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Severe sepsis remains both an important clinical challenge and an economicAbstract
burden in intensive care. An estimated 750 000 cases occur each year in the US
alone (300 cases per 100 000 population). Lower numbers are estimated for most
European countries (e.g. Germany and Austria: 54–116 cases per year per
100 000).

Sepsis patients are generally treated in intensive care units (ICUs) where close
supervision and intensive care treatment by a competent team with adequate
equipment can be provided. Staffing costs represent from 40% to >60% of the
total ICU budget. Because of the high proportion of fixed costs in ICU treatment,
the total cost of ICU care is mainly dependent on the length of ICU stay
(ICU-LOS). The average total cost per ICU day is estimated at approximately
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€1200 for countries with a highly developed healthcare system (based on various
studies conducted between 1989 and 2001 and converted at 2003 currency rates).

Patients with infections and severe sepsis require a prolonged ICU-LOS,
resulting in higher costs of treatment compared with other ICU patients. US
cost-of-illness studies focusing on direct costs per sepsis patient have yielded
estimates of €34 000, whereas European studies have given lower cost estimates,
ranging from €23 000 to €29 000. Direct costs, however, make up only about
20–30% of the cost of illness of severe sepsis. Indirect costs associated with
severe sepsis account for 70–80% of costs and arise mainly from productivity
losses due to mortality.

Because of increasing healthcare cost pressures worldwide, economic issues
have become important for the introduction of new innovations. This is evident
when introducing new biotechnology products, such as drotrecogin-α (activated
protein C), into specific therapy for severe sepsis. Data so far suggest that when
drotrecogin-α treatment is targeted to those patients most likely to achieve the
greatest benefit, the drug is cost effective by the standards of other well accepted
life-saving interventions.

Increasingly, decision makers in the healthcare comparison between cost data from different stud-
ies, (€ 1 = $US1.15 = $Can1.59 = £0.71) [allindustry are looking into the strength of scientific
currencies were translated into Euros based on Julyevidence on clinical practice and cost effectiveness
2003 exchange rate].when allocating resources or granting reimburse-

ment for medical interventions. This process, called
1. Definition of Sepsis, Severe Sepsis andevidence-based medicine, is becoming more and
Septic Shockmore frequently applied in decision making in mod-

ern medicine and is now reaching areas long consid- The general definition of sepsis is the systemic
ered ‘untouchable’ by economic measures, such as inflammatory response to infection. Sepsis, severe
intensive or critical care medicine. Nowadays, an sepsis and septic shock represent the increasingly
intensive care unit (ICU) run according to modern severe stages of the same disease. Uniformly accept-
standards represents a major economic burden for ed definitions of sepsis, severe sepsis and septic
every hospital. This is particularly so for university shock have existed since 1992, when an expert panel
hospitals because these institutions, as tertiary refer- from the American College of Chest Physicians
ral centres, have to absorb the majority of severely (ACCP) and the Society of Critical Care Medicine
ill patients, such as patients with sepsis, severe sep- (SCCM) produced a consensus statement on defini-
sis and septic shock; in general, these patients are tions for sepsis and the stages of associated in-
among the most expensive to treat. flammatory response.[1] Prior to this statement being

produced, the imprecise definition of sepsis and itsThe aims and objectives of this article are to
sequelae caused confusion for clinicians. Further-overview the important economic aspects of sepsis
more, clinical data published before this definitionand to review data on the cost effectiveness of
was established were often difficult to interpret be-current and new therapies for this disease. In order
cause of the heterogeneity of critically ill patientsto inform a nonmedical audience on the medical
included in most studies.background and clinical conditions of this disease,

we begin this review with the definition and epide- To describe systemic responses to inflammatory
miology of sepsis, followed by a short overview of reactions, regardless of their aetiology, a systemic
the current range of treatment. To enable easier inflammatory response syndrome (SIRS) was de-
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fined.[1] SIRS may result from either infectious or prediction/insult/response/organ dysfunction
non-infectious processes such as pancreatitis or sur- (PIRO) criteria. However, this new differentiation
gical trauma. Sepsis was then defined by the ACCP/ regarding sepsis criteria has not become relevant for
SCCM conference panel as SIRS resulting from a cost analysis to date.
documented infection. Further definitions allow a

2. Epidemiology and Clinical Spectrumclassification of the systemic responses to infection
of Severe Sepsisaccording to their severity (table I). It has been

demonstrated that mortality rates increase as the
Although the above definitions do provide a

number of observed SIRS criteria increases and the
framework for classifying patients, a persisting and

disease progresses; 28-day mortality rates were 7%,
unresolved problem for the clinical epidemiologist

10% and 17% for patients with two, three and four
is the application of these definitions in both the

SIRS criteria, respectively, and 16%, 20% and 46%
actual clinical setting and in reporting. A major

for patients with sepsis, severe sepsis, and septic
setback for the clinician is that the definitions are

shock, respectively.[2]
nonspecific. The criteria are, in part, retrospective,

The above definitions have recently been updat- which can lead to initial misclassification of pa-
ed,[3] dismissing the SIRS criteria and proposing tients. In addition, previous treatment affects the

presentation of the septic syndromes at the time of
classification. It is for these reasons that the number
of sepsis cases in the official health statistics is low
compared with the estimated incidence.

Alongside clinical activities evaluating new ther-
apies for the treatment of sepsis in the last few years,
efforts have also been focused on sepsis epidemiolo-
gy.

2.1 Epidemiology

Estimates of the prevalence and/or incidence of
sepsis varies between studies, most likely reflecting
the different methods and definitions used.  In gen-
eral, the incidence of sepsis has been found to be
highest at the extremes of age, i.e. in neonates/
infants and in the elderly.[4-8]

Angus et al.[4] aimed to provide an accurate na-
tional estimate of current sepsis incidence, outcome
and costs in the US by constructing a research
database from hospital discharge records. A coding
system based on the International Classification of
Diseases (9th edition) [ICD-9] was used to identify
patients with severe sepsis. Based on these data, the
authors calculated an estimated 750 000 cases (300
cases per 100 000 population and 2.26 cases per 100
hospital discharges) of severe sepsis in the US in
1995. Another US study of eight academic medical
centres reported a sepsis rate of 2.0 ± 0.16 cases per
100 admissions, or  2.8 ± 0.17 cases per 1000 pa-

Table I. The American College of Chest Physicians and the Society
of Critical Care Medicine consensus conference definitions of sep-
sis, severe sepsis and septic shock[1]

Disease Definition

Sepsis The systemic inflammatory response to
infection. Clinical manifestation includes two
or more of the following conditions as a
result of a documented infection:a

temperature >38°C or <36°C
heart rate >90 beats/min
respiratory rate >20 breaths/min or PaCO2

<32mm Hg
white blood cell count >12 000/mm3, or
<4000/mm3, or >10% immature (band)
forms

Severe sepsis Sepsis and organ dysfunction,
hypoperfusion or hypotension.
Manifestations of hypoperfusion may
include, but are not limited to:
lactic acidosis
oliguria
acute alterations in mental status

Septic shock Sepsis-induced hypotension, persisting
despite adequate fluid resuscitation, and
manifestations of hypoperfusion as listed
aboveb

Multiple organ Presence of altered organ function in an
dysfunction acutely ill patient such that homeostasis
syndrome cannot be maintained without intervention

a Inflammatory response to the presence of micro-organisms or
invasion of normally sterile tissue by these organisms.

b Patients receiving inotropic or vasopressor agents may no
longer be hypotensive by the time they manifest
hypoperfusion abnormalities or organ dysfunction, yet they
would still be considered to have septic shock.

PaCO2 = partial pressure of carbon dioxide in arterial blood.
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tient-days.[9] Mortality rates were approximately the ICU; in Angus et al.[4] 32% of patients received
30–40% in these studies. treatment at a level below maximal capacity. Poss-

ible reasons why patients with severe sepsis may beRecent epidemiological studies from Europe
treated in normal wards rather than the ICU include:have reported incidences of sepsis that are lower
lack of serious organ failure, e.g. mechanical venti-than those reported for the US; whether these are
lation is not necessary;  ICU treatment is not indicat-true differences or due to different methodological
ed for other reasons, e.g. futile prognosis, no con-approaches is a matter of dispute. Studies from
sent; ICU treatment is not offered, e.g. because ofGermany[10] and Austria[11] have reported incidences
financial considerations; severity of the disease isof severe sepsis of 54–116 cases per 100 000 popu-
underestimated; an ICU bed is not available in thelation. In a recent study conducted by the European
hospital because of restricted capacity; it is notSepsis Group among patients with an ICU length of
possible to transfer to a tertiary ICU unit, e.g. re-stay >24 hours, the crude incidence of infectious
stricted regional ICU capacity.episodes was 19%; approximately 28% of infections

were associated with sepsis, 24% with severe sepsis
and 30% with septic shock (18% were not classi- 2.2 Clinical Spectrum
fied).[12]

There are various possible explanations for the A full description of the pathophysiology is be-
discrepancies in findings. Correct categorisation of yond the scope of this article and is described in full
severe sepsis is difficult. In the US, categorisation elsewhere.[13,14] Initially sepsis is characterised by
was conducted retrospectively through ICD codes an activation of the immune system via an increase
combined with clinical and physiological criteria, or in inflammatory mediators, but as sepsis persists
similar methods.[4,9] While a good approach, it re- there is a shift toward a general immune depression
quires access to an extensive compilation of hospi- with the clinical picture often including a loss of
tal-based medical information. Epidemiological delayed hypersensitivity, an inability to clear infec-
studies in many other countries have used other tion and a predisposition to nosocomial infec-
methods that may underestimate the number of pa- tion.[13,14]

tients with sepsis treated in normal wards. One may The common clinical manifestations of sepsis
also speculate that the way healthcare is organised include alteration in body temperature (fever or hy-
and delivered in different countries may result in pothermia), tachypnoea or hyperventilation, tachy-
differences regarding the incidence of observed/di- cardia, leucocytosis, leucopenia, altered blood pres-
agnosed sepsis. For instance, in a healthcare system sure (high or low blood pressure), thrombocytopenia
with limited capacity for maximum treatment (in- and/or disseminated intravascular coagulopathy
cluding intensive care), infectious diseases may (DIC), and alterations in mental status.[1,15,16]

often not be recognised as sepsis in the normal ward. Vasodilatation and increased vasopermeability
Patients diagnosed with pneumonia, especially the (leakage of fluid into interstitial space), together
elderly, could die from sepsis without the diagnosis with microthrombi, may lead to changes in
of sepsis ever being made. This would result in a microcirculatory blood flow and thus to tissue hy-
lower incidence of sepsis being diagnosed than in poperfusion. Tissue oedema also aggravates hy-
countries that have a higher availability of intensive poperfusion. Lactic acidosis and oliguria occur.
care beds, such as the US. However, this is unlikely Hypoperfusion-related stasis in the splanchnic
to fully explain any difference between the US and area may cause translocation of bacteria and bacter-
Germany, where readiness to use the complete treat- ial toxins across the intestinal barrier, which contrib-
ment spectrum seems comparable. utes to the persistence and aggravation of the in-

 Interestingly, the US studies showed that a sub- flammatory response. As a consequence of pro-
stantial proportion of patients were treated outside longed hypoperfusion, organ dysfunction results,

© 2004 Adis Data Information BV. All rights reserved. Pharmacoeconomics 2004; 22 (12)
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leading to multiple organ failure and completing the 3.1 Elimination of the Infectious Source
picture of severe sepsis.[17-19]

Whenever possible, the appropriate surgical in-
Most cases of sepsis occur in patients with under- tervention with the aim of irradiating the infectious

lying conditions that make them susceptible to in- focus has high priority. Potential sources of system-
fections, such as lesions of an anatomical barrier ic infection spreadout (e.g. infected foreign materi-
(surgery, multiple trauma, burns), neoplasms, renal als, perforations, anastomotic leakage, peritonitis,
or hepatic failure, diabetes mellitus, chemothera- etc.) must be aggressively treated once the patient is
pies, intravenous drug use or AIDS.[5,12] However, haemodynamically stabilised.[22] In patients with ba-
sepsis and septic shock may also occur in patients sic respiratory failure, a vicious cycle can take effect
without underlying disease. In such cases, highly where nosocomial pneumonia induces sepsis and
virulent organisms, such as meningococci, are usu- sepsis enhances pneumonia.[23] In 20–30% of pa-
ally responsible. Alternatively, sepsis can occur tients, the septic focus cannot be found.[5,24]

during infections that are treated inadequately or not It has been demonstrated that the mortality rate
at all. among patients with sepsis who receive prompt and

appropriate antibacterial therapy is approximately
10–15% lower than among those who do not receive3. Treatment of Sepsis: Overview
the adequate antibacterial immediately.[25] Broad-
spectrum antibacterial treatment (based on recom-

In general, the treatment of severe sepsis and mendations for the local spectrum of micro-organ-
septic shock consists of measures aimed at the infec- isms) often has to be started without microbiological
tious process itself (antibacterials, surgical eradica- identification of the causative organism.[26,27] Most
tion of infectious focus) in combination with life- antibacterials are given in high intravenous doses for
supportive care (haemodynamic stabilisation, circu- several days, with adjustment once the results of
latory support, organ support) and specific treatment microbiological culture and sensitivity tests become
against the septic response (table II).[20] The combi- available. Resistance to antibacterials, especially
nation of highly complex therapies requires treat- with use of broad spectrum agents, is a concern.[26]

ment in an ICU with an adequate structure that Previous administration of broad spectrum antibac-
allows close supervision by a competent team, use terials has shown to be a considerable risk factor for
of critical treatment pathways and protocols,[21] and later development of nosocomial pneumonia with
availability of sophisticated technology for continu- resistant strains.[28]

ous monitoring and organ support.
3.2 Supportive Care

Fluid replacement is crucial for patients with
severe sepsis to maintain adequate perfusion of vital
organs.[13,29] The massive release of inflammatory
mediators in sepsis causes capillary leakage and
intracapillary fluid is lost into the interstitial space,
causing severe systemic hypovolemia.

Early goal-directed therapy, with volume resusci-
tation to restore the balance between oxygen deliv-
ery and oxygen demand, appears to be crucial in
severe sepsis. In a recent study, Rivers et al. demon-
strated that early, aggressive volume therapy with
infusions of colloid or crystalloid, vasoactive sub-
stances and red-cell transfusions to optimise cardiac

Table II. The four aspects of clinical treatment of sepsis

Eradication (if possible) of the focus of infection:

surgical treatment, e.g. removal of infectious foreign material,
 drainage of abscess, repeated laparotomy

Antibacterial therapy

Supportive treatment:

fluid replacement

pharmacological support of haemodynamic function, e.g.
vasoactive substances, catecholamines

organ support, e.g. mechanical ventilation, renal replacement
therapy

metabolic optimisation

other, e.g. treatment of coagulation disorders, prophylaxis of
thrombosis, stress ulcers

Specific treatment of severe sepsis

© 2004 Adis Data Information BV. All rights reserved. Pharmacoeconomics 2004; 22 (12)
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pre- and afterload significantly improved the survi- mechanisms of this remarkable effect are not well
understood yet and require further research efforts.val rate of patients with severe sepsis and septic

shock; in-hospital mortality was reduced to 30.5% Dysfunction of the blood coagulation cascade is
common in patients with sepsis but few develop thefrom 46.6% with standard therapy.[30]

clinical picture of DIC.[25] At present, no standardIf hypotension persists in septic shock after vol-
therapy for DIC is used uniformly throughout Eu-ume repletion (caused by low systemic vascular
rope and the US, but fresh frozen plasma, plateletresistance, sometimes combined with cardiac de-
concentrates and immunoglobulins are employed,pression), the use of vasoactive drugs, especially
depending on the individual case and the personalcatecholamines, becomes necessary.[31-33]

judgement of the treating physician.[45,46] The opti-
Approximately 85% of patients with severe sep- mal haematocrit level for blood supply is still a

sis develop lung problems and require mechanical controversial topic.[47]

ventilation.[25] However, some ventilatory strategies In severe sepsis it is essential to treat the first
such as alveolar overdistension and high tidal organ failure aggressively as it is the cumulative
volumes can damage the lung, and use of lower tidal failure of one or more organs that finally may lead to
volumes has been associated with a substantial sur- death.[25] The lung, kidney, heart, blood, CNS, and
vival benefit.[34] Alveolar overdistension causes so- liver are the organs potentially most affected. Unfor-
called biotrauma (i.e. pulmonary cytokine release), tunately, not all the affected organs can be supported
which adds to deterioration of lung function and effectively. CNS and liver function can be moni-
aggravates multiple organ failure.[35-37] Ventilator- tored but often not effectively treated (except in rare
associated complications strongly correlate with the circumstances where strategies such as liver trans-
duration of invasive ventilation; thus, early weaning plantation are possible). For the heart, no specific
may improve outcome. therapy other than volume replacement and vasoac-

tive support is available.A relatively small number of patients with severe
sepsis and septic shock develop acute renal failure

3.3 Specific Treatment of Severe Sepsisand require renal replacement therapy (RRT), and
early initiation has been shown to improve the clin-

Until recently, trialling of many new concepts for
ical situation and to reduce mortality.[38-40] However,

the specific treatment of sepsis ended in disappoint-
initial expectations that haemofiltration might be-

ment.[48,49] Various anti-inflammatory treatments,
come an effective clinical treatment in sepsis have

such as ibuprofen, interleukin(IL)-1 receptor ant-
not been fulfilled.[41-43]

agonists, murine monoclonal antibodies against en-
Adequate enteral/parenteral nutritional support is dotoxin and soluble tumour necrosis factor-α (TNF-

essential in patients with sepsis because they always α)-receptor fusion protein, have shown no benefit in
have a high energy turnover due to the underlying the treatment of sepsis.[50-54] Neutralisation of TNF
hypermetabolic, inflammatory process. Enteral nu- by a monoclonal antibody has been shown to im-
trition provides some gut protection against is- prove survival in sepsis patients with high IL-6
chaemic damage that allows translocation of intesti- levels,[55] but there are no confirmative data avail-
nal micro-organisms into the systemic circulation, able yet.
fuelling the inflammatory situation. Recently, a While previous treatment strategies using high-
remarkable benefit in survival was demonstrated by dose corticosteroids resulted in a significant in-
keeping blood glucose levels within a narrow range crease in mortality,[56,57] a new concept has recently
of 80–120 mg/dL.[44] This tight metabolic regimen been promoted, based on the hypothesis that septic
was able to reduce hospital mortality by 34% in shock may be associated with a relative adrenal
critically ill patients, mostly with severe sepsis and insufficiency. In a study of 229 septic shock patients
multiple organ failure. However, the underlying with a relative adrenal insufficiency (nonresponsive

© 2004 Adis Data Information BV. All rights reserved. Pharmacoeconomics 2004; 22 (12)



Economics of Severe Sepsis 799

to a corticotropin test), 7 days’ treatment with low and users, subdivided as far as possible. Edbrooke et
doses of either hydrocortisone or fludrocortisone al.[64] developed a ‘top-down’ procedure in which
significantly improved the 28-day survival rate the major components were described by ‘cost
compared with the placebo.[58] Unfortunately, the blocks’ (see figure 1).
study results were weakened by statistical shortcom- In the previously mentioned US survey by Angus
ings. At present, a large new European multicentre et al.[4] (section 2.1), it was found that only 51% of
study Corticosteroid Therapy of Septic Shock patients with severe sepsis were treated in the ICU,
(CORTICUS) is under under way to test this prom- 17% were treated in a coronary care ward or venti-
ising concept. lated in an intermediate care ward, with the remain-

A potentially important advance in the treatment ing 32% treated in a normal ward. Hospital resource
of patients with severe sepsis was reported in 2001, use and costs for the ICU patients were much higher
when the results of a large multicentre trial on than those for the non-ICU patients; hospital length
recombinant human-activated-protein-C (drotre- of stay (LOS) 23.3 days versus 15.6 days, and cost
cogin-α), an anticoagulant, were reported.[24]

per case €26 000 versus €12 000. (All currencies
Drotrecogin-α is the first anti-inflammatory agent used in the different studies were translated into €
that has proved effective in sepsis. Administration based on the July 2003 exchange rate).
of drotrecogin-α resulted in an absolute risk reduc-

In general, the difference between intensive caretion of 6.1% for death (all patients); in patients with
and normal ward care is the level of availability andat least two organ failures there was an even greater
consumption of resources. Intensive care medicinereduction of 7.4%.[24] Interestingly, two other anti-
is extremely labour-intensive, requiring the continu-coagulants, antithrombin III[59] and tissue factor
ous presence of competent medical and nursing staffpathway inhibitor,[60] failed clinically as treatment
to monitor and treat the critically ill patient at anyfor severe sepsis, possibly these two agents work at
time during the ICU stay. Thus, personnel costs (fordifferent sites in the coagulation cascade.
nurses, physicians, technicians and assistants) con-
sume from 45% to >60% of the total ICU budg-4. Cost of Intensive Care Treatment
et.[64-67] Compared with the large proportion of per-

Probably the biggest limitation of any economic sonnel costs, other fixed costs (such as nonclinical
analysis in healthcare is the difficulty of obtaining support services, equipment, and rent and mainten-
the actual costs associated with the therapeutic inter- ance costs for building and properties) have a minor
ventions of a given disease. Direct medical costs
associated with severe sepsis primarily consist of
hospital costs. The lack of standardised methods for
determining the direct cost of ICU care,[61] com-
bined with inadequate documentation of ICU
costs,[62] reflect the basic difficulties encountered in
undertaking cost-of-illness studies in intensive care.
It is mainly for this reason that information on the
cost of severe sepsis is scarce.

4.1 General Allocation of Cost

Intensive care is, in most cases, the section with
the highest resource consumption within any hospi-
tal.[63] The allocation of costs for intensive care is
usually done by the ‘top-down’ procedure, i.e. allo-
cating section budgets and resource use to subunits

Personnel
54%

Equipment
6%

Consumables
23%

Clinical support
7%

Non-clinical
support 7%

Estates
3%

Fig. 1. Proportion of different cost blocks within the total cost of
intensive care. Median costs of £1087 (≈ €1538) per ICU patient-
day (1995–96 values) were calculated from six university hospitals
and five district general hospitals in the UK.[64]

© 2004 Adis Data Information BV. All rights reserved. Pharmacoeconomics 2004; 22 (12)



800 Burchardi & Schneider

impact on the total costs of intensive care.[64] Varia- total ICU resource consumption. Total direct ICU
ble costs including drugs, other consumables, and cost per patient per day varies to a relatively small
laboratory and diagnostic services, amounted to extent. In 2000/2001, we performed a retrospective
only 30% of total costs. cost analysis in our surgical ICU that evaluated total

The workload of ICU staff cannot be allocated to direct ICU costs (personnel, procedures and con-
the individual patient. Therefore, a large part of the sumables) assessed by means of a PDMS and exact
resources consumed in the ICU are fixed costs (see cost catalogues of 1631 patients with an ICU-LOS
figure 1 and table III). For this reason, ICU costs per >24 hours.[75] In patients with uncomplicated inten-
patient-day on average are comparable between va- sive care and an ICU-LOS of ≤7 days (average 2.6 ±
rious countries with comparable salary structures in 1.4 days) the total direct cost per day per patient was
their healthcare systems (table III). In the seven €862. In those patients needing intensive care treat-
countries with highly developed healthcare systems ment for >7 days (average 15.3 ± 9.6 days) the total
(i.e. excluding India), the average total cost per ICU direct cost per day per patient rose to €1011. As
day was approximately €1200. The large proportion expected, it was the total ICU-LOS that made total
of fixed costs also means that costs for an individual cost of long-term ICU treatment so expensive,
patient’s intensive care treatment correlate closely particularly since many of these ICU patients had
with the ICU LOS. severe sepsis. Another retrospective study from

The distribution of intensive care treatment costs three ICUs in university hospitals in Germany show-
is generally rather skewed. Most ICU patients stay ed comparable results.[74] The direct, patient-related,
only for a short period of time (mean ICU-LOS: 3–4 mean daily ICU cost for 385 patients with severe
days). On the other hand, the small number of criti- sepsis was €1318 per patient. Again, the large pro-
cally ill patients requiring a prolonged ICU stay portion that is personnel costs was evident (36%)
consume a large part of ICU resources.[69,75,79,80]

[see figure 2].[74]

Infections in general, and sepsis in particular, often
In a study from a Norwegian university hospi-require prolonged ICU treatment. Thus, predomin-

tal[72] the mean cost per ICU day was €2601, basedantly because of the long ICU-LOS, the cost of
on total direct costs of staff, drugs and consumables,treatment for patients with sepsis is considerably
capital equipment and administrative overheads,higher than treatment for other ICU patients,[81,82]

and additional costs incurred in other hospital de-and personnel costs account for a considerable pro-
partments, such as operating theatres, physiothera-portion of these costs.
py, x-ray, etc. from 1997 to 1999. Patients with
severe sepsis cost, on average, €2671 per ICU day.4.2 Direct Cost of Intensive Care
Direct patient-related costs for treating severe sepsis
and septic shock in intensive care have beenDirect treatment costs for the individual patient
analysed retrospectively in an adult general ICU in aor DRG cannot be assessed by ‘top-down’ proce-
UK university hospital.[84] Over a period of 10dures. To assess patient-related resource consump-
months (1995–96), 36 of 213 patients with sepsistion or direct costs for specific treatments, a ‘bot-
were evaluated. The mortality rate among thesetom-up’ procedure is needed. Such a procedure is
patients was 53%. The median ICU-LOS was ap-extremely labour intensive if not supported by a
proximately 14 days longer than for patients withoutpatient-data management system (PDMS) through
sepsis. Patient-related costs per case varied consid-which all patient-related activities are automatically
erably, but the daily costs were consistent. Therecorded. PDMS-based documentation systems

have recently been successfully used to evaluate median daily cost for inpatients without sepsis was
patient-related direct costs.[74,83]

€650 per patient (interquartile range €560–790)
whereas the median daily cost for patients withThe large proportion of ICU costs that are fixed
sepsis was €810 per patient (interquartile rangestaff costs reduces the effect of other expenses on

© 2004 Adis Data Information BV. All rights reserved. Pharmacoeconomics 2004; 22 (12)
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Table III. Average intensive care unit (ICU) cost per day per patient.a

Study (year of study) Country Study setting Costs included Average cost per patient-dayb Proportion
staff costs
(%)

Singer et al.[68] (1991) UK General ICU, university hospital Staff (nurses, medical and £1148 (≈ €1620) 56
others), drugs, disposables,
radiology and pathology,
infrastructure, capital assets

Noseworthy et al.[67] Canada Medical/surgical ICU, urban teaching $Can1508 ± 475 (≈ €950 ± 300) 64
(1992) hospital

Heyland et al.[69] Canada As above $Can1565 ± 192 (≈ €985 ± 120)
(1992)c

Dickie et al.[70] (1994) UK General ICU, university hospital Patient-related costsd £873 ± 13.6 (≈ €1230 ± 20) 52

Edbrooke et al.[64] UK 11 ICUs, university and district Staff, equipment, consumables, Median £1064 (95% CI 891, 54
(1994–95) hospitals clinical support, nonclinical 1139) ≈ €1505 (1261, 1612)

support, estates

1995–96 Median £1087 (95% CI 887, 55
1214) ≈ €1538 (1255, 1718)

Edbrooke et al.[65] UK General ICU, tertiary care hospital Patient-related-costs, including £1152 ± 243 (≈ €1630 ± 172) 44
(1995) 4% for administration

Sznajder et al.[71] France Medical/surgical ICUs, seven Staff (nurses, medical and $US1590 ± 2093 (≈ €1380 ± 61
(1996) teaching hospitals others), drugs, blood, 1820)

disposables, laboratory,
diagnostics, microbiology,
accommodation, overheads,
(administration, management,
amortisation)

Flaaten and Kvale[72] Norway General ICU, tertiary care hospital Staff, drugs, consumables, capital €2601 63
(1999) equipment, administrative

overheads plus costs incurred in
other hospital departmentse

Graf et al.[73] Germany Medical ICU, university hospital Staff (nurses, medical and €1334 42
(1997–98) others), drugs, blood,

disposables, laboratory,
diagnostics, microbiology,
overheads

Moerer et al.[74] Germany Medical/surgical ICUs, three Staff, drugs, microbiology, €1318 for patients with severe 36
(1997–2000) university hospitals laboratory, disposables, sepsis

overheads

Continued next page
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Table III. Contd

Study (year of study) Country Study setting Costs included Average cost per patient-dayb Proportion
staff costs
(%)

Neilson et al.[75] Germany Surgical ICU, university hospital Staff, procedures, consumables LOS ≥1 <7 days: € 873
(2000–01) LOS ≥7 ≤20 day: €935

LOS >20 days: €948f

Garcia et al.[76] Spain Paediatric ICU, tertiary care hospital Staff (nurses, medical and US$826 ± 10 (SEM) [€ 720 ± 9]g 62
(1989–90) others), drugs, blood,

disposables, laboratory,
diagnostics, microbiology,
structural costs

De Keizer et al.[77] The Netherlands Paediatric ICU, university hospital Nurse and physician time,i drugs €814 ± 230 NA
(1995)h

Parikh and Karnad[78] India General ICU, municipal teaching Infrastructure, wages, equipment, US$57 (€50)j

(1995–96) hospital drugs, disposables, blood,
laboratory, microbiology, radiology
plus ultrasonic, stationery plus
administrative costs

a Only analyses published since 1990 with clearly defined costing methods (not charges) are taken into account.

b Currency conversion calculated at exchange rates in July 2003 (€1 = $US1.15 = $Can1.59 = £0.71).

c Same population as above, but only patients with ICU-LOS >14 days.

d Estimated by TISS points.

e Operating theatres, physiotherapy, x-ray etc.

f Diagnosis of sepsis in 79% of these patients.

g Mean ± SEM.

h Presumed year study was conducted; not explicitly stated.

i Nurses’ and physicians’ costs estimated through time spent for individual patients.

j Level of intensive care different from other studies. 17-bed unit, 993 patients (mean age 36.5 ± 16 yrs), average LOS: 5.5 ± 7.1 days, observed mortality: 36.2% (SMR =
1.67). Nurse-to-patient ratio 3 : 17; average workload per nurse: 64.2 TISS points.

ICU-LOS = intensive care unit length of stay; NA = not applicable; SEM = standard error of measurement; SMR = standardised mortality rate; TISS = therapeutic intervention
scoring system.
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datory. On the other hand, non-ventilated restless
patients often need more nursing care than deeply
ventilated patients. Approximately 85% of patients
with sepsis require ventilatory support, typically for
7–14 days, and almost half meet the criteria for adult
respiratory distress syndrome.[25]

For patients with severe sepsis developing acute
renal failure, mortality rates range from 40–80%.[86]

Thus, when RRT is required, the question of cost
arises. RRT requires a high investment from the
ICU; but depending on the spectrum of diagnoses
treated in the ICU, only a small number of machines
are needed. Using the modern, highly automated
pumps, extra personnel costs are minor but the costs
of consumables (filters, lines and especially fluids)
are considerable (average €42.50 per patient-day,

Personnel
36%

Drugs
40%

Microbiology
4%

Lab 10%

Disposables
3%

Overhead
6%

Fig. 2. Distribution of costs for intensive care unit (ICU) treatment of
severe sepsis. Direct ICU treatment costs for 385 patients with
severe sepsis from three German university hospitals (1997–2000)
[% of total ICU cost]. Average ICU length of stay was 16.6 days;
average total direct ICU cost per patient-day was €1318[74]

according to our own data).
€740–1100), with slight variations depending on A cost analysis for RRT was carried out by
the timing of onset of sepsis. Personnel costs ranged Korkeila et al.[87] They evaluated 62 patients (of
from 39% to 49% of the total cost per patient. 3447 patients admitted to the ICU during 1 year)

requiring RRT for non-endstage renal failure andAngus et al.[85] reported a mean ICU cost of
followed the patients 5 years after release from the€23 870 for patients with severe sepsis, based on
hospital to compute overall mortality and estimatedata collected prospectively from a cohort of 552
quality of life. The cost of RRT per patient survivingpatients with sepsis in a multicentre international
>6 months was estimated at €69 600 (1992–93 val-trial of drotrecogin-α (Recombinant Human Acti-
ues).vated Protein C Worldwide Evaluation in Severe

Sepsis [PROWESS]). Based on a mean ICU-LOS of From the many studies examining the cost of
11.4 days, a mean daily ICU cost of €2090 (2000 antibacterial therapies in the ICU, we present here
values) per patient was calculated. one example to illustrate that medication costs are

relatively minor expenses. Scott et al. determinedCompared with the staff costs related to excess-
the costs of antibacterial regimens currently used forive ICU-LOS, the costs for specific treatment proce-
serious infections in three large New Zealand hospi-dures are minor. Two expensive technologies (in
tals.[88] Total costs (drugs, consumables and labourterms of initial investment), mechanical ventilation
costs for preparation, administration and monitor-and continuous RRT, are frequently used in the
ing) per patient-treatment day varied from €4.46standard treatment of patients with sepsis as for
(1997 values) for gentamicin to €65.85 for tazobac-other ICU patients.
tam. It was estimated that nephrotoxicity could addMechanical ventilation is often regarded as a
€12–22 per day to the cost of aminoglycoside treat-marker procedure of intensive care. Investment in
ment.modern ventilators is essential and considerable for

any ICU; depending on the patient mix treated in the Compared with increased hospital LOS due to
ICU, one ventilator per bed is mandatory (plus extra bacterial resistance to the antibacterial regimen,
ventilators for substitution). The direct (running) drug-acquisition costs are of minor economic im-
costs for mechanical ventilation are difficult to esti- portance.[89] Antibacterial resistance is of greater
mate. Disposables needed for ventilation are minor importance today because of escalating resistance
expenses but nursing care and monitoring are man- rates, but studies to systematically evaluate the eco-

© 2004 Adis Data Information BV. All rights reserved. Pharmacoeconomics 2004; 22 (12)
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nomic effects of drug resistance have not been per- 5. Cost Effectiveness of Intensive Care
Treatment and Alternativesformed.

5.1 Intensive Care4.3 Total Hospital Costs for Severe Sepsis

A prospective cost-effectiveness analysis in
Few cost studies deal with total hospital costs for seven ICUs of teaching hospitals in France was

performed by Sznajder et al.[71] The mean LOS ofsevere sepsis. A retrospective study from Canada
176 patients with at least one organ failure was 9analysed the hospital cost for treating 100 patients
days (median 4 days), and the hospital mortality ratewith severe sepsis and/or septic shock for 28
was 29%. For these patients, the mean total cost per

days.[90] The mean total hospital cost per patient was ICU stay (measured bottom-up) was €12 400, with
€8100 (2000 values), with an average of €710 per substantial variations (SD ± €16 400) according to
hospital day. ICU costs accounted for 38% of the different diagnoses. Costs were higher for non-sur-

vivors than for survivors. From these data, a meantotal cost.
daily cost of €1380 (1996 values) per patient can beData from 99 ICUs in Italy showed that the total
calculated. The incremental cost-effectiveness ratio

hospital cost for treating severe sepsis and/or septic was €1000 per life-year saved for intensive care
shock was €21 572 (2000 values) per patient, com- versus no intensive care.
pared with €11 590 for patients without sepsis In a recent study from Norway by Flaaten and

Kvale[72] the cost effectiveness of intensive care(based on total costs of €1033 per day in the ICU
treatment was estimated at €684 (converted to 2001and €300 per day in a normal ward). Again, the
values) per life-year saved, based on 18 months’excess costs for treating sepsis were mostly due to a
survival data. For patients with severe sepsis a cost-

longer ICU-LOS (average 18.7 days vs 7.1 days).[91]
effectiveness ratio of €2785 per life-year saved was

Angus et al.[4] estimated the resource use for reported.
The cost effectiveness of ventilator support wastreating severe sepsis in the US through DRG-based

addressed by Hamel et al.[93] Data from the Study toreimbursement of hospitals and using an average
Understand the Prognosis for Outcomes and Riskscost-to-charge ratio. The average cost per case of
of Treatments (SUPPORT) trial were used to esti-

sepsis 1995 values was estimated to be €19 200 mate the value of this technology in monetary terms.
(mean hospital LOS: 19.6 days). Non-survivors gen- 1005 patients with pneumonia or adult respiratory
erated higher costs than survivors (€22 500 vs distress syndrome were evaluated for their outcome

(mortality) as well as their functional status and€17 900).
quality of life following hospitalisation. DependingIn an earlier study, Chalfin et al.[92] reported
on the patient’s initial risk of death, the incremental

mean total hospital charges of €33 300 (1985–88
cost effectiveness of mechanical ventilation varied

values) per survivor for patients with sepsis, while from €25 200 to €95 600 per QALY (comparing
the mean total charges for non-survivors amounted provision of ventilator support and aggressive care

versus withholding these intensive measures) [1998to €42 800. In contrast, in a recent report based on a
values]. In particular, for patients with <50%multicentre international study of drotrecogin-α,
probability of surviving at least 2 months, the incre-

Angus et al.[85] calculated mean total hospital
mental cost per QALY was >€87 000, i.e. 3-fold

costs of €33 300 (2000 values) for patients with higher than for patients with higher survival
severe sepsis, with survivors generating higher costs chances. These costs were calculated based on hos-
than non-survivors (€36 800 vs 24 900). pital fiscal data and Medicare data, from a society
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Economics of Severe Sepsis 805

perspective rather than hospital expenditures. From (CAP). Clinical efficacy and LOS were similar with
both treatments. However, there were only two inci-the hospital view these are charges, which may or
dences of CAP that did not respond to gatifloxacinmay not reflect true resource use.
therapy, whereas nine nonresponders were observedEven a prolonged stay in the ICU, which produc-
in the ceftriaxone group. These treatment failureses high costs, is not a valid argument for restricting
added one incremental day to the antibacterial-relat-intensive care treatment. Heyland et al.[69] demon-
ed LOS, resulting in a cost-effectiveness ratio ofstrated that 44% of patients with a prolonged ICU-
€4550 per treatment success for gatifloxacin versusLOS of >14 days survived for at least 1 year. Our
€6130 per treatment success for ceftriaxone (1998own data demonstrate that patients with an ICU-
values). In this analysis the cost of hospitalisationLOS of >20 days have a hospital survival rate of
was once again the key cost factor.74%.[75]

No published data were found concerning the
In summary, based on current severity scoring cost effectiveness of RRT for acute renal failure in

systems, a reliable survival prediction for individual the ICU. Furthermore, no reports on the cost effec-
ICU patients, with or without sepsis, cannot be made tiveness of other organ-support therapies, such as
at admission to the ICU. Decisions to restrict treat- vasoactive or anticoagulative treatment, were re-
ment may be taken by the ICU team on grounds of trieved by our search, indicating that a large part of
unresponsiveness to all therapeutic efforts rather standard ICU therapy has not been evaluated for
than on the basis of a general guideline to limit economic efficiency. This lack of cost-effectiveness
treatment for probability of survival, age or eco- data on routine therapeutic measures in the ICU
nomic reasons. could be due to a lack of data on the clinical efficacy

Few analyses of the cost effectiveness of antibac- of many compounds used in the ICU. This demon-
terial therapies have been carried out to date. How- strates the predominantly empirical approach of
ever, Rodloff et al.[94] compared the cost effective- many intensivists and accentuates the need for a
ness of an initial imipenem regimen with other anti- more evidence-based approach in the future. In ad-
bacterials for the treatment of nosocomial dition, because of the complex interactions of vari-
pneumonia. Both regimens showed equal clinical ous intensive care therapies, it is often difficult, if
efficacy, but the imipenem treatment resulted in not impossible, to evaluate the efficacy of single
significant savings due to a faster recovery and a therapeutic measures within the context of the entire
reduced duration of therapy. This observation is treatment process.
most interesting as it emphasises the duration of
treatment. In intensive care medicine, with its high 5.2 Alternatives to Intensive Care
fixed costs, any reduction in treatment requirements

The ICU direct costs per day are generally threeand LOS may considerably reduce costs. This point
to seven times higher than for non-ICU care.[97,98]was emphasised by Nathwani et al.[95] who analysed
However, no cost-effectiveness analyses comparingthe treatment of methicillin-resistant staphylococcal
treatment of patients with severe sepsis in the nor-infection, comparing linezolid with vancomycin.
mal ward with treatment in the ICU have beenAlthough no significant difference in clinical out-
carried out, most likely for the reason that treatmentcome or mortality was observed, linezolid adminis-
of severe sepsis with organ failures simply requirestration reduced the duration of intravenous therapy
full intensive care.compared with vancomycin, and increased the like-

lihood of hospital discharge during the first week, Early transfer to a ‘step-down unit’ after ICU
thus increasing the cost effectiveness of antibacteri- treatment has been shown to reduce overall treat-
al treatment. Dresser et al.[96] compared the cost ment cost. Norris et al.[97] suggested net savings
effectiveness of gatifloxacin versus ceftriaxone with (without drug costs) of approximately €1040 (1992)
a macrolide for community-acquired pneumonia per patient-day if intensive care was substituted by
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regular care on a normal ward. This study only ial therapy) may result in considerable cost reduc-
focused on the cost of substitution and did not look tions.[103,104] In particular, the ICU-LOS may be
for outcomes. Similar results were found by Singer reduced, which contributes significantly to reducing
et al.[68] Such considerations should stimulate inten- expenditure. Also the intensity of nursing care is
sivists to discharge patients from their ICU as soon relevant when evaluating the economic conse-
as possible. However, discharging patients too early quences of changing treatment and management
and under emergency circumstances (e.g. when beds options. Even if a patient requires ‘one to one’
or sufficient staff are not available during weekends nursing care, decisions can still be made regarding
or at night) has proven to increase the risk for whether or not the nurse performs additional non-
patients.[99] Health benefits for the patient should bedside duties.
have priority over economic reasons. In contrast to The ICU is involved in a complex network of
the above findings, Keenan et al.[100] found no evi- interdisciplinary activities and thus can be affected
dence in a systematic review of the literature that a by processes outside of the unit. In other words, it is
‘step-down-unit’ represents a cost-effective alterna- not sufficient to optimise processes within the unit;
tive to the ICU. interdisciplinary co-operation must also be optimis-

One could speculate that maximal intensive care ed (e.g. external consultations, discharge/transfer
therapy might not be indicated for patients, with a from the ICU), which can be a difficult task to
low probability of survival. Besides the ethical im- achieve in a hospital. Critical pathways have been
pact of such concepts, the main obstacle is the assumed to improve such interdisciplinary proce-
impossibility of identifying, with acceptable certain- dures. However, official, external pathways (in con-
ty, who has with a minimal chance of survival. No trast to internal procedures) may not be useful with-
existing severity scores (e.g. Acute Physiology and in an intensive care environment. Berenholtz et
Chronic Health Evaluation [APACHE], Simplified al.[105] found that for 78% of a patient’s ICU stay, the
Acute Physiology Score [SAPS], Mortality patient was either not eligible for a critical pathway
Probability Model [MPM]) can predict fatal out- or that the patient’s clinical course was ‘off’ path-
come for individuals with acceptable precision.[101]

way.

Preventing complications, particularly6. Possibilities for Cost Containment in
nosocomial infections, will always reduce the costIntensive Care
of treatment. There is extensive evidence to show
that when treatment is complicated by nosocomialThere are various potentially effective strategies
infections the LOS and treatment costs increaseto reduce resource use in intensive care, the rele-
considerably, resulting in excessive resource con-vance of which depends largely on local conditions.
sumption.[82,106]Such strategies include:

• increasing awareness of economic consequences Given the high treatment cost of intensive care,
• optimising internal organisation in the ICU every reduction in LOS will contribute significantly
• optimising the network within the hospital to lower total resource use. However, along with
• prioritising avoidance of complications restricting or reducing intensive care processes, the
• profiting from early discharge from the ICU. capacity for and quality of post-ICU treatment in the

By discussing the relative cost of diagnostic and hospital and external rehabilitation must be consid-
therapeutic procedures, a considerable reduction in ered. The structure and capacity of a healthcare
resource use may be achieved.[102] system play an important role here. If, for instance,

ICU capacities are extremely limited, premature dis-Introducing protocols (e.g. for weaning from
charge from the unit will often be unavoidable. Ifmechanical ventilation), defining internal proce-
readmission of the patient as a consequence of sub-dures (e.g. for diagnostic strategies), and optimising
sequent deterioration is required, longer and moretherapeutic processes (e.g. by optimising antibacter-
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expensive treatment may result. Although potential- sis, using effectiveness data from the PROWESS
ly economically desirable, early discharge from the study.[24] The cost per life-year gained by treating all
ICU can only be performed if optimal care for the patients with drotrecogin-α was €24 300 [2001 val-
patient is nevertheless ensured; minimal risk for the ues]. Treating patients with an APACHE II score of
patient remains first priority. ≥25 was more cost effective (€21 300 per life-year

In conclusion, there is certainly a large potential gained), whereas drotrecogin-α treatment was less
for cost containment in intensive care. However, cost effective for those patients with a lower
because of the high level of interdisciplinary activi- APACHE II score (€31 000 per life-year gained); a
ties within the ICU, there are no simple, ICU-specif- lower APACHE II score indicates less severe dis-
ic solutions that can be easily implemented. The ease. For patients with an APACHE II score of ≥25,
‘easy’ way of reducing ICU expenditure, e.g. by the cost per life-year gained with drotrecogin-α
reducing personnel, may ultimately produce the op- increased with age from €14 200 for patients aged
posite effect. Discussions in the US on so-called <40 years to €24 400 for those aged ≥80 years.
‘closed’ ICUs have increased awareness that a com- In a report by Angus et al.[85] the cost effective-
petent team of nurses and physicians providing con- ness of drotrecogin-α was estimated on the basis of
tinuous intensive care (24-hour coverage) is more the PROWESS study data collected prospectively as
clinically efficient and may even reduce overall part of this international multicentre trial. Drotre-
costs compared with a system of personnel being cogin-α increased the cost of care by €8500 (2000
called in from other areas of the hospital.[107-109]

values) per patient and increased survival by 0.061
lives saved per patient treated, resulting in a cost of

7. Cost Effectiveness of New Therapies
€139 000 per life saved compared with convention-
al care. Projected to a lifetime time horizon, drotre-Recently developed biotechnology products are
cogin-α increased the cost of care by €13 900 andbeginning to fill some major therapeutic gaps. How-
increased survival by 0.33 QALYs per treated pa-ever, for disorders where no treatment was previous-
tient, yielding a cost of €41 750 per QALY. Whenly possible, these new drugs may introduce a new
limited to patients with an APACHE II score of ≥25,need for health service expenditure. For example,
the cost effectiveness of drotrecogin-α improved todrotrecogin-α is a biotechnology drug that is effec-
€23 800 per QALY; it was not considered costtive in the treatment of severe sepsis, and its intro-
effective for patients with an APACHE II score ofduction has significantly lowered mortality rates.[24]

<25.There is a risk that such new and expensive products
The cost effectiveness of drotrecogin-α was eval-might be denied entry into the healthcare system,

uated in a German ICU cost setting by Neilson etmerely because they add to the already high treat-
al.[111], based on the clinical outcome and resourcement costs of patients with sepsis, even if they prove
use data of the PROWESS trial. Using a decision-equally or more cost effective than other life saving

measures that are used routinely. analysis model, the cost effectiveness of drotre-
cogin-α as an adjunct to standard therapy was esti-A first study addressing the cost effectiveness of
mated. The additional average cost (2001 values)drotrecogin-α was published recently by Manns et
was €7400 per patient treated with drotrecogin-αal.[110] The cost effectiveness of drotrecogin-α was
compared with standard therapy. Adjusting life ex-compared with conventional therapy for patients
pectancy for the potential effects of co-morbidity,with severe sepsis. The economic analysis per-
ICU-LOS and severe sepsis, resulted in 9.9 years performed involved all patients and subgroups defined
additional survivor (0.59 life-years per patient treat-by age and severity of illness, respectively. The
ed with drotrecogin-α). The cost effectiveness ofprobabilities of transition between clinical states and
drotrecogin-α for all patients was calculated atthe estimates of resource use were derived from a

population-based cohort of patients with severe sep- €14 100 per life-year gained. A similar analysis was
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performed in Austria and Switzerland[112] and yield- tion as well as the severity of the disease in such
ed comparable results. The cost effectiveness of patient groups determines the actual outcome. As an
drotrecogin-α was calculated at €15 100 and example, following European Commission label-
€14 700 (2001 values), respectively per life-year ling, which has approved the use of drotrecogin-α
gained for all patients. for patients with sepsis with two or more organ

failures, may result in a worse cost effectivenessIn summary, under various model assumptions
than following the US FDA labelling, which has(all based on the data of the PROWESS study)
approved drotrecogin-α for use in adult patientsregarding the per-patient cost of drotrecogin-α, the
with severe sepsis (sepsis associated with acute or-pattern of resource use, the survival benefit and
gan dysfunction) who have a high risk of death (e.g.country-specific ICU cost settings, the cost effec-
as determined by APACHE II >25). For the patienttiveness of drotrecogin-α was comparable to other
population defined by the US FDA, the absolute riskgenerally accepted life-saving interventions in Eu-
reduction with drotrecogin-α (hospital mortality atrope[111,112] and the US.[113] Studies report that cost-
28 days) is 12.8%, whereas for the population witheffectiveness is more favourable for more severely
two or more organ dysfunctions the absolute riskill patients i.e. APACHE II score ≥25 or 2 or more
reduction is 7.4%.[114]

organ dysfunctions (the latter being the currently
approved indication in Europe). Although indirect The two corresponding survivor populations
costs make up the majority of the total costs of from these subpopulations of patients with sepsis
sepsis (see section 8) these studies considered only may also differ considerably in age from the all-
healthcare costs. Manns et al.[110] included indirect patient survivor group of the PROWESS trial. For
costs in a sensitivity analysis, but concluded that the example, the age distribution for patients with two
cost effectiveness of drotrecogin-α was not sensitive or more organ dysfunctions who were treated with
to inclusion of the indirect costs. drotrecogin-α, in combination with the absolute risk

reduction of 7.4%, resulted in an improved lifeAs shown in the cost-effectiveness analyses dis-
expectancy of 12 years for sepsis survivors (versuscussed in this section, the decisive factors in the
9.9 years for all patients who were treated withmodels are the age of the surviving patients (i.e.
drotrecogin-α) in the PROWESS trial.[111] In combi-expected life-years) and survival benefit (i.e. per-
nation, the differences in key parameters betweencent of absolute risk reduction in mortality with
these two populations of patients with sepsis resultdrotrecogin-α treatment). In other words, the severi-
in an increased cost effectiveness of drotrecogin-αty of illness as well as the age of the patients treated
for patients with two or more organ failures ofwill considerably influence long-term survival and
€10 200 per life-year saved, compared withthus cost effectiveness. This means that the cost
€14 100 for the all-patient survivor population ineffectiveness of treatment with drotrecogin-α will
the drotrecogin-α group.[111] Similarly, the cost ef-decrease as the age of the treated patient population
fectiveness for patients with two or more organincreases. On the other hand, as the survival benefit
failures improved from €15 100 to €11 000 perof drotrecogin-α (absolute risk reduction in mor-
life-year saved in Austria and from €14 700 totality) increases with the increasing severity of sep-
€11 100 per life-year saved in Switzerland.[112]sis (as demonstrated in the PROWESS trial), the

cost effectiveness will increase as the severity of the An interesting new perspective has recently been
disease (measured as APACHE II score or in num- introduced by Teres et al.[115] They retrospectively
ber of organ dysfunctions) increases. analysed data from 50 ICUs participating in the US

American IMPACT project (1998–9) comprisingThus, translation of the results from the PROW-
2434 patients with severe sepsis on ICU admission.ESS study into the ‘real ICU world’ setting depends
It was found that differences in LOS (both ICU andmuch on the actual population of patients with sep-
hospital) between survivors and non-survivors weresis treated with drotrecogin-α, as the age distribu-
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related to the severity of illness. For sepsis patients after a sepsis episode remain largely unanswered,
in the middle range of severity of illness, non- making indirect cost estimates somewhat specula-
survivors had a longer ICU-LOS but a shorter hospi- tive.
tal LOS than survivors. In the upper range of severi- The previously mentioned study of Angus et al.[4]

ty of illness, survivors had a longer ICU-LOS and also included a cost-of-illness estimate of severe
hospital-LOS compared with patients with severity sepsis. The hospital cost per patient with severe
of illness in the lower ranges. Thus, when consider- sepsis was estimated to be €19 200, translating into
ing the economic consequences of new innovative a total hospital cost of €14.5 billion for the US in
treatments, it may be relevant to consider who will

1995. The incidence of severe sepsis, and its asso-
be the recipients of such therapy. A net benefit may

ciated costs, were projected to grow as the US
be limited to a portion of the patient population with

population expands and ages.
a certain degree of severity of illness, and the cost-

In a recent study by Schmid et al.,[10] severeeffectiveness ratio might be much less favourable
sepsis was found to impose annual costs (1998 val-for other groups of patients such as potential survi-
ues) of between €3.6 and 7.9 billion to the Germanvors that require prolonged treatment. Thus, if a
society. Based on an incidence estimate of betweenmore severely ill population were treated more ag-
44 000 and 95 000 cases per year, calculation ofgressively, in-hospital resource consumption and
direct costs per patient yielded €23 300 on average.post-discharge costs may increase considerably.
Direct costs, however, were found to make up onlyLarge multinational trials are generally designed
around 28% of the cost of illness of severe sepsis into demonstrate the clinical efficacy of new innova-
Germany. The total indirect costs ranged from €2.6tive treatment. These trials are not suitable for pre-
to 5.7 billion. Productivity loss due to prematuredicting the cost effectiveness of such new treatments

since ‘real life’ situations are different from the death accounted for the largest part of these indirect
specific circumstances of controlled clinical trials. costs. A previous publication[116] also estimated in-
One potential way around this would be to establish cidence and annual cost of sepsis in Germany, but
a time-limited introduction phase during which new was solely based on literature, followed by a model
treatments have to prove their cost effectiveness. calculation. Their findings were comparable with
During such introduction phases, well defined fol- regard to total direct costs (€0.85–2.35 billion)
low-up analyses might provide valid information on [1996 values] and per-patient indirect costs, but the
the primary indication (e.g. comorbidities), the treat- estimate of incidence (125 000–300 000 sepsis
ed patient mix (e.g. age, severity of illness), the cases per year in Germany) was considerably
outcomes (e.g. LOS, complications, survival rate), higher.
and economic parameters (e.g. cost savings or addi- A study in Austria yielded total costs for severe
tional cost). On the other hand, with current signif-

sepsis of €676–958 million annually (2000 val-
icant restrictions of healthcare expenditure in gener-

ues).[11] The mean total direct ICU costs per sepsis
al, any increase in resource consumption may limit

patient were €28 600, based on an incidence esti-
the acceptance of new innovative therapeutic con-

mate of 6700–9500 cases per year. Of the total costs
cepts, even if they have been shown to be cost

of severe sepsis in Austria, 69% were due to produc-effective.
tivity loss resulting from premature death, whereas
direct costs comprised 28% of the total.

8. Cost-Of-Illness Estimates
Based on the above estimates for the cost of

illness of severe sepsis in Europe and the US, sepsisCost-of-illness estimates for severe sepsis are
might be considered an expensive medical problemhampered by the fact that very limited information is
from a societal perspective. With increasing lifeavailable on patients after they have left the ICU and
expectancy in the populations of most developedthe hospital. Questions of life expectancy and QOL
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countries, the economic burden of sepsis may be- reimbursement decisions if later dictated by clinical
come even more prominent in the next few decades. and economic reality.
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gery (GISI) [Qualitätsmanagement und individuelle Leistung-64. Edbrooke D, Hibbert C, Ridley S, et al.  The development of a
serfassung in der Intensivmedizin durch das Göttinger In-method for comparative costing of individual intensive care
formationssystem für Intensivmedizin und OP (GISI)]. Anas-units. The Intensive Care Working Group on Costing. Anaes-
thesiol Intensivmed Notfallmed Schmerzther 1998; 33: 58-63thesia 1999; 54: 110-20

84. Edbrooke DL, Hibbert CL, Kingsley JM, et al.  The patient-
65. Edbrooke DL, Stevens VG, Hibbert CL, et al.  A new method of

related costs of care for sepsis patients in a United Kingdom
accurately identifying costs of individual patients in intensive

adult general intensive care unit. Crit Care Med 1999; 27:
care: the initial results. Intensive Care Med 1997; 23: 645-50

1760-7
66. Elliott D. Costing intensive care services: a review of study 85. Angus DC, Linde-Zwirbel WT, Clermont G, et al.  Cost-effec-

methods, results and limitations. Aust Crit Care 1997; 10: tiveness of drotrecogin alfa (activated) in the treatment of
55-63 sepsis. Crit Care Med 2003; 31: 1-11

67. Noseworthy TW, Konopad E, Shustack A, et al.  Cost account- 86. Schwilk B, Wiedeck H, Stein B, et al.  Epidemiology of acute
ing of adult intensive care: methods and human and capital renal failure and outcome of haemodiafiltration in intensive
inputs. Crit Care Med 1996; 24: 1168-72 care. Intensive Care Med 1997; 23: 1204-11

68. Singer M, Myers S, Hall G, et al.  The cost of intensive care: a 87. Korkeila M, Ruokonen E, Takala J. Cost of care, long term
comparison on one unit between 1988 and 1991. Intensive prognosis and quality of life in patients requiring renal replace-
Care Med 1994; 20: 542-9 ment therapy during intensive care. Intensive Care Med 2000;

69. Heyland DK, Konopad E, Noseworthy TW, et al.  Is it ‘worth- 26: 1824-31
while’ to continue treating patients with a prolonged stay (>14 88. Scott WG, Scott HM, Henderson S, et al.  Cost comparison of
days) in the ICU?: an economic evaluation. Chest 1998; 114: antibacterial therapies for serious infections: a New Zealand
192-8 3-hospital study. Pharmacoeconomics 1999; 16: 183-92

70. Dickie H, Vedio A, Dundas R, et al.  Relationship between TISS 89. Martin SJ, Sahloff EG, Close SJ. Evaluation and cost assess-
and ICU cost. Intensive Care Med 1998; 24: 1009-17 ment of fluoroquinolones in community-acquired respiratory

71. Sznajder M, Aegerter P, Launois R, et al.  A cost-effectiveness infections. Expert Opin Pharmacother 2002; 3: 1251-66
analysis of stays in intensive care units. Intensive Care Med 90. Letarte J, Longo CJ, Pelletier J, et al.  Patient characteristics and
2001; 27: 146-53 costs of severe sepsis and septic shock in Quebec. J Crit Care

72. Flaaten H, Kvale R. Cost of intensive care in a Norwegian 2002; 17 (1): 39-49
University hospital 1997-1999. Crit Care 2003; 7: 72-8 91. Lucioni C, Mazzi S, Currado I. Sepsis costs in Italy. Intensive

Care Med 2001; 27 Suppl. 2: S 28473. Graf J, Graf C, Koch KC, et al.  Cost analysis and outcome
estimation using the “Therapeutic Intervention Scoring Sys- 92. Chalfin DB, Holbein EB, Fein AM, et al.  Cost-effectiveness of
tem” (Kostenanalyse und Prognoseabschätzung internistischer monoclonal antibodies to gram-negative endotoxin in the treat-
Intensivpatienten mittels des “Therapeutic Intervention Scor- ment of gram-negative sepsis in ICU patients. JAMA 1993;
ing System” [TISS und TISS-28]). Med Klin 2002; 98: 123-32 269: 249-54

74. Moerer O, Schmid A, Hofmann M, et al.  Direct costs of severe 93. Hamel MB, Philips RS, Davies RB, et al.  Outcomes and cost-
sepsis in three German intensive care units based on retrospec- effectiveness of ventilator support and aggressive care for

© 2004 Adis Data Information BV. All rights reserved. Pharmacoeconomics 2004; 22 (12)



Economics of Severe Sepsis 813

patients with acute respiratory failure due to pneumonia or tion in the surgical intensive care unit. Intensive Care Med
adult respiratory distress syndrome. Am J Med 2000; 109: 2001; 27: 1029-36
614-20

106. Pittet D, Tarara D, Wenzel RP. Nosocomial bloodstream infec-
94. Rodloff AC, Laubenthal HJ, Bastian A, et al.  Comparative tion in critically ill patients: excess length of stay, extra costs,

investigation of cost-effectiveness of initial treatment of and attributable mortality. JAMA 1994; 271: 1598-601
nosocomial pneumonia with Imipenem/Cilastatin [Ver-

107. Manthous CA, Amoateng-Adjepong Y, Al Kharrat T, et al.gleichende Untersuchung zum Kosten-/Effektivitäts-
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