 3). The overall ICU mortality
rate was 14.0%. For patients with a maximum SOFA score ≤8,
mortality was 5.1% – vs 45.5% for those whose maximum SOFA
score was >8 (P < 0.001). Sixty-four per cent of patients scored
their maximum SOFA score on admission. In patients whose SOFA
score increased after admission, the mortality was 24.3%. Logistic
regression analysis showed the maximum SOFA score bore a
stronger correlation with mortality than admission SOFA score.
See Figure 1.
Conclusion Maximum and admission SOFA scores are of
prognostic value in the intensive care setting; allowing patients
with increased risk of mortality and prolonged stay to be identified.

P463

Sequential Organ Failure Assessment score as an
outcome predictor in malarial multiorgan dysfunction
syndrome

S Jog, P Akole, B Pawar, N Gogate, S Gadgil, P Rajhans
Deenanath Mangeshkar Hospital and Research Centre, Pune, India
Critical Care 2007, 11(Suppl 2):P463 (doi: 10.1186/cc5623)

Introduction Acute severe malaria is one of the leading causes of
multiorgan dysfunction syndrome (MODS) in a developing country

like India, and is associated with significant mortality. The outcome
of malarial MODS predicted in various studies is extremely variable
and dependent on many patient parameters.
Objective We prospectively evaluated the correlation of the
APACHE II score, parasite index, procalcitonin (PCT) levels,
number of organ dysfunctions/failures and Sequential Organ Failure
Assessment (SOFA) score with the outcome of severe malaria.
Methods Eleven patients with acute severe malaria with MODS
were treated in our ICU in the last 5 months. All these patients
were treated with artesunate and/or quinine as per the WHO
antimalarial treatment schedule, along with standard ICU care. The
APACHE II and SOFA scores were calculated on admission. PCT
levels were measured semiquantitatively on admission. The
parasite index was confirmed by two pathologists.
Results Nine out of 11 patients survived without any residual
organ damage, and the remaining two died due to MODS (Figure 1).
Both these patients had five organ dysfunctions on admission, and
their SOFA scores were 18 and 20, respectively. They had a low
parasitic index of 1% and 2.5% and their PCT levels were 0.5–2
and >10 (semiquantitative method), respectively. Their APACHE II
scores were 16 and 10.
Conclusion The pretreatment APACHE II score, parasite index,
PCT levels and number of organs involved have variable correlation
with mortality and are not consistent predictors of outcome. A
higher SOFA score on admission is a more reliable predictor of
mortality in malarial MODS.

P464

Model calibration and discriminatory ability: a comparison
of four derived variables from the SOFA score and the
SAPS II

R Ouezini, N Frikha, N Belhaj, S Ouerghi, M Mebazaa, 
M Ben Ammar
Mongi slim Hospital, La Marsa, Tunisia
Critical Care 2007, 11(Suppl 2):P464 (doi: 10.1186/cc5624)

Introduction We sought to compare four derived variables from
the SOFA score and the SAPS II in ICU patients in terms of
discriminatory ability and model calibration.
Patients and methods Four hundred and fourteen patients were
included; they were evaluated on admission and every 48 hours
thereafter until ICU discharge or death. Readmission and patients
with an ICU stay shorter than 48 hours were excluded. The TMS
score was calculated by summing the worst scores for each of the
organ systems. Organ failure was defined by a SOFA score ≥3.
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Median length of ICU stay in patients with an admission SOFA score
>8 vs those whose admission SOFA score was ≤8 (P = 0.001).
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∆SOFA was defined by TMS minus admission SOFA (SOFAi). The
maximum SOFA was defined by the worst SOFA value during the
ICU stay. Logistic regression modeling techniques were used to
describe the association of derived SOFA variables and SAPS II
with mortality. ROC curves were used to assess the model’s
discriminatory ability and we examined the model calibration using
the Hosmer–Lemeshow goodness-of-fit test. P < 0.05 was con-
sidered significant.
Results Diagnostic categories were: trauma 21.3%, postoperative
19% and medical 59.7%. Global mortality was 34.3%. Survivors had
lower average SAPS II (28.1 ± 14 against 48.6 ± 19, P < 0.01),
SOFAi score (3.7 ± 3 against 7.2 ± 4, P < 0.01), SOFAmax score
(4.6 ± 4 against 10.8 ± 3, P < 0.01), ∆SOFA (1.6 ± 6 against
4.2 ± 3, P < 0.01), DoMAX (1.6 ± 6 against 4.2 ± 3, P < 0.01)
and TMS (5 ± 3 against 11.4 ± 4, P < 0.01), and the difference
was statistically significant. Results regarding model calibration
and discriminatory ability are presented in Figure 1.
Conclusion The SOFAmax score had the best model calibration
and could be used to compare different patient populations in
terms of mortality.

P465

Sequential Organ Failure Assessment score trends and
sepsis survival in a Brazilian university hospital intensive
care unit

D Moreira Lima, B Ferreira Cordeiro de Almeida, R Cordioli, 
E Tadeu Azevedo Moura, I Schimdtbauer, A Nassar, F Maria
Queiroz Silva, R Zigaib, D Forte, F Giannini, J Coelho, M Park
Hospital das Clínicas FMUSP, São Paulo, Brazil
Critical Care 2007, 11(Suppl 2):P465 (doi: 10.1186/cc5625)

Introduction Sepsis is associated with progressive organ failure.
We sought to describe Sequential Organ Failure Assessment
(SOFA) score daily trends in septic patients and tried to correlate
those trends with survival.
Methods Patients with severe sepsis or septic shock admitted for
at least 5 days in a seven-bed medicosurgical ICU of a Brazilian
university hospital were studied. The daily SOFA score for each
patient was calculated during the first 5 days of admission.
Relevant data were prospectively acquired from March 2003 to
May 2006 and the latter retrieved from a electronic database. ICU
survivors were compared with nonsurvivors using the
Mann–Whitney U test. Day-to-day changes were verified within
each group using Friedman’s test. P ≤ 0.01 was elected as the
significance limit. Medians and interquartile ranges (IQRs) were
used to describe the sample.

Results One hundred and seventy-six patients were studied (71
males (56%), median age 51 (IQR 36–67) years, 78 (44%) with
severe sepsis, median length of ICU stay 10 days (IQR 7–16),
median admission SOFA 6 (IQR 4–9), median APACHE II score
19 (IQR 13–26), ICU mortality 27.84% (49/176 patients)). The
SOFA score and its components scores along the five admission
days distinguished the survivors from the nonsurvivors.
Considering the SOFA score and its respiratory, neurologic and
circulatory components, survivors presented lower scores as the
days passed (P < 0.001). Mortality was increasingly higher for
those patients who persisted with a SOFA score ≥ 7 as the days
passed.
Conclusion In the sample studied, the persistence of an elevated
SOFA score and its components during the first 5 days of
admission predicted a higher mortality. Survival appears to be
related to early organ dysfunction recovery. The SOFA score and
SOFA-related variables’ day-to-day changes in a population of
septic patients may have an important prognostic implication and
some patterns of daily evolution may distinguish those patients
with a more ominous outcome.

P466

Cumulative lactate load correlates with cumulative
Sequential Organ Failure Assessment score and survival in
intensive care unit patients

P Spronk1, L Brander2, S Jansen1, J Rommes1

1Gelre Ziekenhuizen Location Lukas, Apeldoorn, The Netherlands;
2University Hospital, Bern, Switzerland
Critical Care 2007, 11(Suppl 2):P466 (doi: 10.1186/cc5626)

Background Changes in lactate levels are used as a prognostic
marker in critically ill patients. However, the relation between the
time course of arterial blood lactate clearance and important
outcome parameters such as ICU length of stay (LOS), incidence
of organ failure and survival rate has not been established.
Methods Case records from all ICU patients admitted between
2002 and 2004 were retrospectively identified in the ICU
database. The Sequential Organ Failure Assessment (SOFA)
score was calculated daily to assess the time course of organ
failure. All lactate levels were extracted and the total cumulative
lactate load (area under the curve above the upper normal level of
2.2 mmol/l; cum-lactate), and total cumulative SOFA score (cum-
SOFA) were calculated and related to ICU LOS and final hospital
survival. Values are the median (interquartile range).
Results Observations in 1,711 ICU admissions were analyzed,
age was 69 (57–77) years, cum-lactate was 420 (94–419
min·mmol/l) and cum-SOFA was 11 (4–38). Cum-SOFA was
higher in patients with hyperlactatemia (cum-lactate > 0) during the
ICU stay (n = 782; 24 (7–71)) than in those without (5 (3–20);
P < 0.001). Cum-SOFA correlated with cum-lactate and with ICU
LOS, and cum-lactate correlated with ICU LOS (all P < 0.001). In
patients who died in the hospital (n = 329), cum-lactate (1,180
(203–3,427) min·mmol/l) and cum-SOFA (30 (10–95)) were
higher than in hospital survivors (n = 1,382; 298 (73–1,154)
min·mmol/l, and 22 (5–67); both P < 0.001). In emergency
admissions, cum-lactate (484 (113–2,031)) and cum-SOFA (27
(8–78)) were higher than in planned admissions (131 (37–454))
and (4 (3–28); both P < 0.001), respectively.
Conclusion In ICU patients, the cumulative area under the lactate
curve correlates with the ICU LOS, cumulative SOFA score, and
inhospital mortality. The prognostic value of cum-lactate requires
prospective evaluation.
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*Classified as + if predicted mortality ≥0.5. Domax, the maximum
number of organ failures during ICU stay.
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P467

Sequential Organ Failure Assessment score and
procalcitonin serum concentrations in patients with
systolic heart failure early after cardiac surgery

V Maravic-Stojkovic1, T Spasic1, M Jovic1, M Borzanovic1, 
B Djukanovic1, D Brunner2

1Dedinje Cardiovascular Institute, Belgrade, Serbia; 2Interlight,
Lozana, Swaziland
Critical Care 2007, 11(Suppl 2):P467 (doi: 10.1186/cc5627)

Introduction Previously we investigated the clinical course of
patients with good left ventricle ejection fraction (EF) by assessing
the Sequential Organ Failure Assessment (SOFA) score and
procalcitonin (PCT) level early after cardiac surgery. In this study
we included patients with systolic heart failure (HF), prospectively
collecting data: B-type natriuretic peptide (BNP), PCT, and SOFA
score.
Methods Two hundred and seventy-five patients (subjected to
coronary artery bypass grafting, valve reconstruction or combined
operations) were divided into three groups: echocardiographically
estimated EF > 30% for the PCT group (group A, n = 102), the
control group (group B, n = 103), and patients with EF < 30% for
BNP analysis (group C, n = 70). PCT was measured pre-
operatively, 6 hours, 24 hours and 48 hours postoperatively. The
SOFA score was assessed daily as SOFA1, SOFA2, SOFA3.
BNP was measured preoperatively in patients with HF.
Results PCT serum concentrations are presented in Table 1. In
groups A, B, and C, SOFA1 was 1.31 ± 1.67 vs 1.62 ± 1.65
(P > 0.05), and 4.73 ± 2.57 (P < 0.05). SOFA2 was 0.97 ± 1.56
vs 1.34 ± 1.67 (P > 0.05), vs 4.69 ± 2.47 (P < 0.05). SOFA3 was
0.63 ± 1.11 vs 1.13 ± 1.68 (P = 0.0178), and 4.04 ± 1.81,
respectively. The ICU stay was 5.74 ± 11.49 days in group A,
6.97 ± 11.61 days (P = 0.04476) in group B, and 3.5 ± 1.11 days
in group C. The postoperative hospital stay was 12.08 ± 11.28
days vs 12.93 ± 10.73 days vs 12.25 ± 2.5 days (P > 0.05) in
group A vs group B vs group C. Inhospital mortality was 3% vs 3%
vs 2.8% (P = 0.8038) in the three groups.

Table 1 (abstract P467)

–24 hours 6 hours 24 hours 48 hours 
(preoperative) (day of (first post- (second post-

operation) operative day) operative day)

Group A 0.23 0.33 0.34 0.56

Group C 0.25 0.75 1.07 0.88

Discussion We have found that the SOFA3 score had a
predicting value in the mortality rate as well as PCT concentrations
measured 48 hours after surgical intervention.

P468

The relationship between mortality and its time of day in
intensive care unit patients

T Adanir, A Sencan, N Atasoy, M Aksun, N Karahan
Izmir Ataturk Training and Research Hospital, Izmir, Turkey
Critical Care 2007, 11(Suppl 2):P468 (doi: 10.1186/cc5628)

Introduction It has been known that a lot of factors are effective on
mortality in ICU. In terms of ICU organization it has also been
known that staff might be effective on mortality and morbidity. The
aim of our study is to compare the cases in terms of significant
time periods that are followed and lost in the ICU.

Methods Intensive care medical records between 2002 and 2005
of 242 patients (151 males and 91 females) who attended our ICU
for 48 hours or more and proceeded mortally were analyzed
retrospectively. Patients were subdivided into three groups
according to the time at which mortality occurred: Group 1 08:00
a.m.–16:00 p.m., Group 2 16:00–24:00 p.m. and Group 3
00:00–08:00 a.m. Patients were also subdivided into two groups
according to the days on which they died being the weekend and a
weekday. The age, gender, primary diagnosis, ICU stay and
mechanical ventilator times, APACHE II, Glasgow Coma Scale and
SOFA scores, and mortality ratios of patients were taken and
compared according to the time period.
Results No statistically significant difference among the three
groups was found in terms of age, gender, primary diagnosis, ICU
stay and mechanical ventilator times, and APACHE II, Glasgow
Coma Scale and SOFA scores. Also no statistically significant
difference was found between mortalities during the weekend and
a weekday.
Conclusion A well-organized ICU can work functionally during the
night-time, change of shifts and weekend. In this situation, for
optimal performance, the structure and management of
organization come into prominence. Our results show that in ICU
patients mortality is not related to time of day when optimum
situations are provided.

P469

Simple prediction of mortality in case of readmission to
the intensive care unit

A Klimasauskas, G Kekstas
Vilnius University Hospital ‘Santariskiu Clinics’, Vilnius, Lithuania
Critical Care 2007, 11(Suppl 2):P469 (doi: 10.1186/cc5629)

Introduction Mortality of patients readmitted to the ICU is
significantly higher than the mortality of patients treated once in the
ICU. A simple method to predict mortality of patients readmitted to
the ICU could help to select the most seriously ill readmitted
patients.
Methods Adult patients that were admitted to all three ICUs of the
same hospital twice or more times during the same stay in the
hospital during a 3-year period were retrospectively selected. The
sex and age of surviving and nonsurviving readmitted patients were
compared. The mortality rate of patients readmitted into the ICU
during 24 and 48 hours was compared with the mortality rate of all
readmitted ICU patients. The mortality of patients that were
readmitted more than once into the ICU was compared with the
mortality of patients that were readmitted once. The duration of
stay in other departments before readmission into the ICU of
survivors was compared with duration of stay in other departments
of nonsurvivors.
Results A total of 13,343 patients were admitted. Eight hundred
and fifty-six patients were readmitted, 172 readmitted patients died
in the hospital (hospital mortality – 20.09%). The readmission rate
of men was higher in comparison with women (550 vs 306
patients). The mortality of readmitted men was lower than the
mortality of readmitted woman; 77 men (17.2%) died vs 95
(25.1%) women (P = 0.00001). The age of 565 patients was
lower than 70 years. The mortality of readmitted patients with age
lower than 70 years was lower than the mortality of patients older
than 70 years; 103 (18.2%) patients younger than 70 years died
vs 70 (24%) patients older than 70 years (P = 0.00001). Mortality
of patients that were readmitted during 24 or 48 hours was bigger
than the mortality of all readmitted patients (26.9% and 25.11% vs
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20.09%; P = 0.045 and P = 0.097). The mortality of patients that
were readmitted more than once (from a total 160 patients, 41
died – 25.6%) was bigger than the mortality of patients readmitted
just once (from a total 696 patients, 131 died – 18.96%)
(P = 0.12). The length of stay of nonsurviving readmitted patients
in other departments before readmission was higher than the
length of stay of survivors (mean 7.64 days vs mean 5.71 days).
Conclusion Sex and age older than 70 years of patients
readmitted to the ICU, readmission during 24 hours, and length of
stay in other departments before readmission could be used for
simple prediction of mortality of patients readmitted into the ICU.
The amount of single patient readmissions to the ICU cannot be
used as a predictor of death of patients readmitted to the ICU.

P470

Comparison of intensive care unit mortality performances:
standardized mortality ratio vs absolute risk reduction

B Afessa, M Keegan, J Naessens, O Gajic
Mayo Clinic College of Medicine, Rochester, MN, USA
Critical Care 2007, 11(Suppl 2):P470 (doi: 10.1186/cc5630)

Introduction The aim of this study was to assess the role of
absolute risk reduction (ARR) to measure ICU performance as an
alternative to the standardized mortality ratio (SMR).
Methods This retrospective study involves patients admitted to
three ICUs of a single tertiary medical center from January 2003
through December 2005. Only the first ICU admission of each
patient was included in the study. The ICUs were staffed similarly.
We abstracted data from the APACHE III database. For each ICU,
the SMR and ARR with their 95% confidence intervals (CI) were
calculated. ICU performance was categorized as shown in Table 1.
When comparing ICUs, if the 95% CI of the SMR or the ARR
overlap between the units, the performances were considered
similar. If there was no overlap, the differences in performance
were considered statistically significant.
Results During the study period, 12,447 patients were admitted to
the three ICUs: 4,334 to the medical ICU, 3,275 to the mixed ICU
and 4,838 to the surgical ICU. The predicted mortality rates were
19.5%, 16.0% and 9.0% and the observed mortality rates 14.8%,
9.7% and 4.3% for the medical, mixed and surgical ICUs,
respectively. The SMR and ARR in mortality for each ICU are
presented in Table 2.
Conclusions ICU mortality performances assessed by SMR and
ARR give different results. The ARR may be a better metric when
comparing ICUs with a different case mix.

P471

Prediction of the tacrolimus blood concentration in liver
transplantation patients with support vector regression
during an intensive care unit stay

T Verplancke1, S Van Looy2, F De Turck2, D Benoit1, E Hoste1,
G Van Maele1, S Van Hoecke2, J Decruyenaere1

1Ghent University Hospital, Ghent, Belgium; 2Ghent University,
Ghent, Belgium
Critical Care 2007, 11(Suppl 2):P471 (doi: 10.1186/cc5631)

Introduction The tacrolimus blood concentration has wide intra-
individual and inter-individual variability, especially in the initial
phase after transplantation in the ICU. To insure clinical effect and
to avoid side-effects, it is crucial to monitor concentrations very
carefully. Prediction models can save time and resources, enabling
clinicians and nurses to improve clinical care. The performance of
linear and nonlinear support vector machines (SVM) as prediction
models for the tacrolimus blood concentration in liver trans-
plantation patients is compared with linear regression analysis.
Methods Five hundred and twenty-three tacrolimus blood
concentration levels, together with 35 other relevant variables from
56 liver transplantation patients between 2002 and 2006, were
extracted from Ghent University Hospital database (ICU Information
System IZIS) (Centricity Critical Care Clinisoft; GE Healthcare).
Multiple linear regression, and support vector regression with linear
and nonlinear (RBF) kernel functions were performed, after
selection of relevant data components and model parameters.
Performances of the prediction models on unseen datasets were
analyzed with fivefold cross-validation. Wilcoxon signed-rank
analysis was performed to examine differences in performances
between prediction models and to analyze differences between real
and predicted tacrolimus blood concentrations.
Results The mean absolute difference with the measured
tacrolimus blood concentration in the predicted regression model
was 2.34 ng/ml (SD 2.51). Linear SVM and RBF SVM prediction
models had mean absolute differences with the measured
tacrolimus blood concentration of, respectively, 2.20 ng/ml (SD
2.55) and 2.07 ng/ml (SD 2.16). These differences were within an
acceptable clinical range. Statistical analysis demonstrated
significant better performance of linear (P < 0.001) and nonlinear
(P = 0.002) SVM (Figure 1) in comparison with linear regression.
Moreover, the nonlinear RBF SVM required only seven data
components to perform this prediction, compared with 10 and 12
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Table 1 (abstract P470)

Performance SMR, 95% CI ARR, 95% CI

Poor >1 <0

Average Includes 1 Includes 0

Good <1 >0

Table 2 (abstract P470)

ICU SMR, 95% CI ARR, 95% CI

Medical 0.76, 0.70–0.82 4.7%, 3.1–6.3

Mixed 0.61, 0.54–0.68 6.3%, 4.7–7.9

Surgical 0.48, 0.41–0. 4.7%, 3.7–5.7

Figure 1 (abstract P471)
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components needed, respectively, by multiple linear regression
and linear SVM.
Conclusion Performance of SVM with linear and nonlinear kernel
function was excellent and superior in comparison with the multiple
linear regression model in predicting the tacrolimus blood
concentration.

P472

Effects of the clinical characteristics of the organ donor on
the long-term results of the transplant and survival of the
patient, with particular reference to kidney transplants

S Pirri, R Mastrandrea, A Barcia, A Mazzola, S Salemi
University of Palermo, Italy
Critical Care 2007, 11(Suppl 2):P472 (doi: 10.1186/cc5632)

Introduction To assess the role of the single clinical parameters of
the donor on the outcome of the transplant and the variability of
this in relation to the state of an optimal or borderline donor.
Methods One hundred and fifty-one receiving and deceased
donor brace subordinates to kidney transplant. Clinical parameters
investigated for every donor were: age, arterial hypertension
(≥140/80 mmHg), diabetes, blood values of creatinine. It was
chosen to classify as marginal all the donors with age >55 years,
and/or hypertension, and/or diabetes, and/or with blood values of
creatinine >1.5 mg/dl, and/or whose death has happened because
of one whichever pathology that has determined cerebral anoxia.
Based on such parameters the donors’ borderline was 72/151
(47.7%), while the optimal was 79/151 (52.3%). The mean age of
the donors was 47.5 years (range 14–81 years). The population of
the 151 receiving optimal and marginal kidneys was constituted of
patients judged suitable for the transplant with typical risk factors
for a standard population of subjects on dialysis. The mean age of
receiving patients was 46 years (range 21–71 years). We have
classified receiving based on the outcome of the transplant to
5 years, as: patients alive with transplanted kidney still working,
deceased patients, and patients re-entered to haemodialysis.
Results Eighty-seven per cent (n = 69) of kidneys transplanted
from optimal donors, in fact, have turned out working, 4% (n = 3)
have re-entered haemodialysis within 5 years from the surgery, and
only 9% (n = 7) have deceased in the same period. Regarding
marginal kidney receiving, it has been possible to demonstrate that
72% (n = 52) of such subjects maintained a good function of the
transplant, 11% (n = 8) re-entered haemodialysis, and 17%
passed away within 5 years of the transplant.
Conclusions The difference between the survival of the two
receiving groups is not such to justify the exclusion of marginal
donors from the ‘pool’ of potential kidney donors. Considering that,
the use of marginal donors can be a valid system in order to supply
the lack of organs. Moreover the histological examinations,
executed on patterns captured with wedge biopsy before the
transplant, can be an effective strategy finalized for the expansion
of potential kidney donors.

P473

Upregulation of the endothelin axis in alveolar
macrophages following brain stem death in a murine model

J Fraser, A Sutherland, F Kermeen, K McNeil, J Dunning
The Prince Charles Hospital, Brisbane, Australia
Critical Care 2007, 11(Suppl 2):P473 (doi: 10.1186/cc5633)

Introduction Outcomes post lung transplantation continue to
improve, but early pulmonary dysfunction dictates long-term
morbidity and mortality. Ischaemia reperfusion injury is a precipitant

of poor postoperative outcome in lung transplantation and may
cause primary graft dysfunction (PGD). A number of processes are
thought to contribute to PGD. Relatively little is understood of the
role of brain stem death (BSD) in subsequent organ dysfunction. We
wished to examine the effect of BSD on the endothelin (ET) axis.
Methods Following ethics approval, 14 Wistar–Kyoto rats were
anaesthetised, with tracheostomy and arterial and venous
cannulation. A 200 µl Fogarty’s balloon catheter was inserted via a
burr hole into the subdural vault. The balloon was inflated in the
experimental group but not the control group. Four hours of
positive pressure ventilation were followed by euthanasia and
organ retrieval. Lung tissue was stained for H&E for morphology,
and alveolar macrophages (AM) were identified by anti-CD68
staining. AM were stained with a monoclonal anti-ET-1 antibody, as
well as the polyclonal anti-ET-A and ET-B.
Results All animals survived the experiment. There was a
significant increase in the ratio of AM to neutrophils (P = 0.002).
The ET-1 content on the AM was significantly increased in the
experimental group (27.57 ± 5.26 vs 7.01 ± 1.75, P < 0.0001).
Conclusions In this model, BSD was associated with an increase
in the ratio of AM to neutrophils, and there was significant
upregulation of the endothelin axis on these AM, as evidenced by
raised levels of ET-1, ET-A and ET-B. There may be a role for
endothelin blockade in the BSD organ donor. This may increase
the yield of organs that can be accepted for transplantation and
improve early graft function in the recipient.

P474

Prognosis factors in lung transplant recipients readmitted
to the intensive care unit

B Suberviola, A Gonzalez Castro, J Llorca, A Vallejo, 
C Gonzalez Mansilla, E Miñambres
Hospital Universitario Marques de Valdecilla, Santander, Spain
Critical Care 2007, 11(Suppl 2):P474 (doi: 10.1186/cc5634)

Introduction The short-term survival after lung transplantation has
improved gradually. Despite this the peritransplant period is of high
risk. Factors influencing the readmission of lung transplant
recipients to the ICU are diverse, but respiratory failure and sepsis
are the predominant causes. The objective of our study was to
identify outcome predictors and prognostic factors for survival
among lung transplant recipients on readmission to the ICU.
Materials and methods A retrospective study of all lung
transplant recipients achieved during a 10-year period (from 1997
to 2006). Data collection included the age, gender, reason for and
type of lung transplantation. Variables specific to individual ICU
admissions included the admission diagnosis, length of stay,
duration of mechanical ventilation, interval time from transplan-
tation, Acute Physiology and Chronic Health Evaluation (APACHE)
II score on ICU admission, and the identification of systemic organ
dysfunction. We used Student’s t test (or, where appropriate, its
nonparametric equivalent) or the χ2 test for comparisons among
the patients who died and the patients who survived their ICU
admissions.
Results A total of 144 lung transplants were performed at our
institution. Forty-six of them died on the ICU during the immediate
perioperative period. Finally, 98 were discharged from the ICU.
Twenty-eight patients were readmitted to the ICU after discharge
(28.57%). The mean of age was 51.3 ± 11.6 years. The
male/female ratio was 23/5. The mean period transcurred between
ICU discharge and ICU readmission was 107 ± 162 days. The
admission diagnosis was sepsis in 20 cases (71.4%). Seventeen
patients died during the ICU stay (60.7%). We found that an
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increase in APACHE II score, delay to ICU readmission, need of
mechanical ventilation and three or more organ dysfunctions were
significantly associated with mortality.
Conclusions Admission to the ICU is common in lung transplant
recipients, and it is associated with a high mortality. Sepsis is the
main cause of ICU readmission and the most frequent cause of
death. Lung transplant recipients with higher APACHE II score and
three or more organ dysfunction present higher mortality. The delay
on ICU readmission is also associated with higher mortality.

P475

Predictors of intensive care unit readmission within 48
hours after discharge

E Boudesteijn, S Arbous, P Berg van den
LUMC, Leiden, The Netherlands
Critical Care 2007, 11(Suppl 2):P475 (doi: 10.1186/cc5635)

Introduction Readmission to the ICU during the same
hospitalization is associated with significant morbidity and mortality
and results in a longer length of stay and higher costs. There is
therefore growing interest to identify reliable predictors for
readmission. The aim of our study was to assess the incidence of
ICU readmissions, identify predictors of ICU readmission, and
determine patient outcome.
Methods We performed a retrospective case–control study. The
study population consisted of all patients who were discharged
alive from our 28-bed surgical, thoracic–surgical and medical ICU
in a university teaching hospital in a 1-year period. A case was
defined as a patient readmitted to the ICU within 48 hours after
discharge. For each case, three control patients were randomly
selected from the study population. The following information was
collected: demographic parameters and APACHE II score,
parameters of hemodynamic, respiratory and renal function, length
of ICU stay, duration of invasive ventilatory support (ventilator time),
and time between extubation and discharge. To determine a
predictive model, covariate selection was done by the two-sample
t test, Mann–Whitney test and univariate logistic regression. From
significant (P < 0.10), plausible and clinically relevant variables, a
predictive model was generated using multivariate logistic
regression.
Results During a 1-year period 1,635 patients were admitted to our
ICU. Of 1,393 patients at risk for readmission, 25 (1.8%)
readmissions occurred in 23 patients. Nine of the 23 (39%)
readmitted patients died during their hospitalization, while the
overall ICU mortality was 10.6%. The most important reason for
readmission (68% of the cases) was respiratory deterioration. In the
univariate analysis, age, ventilator time during first admission and
time between extubation and ICU discharge were significant
predictors of readmission. In the multivariate analysis, age (OR 1.1;
95% CI 1.00–1.13; P = 0.03) and ventilator time during first
admission (OR 1.1; 95% CI 1.00–1.10; P = 0.03) were significant
predictors, corrected for patient characteristics. Furthermore,
patients who were readmitted had a significant longer duration of
total (first and second admission) ventilator time (188 vs 106 hours,
P = 0.012), and total ICU stay (400 vs 127 hours, P = 0.009).
Conclusion Patients readmitted to the ICU have significant longer
overall ventilator time, ICU stay, and a higher ICU mortality. The
ventilator time during first admission (especially beyond 300 hours)
is an important predictor of readmission. The time it takes to get
patients ready for discharge after extubation also differed
significantly. The data suggest that elderly patients who have been
ventilated for a long period are at particular risk for readmission
and should receive additional care before discharge from the ICU.

P476

Intensive care unit readmissions after lung transplantation:
epidemiology and outcome

F Klein, P Klin, J Osses, J Díaz, A Bertolotti, R Favaloro
Favaloro Foundation, Buenos Aires, Argentina
Critical Care 2007, 11(Suppl 2):P476 (doi: 10.1186/cc5636)

Introduction Significant improvement of short-term and long-term
survival after lung transplantation (LT) has been observed. Never-
theless, a significant number of patients need to be readmitted to
the ICU. The aim of our study was to analyse the epidemiology,
outcome and risk factors for LT patients readmitted to the ICU after
an initial discharge.
Methods From February 1996 until May 2006 we studied all LT
patients from a single centre initially discharged from the ICU who
needed to be readmitted. Demographic data included the type and
date of LT, best post-LT FEV1, last pre-ICU readmission FEV1,
admission diagnosis, time from LT to ICU admission, mechanical
ventilation (MV) use, rejection episodes and infections. Actuarial
survival rates (ASR) were calculated with Kaplan–Meier curves.
Results A total of 103 LT patients were discharged from the ICU,
41 patients (39.8%) were readmitted (males 53.6% (22 patients)
with a mean age of 42 years (15–66)). Indications were emphy-
sema in 13 patients (31.7%), idiopathic pulmonary fibrosis in eight
patients (19.5%), bronchiectasis in five patients (12.2%), cystic
fibrosis in five patients and others in seven patients (17%).
Seventeen patients underwent bilateral LT, 11 patients right LT
(26.8%) and eight patients left LT (19.5%), while five patients
received a heart–lung transplantation. Respiratory failure was the
principal ICU admission diagnosis (68.3%), followed by seizures
(7%) and septic shock (4.8%). MV was required in 35 patients
(85.3%). ICU mortality for readmitted patients was 68.3% with a
1-year, 3-year and 5-year ASR of 67.3%, 62.9% and 47.4%. The
survival median was 1,761 days (1,134–2,388). In the MV
patients, a 1-year, 3-year and 5-year ASR of 63.1%, 58.9% and
44.2% was found with a median survival of 1,618 days
(132–3,104). The time to ICU admission was 1,303 (4–3,096
days). ICU admission timing was not found to be a predictor for
early (<30 days; 53.8%) vs late (>30 days: 46.4%), P = 0.65.
Deceased patients required significantly more MV (71.4% vs
38.5%; P = 0.044 (chi-square); OR: 4; 95% CI: 1–15.99).
Emphysema was not more prevalent in the deceased patient
group, and neither was the pre-ICU readmission FEV1 nor the
occurrence of opportunistic infections. Steroid-resistant acute
rejection was found to correlate with mortality.
Conclusion ICU readmissions are frequent among LT patients. In
our study group, respiratory failure was the more prevalent
admission diagnosis. The need for MV was associated with a worse
prognosis as well as steroid-resistant acute rejection episodes.
Early or late ICU admission after LT has not influenced mortality.

P477

The functional outcome of patients requiring intensive care
readmission

N Conlon, B O’Brien, B Marsh
Mater Misericordiae University Hospital, Dublin, Ireland
Critical Care 2007, 11(Suppl 2):P477 (doi: 10.1186/cc5637)

Introduction Rates of readmission to the ICU are often cited as
controversial indices of quality of intensive care, adequacy of
follow-up and as guides to resource allocation. Nonetheless there
are few data on the long-term functional outcome of ICU
recidivists: we set out to study this.
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Methods With ethical approval, from a prospectively collected
database of all ICU admissions from 2004, we identified all
readmissions to our ICU from within the hospital. We identified
survivors from the database, and contacted them, 2–3 years later,
to assess their functional outcome, as the Glasgow Outcome
Score (GOS) and Karnofsky score.
Results Of 97 readmissions, 79 (81%) survived the ICU. Most of
them (57%) came from the high-dependency unit (HDU), of whom
74% survived. Thirty-three per cent came from other wards and
10% from theatre: 90% of each of these groups survived the ICU.
Further data on these groups’ interim survival and functional
outcomes are presented.
Conclusion Survival rates among those readmitted are high. Those
returning from the HDU represent a cohort at higher risk of
mortality. The functional status after 2.5 years varies particularly
with the timing of readmission, readmission diagnosis and
APACHE score at readmission.

P478

One-year survival of patients admitted to the neurological
intensive care unit

M Puntis, H Robertshaw
St George’s Hospital, London, UK
Critical Care 2007, 11(Suppl 2):P478 (doi: 10.1186/cc5638)

Introduction Patient survival in neurological intensive care units
(NICUs) may be obvious; however, there is currently little evidence
regarding the longer term outcome of these patients. In this study
the 1-year survival of NICU patients has been defined.
Methods Between April 2004 and April 2005, all patients
admitted to the NICU requiring ≥24 hours of ≥2 organ system
support were identified (n = 175). The year following admission
was divided into three phases – early (0–30 days), middle (31–90
days) and late (91–360 days) – and mortality was recorded. Data
were analysed using Kaplan–Meier and log-rank analysis.
Results Patients were admitted from many sources; interhospital
transfers (n = 90), neurosurgical admissions (n = 26), medical
admissions (n = 36), and emergency admissions (n = 15). Reasons
for admission included haemorrhage (n = 66), trauma (n = 52) and
neoplasm (n = 19). Ninety-one patients (52.0%) spent less than
7 days on the NICU and 84 (48%) required ≥7 days. Overall
survival was 70.9% at 30 days and 61.1% at 1 year. There was no
significant variation between the young (<60 years) and older
(≥60 years) groups (62.6%, n = 115 vs 58.3%, n = 60, P > 0.5).
Nor was there a difference between those receiving two organ
support and those receiving ≥3 organ support (62.1%, n = 66 vs

60.6%, n = 109, P > 0.5). Mortality (deaths/30 days) varied
dramatically between the early, middle and late phases (29.1% vs
3.2% vs 0.9%, P < 0.001).
Conclusions Although mortality is high during the first 30 days of
neurological critical illness there is a significant plateau in the
survival curve; patients surviving beyond the initial phase tend to
survive long term. Larger studies may be beneficial to further
evaluate subgroup variation in the survival curve profile.

P479

Use of a modified early warning system to predict
outcome in patients admitted to a high dependency unit

C Carle, C Pritchard, S Northey, J Paddle
Royal Cornwall Hospital, Truro, UK
Critical Care 2007, 11(Suppl 2):P479 (doi: 10.1186/cc5639)

Introduction The modified early warning system (MEWS) is a
physiological scoring system that identifies patients at risk of
deterioration who require increased levels of care [1]. The use of a
patient’s MEWS score to predict outcome in a high-dependency
unit (HDU) has not been previously described.
Method Approval for the study was granted by the local ethics
committee. We reviewed MEWS scores from all patients
(n = 2,974) admitted to a six-bed medical and surgical adult HDU
in a general hospital from July 2002 to October 2005. The MEWS
score was calculated from observations of heart rate, blood
pressure, respiratory rate, urine output, conscious level and
temperature recorded within 24 hours of admission to the HDU.
Results Of the 2,974 patients reviewed, 2,447 patients had
sufficient data. Analysis using logistic regression shows a strong
relationship between the probability of death and the MEWS
score: the odds of death increase by 1.48 (confidence interval
1.41–1.56; P < 0.001) for each unit increase in the MEWS score.
However, there is no reason that these data should follow a logistic
form and the estimates of uncertainty around the point estimates
from logistic regression are poor. More accurate estimates of the
death rate for each of the MEWS scores were achieved using a
‘bootstrapping’ technique (repeated sampling, with replacement,
from the dataset) 1,000 times (see Figure 1). The median death
rate (%) for each MEWS score was: 3 = 1.5%; 4 = 0.7%; 5 =
2.2%; 6 = 3.0%; 7 = 3.0%; 8 = 5.6%; 9 = 9.7%; 10 = 13.3%; 11 =
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Distribution of bootstrapped estimates of death rates by MEWS score
(median, interquartile and observed range).
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15.9%; 12 = 20.9%; 13 = 32.0%; 14 = 47.2%; 15 = 51.9%; 16 =
54.6%; 17 = 66.7%. MEWS scores of 2 or less (n = 19) had no
deaths.
Conclusion The MEWS score can be used as a useful predictor of
outcome in a HDU.
Reference
1. Subbe CP, et al.: Q J Med 2001, 94:521-526.
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Changes of the system of postoperative care decreases
mortality in a surgical unit

M Piechota1, M Banach2

1Bolesùaw Szarecki University Hospital No. 5 in Lodz, Poland;
2University Hospital No. 3 in Lodz, Poland
Critical Care 2007, 11(Suppl 2):P480 (doi: 10.1186/cc5640)

Introduction In 2005, 10 public health care institutions functioned
in the area of Lodz, having in their structure a surgical unit
classified as a general surgery unit. They were three university
teaching hospitals, three provincial hospitals, three county
hospitals and one departmental hospital. Mortality in university
teaching hospitals having 167 beds was 1.25%, in provincial
hospitals with 191 beds was 2.96%, and in county hospitals with
140 beds was 3.98%. The lowest percentage mortality was noted
in the surgical unit of Bolesùaw Szarecki University Teaching
Hospital No. 5 in Lodz (UH No. 5) and it was 0.35%. The authors
decided to analyse the causes of such low mortality in this hospital.
Two remaining university teaching hospitals, N. Barlicki University
Teaching Hospital No. 1 in Lodz (UH No. 1) and WAM University
Teaching Hospital No. 2 in Lodz (UH No. 2), were selected for
comparative analysis. The selection was dictated by a few reasons.
The Medical University in Lodz is the founding body of all hospitals
subjected to analysis. These hospitals are only a few kilometres
away from each other. The units have a similar number of beds,
and well-educated medical and nursing staff. Heads of the hospital
departments have all been awarded a professorship. Health
benefits are provided on the basis of the same list of benefits as
part of contract with the same payer – Lodz Provincial Branch of
the National Health Fund.
Methods The study is a retrospective analysis of mortality in
general surgery units located at three university teaching hospitals:
UH No. 1, UH No. 2 and UH No. 5. The study comprised 25,921
patients treated in these units from 1 January 2003 to 30 June
2006. The available statistical material was analysed. In the first
stage the statistical data were analysed by the Provincial Centre of
Public Health in Lodz. The obtained information concerned the
number of treated patients, the number of patients transferred,
discharged or dead, the number of man-days, mean bed use, mean
hospitalisation time, mean number of patients per bed and
mortality. The second stage focused on explaining the reasons for
significantly lower mortality among patients hospitalised in the
surgical unit of UH No. 5. Among others, the structure of the
hospitalised patients in each of these units was analysed, the
quantity and range of a contract signed with the unit financing the
benefits and internal principles of these units functioning.
Results Mortality in the general surgery unit of UH No. 5 was
0.40% within the period from 1 January 2003 to 30 June 2006. In
the general surgery unit of UH No. 1 and of UH No. 2, mortality
was respectively 2.70% and 2.13%.
Conclusions Changes of the system of postoperative care
consisting of taking over postoperative care by physicians and
anaesthesiological nurses, intensive monitoring of postoperative
patients, and immediate transfer of patients with life hazard to the
ICU decreases significantly the mortality in a surgical unit.
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Organizational culture and climate in step-down units

C McColl, J Muscedere, J Drover, M Squires, B Mahon, 
D Heyland
Queen’s University, Kingston, Canada
Critical Care 2007, 11(Suppl 2):P481 (doi: 10.1186/cc5641)

Introduction The purpose of this study was to examine
organizational culture and climate (OCC) in step-down units
(SDUs). Organizational culture is defined as the norms, values,
beliefs and expectations shared by those who work in a given unit.
Organizational climate is the perception of unit culture by its
workers. In ICUs, organizational culture is an important determinant
of the quality of care delivered. In an attempt to alleviate ICU
demand and expenditures, many centers have opted to provide
graded levels of critical care with the creation of SDUs. There is a
paucity of literature specifically examining OCC in SDUs.
Methods A prospective descriptive analysis of OCC in four SDUs
(18 beds) with an open model of care in a tertiary regional referral
centre. We administered a modified version of the previously
validated Shortell ICU nurse–physician questionnaire to all
healthcare professionals (HCPs) and physicians caring for patients
in the SDUs in May 2006. We measured opinion regarding patient
safety culture, organizational practices, perceived effectiveness of
practice, and job satisfaction. Responses were converted to item
scores, which reflect negative to positive opinion (0–100). Scores
were aggregated for each survey construct and for an overall SDU
rating.
Results Surveys were completed by 68 HCPs and 69 physicians.
Aggregated mean ± standard deviation item scores of HCP and
physician opinions were (presented as assessment area, HCPs,
physicians, P value): overall OCC in SDUs, 54.8 ± 19.9, 57.0 ± 20.3,
P = 0.52; patient safety culture, 52.2 ± 21.2, 50.9 ± 21.0, P = 0.72;
within-group relationships, 66.5 ± 16.0, 63.7 ± 18.2, P = 0.33;
between-group relationships, 53.8 ± 22.2, 62.4 ± 21.7, P = 0.02;
overall leadership, 52.2 ± 19.6, 54.8 ± 18.7, P = 0.42; conflict
management, 55.2 ± 20.1, 61.3 ± 20.1, P = 0.08; effectiveness of
care, 54.7 ± 16.8, 55.8 ± 19.3, P = 0.72; and job satisfaction,
67.5 ± 19.0, 77.9 ± 20.3, P = 0.002. The overall OCC score and
most subcategory scores were similar between HCPs and
physicians. Physicians had a better opinion of their relationships
with other groups and a higher job satisfaction than HCPs.
Conclusions Overall scores of OCC were poor and did not differ
between HCPs and physicians with the exception of between-
group relationships and job satisfaction. More research is needed
to determine the correlation between clinical outcomes and OCC
in SDUs and whether improvements in OCC result in better clinical
outcomes and job satisfaction.

P482

Patient and family satisfaction with care in step-down units

C McColl, J Muscedere, J Drover, M Squires, B Mahon, D Heyland
Queen’s University, Kingston, Canada
Critical Care 2007, 11(Suppl 2):P482 (doi: 10.1186/cc5642)

Introduction The purpose of this study was to determine the level
of satisfaction of patients and families with the care received in
step-down units (SDUs). In an effort to alleviate ICU demand, many
centers have opted to provide graded levels of critical care in
SDUs. However, there is a paucity of literature as to the
effectiveness of care delivered in SDUs. Measures of patient and
family satisfaction with healthcare are recognized as valuable tools
for the assessment of healthcare delivery including adherence to
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patient-centered and family-centered quality care. Literature
examining patient or family satisfaction in SDUs is limited.
Methods We administered a modified version of the previously
validated Family Satisfaction with ICU care survey to patients and
families of patients who were cared for in the SDUs (18 beds in
four separate units) of a tertiary regional referral center. We
obtained self-reported levels of patient and family satisfaction with
27 aspects of care related to SDU experience, communication,
and decision-making. Responses were converted to item scores,
which reflect poor to excellent satisfaction with care (0–100).
Results A total of 120 patient surveys (60% response) and 99
family surveys (45% response) were completed. Patients had a
mean SDU length of stay of 2.5 days, APACHE II score of 9.9 and
an SDU mortality of 2.4%. The highest levels of satisfaction with
care were (mean ± standard deviation item score; presented as
aspect of care, patients, families, P value): overall care (aggregate
score), 81.1 ± 21.5, 80.1 ± 22.3, NS; concern and caring
received from SDU staff, 87.9 ± 17.1, 90.4 ± 5.0, NS; and nurses’
skill and competence, 88.7 ± 16.0, 88.8 ± 16.6, NS. The lowest
levels of satisfaction were: frequency of communication with
physicians, 71.6 ± 27.8, 62.7 ± 32.2, P = 0.03 and decision-
making (aggregate score), 67.5 ± 29.9, 62.7 ± 30.5, NS. For the
decision-making process, a proportion of respondents felt they
were not included (patients, families, P value; 40.3%, 42.7%, NS),
not supported (31%, 38.6%, NS), and not in control (32.7%,
55.3%, P = 0.001). Patients and families were least satisfied with
the frequency of communication with physicians and participation
in decision-making. Patients and families were similar in their
assessments with the exception of the frequency of communication
with physicians and control of the care delivered.
Conclusions While most patients and family members were
satisfied with care received, these data identify opportunities for
improvement. Specifically, attention must be paid to
communication and decision-making processes in SDUs.

P483
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Causes and consequences of failure of implementation of
management plans in critical care

M El Toukhy, P McQuillan
Portsmouth Hospital NHS Trust, Portsmouth, UK
Critical Care 2007, 11(Suppl 2):P484 (doi: 10.1186/cc5644)

Introduction We investigated patient management plans to
ascertain the total number made, types of plan, priority, personnel
responsible and expected time frame, proportion completed and
the causes and consequences of failed plans (on the patient, the
family and the critical care service).
Methods Over seven consecutive days, details of all consultant
determined management plans were recorded by a dedicated
nurse auditor. A plan was defined as an identifiable do-able, short-
term action. Data on type, (arbitrary) priority, involved personnel
and time frame were noted. The auditor later returned at the end of
shift to determine whether plans had been completed in the
appropriate time frame (successful plan) or not (unsuccessful
plan). For unsuccessful plans, the nurse, senior nurse, senior
house officer, fellow and consultant were all independently quizzed
on causes and consequences (for patient, family, service) from a
predetermined list of possibilities.
Results Of 200 plans, 130 were successful, for three plans data
were missing and 67 (34%) plans were unsuccessful. Of

unsuccessful plans, 36 were completed late, 22 were never
completed and nine had missing data. Thirty-six per cent, 34% and
18% of arbitrarily defined high-priority, medium-priority and low-
priority plans were unsuccessful. Most plans were to be actioned
by nurse or senior house officer, and 36% and 28% were unsuc-
cessful, respectively. More unsuccessful plans than successful
plans were recorded in the computerised notes, 79% vs 67%.
Only 40% of data (staff opinions) on perceptions of causes and
consequences were gathered. Patient consequences of failed
plans included increased ICU stay in 24%, increased morbidity
such as risk of inadequate nutrition in 9%, delayed definitive treat-
ment in 7%, delayed weaning in 6%, increased risk of infection in
5% and no impact on patient in 44%. Consequences for family
included no impact in 53%, misinformation given in 8%, delayed
patient access in 2%, and delayed communication in 2%. Service
consequences were bed blocking/increased workload in 20%,
delayed admission of another patient in 14%, cancelled elective
operations in 4%, and loss of unit capacity and cohesion in 7%.
Conclusions We failed to achieve 100% successful plans. Small
numbers and failure to gather more than 40% of staff opinions on
causes and consequences of failed plans limit this pilot study.
Documentation in (electronic) notes did not improve completion of
plans. The process and efficiency of care has an impact on at least
aspects of morbidity and length of stay, and deserve further study.
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Outcome of very old patients on mechanical ventilation

R Espinoza, R Serafim, F Gago, F Saddy, B Tura, J Castro
Hospital Copa D’Or, Rio de Janeiro, Brazil
Critical Care 2007, 11(Suppl 2):P485 (doi: 10.1186/cc5645)

Background The population group of 85 years old or more,
classified as very old, are the most rapidly growing group in
developed countries, although it still represents 0.46% of the
Brazilian population. Aging is associated with decreased
cardiopulmonary and renal reserve as well as the development of
progressive organ failure.
Objective To evaluate outcomes of very old patients in mechanical
ventilation.
Patients and methods A prospective cohort study in the
medical/surgical ICU of a tertiary-care Brazilian hospital. Two
hundred and forty-four patients aged 85 years old or more were
selected from 7,410 patients admitted to the ICU from October
2002 to September 2006. Data were extracted from the QUATI
(Dixtal-Brazil) database and included sex, age, APACHE II score,
ventilation-days, length of stay, incidence of sepsis, tracheotomy,
dialysis therapy and hemodynamic monitoring. For statistical
analysis we used the chi-square test for evaluated difference of
proportion, and considered statistical significance as P < 0.05.
Results There were 168 female (68.9%) and 75 male (30.7%)
patients. The mean age of the study population and the APACHE II
score were 89.55 ± 3.61 years and 17.98 ± 6.3, respectively.
Median ventilation-days and length of stay were 6 and 8.14 days,
respectively. Tracheotomy was performed in 44.1%, dialysis
therapy in 15.2% and hemodynamic monitoring in 19.8%. Only the
group above 95 years old had a significant increase of days of
ventilation and length of stay: 18.77 vs 10.47 days (P = 0.01) and
19.74 vs 12.86 days (P = 0.07), respectively. The predicted
APACHE II mortality for the studied population was
26.9 ± 17.21% and the present rate to the population studied was
47.7%. Patients in dialysis and with diagnosis of sepsis at
admission had poorer prognosis (respectively a 1.6 and 1.52 times
likely ratio to die).
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Conclusion The percentage of older patients admitted to the ICU
is increasing. The need for tracheotomy and dialysis as well as the
length of stay are increasing with this population. APACHE scores
do not seem to present a good relationship with mortality in this
population. Dialysis and sepsis were associated with a significant
increase in mortality.

P486

Outcome of octogenarians versus nonoctogenarians
admitted to the intensive care unit with return of
spontaneous circulation after out-of-hospital cardiac arrest

I van Stijn, R Bosman, H Oudemans-van Straaten, 
P van der Voort, J Wester, D Zandstra, J van der Spoel
OLVG, Amsterdam, The Netherlands
Critical Care 2007, 11(Suppl 2):P486 (doi: 10.1186/cc5646)

Introduction The aim of this study was to evaluate the outcome of
octogenarians (O, age >79 years) versus nonoctogenarians (NO,
age <80 years) in relation to predicted outcome (APACHE II
predicted mortality, AIIPM) and length of stay in the ICU in days
(LOS) after out-of-hospital cardiac arrest (OHCA).
Methods From 1 January 1997 to 1 December 2006, the AIIPM,
LOS and hospital mortality were prospectively recorded and the
standardised mortality ratio (SMR) was calculated. Patients were
categorised in cohorts of AIIPM.
Results Hospital mortality in the NO group was 58.9%, and in the
O group was 75.4% (P = 0.001, chi-square). The LOS ICU was
similar in both groups (Table 1; PM, predicted mortality).
Conclusion In octogenarians admitted in the ICU after OHCA,
hospital mortality is higher than in the younger group but still an
important proportion survives. Non-octogenarians survived more
often than predicted by APACHE II. Despite the higher mortality,
ICU treatment after out of hospital resuscitation of octogenarians
seems worthwhile.
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The costs of intensive care

L Hakkaart1, S Tan1, C Bouwmans1, M Al1, P Spronk2, J Bakker3

1Institute for Medical Technology Assessment, Rotterdam, The
Netherlands; 2Gelre Hospital, Apeldoorn, The Netherlands;
3Erasmus MC, Rotterdam, The Netherlands
Critical Care 2007, 11(Suppl 2):P487 (doi: 10.1186/cc5647)

Introduction For most countries, there are no good estimates for
the costs of intensive care (IC) although it is known that the ICU is
a major inpatient cost driver. The aim of this study was to estimate
the real costs of IC in two hospitals in The Netherlands using a
micro-costing methodology.
Methods The costing study was undertaken at two hospitals in
The Netherlands. We conducted a retrospective cost analysis of

200 consecutive patients admitted to a 32-bed mixed adult ICU at
an academic hospital during two periods in 2006: 16 April–15
May and 5 June–23 June. For comparison, we collected detailed
data at a general hospital that has a 10 bed-adult general ICU for
the period 1 January–1 July 2003. The costs were adjusted to
2005 using the general price index. Both times, we applied a
micro-costing approach, implying that all relevant resources were
identified and valued at a detailed level.
Data on resource use of diagnostics, drugs, fluids, materials,
admission and discharge were acquired from the computerized
Patient Data Management System in both hospitals. Hotel and
nutrition costs were collected from the respective financial
departments. These costs were divided by the annual number of
patient-days to calculate the cost per day. The NEMS or TISS
scores in the academic or general hospital, respectively, were used
to estimate nursing time per patient per day. The costs of medical
specialists were based on the labour costs and the number of ICU
days per year. In the academic hospital, time for consultations of
medical staff attributable to each individual patient-day was
prospectively collected using patient record forms. These costs we
assumed to be comparable in the general hospital in the absence
of detailed data.
Unit costs of diagnostics and consumables were derived from the
financial hospital databases. Labour costs were based on
standardised costs per minute, which equalled the normative
income divided by the number of workable minutes per year.
Estimates of the costs of inpatient-days and nonpatient-related
care were based on the annual account for 2005 of the hospitals.
Nonpatient-related care (capital, overhead) was appointed to
patients using a marginal mark-up percentage.
Results In the academic hospital the average total costs per ICU
day amounted to €1,775, compared with €1,703 in the general
hospital. The distribution of the costs by cost component varied.
Conclusions The overall costs per day for IC in an academic
hospital were slightly higher than the costs for an ICU day in a
general hospital. These derived costs fit nicely to the official
reference costs of €1,730 for an ICU day in The Netherlands,
which is based on a global top-down approach.
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Does the Glasgow Coma Scale correctly diagnose the
vegetative and minimally conscious states?

C Schnakers1, J Giacino2, K Kalmar2, S Piret1, E Lopez2, 
M Boly1, R Malone2, S Laureys1

1University of Liege, Belgium; 2JFK Medical Center, Edison, NJ,
USA
Critical Care 2007, 11(Suppl 2):P488 (doi: 10.1186/cc5648)

Introduction Progress in intensive care has led to an increase in
the number of patients who survive severe brain injury and,
therefore, the number of patients with impaired consciousness.
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NO O

AIIPM n PM (SD) SMR LOS (days) n PM (SD) SMR LOS (days)

0–0.2 29 0.12 (0.07) 1.72 2.1 1 0.17 5.9 0

0.2–0.4 36 0.29 (0.05) 0.96 3.0 8 0.29 (0.07) 2.6 0.25

0.4–0.6 83 0.52 (0.06) 0.93 2.9 19 0.49 (0.06) 1.18 5.6

0.6–0.8 131 0.72 (0.06) 0.88 3.9 43 0.74 (0.06) 0.85 4.1

0.8–1.0 210 0.89 (0.05) 0.81 3.7 71 0.88 (0.05) 0.99 3.0

Total 489 0.69 (0.23) 0.85 3.5 (4.4) 142 0.75 (0.18) 1.0 3.4 (4.4)
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Behavioral assessment remains the gold standard to monitor the
level of consciousness. However, about one-third of patients
diagnosed with a vegetative state are actually conscious (or in a
minimally conscious state). We compared the ability of the famous
Glasgow Coma Scale (GCS) and other standardized behavioral
scales to correctly diagnose the vegetative state in an acute
(intensive care and neurology ward) and chronic (neuro-
rehabilitation) setting.
Methods Sixty postcomatose patients (that is, GCS > 8) were
prospectively assessed using the GCS, the Full Outline of
UnResponsiveness (FOUR) and the Coma Recovery Scale-Revised
(CRS-R) in randomized order. The mean age was 50 years (range
18–86); 39 were men. Etiology was traumatic in 24 patients.
Results Overall, 29 patients (16 acute and 13 chronic patients)
were considered as being in a vegetative state based on the GCS.
The FOUR identified four out of these 29 patients (1/16 acute and
3/13 chronic patients) as not being vegetative considering the
presence of visual pursuit. The CRS-R identified an additional
seven patients (4/16 acute and 3/13 chronic patients) showing
visual fixation meeting the criteria for a minimally conscious state
set forth by the Aspen Workgroup. Therefore, the GCS diagnosed
a total of 38% (11/29) of conscious patients (5/16 acute and 6/13
chronic patients) as being in a vegetative state.
Conclusion Using the GCS can lead one to misdiagnose
conscious patients. This misdiagnosis can lead to major clinical,
therapeutic and ethical consequences. Using additional sensitive
tools such as the CRS-R can avoid this kind of situation.
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Intensive care of the elderly in Finland

M Reinikainen1, A Uusaro2, M Niskanen3, E Ruokonen2

1North Karelia Central Hospital, Joensuu, Finland; 2University
Hospital, Kupio, Finland; 3Helsinki University Central Hospital,
Helsinki, Finland
Critical Care 2007, 11(Suppl 2):P489 (doi: 10.1186/cc5649)

Introduction The population is ageing. We wanted to find out how
age affects resource consumption and outcome of intensive care
in Finland.
Methods We analysed data on 79,361 admissions to 26 Finnish
ICUs during the years 1998–2004. We measured the severity of
illness with SAPS II scores and the intensity of care with TISS scores.
Results The median age was 62 years; 8.9% of the patients were
aged 80 years or older. The hospital mortality rate was 16.2% in
the overall patient population but 28.4% for patients aged 80 years
or older. In a multivariate logistic regression analysis, old age was
an independent risk factor for hospital mortality (Table 1). Overall,
the mean length of ICU stay was 3.1 ± 5.3 days; it was 3.2 ± 5.3
days in the age group 75–79 years but only 2.4 ± 3.5 days in the
age group 80 years or older. Overall, the mean TISS score per day
was 25.8 ± 10.9; it was 27.8 ± 10.7 in the age group 75–79 years
and 25.3 ± 9.9 in the age group 80 years or older. If the need for
intensive care remains unchanged in each age group, the change

in the age distribution of the Finnish population will increase the
demand for ICU beds by 25% by 2030.
Conclusions The hospital mortality rate increased with increasing
age. The mean intensity of care and length of ICU stay were lower
for the oldest patients than for patients <80 years old. The ageing
of the population will probably cause a remarkable increase in the
need for intensive care.
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One-year survival and functional outcome in critically ill
elderly patients

M Puntis, M Cecconi, R McGoldrick, H Robertshaw, G McAnulty
St George’s Hospital, London, UK
Critical Care 2007, 11(Suppl 2):P490 (doi: 10.1186/cc5650)

Introduction The number of elderly ICU patients is increasing [1] but
limited outcome data are available. In this pilot study we evaluated
survival and quality-of-life indicators in ICU patients aged ≥65 years.
Method Retrospective analysis of admissions between 1996 and
2005 defined the number of elderly ICU patients. Then between
2004 and 2006, consecutive patients ≥65 years admitted to
general (631), cardiothoracic (722) or neurological (118) critical
care units requiring ≥24 hours of ≥2 organ support were identified.
Patients were divided into ‘young’ (age 65–74 years, n = 733) and
‘old’ (age ≥75 years, n = 738). Age, sex, organ support, diagnosis,
and referral source were recorded. Patients were followed-up 1 year
after discharge. A standard telephone interview of a random
sample of survivors (young n = 15, old n = 22) assessed perfor-
mance status and the EQ5D health-related quality of life [2]. Data
were analysed using Kaplan–Meier and log rank.
Results From 1996 to 2005, 47.3% (4,717) of admissions to the
ICU were aged ≥65 years; 24.0% (2,393) were ≥75 years. One-
year survival of the young group (51.8%) was significantly
(P < 0.001) better than the old group (37.9%). However, in those
receiving ≥3 organ support (young n = 197; old n = 199), this
significance is lost (42.2% vs 32.6%, P >0.2). Younger elective
surgical patients had better survival than older (79.4%, n = 196 vs
64.5%, n = 173). There was no survival difference between young
and old after emergency surgery (52.9%, n = 57 vs 50.4%,
n = 85; P > 0.5). There was no difference between ‘young’ and
‘old’ groups in the EQ5D weighted health index (0.67 ± 0.30 vs
0.62 ± 0.29, P > 0.5) or performance status scores (1.73 ± 0.96
vs 1.72 ± 0.98, P > 0.5). The EQ5D scores of survivors were
lower than matched population norms (0.64 vs 0.76, P < 0.01).
Conclusion Survival is worse in older ICU patients, although initial
data suggest no difference in functional outcome. Survivors have
lower quality-of-life scores than population norms [3]. Further work
is pending.
References
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Introduction The outcome of patients with haematological
malignancy admitted to the ICU has been reported as between
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34% and 75%. Historically, these patients have been regarded as
having a poor prognosis once admitted to the ICU. We decided to
compare the ICU and hospital mortality of these patients with
patients of a similar age and severity of acute illness.
Methods Twenty-four patients were admitted to the ICU from
August 2004 to August 2006 with a haematological malignancy.
These were case-matched using sex, age (±2 years), APACHE II
score (±2) and admission diagnosis with patients admitted to the
ICU without a diagnosis of haematological malignancy. Eighteen
patients were matched to one case control; however, in six
patients, two matches were found. Where it was impossible to
differentiate between cases on the grounds of diagnosis, age or
APACHE II score they were both included. We compared ICU and
hospital mortality between the two groups.
Results Patients with a haematological malignancy had an ICU
mortality of 50%, and a hospital mortality of 58%. Control patients
had an ICU mortality of 60%, and a hospital mortality of 67%
(statistically nonsignificant). The length of time to admission
between the two groups was significantly longer in the
haematology group at 12.4 days, compared with 2.8 days in the
control patients (P < 0.05). The level of organ support was the
same between the two cohorts.
Conclusion We have demonstrated that, for our unit, there was no
statistically significant difference in hospital or ICU mortality
between the two groups. In fact, the group with a haematological
malignancy had a lower mortality than the control group. The
presence of haematological malignancy, of itself, does not appear
to increase the mortality risk, when compared with a population of
patients without haematological malignancy of a similar age,
APACHE II score and admission diagnosis.
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Quality of life following prolonged critical illness: insights
from a qualitative approach
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Introduction The measurement of health-related quality of life
(HRQoL) among survivors of critical illness has become a
prominent feature of our outcomes research. Local research
experience suggests that existing measures may fail to capture the
broad spectrum of morbidity that survivors experience. The
purpose of this research is to explore, through predominantly
qualitative methods, critical-illness mediated morbidity among
survivors of prolonged critical illness; a group in whom this type of
morbidity appears to be most prevalent. An important secondary
aim is to explore the contribution of the processes of rehabilitation
and recovery to perceptions of HRQoL.
Methods Survivors who experienced prolonged critical illness
(defined as ≥14 days mechanical ventilation) were identified from
the Scottish Intensive Care Society Audit Group (SICSAG)
database, Wardwatcher®. Participants were contacted ≤6 months
following ICU discharge, and were invited to complete
professionally recommended quality-of-life questionnaires (the
Short Form 36 and EuroQol-5D) and to participate in a semi-
structured interview. Interviews explored everyday experiences of
ongoing morbidity and were analysed with regard to their corre-
lation with the domains and scores of the HRQoL questionnaires.
Purposive sampling provided clinically important insights into
experiences and perceptions of health and pre-existing morbidity
and, importantly, the processes of rehabilitation and recovery; that
is, through comparison of (i) patients with/without appreciable pre-

existing disease and (ii) patients receiving ward-based
rehabilitation with those who receive formalised rehabilitation in
dedicated facilities.
Preliminary results Ten of the required 40 interviewees have so
far been recruited. Preliminary analysis confirms that survivors
experience a range of morbidity not well captured by professionally
recommended measures, and that pre-existing disease is an
important factor in both coping with new morbidity superimposed
by critical illness, and in marshalling support. The process of
rehabilitation appears to have important effects on perceptions of
recovery, self-management strategies, and perceptions of HRQoL.
Conclusions This qualitative enquiry has already provided, and will
continue to provide, new and clinically relevant insights into
patients’ experiences of morbidity, the processes of rehabilitation,
recovery and perceived HRQoL following discharge into the
community.
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Objective To examine whether health-related quality of life
(HRQOL) before admission to the ICU can be used as a predictor
of mortality
Design and methods A prospective cohort study in an university-
affiliated teaching hospital. Patients admitted to the ICU for >48
hours were included. Close relatives completed the Short-form 36
(SF-36) within the first 48 hours of admission to assess the pre-
morbid HRQOL of the patient. Mortality was evaluated from ICU
admittance until 6 months after ICU discharge. Logistic regression
and ROC analysis were used to assess the predictive value for
mortality of the first general health question of the SF-36 (‘in
general would you say the health of your relative is excellent, very
good, good, fair or poor’), as well as HRQOL measured by the
complete SF-36. The Acute Physiologic and Chronic Health
Evaluation (APACHE) II score was used as an accepted mortality
prediction model in ICU patients. Three models were constructed
including the HRQOL (model A), APACHE II score (model B), or
both (model C) to age and gender. Percentages of correct
survival/death predictions were calculated.
Results Four hundred and fifty-one patients were included at
admission to the ICU. At 6 months follow-up, 159 patients had
died and 40 patients were lost to follow-up. When the general
health item was used as an estimate of HRQOL, the area under the
curve (AUC) for model A (0.719) was comparable with model B
(0.721), and slightly better in model C (0.760). The percentage of
wrong predictions was lower in model C (survival 27%; death
37%) compared with model A (30% and 41%). Similar results
were found when using the complete SF-36.
Conclusions This study shows that the pre-admission HRQOL
measured with either the one-item general health question or the
complete SF-36 are as good in predicting survival/mortality in ICU
patients as the APACHE II score and improves prediction slightly
when combined. As the one-item general health question is easily
and quickly obtained, assessment of HRQOL before admission to
the ICU may facilitate the decision process in determining which
patients will benefit from ICU treatment.
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Introduction We believe that by explaining and answering the
questions of those relatives that wish it, we can alleviate the grief
caused by the death of a relative in critical care. Death is a
common outcome of critical illness and relatives are at high risk of
problems with complicated or unresolved grief due to the sudden,
often unexpected, manner of that death. We describe the
establishment and results of a bereavement follow-up service.
Methods All relatives, since January 2001, have been offered
bereavement follow-up. Following the death of a patient in critical
care, relatives are informed of the bereavement follow-up service.
After death, a booklet is given to the next of kin with information
about the service. Four to six weeks later a condolence card is
sent, which includes a reminder of the follow-up service. We do
not offer a counseling service and details of other organizations
providing this are given. Appointments are made by telephone. The
interview usually takes place outside critical care and is led by a
consultant and a specially trained nurse. Relatives are given the
opportunity to ask questions. A monitoring form is completed. A
letter is sent to the GP detailing the issues discussed.
Results In the 30-bed critical care unit in a teaching hospital,
during study period January 2001–November 2006, 8,964
admissions and 1,560 deaths (17.4% of patients) occurred
(male:female ratio 1.27:1). The average age of deaths was 64.7
years. Eighty-nine families were seen in bereavement follow-up
(5.7% of total deaths) and two families attended for a second visit.
The male:female ratio was 2.18:1.0, and the average age of death
was 42.9 years. A length of stay before death of 1 week or less
occurred in 59.6%. Forty-seven per cent of families were seen
between 2 and 4 months after the death of their relative. The
issues most commonly raised were specific questions about the
patient (56.2%), review of information in the notes (34.8%),
complaints (23.6%), clarifying misunderstandings (18%) and
contacting other health professionals (21.3%).
Conclusions We describe the results of a bereavement follow-up
service for families whose relatives died on the critical care unit at
University Hospital of Wales, Cardiff. In total, 5.7% of families took
up the service offered. These were usually the families of younger
than average male patients, who died with a critical care stay of
less than 1 week. We believe that by answering questions still
troubling the families 2–4 months after death, we can assist them
with their grief. We also believe that this follow-up service by
providing further communication can resolve some difficult issues
before they develop into formal complaints.
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Introduction The number of organ failures in oncologic patients
admitted to the ICU is a good predictor of mortality. We propose
to analyze the association of this variable and quality of life (QOL)
aspects in oncologic patients who survived an ICU admission.

Methods ICU data were prospectively collected from March 2003
to November 2005. Oncologic patients were selected. QOL
aspects were evaluated through the analysis of independence to
accomplish daily living activities (IADL) after ICU discharge,
defined as the patient’s ability to walk, eat by mouth, maintain an
oriented conversation and bath himself. The number of organ
failures was assessed through the SOFA score. Severe organ
dysfunction (SOD) was defined if the patient had three or four
points in any of the six domains of the SOFA score. According to
the number of SOD, patients were divided into two groups: one
with two or less SODs and another with three or more SODs.
Groups were compared using Fisher’s exact test.
Results Seventy out of 793 patients had an oncologic diagnosis.
The mean age was 52 ± 19 years, male gender 56%, medical
admission 77%, hematological malignancies 47% and mean
APACHE II score 20 ± 8. ICU mortality was 53% and inhospital
mortality was 71%. Nine (13%) patients were discharged of the
hospital with complete IADL. Mortality in the group admitted with
three or more SODs was 100%, while in the other group it was
39% (P = 0.01, OR 2.5 95% CI 1.8–3.6). During the ICU stay,
patients who developed three or more SODs had a higher ICU and
inhospital mortality than the ones who did not (89 x 23%,
P < 0.001, OR 7, 95% CI 1.8–26 and 100 x 53%, P < 0.001,
OR 2, 95% CI 1.4–2.6) and a smaller proportion of IADL after ICU
and hospital discharge (0 x 22%, P = 0.04, OR 1.7, 95% CI
1.3–2.2 and 0 x 47%, P < 0.001, OR 2, 95% CI 1.4–2.6).
Conclusion Mortality should not be the only aspect analyzed when
considering an ICU admission for an oncologic patient. The QOL,
including IADL, must be taken into account. A higher number of
SODs during the entire ICU stay is associated with higher ICU and
inhospital mortality. Beyond this association, a smaller number of
SODs may be associated with higher probability of IADL.
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Introduction At our institution, postesophagectomy patients are
usually managed in a progressive care unit with ICU admission
reserved for those of high acuity. We hypothesized that ICU
admission after esophagectomy is predictable and associated with
high mortality.
Methods A retrospective analysis of all patients after
esophagectomy between January 2000 and June 2004 at a tertiary
referral center. Data regarding demographics, preoperative
morbidities, perioperative complications, APACHE III predictions,
mortality, and lengths of stay were collected.
Results Four hundred and thirty-two patients underwent
esophagectomy during the study period: 123 (28.5%) were
admitted to the ICU (ICUGP) and 309 (71.5%) were not
(NICUGP). Overall mortality was 3.7% (16 of 432 patients).
Fifteen of 123 in ICUGP died in hospital (12.2%) compared with
one of 309 in NICUGP. For ICUGP, mean (±standard deviation)
acute physiology and APACHE III scores were 41.8 (±16.6) and
54.5 (±18.1), respectively. Forty-seven percent of ICUGP had a
new (versus pre-existing postoperative) infiltrate on chest X-ray,
21.8% had positive sputum/bronchial culture and 5% positive
blood culture within 48 hours of ICU admission. A total 13.8% of
ICUGP had ‘aspiration’ documented in physician notes. The
median (IQR) ICU and hospital lengths of stay were 3.6 (1.7–9.9)
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and 17.0 (11.3–33.9) days, respectively. Compared with NICUGP,
patients in ICUGP were more likely to have developed post-
operative arrhythmia (57.9% vs 12.9%, P < 0.001), were older, of
higher ASA status, and more likely to have diabetes, coronary
artery disease, hypertension, a higher cancer stage, and to have
received more intraoperative blood products. Of 352 patients
originally not sent to the ICU, 43 (12.2%) were subsequently
admitted to the ICU. These patients had higher APACHE III scores
and were more likely to have ‘aspiration’ documented, although
their mortality was not higher than direct ICU admissions.
Conclusions After esophagectomy, overall mortality is low, but
many patients require ICU admission. Postoperative arrhythmias
and aspiration pneumonitis are especially problematic.
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Introduction Today no published data are as yet available on
visiting policies in Italy’s approximately 600 ICUs. We carried out a
multicentre survey to evaluate visiting policies in Italian ICUs.
Methods An email questionnaire was sent to all 303 ICUs (general
and specialized) in the Italian collaborative Gruppo Italiano per la
Valutazione degli Interventi in Terapia Intensiva, asking about their
visiting policies.
Results The response rate was 84.8% (257/303). The median
daily visiting time was 60 minutes (10th percentile: 30 minutes;
90th percentile: 120 minutes); however, 2% of ICUs allowed no
visiting whatsoever. A total 54.8% of ICUs surveyed had only one
daily visiting slot, and 44% two. Only 1.2% had more than two
visiting slots. The number of visitors was restricted in 91.8% of
ICUs. The type of visitors (immediate family only) was restricted in
17.5% of ICUs. Children were not permitted to visit in 69.1% of
ICUs and 17.5% had a minimum age limit for visitors. In the case of
a dying patient, 20.6% of ICUs did not alter the visiting policy;
49% extended visiting hours; 44% increased the number of slots;
and 53% allowed more visitors. A gowning procedure was
compulsory for visitors in 95.3% of ICUs. No waiting room was
provided by 25.4% of ICUs.
Conclusions This is the first survey on visiting policies in Italian
ICUs. Despite the widely-held conviction that there is no sound
scientific basis for restricting visitors in ICUs [1-3], our findings
show a clear tendency in Italian ICUs to apply restricted visiting
policies (concerning visiting hours, number and type of visitors),
which are only partially liberalized when the patient is dying. Our
survey could contribute towards modifying current policies in
favour of opening ICUs that are still ‘closed’ and promoting more
appropriate and attentive care for the patient and his/her family.
Acknowledgement We thank Gruppo Italiano per la Valutazione
degli Interventi in Terapia Intensiva for their valuable help.
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Introduction It is good medical practice to communicate with
patients regarding their condition and proposed treatment. Com-
munication is essential to allow them to express their concerns and
exercise their own autonomy, in a situation where they otherwise
may have little control. Poor communication may contribute to
unnecessary anxiety or depression. The aim of this audit was to
observe whether the doctors communicated with patients on ward
rounds.
Methods We audited 28 ICU ward rounds. It was noted whether
the patient was sedated or not sedated, and whether they had their
eyes open or closed. Negative comments were recorded, and
defined as comments regarding a patient’s poor progress or
prognosis made at the bedside during the ward round. We also
noted whether the patient was informed that the ward round was in
progress, whether they were informed of the plan for the day, and
whether any reassurance was offered. The other members of the
team were not aware of the audit.
Results Twenty-eight ward rounds were audited, a total of 328
patient reviews. The total number of patients with their eyes open
was 171, while 157 had their eyes closed. An adverse comment
was made during 8.2% of reviews within earshot of the patient. A
negative comment was made on 27 episodes, 13 of these were
when the patient was not sedated but had their eyes closed. Four
episodes occurred when the patient was not sedated and had their
eyes open, while 10 were sedated and had their eyes closed. Of
the 171 patients with their eyes open, 74 (43%) were informed
that we were the team doing the ward round, while 97 (57%) were
not spoken to at the start of the review. Fifty-three (31%) were
informed of our management plan for the day and 43 (25%) were
offered reassurance. In total, 103/171 patients (60%) with their
eyes open were spoken to during the ward round, and we did not
speak to 68 (40%).
Conclusion On intensive care ward rounds, patients are often not
engaged in conversations or allowed to express their concerns.
The majority of patients were not offered reassurance or informed
about the treatment plan. Improved communication skills may help
to lessen patients’ anxiety and unnecessary stress both during their
stay on ICU and following their discharge.
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Introduction The study was undertaken to determine the
relationship between hospital volume and mortality in mechanically
ventilated adult medical and surgical patients. The regionalisation
of adult critical care services has been suggested by healthcare
providers and health policy-makers as a means of achieving the
ideal balance of providing high-quality care that is both cost-
effective and accessible. Recent studies have had conflicting
results.
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Methods The Birmingham and Black Country Critical Care
Network database was retrospectively reviewed over a 10-year
period from 1 April 1996 to 31 March 2006. The database
included 50,686 patient episodes. After exclusion (incomplete
data 9,700 episodes, unventilated patients 19,244 episodes,
mechanical ventilation for less than 24 hours 3,814 episodes,
interhospital transfers 795 episodes) the final cohort included
9,920 adult medical patients and 7,210 surgical patients.
Hospitals were grouped into five volume categories to aid inter-
pretation of the results (<100; 100–149; 150–199; 200–249;
≥250 ventilation episodes/year). The odds ratio and 95% confi-
dence intervals for death on the ICU were calculated in relation to
the hospital volume of ventilation.
Results For both medical and surgical patients there was no
relationship between the hospital volume of ventilation and death
on the ICU. The odds ratio remained insignificant even after
adjustment for patient demographics, APACHE II score, length of
ICU stay and urgency status. Medical patients’ adjusted odds ratio
was 0.735 (95% CI 0.604–0.894). Surgical patients’ adjusted
odds ratio was 0.771 (95% CI 0.559–1.064).
Conclusion There is no relationship between hospital volume and
ICU mortality in both medical and surgical patients following
mechanical ventilation. The results of this study do not support the
argument for regionalisation of adult critical care services in the
United Kingdom.
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Introduction The postgraduation course had been developed by
the Brazilian Critical Care Society (AMIB) to be applied to
physicians from all regions of Brazil since 2004. The importance of
this 360-hour course is to provide continuous education and to
train abilities to make decisions and start treatment. Also, for those
who are in ICU practice, to qualify for application of specialist
examination. The main objective of this study is to identify who are
the doctors that are looking for this course.
Methods An opinion poll was collected from the students on the
first day of the class course approaching the following aspects:
1. Profile.
2. He/she is attending the course in order to: prepare for the

specialist critical care examination (), improve qualification (),
work at an ICU (), any other reason if they do not deal with
critical care patients ().

3. If he/she works at an ICU: how long (years) and the role (duty,
routine or leader).

4. Partners of AMIB (yes) (no); if they have specialist title
recognized by the AMIB (yes) (no).

5. If he/she has other postgraduation or residency program.
6. Self-evaluation related to the critical patient knowledge (scales

from 1 to 9, considering 9 the highest grade).
7. Interest in the subjects of intensive care medicine (scales from

1 to 9).
Results From 2004 to 2005 the AMIB started eight
postgraduation courses in different regions of Brazil; 250 students
were enrolled; 184 had answered the survey. The average age was

35.8 years (24–57); 133 men, 51 women. One hundred and five
students are attending the course in order to improve their
qualification, 87 are studying for the specialist title examination, 58
to work in the ICU and 47 to acquire new knowledge. They
considered their main specialties to be: internal medicine (54),
intensive care (15), surgery (10) and anesthesiology (seven). Sixty-
five percent work in the ICU (12.7% are leaders, 19.5% daily
routine, 86.4% on duty and 6.8% play all three functions), 6% have
the specialist critical care title, 15.7% are associated with the
Brazilian critical care society, 49.45% have medical residence in
another area, 36.4% have other postgraduations. They self-
considered around grade 6 for cognitive aspects, procedural skills
and competence and near grade 8 for communication and
relationship (see Figure 1). Cardiopulmonary resuscitation,
mechanical ventilation, haemodynamics and neurointensivism are
the most desirable subjects.
Conclusions Doctors are mainly from the fourth decade, want to
improve their qualification, and are usually working in ICUs. The
low number of specialists who works in ICU is a reality and there is
a need to expand it. The self-evaluation points to problems with
knowledge and ability; however, communications and relationships
were well adjusted. The diversity of data will assist the AMIB to
provide continuous education and qualify doctors to attend the
demand of intensivists in Brazil.
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Introduction Benchmarking has been an essential part of intensive
care medicine in Finland since 1994. At present, web-based
quality/performance reports are shared with the 24 members of the
Finnish Intensive Care Quality Consortium (FICQC). Thirteen ICUs
collect FICQC data manually and 11 ICUs utilize data collection
software (IVT) integrated with the Clinical Information System
(CIS). In recent literature, the completeness of data between
centralized medical benchmarking registries varies widely [1,2].
We hypothesized that: (1) the completeness of data in FICQC has
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increased over the years and (2) the variation between the different
units still exists.
Methods We assessed data completeness of a Finnish ICU quality
benchmarking database from 1998 to March 2006 containing
93,964 admission records. The data completeness was defined as
a ratio of available and required data at ICU admission level. We
evaluated the dataset and selected 19 most significant admission
scheme variables to be included in completeness ratio calculations.
Results The majority of data (77.5%) was collected with the
manual system and the remaining 22.5% with an integration
software. The mean admission data completeness ratio (CR)
increased from 85.3% at 1998 to 97.9% at 2005 (P = 0.01).
Between the ICUs, the mean CR varied from 91.6% to 99.6%
(P = 0.01). The mean CR of the data collected with the IVT was
98.7% and with the manual system was 95.1% (P = 0.01). The
rate of 100% complete records per patient was 48.7% and it
increased from 0.0% in 1998 to 71% in 2005.
Conclusion Data completeness in the FICQC has improved during
the study period, although there is still significant variation between
ICUs. Improved data completeness and decreased proportion of
missing data are most likely due to the increasingly common use of
CIS and automated data collection. We conclude that
measuring/reporting the amount of missing data is mandatory
when data collection and data management procedures for
benchmarking are being developed.
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Introduction In this study we created a database to analyse the
incidence and types of critical incidents that occurred during the
interhospital transfer of critically ill patients. The transfer of critically
ill patients presents important risks and the safety of patients has
been shown to be facilitated by the development of standard
equipment and specialist teams [1]. The West of Scotland Shock
team is a designated regional transfer service based in Glasgow.
We are involved in the interhospital transfer of patients and not
primary retrieval. A recent study looking at critical incidents during
the intrahospital transport of the critically ill highlighted the risks
posed, and recommended the monitoring of incidents in order to
aid the continuous improvement in patient safety [2]. No similar
study has been carried out looking at the interhospital transport of
the critically ill patient.
Methods The study was a cross-sectional analysis of critical
incidents occurring during interhospital transport that were reported
to the West of Scotland Shock Team critical incident database set
up in September 2005. The information obtained was categorised
into: (a) where the incident took place, (b) type of incident, (c)
written description of events, (d) outcome (potential or actual harm
to the patient) and (e) designation of the staff member reporting
the incident.
Results A total of 199 transfers were performed over the 6-month
period. Thirty-four critical incidents were reported. Twenty-four
(70%) incidents took place before, seven (21%) during and three
(9%) after transfer. No patients sustained actual harm, 29 (85%)
were perceived by the reporter to have suffered potential harm and
the most common cause of this were delays in the transfer. No

potential or actual harm was perceived in five (15%) of the
incidents. Fifty-three per cent of events were reported by senior
house officer grade and 47% of incidents were reported by a
specialist registrar. Only one incident was reported by a nurse on
the team.
Conclusions Interhospital transport of critically ill patients can
pose important risks. In our study no actual patient harm occurred
although most incidents had the potential to cause harm. The
majority of incidents were caused by system-based factors. This
database has allowed us to perform continuous service
development and education of staff.
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Introduction The number of heart-beating donors in The Netherlands
is decreasing. This decrease is only partially compensated for by
an increase of nonheart-beating donations, resulting in an
increasing shortage of donor organs, especially of donor hearts
and lungs. In 2005 compared with 2004 the number of patients
waiting for a donor heart increased from 38 to 50 (32%). In lung
donation the increase was 37% (from 79 to 108). One approach
to reduce this shortage is to maximize the number of organs per
donor by optimisation of donor treatment in the ICU.
Methods We investigated the possibilities for improvement of
donor management in our ICU by a retrospective study in 37 heart-
beating organ donors hospitalised in our ICU from 1993 to 2005.
There was no protocol for the treatment of organ donors in our
institution.
Results The heart was donated in 18 of 37 patients (49%). Lung
donation was possible in only eight of 37 donors (22%). Most
hearts and lungs were rejected for transplantation for valid
reasons. In some patients there was room for improvement: in two
of the three cases where hemodynamic instability impeded heart
and lung donation (one dying from subarachnoidal bleeding and
one from ischemic cerebral infarction), hemodynamic instability
was closely associated with the moment of cerebral death. In three
further patients heart donation was not carried out because of wall
movement abnormality or electrocardiogram abnormalities. None of
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Table 1 (abstract P502)

Causes of all incidents (irrespective of patient outcome)

Communication problem 10 (29%)

Organisational delay 7 (21%)

Lack of staff 2 (6%)

Equipment failure 9 (26%)

Poor preparation of patient 5 (15%)

Staff injury 1 (3%)
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them had previous cardiac disease. All three had disturbances in
cardiac rhythm closely related to the occurrence of cerebral death.
Two of these three patients also developed neurogenic pulmonary
edema. We speculate that in all five patients the instability leading
to the decision not to perform heart and lung donation was caused
by excessive sympathic stimulation at the time of cerebral death
leading to impaired myocardial function and neurogenic pulmonary
edema. These disturbances may be reversible within a few hours.
Inotropic therapy, judicious fluid administration guided by close
hemodynamic monitoring together with a trial of treatment with
triple hormonal therapy (corticosteroid, vasopressin and thyroid
hormone) might have improved cardiac and pulmonary function,
rendering heart and lung donation possible.
Conclusion On the basis of this retrospective study we conclude
that donor management in our ICU can be improved. A
management protocol with special attention for treatment of
disturbance in cardiac and pulmonary function caused by
sympathic overstimulation might considerably increase the
amount of hearts and lungs donated, contributing to a decrease
in organ shortage.

P504

Medical practices during the last 48 hours of life in
children admitted to seven Brazilian Pediatric intensive
care units

P Lago, J Piva, P Garcia
PUCRS, Porto Alegre, Brazil
Critical Care 2007, 11(Suppl 2):P504 (doi: 10.1186/cc5664)

Introduction During the last decades life support limitation (LSL)
practices have been offered more frequently in Latin American
pediatric intensive care units (PICUs). We hypothesize that,
depending on the Brazilian region, the incidence of LSL and the
medical management may differ.
Objective To evaluate the incidence of LSL practices and the
medical management during the last 48 hours of life of children
admitted to seven PICUs located in regions of Brazil.
Methods A multicenter, observational and retrospective chart
review study. The medical chart of all deaths occurring between
January 2003 and December 2004 in seven Brazilian PICUs
located in Porto Alegre (two), Sao Paulo (two) and Salvador
(three) were evaluated. Two pediatric intensive care residents of
each service filled a standard protocol searching for: demographic
data, mode of death (full reanimation, nonreanimation orders or
withdrawn treatment) and medical management during the last 48
hours of life. Student’s t test, analysis of variance, chi-square test
and relative risk were used for comparing the data.
Results There were 561 deaths, 36 being excluded that died with
less than 24 hours, 61 with brain death and 36 missing charts. Full
cardiopulmonary reanimation was offered to 56.5%, with
differences between the northeast and southeast regions (P <
0.001). Higher age (P = 0.02) and long length of PICU stay were
associated with nonreanimation orders. The plan for LSL was
recorded in a clear manner in just 52.7%. No respiratory support
was observed in 14 dying children. For 66% patients with do-not-
resuscitate orders the inotrope drugs were maintained or
increased in the last 48 hours.
Conclusions The incidence of LSV has increased among the
Brazilian PICUs with a difference between the regions. The
nonreanimation order is still the most common practice with scarce
initiative for withdrawn life support.
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Introduction As the numbers of people admitted to ICUs are
increasing, physicians are faced with obligations beyond
attempting to reverse illness and include providing quality end-of-
life care. Barriers to this include inadequate understanding of the
dying patient and withdrawal or limitation of care. The objectives of
this study were to document the comprehensions of physicians
and nurses dealing with these situations.
Methods We carried out a cross-sectional survey of clinicians
working at three hospitals in Karachi (one private, university
hospital, one mixed public and private, tertiary care hospital and
one large government-funded hospital). A 13-question instrument
was developed to assess recognition of end-of-life in the ICU,
knowledge of commonly used terms to describe limitations of care,
and attitudes and practices towards withdrawal and limitation of
life-support measures and organ harvest for transplantation. After
measuring the frequencies for presentation of the data, differences
between the three respondent subgroups were compared using a
chi-square analysis. Fisher’s exact test was used where the
individual cell count was <5. A one-way analysis of variance was
used to compare differences in age and years of practice. A two-
sided P value of <0.05 was considered statistically significant.
Results A total of 137 physicians and critical care nurses
completed the survey. The average age was 34 years and 58%
were males. ‘Brain death’ was defined as an ‘irreversible cessation
of brainstem function’ by 85% of respondents; 77% relying on
clinical examination, 49.6% consulting neurophysicians and 28.3%
ordering further testing to confirm the diagnosis. Withdrawal of life
support is practiced by 83.2%; most frequently in the setting of
absent brainstem and cortical functioning (74.3%), followed by
acute, progressive multiorgan failure (39.8%). Physicians are more
likely (P value 0.000) to withdraw mechanical ventilation,
compared with nurses who would withdraw vasopressors (P value
0.006). The primary physician is the most frequent caregiver
(60.2%) to start a discussion on withdrawal of life support, with
72.6% respondents consulting the Hospital Ethics Committee.
Only 13.3% respondents never withdraw life support; 28.3%
considered it their responsibility to ‘sustain life at all costs’ and only
8% gave religious beliefs as a reason. Only 56.6% favored organ
harvest for transplantation from cadavers, while 64.6% supported
harvest from brain dead individuals. Nurses were significantly more
likely to support organ harvest for transplant from heart-beating,
brain dead individuals (P value 0.025) than cadavers (P value
0.000).
Conclusion There are deficiencies and disparities in the
understandings of physicians and nurses on the recognition and
management of end-of-life in the ICU.
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Introduction Critical care research involves data from many
countries, but critical care resources in these countries are
unknown. We hypothesized that there are large differences in
critical care resources between countries.

Methods We identified original research articles on critical care in
three high impact factor journals (N Engl J Med, JAMA and The
Lancet) published from 2001 to 2005. A list of the countries where
data collection occurred was extracted. Eight countries
contributed to ≥10 studies. A collaborator in each country was
asked to provide baseline critical care information for their country
from 2005, or as close to that date as possible.
Results Sixty-two studies involving data from 51 countries were
identified. Eight countries contributed data to ≥10 studies during
this time period: the USA (26 studies), France (18), the United
Kingdom (14), Canada (13), Belgium (12), Germany (10), The
Netherlands (10) and Spain (10). Relevant data on baseline
hospital and critical care resources for the eight countries
identified are presented in Figure 1 (data from Canada not
available). Adult ICU beds ranged from 3.3/100,000 population in
the United Kingdom to 24.6 in Germany, and represented a range
of 1.4% of all acute care hospital beds in the United Kingdom to
11.0% of all beds in the USA.
Conclusions Many countries contribute substantially to critical
care research. However, the underlying critical care resources vary
dramatically among these countries.
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Baseline critical care resources in eight countries. *Extrapolated from survey data, not full national data.
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