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Abstract Objective: To determine
the direct costs of severe sepsis pa-
tients in German intensive care units
(ICUs). Design: Retrospective elec-
tronic data analysis. Setting: Three
adult intensive care units (surgi-
cal/medical) in three university hos-
pitals in Germany. Patients: 385 pa-
tients identified by standard defini-
tions as suffering from severe sepsis.
Measurements and results: A bot-
tom-up approach was used to deter-
mine the direct ICU cost on actual
resource use (medication, laboratory
tests, microbiological analysis, dis-
posables, and clinical procedures)
for patients with severe sepsis. To
determine the total direct costs, cen-
ter-specific personnel and basic bed
(“hotel”) costs were added to total
resources consumed. Average hospi-
tal mortality of severely septic pa-
tients was 42.6%. Mean ICU length
of stay (LOS) was 16.6 days. Survi-
vors stayed on average 4 days longer
than nonsurvivors. The mean direct
ICU costs of care were 23,297+

18,631 euros per patient and

1,318 euros per day. In comparison,
average daily charges being paid for
an ICU patient by the health care
system in Germany are 851 euros
(based on official statistics). Nonsur-
vivors were more expensive than
survivors in total direct costs (25,446
vs. 21,984 euros) and in per day di-
rect cost (1,649 vs. 1,162 euros).
Medication makes up the largest part
of the direct costs, followed by ex-
penses for personnel. Conclusions:
Patients with severe sepsis have a
high ICU mortality rate and long
ICU LOS and are substantially ex-
pensive to treat. Nonsurviving septic
patients are more costly than survi-
vors despite shorter ICU LOS. This
is due to higher medication costs in-
dicating increased efforts to keep pa-
tients alive.
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Introduction

Sepsis is a well-documented disease process. Literature
relating to its history, incidence, risk factors [1, 2, 3, 4]
and customized probability models using the Simpli-
fied Acute Physiology Score II [S] or the Sequential
Organ Failure Assessment [6] for patient outcomes
contribute to our knowledge of this complex pathologi-
cal condition. However, information relating to the ac-
tual costs associated with sepsis are lacking. In a previ-

ous study [7] we focused on the epidemiology of sepsis
and severe sepsis in Germany and estimated between
44,000 and 95,000 severe sepsis cases per year. A re-
cently published European epidemiological study clas-
sified 24% of infectious patients as severely septic ac-
cording to the ACCP/SCCM criteria [8]. As severely
septic patients are generally treated by expensive inten-
sive care [9, 10, 11], the extent of resources consumed
in treating this disease can be presumed to be consider-
able.
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The lack of standardized models for determining the
cost of intensive care [12] combined with inadequate
documentation of intensive care unit (ICU) costs [13]
prevents a fast and easy solution when undertaking cost
of disease studies in intensive care. The majority of
studies on ICU costs are done by using top down
methods which average consumed resources across all
patients [12]. However, the costs of treating specific sub-
groups of ICU patients or even the variation in costs
within individual patients [14] can be assessed only by
bottom-up analysis [15, 16]. This is extremely laborious
if no patient data management system (PDMS) is avail-
able. Such PDMS allows a complete documentation of
resource use combined with a catalogue of costs for
every item and activity even if they were not originally
aimed at this purpose [17].

The goal of the present study was to estimate the pa-
tient-specific direct intensive care costs in severe septic
patients. For this purpose direct variable patient costs
were analyzed by a bottom-up approach using electroni-
cally available patient records of three German ICUs
combined with a top-down analysis of costs on personnel
and hotel costs to assess retrospectively the total direct
ICU cost per patient.

Materials and methods

The electronic records of 385 severely septic patients (223 men,
162 women; mean age 58+16.5 years) were retrospectively evalu-
ated from the period 1997-2000, covering a total of 6399 days of
ICU treatment. Center-specific clinical and resource-use data were
available from three adult ICUs in Germany, the university hospi-
tals in Gottingen (n=68), Halle (n=91), and Jena (n=226) possess-
ing electronic patient records of severe sepsis patients. The ICUs in
Gottingen and Jena are mainly surgical and that in Halle medical.
Patient data were obtained from all included patients but resource
use data were available for only 294 patients. Surgical patients ac-
counted for 242 cases (63%), with 53 scheduled for elective sur-
gery and 189 for emergency procedures of various kinds (Table 1).
In 48 patients there were more than two operations during the ICU
stay; 31 of 61 trauma cases were polytrauma. The other 143 pa-
tients (37%) were nonsurgical and therefore underwent no mayor
surgical invention during the ICU stay and did not suffer from trau-
ma. Infection was present on ICU admission in 162 cases (42%),
and infection was acquired in the ICU in 238 cases (62%).

An underlying infection in these patients was defined on the
basis of clinical history, clinical symptoms, laboratory findings,
and physical examination suggesting the presence of infection
and/or a known or suspected source of infection with positive bac-
teriological cultures. The definition of severe sepsis followed the
ACCP/SCCM criteria [1], according to which sepsis is associated
with organ dysfunction, hypoperfusion abnormality, or sepsis-
induced hypotension in the absence of any other explanation. The
cost perspective of this study was the individual ICU patient, from
the hospital point of view. Since the period of analysis exceeded
1 year, direct variable costs on resource consumption were dis-
counted to their present values by using an actualized cost cata-
logue for the years 1998 and 1999. General demographic patient
data such as age, sex, reason for admission, acute diseases, inter-
ventions, length of ICU and hospital stay (LOS), and data on ICU
and hospital outcome (survivors or nonsurvivors) and infection
(on ICU admission and/or acquired in ICU) were collected.

Table 1 Proportion of nonsurgical and surgical patients and spe-
cialties involved (one patient could have been operated on in more
than one specialty and more than once per ICU stay)

n %

Type of patient
Nonsurgical 143 37
Surgical 242 63
Surgical scheduled 53 14
Surgical emergency 189 49

Type of surgery
Neurosurgery 103 24
ENT/orofacial surgery 13 3
Thoracic surgery 32 8
Cardiac surgery 10 2
Abdominal surgery 151 36
Orthopedic/trauma surgery 69 16
Vascular surgery 27 6
Gynecology 9 2
Urology 8 2

To obtain the patient specific costs two approaches were com-
bined:

Variable costs

Assessment of resources used (excluding staff time), i.e., the type
and frequency of drugs, fluids administered, consumables (e.g.,
syringes, tubes, catheters), laboratory and microbiological analys-
es, and diagnostic procedures (e.g., radiography) were analyzed
for the individual patient. These resource data were extracted elec-
tronically from a bedside-based PDMS in which all activities re-
lated to a patient were documented. Center-specific costs for the
assessed resources were collected independently. Current hospital
purchasing costs for drugs, disposables, nutrition, and blood prod-
ucts were calculated. Per package costs were transformed into unit
costs when necessary. Routine laboratory and microbiology ex-
penses were calculated for current costs (i.e., including propor-
tional staff costs). The purchasing and current costs were provided
by clinical experts and pharmacists from each hospital involved.
In a few situations in which center-specific cost information was
not available comparable costs from one of the other institutions
were substituted.

Defined treatment modalities served as the basis for the classi-
fication of specific resource use. These treatment modalities and
services were derived initially from a literature review and were
finally defined after discussion with several clinical experts:

® Basic ICU therapy
— Routine medication
— Standard monitoring
— Standard consumables
— Standard radiology
— Routine laboratories
— Volume replacement
— Nutritional support
—Blood and blood products not included in blood disorder
therapy
® Sepsis therapy
— Antibiotics
— Cardiovascular drugs
— Microbiology laboratories
— Sepsis-specific disposables
— Treatment of original focus
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Fig. 1 Treatment model o

Bla-&ig ICI:J therapy mmj S"'PSis tlhcrapy' ) 409& Blood disorder therapy
*fouting eare”., ., 'mlr.?n_!hl_nlogy labs *blood and blood products
sstandard monitoring santibiotics
*venous lines and svasoactive drugs =
drainages » Renal replacement
sstandard consumables therapy
sstandard radiology and/or «RRT
sroutine labs
*physiotherapy Respiratory failure Renal replacement
svolume replacement therapy therapy
=nutritional suppornt *mechanical ventilation 0% «CRRT
sother *CPAP >
streatment of and
original focus .
Blood disorder therapy
blood and blood products
Basic level Level 1 Level 2 Level 3
% of all sepsis patients in the ICU (rounded)
® Respiratory failure therapy 30000 100
— Mechanical ventilation -
— Continuous positive airway pressure ) 80 5
[ ] 1 =
Blood disorder therapy @ 20000 =
— Blood o 60 =
0 -
— Blood products 8 15000 .1 t
® Renal replacement therapy g / 0 =
— Continuous renal replacement therapy (hemofiltration, hemo- s 10000 { E
dialysis) 2 L2 g
Y < 5000 I 2 <
With these treatment modalities we constructed the treatment - C"S“’I‘-q. )
model shown in Fig. 1, which illustrates the sequential course of e e Y e MAtERy %)

sepsis according to variations in organ failures.

Fixed costs

Intensive care staff costs per day of care were calculated for each
center by dividing the summarized gross incomes for nurses and
physicians (except physiotherapy) of the specific ICU with the
days of care. Basic bed costs per day (“hotel costs”) which in-
cludes costs for nonclinical support services, maintenance, energy,
and hospital administration, and which is equally distributed over
all clinical departments. This information was obtained from the
hospital administration. Not included were equipment and invest-
ment costs or depreciation.

Only ICU costs were assessed. Costs of operations and costs
occurring at the regular ward were purposely omitted since it is
virtually impossible to differentiate what part of the stay in regular
ward is due to sepsis and what part to the underlying disease.
Therefore this conservative approach was chosen.

All collected data were compiled in a database. Specific costs
for each patient and staff and hotel costs based on patient specific
ICU LOS were summarized to obtain the total cost per patient. Fi-
nally, the mean of all patients was calculated. Data were analyzed
using MS Access 97, Excel 7.0, and SPSS 11.0. Differences in
costs of subgroups, LOS, and mortality were tested statistically by
the Mann-Whitney U test. A probability of randomness (p) value
of 0.05 or less was accepted as significant. Because of possible
underreporting of used resources in PDMS a sensitivity analysis
(cost increase of 10% or 20%) was performed for variable direct
costs. All costs were calculated in German currency but are given
here in euros; the conversion rate was 100 German marks to
51.129 euros.

A 0-39
e 20-29 40-49 60-69 > 80

Fig. 2 Distribution of costs and mortality in relation to age in pa-
tients with severe sepsis

Results

ICU mortality of all patients evaluated was 35.6%. Over-
all hospital mortality was 42.6% (Table 2). Mortality was
related to age (Fig. 2), the onset of infection, and the con-
comitant organ failure (indicating the severity of disease).
There was no sex-related difference in mortality (43% vs.
42%) (Table 2). The highest mortality was seen in pa-
tients with infections on admission. Of the 164 nonsurvi-
vors 83.5% died in the ICU. The application of various
treatments was investigated according to the previously
established treatment scheme and showed the following:

e Basic ICU therapy: allocated to all patients over the
entire ICU stay

® Respiratory failure therapy: 368 patients (95.6%)
were mechanically ventilated or were treated with
continuous positive airway pressure over 74.5% of all
ICU days

® Renal replacement therapy: in 103 patients (26.8%)
dialysis or hemofiltration were performed over 10.2%
of all ICU days
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Table 2 Mortality in patients with severe sepsis

Patient group n ICU nonsurvivors Hospital nonsurvivors
n % n %

All patients evaluated 385 137 35.6 164 42.6

Sex

Men 223 81 36.3 96 43.0

Women 162 56 34.6 68 42.0

Infection

Infection on admission? 162 67 41.4 77 47.5

Infection acquired? 238 74 31.1 89 374

Organ-failure therapy

Only respiratory failure therapy 113 14 12.4 27 23.8

Respiratory failure and blood disorder therapy 161 53 329 58 36.0

Respiratory failure and renal dysfunction therapy 14 7 50.0 9 64.3

Respiratory failure, blood disorder, and renal dysfunction therapy 84 59 70.2 65 77.4

Patients can belong to both groups

Table 3 Mean/median direct ] ;

ICU cost per severely septic Component Mean £SD Median 95th percentile %

patient (in euros) .
Medication 9,304+10,002 6,143 28,854 40
Routine laboratories 2,337£2,235 1,653 7,288 10
Microbiology 882+1,139 520 2,175 4
Disposables 753+531 653 1,636 3
Hotel costs 1,518+1,457 1,074 4,434 7
Staff costs 8,503+7,242 6,761 23,595 36
Total direct costs 23,297+18,631 18,221 62,500 100

e Blood disorder therapy: 252 patients (65.5%) were
treated with angiotensin III, platelet concentrate, fresh-
frozen plasma, or immunoglobulins on 17.9% of all
ICU days

e Sepsis therapy: 354 patients (91.9%) were concomi-
tantly treated with antibiotics and vasoactive drugs
during 67.3% of all ICU days

Together with the basic ICU therapy, all severely septic
patients had sepsis therapy and/or respiratory failure
treatment; 40% received additionally a blood disorder
therapy but no renal dysfunction therapy, 5% were treat-
ed with hemodialysis or hemofiltration but received no
blood disorder therapy, and 20% received all therapies
possible (Fig. 1).

For the entire patient population, the average LOS in
the intensive care unit was 16.6+£14.4 days and hospital
LOS was 32.5 +25.0 days. LOS varied substantially with
whether infection was present on admission, by type of
treatment, and depending on survival. Patients with ICU-
acquired infection generally stayed somewhat longer in
the unit than those with infection on ICU admission
(18.2 vs. 16.7 days). Survivors stayed significantly lon-
ger in the ICU and in hospital than nonsurvivors (18.4

Table 4 Mean daily therapy costs for survivors and nonsurvivors
(in euros); hotel and staff costs are not included

Therapy Survivors  Nonsurvivors p

Basic ICU therapy 414 677 <0.001
Sepsis therapy 165 211 0.012
Respiratory failure therapy 9 9 0.134
Renal replacement therapy 56 40 0.387
Blood disorder therapy 445 745 0.005

Table 5 Mean total ICU costs of nonsurgical and surgical patients
with severe sepsis (in euros); surgical vs. nonsurgical, surgical vs.
nonsurgical survivors, surgical vs. nonsurgical nonsurvivors,
p<0.05

Mean £SD Median 95th percentile
Nonsurgical 13,995+11,416 9,372 42,531
Survivor 14,498+12,017 9,308 43,555
Nonsurvivor 13,309+10,749 9,763 46,053
Surgical 25,412+19,386 20,295 64,723
Survivor 23,630+16,424 21,516 62,534
Nonsurvivor 28,831+23,565 20,295 83,001
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Table 6 Mean detailed ICU costs of nonsurgical and surgical patients with severe sepsis (in euros)

Basic ICU Staff Hotel Sepsis Blood Ventilation Renal Total
therapy therapy therapy therapy
Nonsurgical 4,021£3,667 6,291+6,860 1,501+1,885 1,763+1,529 1,326+2,144 139+162 211109  13,995+11,416
Survivor 3,091£2,386  6,994+6,344 1,752+1,696 1,890+1,545 954+1,422  140+203 349+177  14,498+12,017
Nonsurvivor  5,313+4,689 5,312+7,555 1,151+1,987 1,577+1,521 1,698+2,675 135£179 177+3 13,309+10,749
Surgical 9,900+8,517  9160+7,262 1,527+1,350 2,511+2,487 3,170+6,003 118+86 313577 25,412+19,386
Survivor 8,856+7,429 9,746+6,965 1,609+1,304 2,246+1,960 1,656+42473 117+89 423+532  23,630+16,424
Nonsurvivor 11,878+9,944 8,161+£7,729 1,388+1,431 3,008+3,191 5,305+8429 12081 287590 28,831£23,565

vs. 14.4 days, p<0.001). The type of patient (medical
vs. surgical) also had a significant effect on LOS, with
those undergoing surgical procedures staying longer
(18.8 days) than medical patients (13.0 days, p<0.001).
Regarding the specific-organ failure treatments, respira-
tory failure therapy and sepsis therapy were applied on
most days of the ICU stay, while blood disorder therapy
and renal dysfunction therapy were administered for a
limited time period only.

The average total direct costs of a septic patient were
23,297+18,631 euros. These expenditures were composed
of four groups of resources, including basic bed costs and
staff costs (without physiotherapy). The mean direct costs
per patient were as follows: medication, 9,304 euros; rou-
tine laboratories, 2,337 euros; microbiology, 882 euros;
disposables, 753 euros; hotel costs, 1,518 euros; staff
costs, 8,503 euros (Table 3). The mean direct costs per
day were: medication, 527 euros; routine laboratories,
133 euros; microbiology, 50 euros; disposables, 43 euros;
hotel costs, 86 euros; staff costs, 480 euros. These figures
yield 1,318 euros as mean total direct cost per day. Medi-
cation made up the largest part (40%) of the total direct
cost, followed by staff costs (36%) and routine laborato-
ries (10%; Table 3). Nonsurvivors were more expensive
than survivors in total per patient costs (25,446 vs.
21,984 euros, n.s.) as well as in daily cost (1,649 vs.
1,162 euros, p<0.001). The total expenditures per patient
in regard to the age distribution and mortality rate are
shown in Fig. 2. The costs of the previously defined treat-
ment groups were also calculated, and daily costs of survi-
vors were compared with nonsurvivors, showing similar
differences (Table 4). Average total costs for surgical pa-
tients were nearly twice as high (25,412 euros) as for non-
surgical patients (13,995 euros, p<0.001). Patients who
underwent emergency procedures were most expensive,
with 26,408 euros per patient (Tables 5, 6).

Discussion

Data on the costs of care due to sepsis are rarely found
in the literature. In contrast to the findings of clinical stud-
ies, the results of economic evaluations cannot be readily
transferred from one country to another. Country-specific
health care systems, reimbursement rates, and regulations

as well as different cost factors and pricing prevent an
easy comparison. Sepsis patients are normally treated in
ICUs, and ICU treatment is very expensive [9, 10, 11, 18].
The continuing pressure to contain health care costs and
the current restructuring of the German reimbursement
system are creating an urgent need for detailed cost evalu-
ations in intensive care, but precise data concerning con-
sumed resources are often not available. Some German
hospitals are now using PDMS. Although intended pri-
marily for clinical data collection and treatment support,
PDMS offers the possibility of resource use assessment
[17]. The present study made great use of PDMS, en-
abling a bottom-up calculation of the variable ICU costs
for severely septic patients. In such a documentation
system all resources are expected to have been recorded.
An internal evaluation showed an underestimation of
about 10% for drugs and about 20% for disposables/pro-
cedures. These findings suggest small underestimation of
the variable and total costs per patient. However, sensitivi-
ty calculations (increase in variable per patient costs up to
10%) showed that the variation in mean total costs still
range well within the reported standard deviation.

The results of this retrospective analysis may not be
representative of all ICUs in Germany, as the evaluation
was carried out at only a few university hospitals. How-
ever, the patient sample evaluated here seems representa-
tive of the overall population of severely septic patients
in Germany, based on the fact that our data concur with
data from other analyses. The observed mortality of
42.6% 1is comparable to that reported by other studies
[19, 20, 21], and the observed mean ICU LOS of
16.6 days is identical to that which was found in a differ-
ent population of septic patients in Germany [22].

Overall hospital mortality was found to be 42.6%.
Mortality increased with age (Fig. 2) but showed no gen-
der difference, which is in agreement to previously de-
scribed findings [19]. Mortality of patients admitted to
the ICU with sepsis was considerably higher than that of
those who acquired sepsis later in the ICU (47.5% vs.
37.4%), indicating that the progression of the pathophys-
iological cascade of sepsis is an important factor regard-
ing the ultimate (fatal) outcome. This is supported by the
increased mortality observed under two or more organ
failure and is particularly high under a combination of
respiratory and renal failure (Table 2).
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The mean LOS of patients in German ICUs is
3.0 days [22]; however, these figures from 349 ICUs in-
clude a large number of patients who spend less than
24 h in the ICU, mostly for short-term postoperative re-
covery. Considering only ICU patients with an LOS of at
least 24 h, the mean ICU LOS is about 6 days [23]. In
contrast, the mean ICU LOS of a severely septic patient
increases to 16.6 days. Survivors spend more time in the
ICU than nonsurvivors (18.4 vs. 14.4 days). In patients
admitted to the ICU with sepsis the ICU LOS increases
to 18.2 days but remains unchanged at 16.7 days if sep-
sis is acquired during the ICU stay. By comparison, a
previous study at the University of Gottingen found that
the mean ICU LOS of nonseptic (noninfectious) patients
is 4.0 days (excluding patients with LOS <24 h) [24].

Despite shorter ICU LOS the total cost of nonsurvi-
vors was found to be higher than that of survivors of sep-
sis (25,446 vs. 21,984 euros), which is in agreement with
similar findings in the literature [25, 26, 27]. The differ-
ence between nonsurvivors and survivors is even higher
in regard to the costs per day (1,649 vs. 1,162 euros), in-
dicating an increased use of resources in nonsurvivors in
an attempt to reverse the expected fatal outcome. Al-
though these increased efforts occur over a shorter peri-
od of time, the total costs are higher in nonsurvivors.
Medication and staff costs make up two-third of the total
direct costs.

The average daily costs of a severely septic patient
were found to be 1,318 euros. By comparison, Edbrooke
et al. [28] recently assessed for the UK average daily
costs of septic patients in the United Kingdom to be
about US$ 900 (1,080 euros). On the other hand, the
German health care system offers reimbursement of
851 euros per ICU, which represents a reasonable esti-
mate of the daily costs of an average ICU patient (aver-
age “hotel costs” and additional ICU payment) [29];

however, the actual daily costs of treating a septic patient
are 1.5-fold higher.

Similarly, when comparing the mean total treatment
cost of a standard ICU patient who spends an average
of 6.0 days in a German ICU, and who causes total
expenditures of 5,105 euros, the septic patient costs
23,297 euros, i.e., expenses per case that are about five-
fold higher. The estimated total costs of nonseptic pa-
tients — spending on average 4 days in the ICU [30] — are
considerably lower than for septic patients (3,404 vs.
23,297 euros), indicating that septic patients consume
more resources over a longer period of time. The differ-
ence in mean ICU LOS of 12.6 days is certainly the most
important factor in explaining the variance in total cost
between septic and nonseptic patients.

Comparing the costs of severe septic patients who un-
derwent surgical procedures with nonsurgical patients
showed that expenses increased in the surgical group not
only due to a longer ICU stay but also due to an in-
creased use of resources (although costs of operative
procedures were not included), despite the fact that mor-
tality was higher in nonsurgical patients. In critically ill
surgical patients the surgical procedure often causes an
initial postoperative deterioration. In these patients the
higher costs of drugs, blood, and blood products reflect
the postoperative stabilization phase.

A total of 6,226,000 patient-days were spent in Ger-
man ICUs in 1999 (German Hospital Association, DKG,
oral communication), entailing total ICU costs for the
year of 5,298.3 million euros. Considering the above
mentioned range of 44,000-95,000 patients with severe
sepsis, the costs of severe sepsis consume between 19%
and 42% of the total ICU expenditures in Germany.
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