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Abstract

Background: VVolume management during renal replace-
ment therapy (RRT) in septic shock is always in the conflict
between aggravating hypovolemia by undue ultrafiltration
(UF) and insufficient reduction of fluid overload which is as-
sociated with adverse outcome. Relative blood volume (RBV)
monitoring could be helpful for timely transition from fluid
resuscitation to fluid removal. Methods: Data of RBV were
continuously monitored and used for guidance of UF and
fluid resuscitation in 21 consecutive patients with severe
septic multiple organ failure. RRT was applied with extended
daily hemodiafiltration for median 11 h (range 6-23). Chang-
esin RBV were analyzed during the first 4 treatment sessions.
Results: During 26 treatments, RBV monitoring revealed an
internal volume loss substituted by a median infusion vol-
ume of 2.381 (maximum 8.07 I) per treatment to keep the RBY
constant. In the remaining 40 sessions, a median net-UF of
1.00 | (range 0.40-4.40) was achieved. In the first 2 days pre-
dominantly substitution was necessary whereas from the
third day UF became increasingly possible. The 28-day sur-
vival rate was 81%. Conclusion: Blood volume monitoring

proved to be an easy and feasible tool for safe guidance of
fluid management maintaining the balance between UF and
vascular refilling.
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Introduction

The treatment of patients with septic multiple organ
failure poses a challenge for all the clinicians involved.
Septic acute kidney injury (AKI) remains a diagnosis with
the poorest prognosis as >70% of patients die [1]. In a
prospective pilot study of our working group published
in 2012 [2], application of online high-volume hemodi-
afiltration (HDF) in patients with septic multiple organ
failure seemed to account for a favorable outcome; the
28-day survival rate was 81%. At that time, the survival
benefit in the early phase of septic shock was attributed to
the high convective dose of RRT (208 ml/kg/h). But the
assumption of ‘more being better’ in this setting is rather
not supported by recent data [3]. In a randomized study
enrolling 280 patients with sepsis and AKI, Zhang et al.
[4] found no differences in survival at 28, 60 and 90 days
with treatment doses of 50 and 85 ml/kg/h. A subgroup
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analysis of septic shock patients treated with the higher
dose did not indicate any survival benefit either. The con-
trolled randomized IVOIRE study comparing treatment
doses of 35 and 70 ml/kg/h in 140 patients with septic
shock with respect to the 28-day survival also failed to
prove a survival benefit in the high volume group [5].
Given the results of these 2 large controlled randomized
studies, it seems questionable to attach the main impor-
tance concerning the survival benefit in our study to the
high treatment dose. Therefore, we reviewed our data
critically with respect to further potential differences and
biases.

Itis of note, indeed, that our trial was conducted using
dialysis devices featuring a monitor for the continuous
measurement of relative changes in blood volume. Con-
sequently, this variable was recorded in all the treatment
sessions. The information of relative blood volume (RBV)
was additionally used for managing fluid balance and for
adjusting ultrafiltration (UF) rate. A post hoc analysis of
our data was performed to evaluate an influence of blood
volume monitoring on outcome and prognosis of septic
shock.

Materials and Methods

Patients

Twenty-one consecutive patients with septic multiple organ
failure were enrolled in a prospective observational study. Detailed
information is published elsewhere [2]. Criteria for inclusion were
results of the Acute Physiology and Chronic Health Evaluation II
(APACHE II) score and of the Simplified Acute Physiology Score
IT (SAPS II) being >25 and >50, respectively. All patients required
mechanical ventilation, vasopressor support, and suffered from
anuric or oliguric AKI. Baseline characteristics are presented in
table 1.

Renal Replacement Therapy

Renal replacement therapy (RRT) was applied with extended
daily online HDF for 6-23 h (median 11) using the AK 200 Ultra
S dialysis machine (Gambro, Lund, Sweden) in the Ultracontrol
pre-dilution mode [2]. Vascular access was obtained with an 11-F
dual-lumen catheter inserted in the internal jugular or femoral
vein. Blood flow rate was kept at 200 ml/min. The median convec-
tive volume was 173 1/day with a mean exchange rate of 17.8 + 3.7
1/h and 208 + 66 ml/kg/h, respectively. Blood flow rate was kept at
200 ml/min.

The dialysate sodium concentration was 140 mmol/l, potassi-
um, calcium and bicarbonate individually adjusted according to
serum levels of the patients.

RBV Monitoring

A blood volume monitor is a standard feature of the dialysis
device AK 200 Ultra S, enabling continuous recording of changes
in the RBV. Technically, the system is based on an optical indirect
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Table 1. Patient characteristics at baseline

Characteristics (n = 21)

Age, years 70 (46-87)
Gender (female), n (%) 7 (33%)
Weight, kg 89.0+15.4
APACHEII 33.6+5.8
SAPSII 68.4+9.3
Sequential organ failure assessment 15.1+2.7
Urine output 24-h pre first HDF, ml/h 5(0-21.5)
Creatinine, pmol/l 349+101.0
Urea, mmol/l 20.0+8.1
C-reactive protein, mg/dl 34.2£10.0
Leucocyte, Gpt/l 24.2+12.1

Data are represented as median (range) for age and urine out-
put and as mean + SD for other continuous data unless otherwise
mentioned.

hemoglobin measurement [6]. An optoelectronic instrument mea-
sures the absorption of near-infrared monochromatic light (wave-
length 810 nm) transmitted through blood. A measuring tube is
incorporated into the arterial blood line (located before the pre-
dilution substitution is administered). The absorption is directly
related to the hemoglobin concentration. Removal of plasma vol-
ume leads to an increase in the relative hemoglobin concentration,
thus causing an increased absorption of light. This increase in ab-
sorption is translated into a relative reduction in blood volume and
continuously displayed on the monitor. Changes in RBV were an-
alyzed during the first 4 treatment sessions.

Volume Management

Nephrologists and intensivists agreed on volume resuscitation
and UF at the beginning of treatments, as well as on changes dur-
ing their courses. Information of RBV changes during the treat-
ment session was used in addition to clinical and other monitoring
data to manage the fluid balance and to adjust the UF rate. There
was no pre-specified protocol for volume management according
to the blood volume data.

Statistics

All statistical analyses were performed with SPSS statistics 20
(SPSS Inc., Chicago, Ill., USA). Data are presented as appropriate.
Normally distributed data are provided as means + SDs and all
other data as medians and ranges.

Results

During the first week of treatment 3 out of 21 patients
died. In one of these 3 patients, blood volume monitoring
could not be performed. Seventeen out of 21 patients sur-
vived for 28 days (81%). The 90-day survival rate was 52%
(11 0f 21) compared to a survival rate of 19% predicted by
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Fig. 1. RBV changes during 66 treatment Treatment time (h)
sessions.

APACHE II and SAPS II scores. All survivors recovered
renal function. Three patients died after recovering their
renal function.

Vasopressor need decreased and hemodynamics im-
proved significantly during the treatment sessions [2].

In 21 patients, 80 treatments were performed during the
first 4 days. One patient died after 2 days, another after
3 days, 1 patient recovered renal function after 3 days.
Blood products interfering with the evaluation of RBV
changes were transfused in 14 treatment sessions. Conse-
quently, RBV data could only be analyzed in 66 treatments.

Twenty-six treatment sessions were performed with-
out UF for reasons of apparent fluid requirement in the
early phase of sepsis. During these treatments, RBV mon-
itoring revealed an internal volume loss substituted by a
median infusion volume of 2.38 1 (maximum 8.07) per
treatment to keep the RBV constant. In the remaining 40
sessions, a median net-UF of 1.00 ] (range 0.40-4.40) was
achieved. During 10 sessions, UF was reduced, and in
7 sessions, UF was increased. Changes in RBV during all
the 66 treatments are displayed in figure 1. After the third
treatment hour, blood volume was maintained at a steady
state indicating a balance between refilling and fluid re-
moval. At the end of the treatment sessions, the mean
change in RBV was 5.6% (+7.3). Different therapeutic tar-
gets for fluid balance contributed to the considerable vari-

Blood Volume Monitoring in Septic
Shock

ation of this variable. In the first 2 days predominantly
substitution was necessary whereas from the third day UF
became increasingly possible (table 2; fig. 2d).

Figure 2 shows the changes in RBV, fluid balance,
mean arterial pressure (MAP) and norepinephrine (NE)
dose during the treatment sessions.

Discussion

The septic pathophysiology of capillary leak resulting
in considerable volume loss into the interstitial space ac-
counts for the patient’s typical state of intravascular vol-
ume depletion and severe fluid overload. On one hand,
volume resuscitation is essential for maintaining circula-
tion and organ perfusion [7-10], whereas on the other
hand, fluid accumulation is associated with an impaired
outcome [8-14].

Volume management by RRT in septic shock is, there-
fore, always caught up in the conflict of aggravating hy-
povolemia by undue UF and insufficient reduction of flu-
id overload, thus contributing to a poorer prognosis [15].
The continuously available bedside information of RBV
might aid clinicians in analytic rather than intuitive deci-
sion making concerning fluid management. Our data
showed an internal volume loss of up to 8 1 during a ses-
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Fig. 2. Changes of NE dose (a), MAP (b), RBV (c) and fluid balance
(d) during the treatment sessions. Whereas the NE dose remained
almost unchanged, MAP increased during the treatments on all

Table 2. Fluid balance during the first 4 treatment sessions

Session Treatments Fluid balance during the sessions

1 0
. with UF, % 1 ml/kg body weight
1 20 +1.06 (+8.07 to ~1.50)  +11.4 (+84.9 to ~17.5)
2 43 +0.59 (+5.85 to -2.60) +8.0 (+61.6 to -34.7)
3 80 -1.00 (+5.50 to -3.00)  -10.6 (+61.1 to -33.3)
4 80 -1.36 (+1.38 to -4.40) -10.8 (+15.3 to -48.9)

+ denotes infusion and - denotes UF. Data are represented as median
(range).

sion of RRT without UF. Encouraging such large volume
substitution in patients already presenting with clinically
severe fluid overload might not look sensible but in this
study may have saved the patients’ lives. In other treat-
ments, RBV monitoring encouraged an increased UF vol-
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4 days. The decrease in RBV during treatments was similar on all
4 days, but fluid balance was positive in the first 2 days, whereas
from the third day fluid withdrawal became increasingly possible.

ume up to 2.4 1. Overall, in this study, adjusting UF re-
quirements and volume resuscitation according to RBV
data resulted in a relatively steady state of RBV during
RRT. This could have contributed to the beneficial sur-
vival in our study.

RBV monitoring is a standard feature of modern di-
alysis devices. But, there are only scarce data on RBV
monitoring in AKI [16-20]. In some studies, measuring
RBV in acute RRT seemed to allow higher UF rates [17-
20], but there was no evidence for favorable hemodynam-
ic stability or reduction in episodes of intradialytic hypo-
tension. In those critically ill patients, apparently other
parameters were of more influence [20]. To date, there are
no studies concerning RBV monitoring in critically ill pa-
tients aimed at patient’s survival or especially focusing on
patients with septic shock.

RBV monitoring is not restricted to dialysis machines
with incorporated devices like AK 200 in our study.

Kron/Leimbach/Wenkel/Thieme/Kern/
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Stand-alone devices (Crit-Line, FMC, Kaysville, Utah,
USA) are available and can be used in all RRT proce-
dures (continuous or intermittent) with their different
blood line systems [21]. The disposable Crit-Line blood
chamber can be placed between the catheter and the ar-
terial blood line (if pre-dilution HDF is used) or between
the arterial blood line and the dialyzer. Possible dilution
by infusions upstream of the chamber has to be avoided.
The combination with venous oxygen saturation mea-
surement is an additional advantage of this device [22].

This preliminary report certainly suffers several limi-
tations. RBV data were not recorded for the original study
[2]. They were collected as a post hoc analysis from pa-
tient’s treatment documentation. There was no study
protocol presetting the actual adjustment of UF accord-
ing to the RBV data in particular. Besides including only
a small number of patients, this survey did not have a
control group. Performing RRT as high-volume HDF
forms a relevant bias.

One important limitation of the method itself has to be
taken into consideration especially when applied in in-
tensive care — a constant hemoglobin level throughout the
treatment session is an absolute requirement. In our

study, 20% of treatments could not be analyzed for that
reason. In cases of actual or impending bleeding events,
the method may not be used for feedback control at all.
Furthermore, greater osmotic changes [23], hemolysis
[21, 24] and lipid emulsions [25] can influence the mea-
surement. Optical measurement systems are especially
affected by such artifacts. Therefore, the uncritical use of
the displayed data bears relevant risks. The obtained data
must always be interpreted in accordance with the pa-
tient’s clinical state.

In conclusion, this is the first preliminary report con-
cerning blood volume monitoring in RRT in patients
with septic shock. RBV monitoring proved to be an easy
and feasible tool for safe guidance of fluid management,
thus maintaining the balance between UF and vascular
refilling providing a possible addition to intensivists’ in-
ventory. Larger, prospective and preferably randomized
studies are needed.
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