Intensive Care Med (2007) 33:1329-1336
DOI 10.1007/s00134-007-0690-3

Hans U. Rothen
Kay Stricker
Johanna Einfalt
Peter Bauer

Philip G. H. Metnitz
Rui P. Moreno
Jukka Takala

Received: 19 September 2006
Accepted: 24 April 2007
Published online: 1 June 2007
© Springer-Verlag 2007

Electronic supplementary material

The online version of this article
(doi:10.1007/s00134-007-0690-3) contains
supplementary material, which is available
to authorized users.

This research was supported financially by
the European Society of Intensive Care
Medicine (ESICM), Portuguese Society of
Intensive Care (SPCI), Austrian Centre for
Documentation and Quality Assurance in
Intensive Care Medicine (ASDI), iMDsoft
Corp., and Fund of the Austrian National
Bank (project 10995 ONB).

This article is discussed in the editorial
available at: http://
dx.doi.org/10.1007/s00134-007-0697-9.

H. U. Rothen (=) - J. Takala

University Hospital, Department of
Intensive Care Medicine,

Murtenstrasse 35, 3010 Berne, Switzerland
e-mail: hrothen@insel.ch

Tel.: +41-31-6321176

Fax: +41-31-6329644

K. Stricker

University Hospital, Department of
Anesthesiology and Department of Intensive
Care Medicine,

3010 Berne, Switzerland

Variability in outcome and resource use

in intensive care units

J. Einfalt - P. Bauer

University of Vienna, Department of
Medical Statistics,

Vienna, Austria

P.G. H. Metnitz

University Hospital of Vienna, Department
of Anesthesiology and General Intensive
Care,

Vienna, Austria

R. P. Moreno

Hospital de St. Anténio dos Capuchos,
Centro Hospitalar de Lisboa (Zona Central),
Unidade de Cuidados Intensivos Polivalente,
Lisbon, Portugal

Abstract Objective: To examine
variability in outcome and resource
use between ICUs. Secondary aims: to
assess whether outcome and resource
use are related to ICU structure and
process, to explore factors associated
with efficient resource use. Design
and setting: Cohort study, based on
the SAPS 3 database in 275 ICUs
worldwide. Patients: 16,560 adults.
Measurements and results: Outcome
was defined by standardized mortality
rate (SMR). Standardized resource
use (SRU) was calculated based on
length of stay in the ICU, adjusted
for severity of acute illness. Each
unit was assigned to one of four
groups: “most efficient” (SMR and

SRU < median); “least efficient”
(SMR, SRU > median); “over-
achieving” (low SMR, high SRU),
“underachieving” (high SMR, low
SRU). Univariate analysis and step-
wise logistic regression were used to
test for factors separating “most” from
“least efficient” units. Overall median
SMR was 1.00 (IQR 0.77-1.28) and
SRU 1.07 (0.76-1.58). There were
91 “most efficient”, 91 “least effi-
cient”, 47 “overachieving”, and 46
“underachieving” ICUs. Number of
physicians, of full-time specialists,
and of nurses per bed, clinical rounds,
availability of physicians, presence
of emergency department, and geo-
graphical region were significant

in univariate analysis. In multivari-
ate analysis only interprofessional
rounds, emergency department, and
geographical region entered the model
as significant. Conclusions: Despite
considerable variability in outcome
and resource use only few factors

of ICU structure and process were
associated with efficient use of ICU.
This suggests that other confounding
factors play an important role.

Keywords Intensive care unit - Sever-
ity of illness - Resource use - ICU
mortality - Health services research -
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Introduction

In recent years organizational issues and quality man-
agement have become an important focus of interest [1].
Accordingly the assessment of resource use and outcome
today is an integral part of critical care medicine. As
a consequence there is a need for an extended analysis of
the link between ICU structures and the process of care, on
the one hand, and resource use and outcome, on the other.
In general it is thought that there is marked variability
between individual intensive care units (ICUs), both with
respect to outcome and with respect to resource use [2, 3].
However, only limited information exists about factors
influencing such variability [4, 5]. Most studies in this field
are limited to a subset of patients, often defined by primary
diagnosis, or include patients from only one country. For
example, the ICU nurse-to-patient ratio has been shown
to be associated with morbidity, hospital mortality, and
resource use after esophagectomy [6] and with the risk
of complications after abdominal aortic surgery [7]. In
a general sample from the Austrian database variation in
mortality was present even after adjustment for severity
of illness, and this was explained at least in part by
differences in case mix and standards of care [8]. Further
factors relevant for such variation in outcome may include
pre-ICU care, ICU staff workload [9], occupancy rate and
volume of activity [10-12], and variations in post-ICU
standards of care. Whether other factors, such as orga-
nizational characteristics of the hospital and ICU, type
and size of the ICU, and variables related to physician
staffing, are associated with variability in resource use and
outcome has not been studied extensively.

As part of the recently presented SAPS 3 project
[13, 14], apart from detailed information on individual
patient outcome, data reflecting ICU structure and process
were collected for each participating unit. A considerable
number of units from around the world participated in
the project, providing a unique opportunity to analyze
the relationships between resource use, outcome, and
ICU characteristics in a large sample of ICUs encom-
passing a broad range of structures, patient processes,
and geographical regions, and based on standardized data
collection.

The primary aim of this study was to examine whether
there is wide variability in outcome and resource use
between individual ICUs worldwide, even controlling for
acute illness on admission to the ICU. Secondary aims
were to test the hypothesis that outcome and resource use
are related to ICU structure and process and to explore
factors associated with efficient resource use as defined
by low resource use per surviving patient. Part of this
material has been presented as abstract [15].

Materials and methods
Database

This study is based on the database collected for the
SAPS 3 study [13, 14]. Of the cohort used to calculate the
SAPS 3 score we included 275 of 303 ICUs with a total
of 16,560 out of 16,784 patients. A detailed description of
the study cohort, including information on data collection
and data quality, has been presented previously [13]. For
analysis in the present study patients who were readmitted
to the ICU during the hospital stay were excluded. Further,
only ICUs which had collected data for at least one
surviving patient were included. Approval from the local
ethics or data-protection committees were obtained as
described previously [13, 14].

Outcome and resource use

Outcome was assessed using standardized mortality rate
(SMR) defined as the quotient of observed to predicted
mortality, and the SAPS 3 admission score was used to
predict vital status at hospital discharge [14, 16]. To assess
resource use standardized, severity-adjusted resource use
(SRU) was calculated for each individual ICU. We used
SRU to estimate the average amount of resources used per
surviving patient in a specific ICU. Of the many surrogate
parameters that may be used to estimate resource use only
length of stay in the ICU (LOS-ICU) was systematically
collected for all patients in the SAPS 3 project. Based on
these data the expected, severity-adjusted resource use per
surviving patient was calculated as follows: In a first step
the aggregate data were stratified according to SAPS 3
admission score. For each stratum the sum of LOS-ICU of
all patients in that stratum was calculated. Finally, this sum
was divided by the number of surviving patients, resulting
in the average number of days in ICU used per surviving
patient in the respective stratum (see Table 1). Units with
no surviving patient were thus not included in this analysis
(see also above). For example, in SAPS 3 class 1 the total
LOS-ICU of all patients is 1,171 days, and the total num-
ber of surviving patients is 517, resulting in an average
length of stay of 2.3 days; thus in SAPS 3 class 1 the
“expected resource use” per surviving patient is 2.3 days.
To calculate SRU for a specific ICU (called “unit A” in
this example), “expected resource use” per stratum was
first multiplied by the total number of surviving patients
of unit A in that stratum. This product is the expected total
number of days that the “average” ICU would use to “pro-
duce” the number of surviving patients observed for unit
A. The sum of the expected number of days of all strata



Table1 Length of stay (LOS)
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per surviving patient, stratified SAPS 3 Points No. of patients LOS (days) )
by SAPS 3. LOSua is the sum class Range Mean + SD Total Surviving  Total Per survivor
of all LOS within the respective | 0-24 214426 518 517 1,171 23
SAPS 3 stratum. LOSper survivor 2 25-34 30.5+2.8 2,516 2,494 7914 3.2
is calculated as L OSorq/number 3 35-44 39.7+2.8 4,056 3,930 17,064 43
of surviving patients 4 45-54 494429 3,667 3,284 23,664 7.2

5 55-64 59.1£29 2,750 2,125 23,283 11.0

6 65-74 69.1+2.8 1,689 968 16,090 16.6

7 75-84 78.8+2.8 855 358 7,593 22.2

8 85-94 88.7+2.8 359 102 3,000 29.4

9 95 101.9+6.4 174 31 1,208 39.0

(>~ LOS-ICUcxpected) represents the severity-adjusted
total sum of days which the “average” ICU would use
to “produce” the number of surviving patients observed
for unit A. Finally, SRU for unit A is defined as the sum
of actual, observed LOS-ICU of all patients in that unit
(O LOS-ICUgbserved), divided by the expected total num-
ber of days of all strata of that unit (3 LOS—ICUexpected):
SRU=3}" LOS-ICUgpserved/y , LOS-ICUexpected. Ac-
cordingly, SRU reflects the severity-adjusted, observed
to expected ratio of resources (estimated as length of
stay in the ICU) used by a specific unit. Units with high
SRU use a larger amount of resources to have a certain
amount of surviving patients, as compared to units with
low SRU. Based on median SMR and median SRU, each
unit was assigned to one of four groups: Group 1 (“most
efficient”) included all units whose SMR and SRU were
below the median SMR and SRU, respectively; group 2
(“least efficient”) included units in which SMR and SRU
were both above the median. Group 3 (“overachieving” or
relatively wasteful: low SMR but high SRU) and group 4
(“underachieving”: high SMR but low SRU) were defined
accordingly (Fig. 1). Similarly, the units also were divided
into nine groups using tertiles of SMR and SRU (Fig. 1).
This latter was used to test for stability of our results,
looking at the more “extreme” units only.

ICU structure and process

The following measures of structure were available from
the SAPS 3 database: type of hospital (university vs.
nonuniversity), presence of an emergency department in
the hospital, number of staffed ICU beds, number of nurses
per bed, total number of physicians per bed (includes all
physicians assigned to the ICU), number of intensive
care medicine (IM) physicians (i.e., physicians trained
in intensive care medicine) per bed, and total number of
different specialties available in the hospital. As measures
of process, the following items were included: presence of
multidisciplinary meetings, presence of inter-professional
clinical rounds (i.e., participation of both physicians and
nurses), availability of physicians in the ICU on weekdays,

100+

SRU

SMR

Fig.1 Standardized mortality ratio (SMR) and standardized resource
use (SRU). SMR is defined as observed/expected mortality ratio.
SMR values higher than 1 (median SMR) represent “above average”
mortality ratio (for calculation of SRU see text); SRU values higher
than 1.07 (median) represent “above average” resource use per sur-
viving patient. Unbroken lines Stratification by median; dashed lines
Stratification by tertiles

and availability of physicians during the night and on
weekends. Further details on the above variables can be
found elsewhere [13, 14]. In addition, the geographic
location of each ICU was available for further analysis.
Based on the work presented previously [13, 14], each
ICU was assigned to one of seven regions: Australasia,
Central and South America, Central and Western Europe,
Eastern Europe, Southern Europe and Mediterranean
countries, Northern Europe, and North America. As
the number of countries for the latter two regions was
small, they were included in the region “Central and
Western Europe” for the present analysis. A few additional
variables collected for the SAPS 3 project were excluded
from further analysis because too many data (> 10%)
were missing. Definitions of all concepts were provided in
advance, either online (for participants using the Internet
version), as a help file (for those using the stand-alone
version), or on paper [13, 14].
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Statistical analysis

Statistical analysis was performed using SAS for Windows
versions 8 and 9 (SAS Institute, Cary, N.C., USA). A p-
value less than 0.05 was considered statistically significant.
Unless stated otherwise, data are presented as mean = SD
(median/interquartile range). To study relationships be-
tween variables Pearson’s correlation coefficient was
calculated. Univariate logistic regression analyses were
used to test for factors of ICU structure and process
that might allow separating “most efficient” from “least
efficient” ICUs. Finally, variables that were significant in
the univariate analyses were included in multiple, forward-
backward stepwise logistic regression analyses [17]. For
this procedure effects are entered and removed in such
a way that each forward selection step (applying a two-
tailed significance level of 0.05) may be followed by one
or more backward elimination steps (also at the two-tailed
significance level of 0.05). The variation explained by the
model was estimated by calculating R> according to the
methods of Cox and Snell and of Nagelkerke. To assess
discriminative capability the area under the receiver op-
erating characteristic curve was calculated. In all logistic
regressions the “most efficient” ICUs have been predicted.

Results

Overall the median standardized mortality ratio (SMR)
was 1.00 and median standardized resource use (SRU) was
1.07. The 10th and 90th percentiles were 0.60 and 1.63 for
SMR, and 0.55 and 2.34 for SRU. For further details see
Table 2. Summary measures of key variables for structure
and process for these units are shown in the Electronic
Supplementary Material (ESM, Table 2E). There were 228
units providing 20 or more patients for further analysis.
For these units SMR was 1.01 £0.36 (0.96/0.77-1.21)
and SRU was 1.27+1.91 (0.98/0.73-1.41). The 10th
and 90th percentiles were 0.61 and 1.48 for SMR and
0.53 and 1.93 for SRU. For the 133 units with more than
50 patients SMR was 0.95 4+ 0.36 (0.86/0.74-1.14) and

Table2 Stratification of ICUs by estimated efficiency: summary
data; data are median (25th-75th percentiles) where appropriate
(SMR standardized mortality ratio, SRU standardized resource use,

SRU 0.99 £ 0.52 (0.87/0.65-1.22). The 10th and 90th
percentiles were 0.56 and 1.48 for SMR and 0.50 and
1.61 for SRU. Figure 1 shows both SMR and SRU for
each individual ICU. Using stratification by median SMR
and SRU, there were 91 “most efficient” and 91 “least
efficient” ICUs, as well as 47 “overachieving” and 46
“underachieving” units. There was a positive relationship
between SMR and SRU (R=0.46, R =0.21). Summary
of key variables, stratified by “most efficient” and “least
efficient” (< median/lowest tertile and > median/highest
tertile, respectively) are shown in Table 2, and Table 3
summarizes key variables with stratification by region.
Further, Figs.2E and 3E (ESM) show SMR and SRU
stratified by region, type of hospital, presence of emer-
gency department in the hospital, and presence of common
clinical rounds in the ICU.

The results of univariate and stepwise logistic regres-
sion analyses for factors of ICU structure and process
that may allow differentiation of “most efficient” from
“least efficient” ICUs (using median) are shown in
Tables 4 and 5. Of all available variables representing ICU
structure and process the following were significant in
univariate analysis: number of physicians per bed, number
of full-time specialists per bed, number of nurses per bed,
number of physicians per nurse, presence of common
clinical rounds, availability of a physician on weekdays,
availability of a physician on weekends, presence of an
emergency department in the hospital, and region. In the
multivariate analysis, however, only presence of inter-
disciplinary clinical rounds, presence of an emergency
department in the hospital, and region entered the model
as significant. Thus, if interprofessional clinical rounds
are held in a unit, there is a 2.7 times (95% CI 1.2-6.2)
higher chance that this unit belongs to the group of “most
efficient” ICUs rather than to the group of “least efficient”
ICUs. Similarly, presence of an emergency department
results in a 7.0 times (95% CI 1.3-37.1) higher chance
of belonging to the group of “most efficient” units. On
the other hand, variables related to nursing or physician
staffing did not influence assignment of a unit to one
of these groups. Finally, units located in Central and

IM intensive care medicine, All units data for the overall sample
included in this study)

SMR and SRU

No. of units
No. of patients
SMR

SRU

Physicians per bed

Nurses per bed

IM specialists per bed
Physicians per nurse

Most efficient
< Lowest tertile

45

4,416

0.65 (0.51-0.77)
0.60 (0.50-0.70)
0.74 (0.39-1.00)
3.36 (2.50-4.20)
0.28 (0.13-0.50)
0.19 (0.13-0.30)

< Median

91

7,846

0.74 (0.60-0.84)
0.70 (0.54-0.87)
0.75 (0.41-1.05)
3.18 (2.47-4.18)
0.29 (0.14-0.58)
0.22 (0.13-0.37)

Least efficient
> Median

91

3,858

1.34 (1.16-1.63)
1.67 (1.34-2.30)
0.81 (0.50-1.08)
3.00 (2.17-3.60)
0.33 (0.25-0.70)
0.28 (0.18-0.46)

> Highest tertile

53

1,824

1.52 (1.31-1.76)
1.99 (1.64-2.92)
0.88 (0.48-1.14)
3.00 (1.86-3.88)
0.33 (0.24-0.71)
0.32 (0.21-0.47)

All units

275
16,560

1.00 (0.77-1.28)
1.07 (0.76-1.58)
0.81 (0.50-1.13)
3.00 (2.33-3.88)
0.37 (0.18-0.74)
0.28 (0.17-0.39)



Table3 Variables by geographical region; data are median (25th—
75th percentiles) where appropriate (Region 1 Australasia, Region 2
Central + South America, Region 3 Central + Western + Northern
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Europe + North America, Region 4 Eastern Europe, Region 5 South-
ern Europe + Mediterranean Region, SMR standardized mortality ra-
tio, SRU standardized resource use, IM intensive care medicine)

No. of units

No. of patients
SMR

SRU

Physicians per bed
Nurses per bed

Region 1

14

1,734

0.84 (0.65-1.09)

0.62 (0.50-1.03)

0.59 (0.43-0.79)
9 (3.20-4.73)

Region 2

39

2,097

1.34 (0.93-1.65)
1.30 (0.89-1.56)
0.94 (0.48-1.43)
2.10 (0.90-3.14)

Region 3

60

5,232

0.86 (0.69-1.15)
0.84 (0.58-1.16)
0.58 (0.36-1.00)
3.80 (2.86-5.08)

Region 4

26

860

1.07 (0.83-1.21)
1.14 (0.73-2.35)
0.60 (0.36-1.00)
2.75 (2.00-3.86)

Region 5

136

6,637

0.99 (0.77-1.24)
1.19 (0.86-1.79)
0.88 (0.63-1.26)
3.00 (2.33-3.33)

0.26 (0.13-0.86)

4.2
IM specialists per bed 0.18 (0.14-0.29)
0.1 0.47 (0.31-0.80)

Physicians per nurse 5(0.13-0.18)

Table 4 Estimated efficiency: univariate logistic regression analysis
of explanatory variables. Comparing groups 1 (“most efficient”)
and 2 (“least efficient”). For details see text. Type of hospital:
Y =university hospital, N =nonuniversity hospital. Emergency
department (ED): Y =hospital has an ED, N =hospital has no
ED. Clinical rounds: Y =clinical rounds (physicians and nursing
staff together) in the ICU, N=no common clinical rounds in
the ICU. Physicians (weekdays): Y =physicians are available in
ICU on weekdays, N =physicians are not available. Physicians
(nights/weekends): Y =physicians are available in ICU during
the night and/or on weekends, N =physicians are not available.
Region: see also legend to Table 3 [OR odds ratio for being in the
“most efficient” group as compared to the “least efficient” group
(for region: OR is compared to region 3 as reference group), CI
confidence interval]

OR 95% CI p

Number of staffed beds 1.02 0.98-1.05 0.351
Physicians per bed 0.49 0.26-0.92 0.026
Number of intensive care
medicine specialists 0.96 0.90-1.02 0.164
Intensive care medicine
specialists per bed 0.29 0.11-0.75 0.010
Number of medical
specialties in hospital 1.03 0.95-1.11 0.497
Nurses per bed 1.30 1.02-1.65 0.035
Physicians per nurse 0.03 0.00-0.22 < 0.001
Type of hospital 0.85 0.45-1.60 0.608
Emergency department
in hospital 4.43 1.18-16.65 0.027
Multidisciplinary meetings 1.16 0.61-2.21 0.647
Clinical rounds 4.34 2.17-8.64 < 0.001
Physicians (weekdays) 0.31 0.13-0.70 0.005
Physicians (nights/weekends) 0.34 0.15-0.79 0.012
Region

1 0.49 0.12-2.06 0.333

2 0.05 0.02-0.18 < 0.001

3 1.00 - -

4 0.11 0.02-0.61 0.012

5 0.09 0.03-0.25 < 0.001

South America had a 0.09 times (95% CI 0.02-0.35)
lower chance and units located in South Europe and
Mediterranean areas had a 0.14 times (95% CI 0.05-0.42)
lower chance of belonging to the “most efficient” group
rather than to the “least efficient” group (both compared
to ICUs located in Northern, Central, or Western Europe
or North America). Note that the variable “physicians

0.21 (0.13-0.33)
0.16 (0.09-0.24)

0.29 (0.17-0.50)
0.28 (0.13-0.37)

0.55 (0.38-0.83)
0.31 (0.23-0.45)

TableS Estimated efficiency: multiple regression analysis of ex-
planatory variables. Comparing groups 1 (“most efficient”) and 2
(“least efficient”); for details see text. Stepwise logistic regression
analysis. Initially all significant variables of univariate analysis are
entered into the model. For region, odds ratio (OR) is compared to
region 3 (reference group) (na variable did not enter the model; for
further legends see Table 4)

Variable OR 95% CI p
Physicians per bed na - -
Intensive care medicine
specialists per bed na - -
Nurses per bed na - -
Physicians per nurse na - -
Emergency department
in hospital 6.96 1.30-37.12 0.023
Clinical rounds 2.70 1.18-6.19 0.019
Physicians (weekdays) na - -
Physicians (nights/weekends) na - -
Region - -
1 0.42 0.09-1.92 0.264
2 0.09 0.02-0.35 0.001
3 1.00 - -
4 0.19 0.02-1.74 0.14
5 0.14 0.05-0.42 0.001

per nurse” was not included in multivariate analysis due
to collinearity with the two other variables “physicians
per bed” and “nurses per bed”. Overall the model only
explains a low proportion of variance with R* =0.24 (Cox
and Snell), R2=0.33 (Nagelkerke), and has a moderate
discriminative capability with an area under the receiver
operating characteristics curve of 0.70. Including all inter-
actions between the variables with a significant univariate
contribution did not change the results since no interaction
entered the model. Results of the univariate and stepwise
logistic regression analyses, with the ICUs separated by
tertiles, are presented in the ESM (Tables 4E and SE).

Discussion

This study confirms marked variability in outcome and re-
source use in a large sample of intensive care units. Inter-
estingly, of the many variables that were considered rep-
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resentative of ICU structure and process, and that could
be included in our analysis, only the presence of interpro-
fessional clinical rounds and of an emergency department
in the hospital allowed separation of “most efficient” from
“least efficient” intensive care units. In addition, the geo-
graphical region in which the ICU was located was identi-
fied as explanatory variable. This suggests that other ICU-
related and non-ICU-related factors, not included in the
present study but differing between various regions or pos-
sibly countries, are relevant for outcome and resource use
in intensive care medicine.

Although not designed to assess the efficiency
of participating intensive care units, the SAPS 3
database [13, 14] provides a unique opportunity to
analyze variability in outcome and resource use and
factors influencing such variability in a large sample
of ICUs [5]. To assess ICU performance four domains
have been proposed [18]: medical outcomes, economic
outcomes, psychosocial and ethical outcomes, and in-
stitutional outcomes. Of these, data on severity-adjusted
survival rate are readily available in SAPS 3 as markers
of medical outcomes. While interpreting this parameter
is not without limitations, its use is widely accepted as it
helps to identify variations in the process of care [19].

Assessing ICU performance solely based on medical
outcomes and without taking into consideration resource
use (a marker of economic outcome) may be biased [20].
As opposed to assessment of survival rate, however, as-
sessment of resource use is far less straightforward [21],
and various models have been presented [22, 23]. In addi-
tion, the Therapeutic Intervention Scoring System has been
used as a surrogate marker of resource use in a number of
studies [24, 25]. As none of these measures was included
consistently in the entire SAPS 3 database, we chose to
use length of stay in the ICU as surrogate. A similar ap-
proach was used previously [26], while others have fur-
ther modified this methodology, introducing, for example,
the notion of weighted LOS [27]. We used the unmodified
LOS-ICU as this measure is straightforward and easy to
collect, and because the level of intensity of care may not
only markedly change between the first and second day of
a stay in the ICU but very often shows much more complex
patterns during the course of critical illness [28].

A further possibility would have been to calculate on
a patient per patient basis the predicted LOS-ICU from
patient characteristics and to compare this parameter with
observed LOS-ICU. For example, a linear regression
model to predict severity-adjusted LOS in the hospital has
recently been presented [29]. Still, using such a model
the skewed distribution of LOS-ICU must be taken into
account. Similar approaches also have been used by
others [16, 30, 31]. However, we were aiming rather at
a composite variable (SRU) that includes information
from length of stay of a group of patients and number of
surviving patients of that group. Of note, we deliberately
included nonsurviving patients in order to have SRU as

a parameter reflecting the total resource use of an ICU.
Even nonsurviving patients consume resources, and if
a unit works “ineffectively” (or wastefully), it may use
large amounts of resources (used for nonsurviving pa-
tients) without having an appropriate number of surviving
patients. Accordingly we were not aiming at a model
predicting LOS, but at a model assessing resource use for
a group of patients. In our study we used SAPS 3 strata
to define such groups. SRU may thus be considered as
a rough indicator of the resources needed to “produce”
surviving patients.

As in previous studies [16, 30], our findings demon-
strate wide variability both in outcome and resource
use within intensive care units. For example, the 90th
percentile of SMR differs from the 10th percentile by
a factor of 2.7. For SRU the corresponding figure is 4.3 (or
3.2 if only units collecting data of more than 50 patients
are considered). In contrast to previous publications,
however, the current study covers a rather large sample of
more than 250 ICUs from all over the world. Further, the
magnitude of variation both in risk-adjusted mortality and
in risk-adjusted resource use is greater than in previously
published studies [16, 30].

Univariate analysis suggests that the presence of
a higher number of physicians results in a less efficient
ICU. This puzzling result needs analysis in further stud-
ies. Still, only a small number of key measures of ICU
structure and process could be identified by multivariate
analysis as being significantly linked to the selected
measures of performance. Specifically, neither measures
of nurse staffing nor of physician staffing were found to
be predictive parameters that might allow separation of
“most efficient” units from “least efficient” units. This
finding was confirmed by additional analysis includ-
ing only the highest and lowest tertiles (supplemental
electronic material), and is in contrast to a number of
previous studies [6, 32, 33]. On the other hand, differences
in intensivist-to-ICU bed ratios over a wide range of
1:7.5-1:15 were not associated with differences in ICU or
hospital mortality [34], and only at a ratio of 1:15 was there
an increase in resource use as estimated by LOS-ICU.
Also, no consistent association between ICU volume and
risk-adjusted mortality was found in a recent study [35].

A possible explanation for these contradictory results is
differences in staff workload [9] that may not be captured
by simple staff-to-bed or staff-to-patient ratios. Probably
more specific measures such as the Therapeutic Interven-
tion Scoring System should be analyzed per staff mem-
ber to capture such differences. Also, organizational is-
sues [36, 37] may be more relevant in this respect than
the numbers of staff per bed or patient. The latter notion is
corroborated in the present study by the finding that pres-
ence of an emergency department in the hospital and pres-
ence of teamwork (i.e., clinical rounds with participation
of nurses and physicians) both were variables associated
with measures of ICU performance.



In addition to the elements discussed above, a number
of other factors not recorded by our study may cause differ-
ences in ICU performance, such as differences in the pre-
ICU patient process, ICU admission and discharge poli-
cies, specific elements of ICU processes (e.g., communica-
tion skills of team members, presence at the bedside), hos-
pital volume [11], and post-ICU care, including availabil-
ity of high-dependency or intermediate care units. In this
respect the presence of an emergency department (which
by itself may affect patient mix) also might be considered
as a surrogate marker for some of these factors. This also
may explain why this variable was found to be significant
in our analysis. Finally, the recently described marked dif-
ferences in intensive care medicine training [38] possibly
are relevant for variability in outcome and resource use as
well.

Of note, geographical region of the ICU was identified
as a relevant factor linked to the variability in the selected
measures of performance. This suggests that, in addition
to the above factors, there may be, for example, consistent
differences in case mix, life-style (e.g., smoking habits, al-
cohol abuse, prevalence of obesity) [14], or genetics be-
tween regions that are not revealed by the parameters in-
cluded in the SAPS 3 project.

Our study has several limitations. First, this is a sec-
ondary analysis of data collected for the SAPS 3 project.
Although the quality of patient-related data was good,
there was a small amount of missing ICU-related data.
Also, the original SAPS 3 study was not conceived
primarily to serve as the basis of an extended analysis of
resource use in critical care. Second, although data from
a large number of patients were collected, there were some
units providing data of only a few patients. Accordingly,
due to random variation key variables of performance
in such units may be under- or overestimated. However,
analysis of, for example, subgroups of ICUs separated
by tertile instead of median shows that the results of our
study are rather robust. Third, the appropriateness of SMR
and SRU as benchmarks to assess ICU performance or
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efficiency may be questioned [39]. Until now no thorough
validation of these measures has been presented. However,
as no gold standard exists, and because “performance” in
general is considered a multidimensional concept [18, 40],
we consider our approach reasonable. Fourth, although
SAPS 3 was developed using a broad array of clinical
variables, there still is the possibility that unmeasured
variables at the patient level may play an additional role.
However, we propose that this probably is of minor im-
portance, given the large clinical experience with previous
versions of SAPS and the rigorous, detailed analysis used
in the SAPS 3 project, including variables representing
lead-time bias and case mix. Fifth, our study only ad-
dresses resource use in the ICU. It is clear that processes
and decision making outside the ICU can have a major
impact on the overall resource utilization. However, in this
study no data were available to appropriately address this
issue. Finally, the so-called “country coordinator” effect,
in which country coordinators tend to choose similar
ICUs, could have biased the sample. However, it is not
probable that this effect played a role in such a large
study.

Conclusion

In conclusion, despite considerable variability in outcome
and resource use in this sample only a few factors of ICU
structure and process were identified as being associated
with efficient use of the ICU. This suggests that other con-
founding factors at the ICU level which were not included
in this study play an important role.
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