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Abstract Objective: To evaluate
whether the SOFA score can be used
to develop a model to predict inten-
sive care unit (ICU) mortality in dif-
ferent countries. Design and setting:
Analysis of a prospectively collected
database. Patients with ICU stay
longer than 2 days were studied to
develop a mortality prediction model
based on measurements of organ
dysfunction. Patients: 748 patients
from six countries. Measurements
and results: Two logistic regression
models were constructed, one based
on the SOFA maximum (SOFA Max
model) and the other on variables
identified by multivariate regression
(SOFA Max-infection model). The H
and C statistics had a p value above
0.05 for both models, but the D sta-
tistics showed a poor performance on
the SOFA Max model when stratified
for the presence of infection. Subse-
quent analysis was performed with
SOFA Max-infection model. The
area under the curve was 0.853.
There were no statistically significant

differences in observed and predicted
mortalities except for one country
which had a higher than predicted
ICU mortality both in the overall
population (28.3 vs. 19.1%) and in
the noninfected patients (21.4 vs.
12.6%). Conclusions: The SOFA
Max adjusted for age and the pres-
ence of infection can predict mortal-
ity in this population, but in one
country the ICU mortality was higher
than expected. Our data do not allow
us to determine the reasons behind
these differences, and further studies
to detect differences in mortality be-
tween countries and to elucidate the
basis for these differences should be
encouraged.
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Introduction

The ability to evaluate the severity of the disease state in
critically ill patients is important as a measure of intensive
care unit (ICU) performance as a means of providing
patients’ relatives with information regarding outcome, as
a guide for resource allocation, and as a way of stratifying
patients in clinical research [1]. Currently available pre-
diction models such as the Acute Physiology and Chronic

Health Evaluation (APACHE) II [2], Simplified Acute
Physiology Score (SAPS) [3], and Mortality Probability
Models (MPM) [4] use values taken within the first 24 h
of an ICU stay. However, these scores ignore the many
factors that can influence patient outcome during the
course of an ICU stay beyond the first 24 h. Some re-
searchers [5, 6] have advocated the sequential application
of these systems, possibly with correction for other fac-
tors, but such use is as yet experimental, except for MPM
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[7]. Sicignano et al. [8] observed that the discriminative
power of SAPS decreases over time, retaining its pre-
dictive power only for patients who stay in the ICU no
more than 5 days. These scoring systems have been
evaluated in several large Canadian and European studies,
which have confirmed their predictive accuracy in those
settings. The area under the receiver operator character-
istic (ROC) curve for the three models ranged from 0.74
to 0.86 in these studies [9, 10, 11]. Since these scoring
systems were developed using large population databases,
evaluation of predictive accuracy in isolated ICUs may
not always fit well because of smaller numbers of patients
[12] and differences in case-mix [13, 14]. Comparing
logistic regression models and artificial neural networks,
Clermont et al. [12] observed that as development size
decreases model performance deteriorates rapidly. In-
creasing the number of patients with a particular condi-
tion causes the discrimination and calibration of the
MPM II to deteriorate [13] and the mortality ratios (ob-
served deaths divided by the predicted deaths) predicted
by the APACHE II to vary widely [14]. The application of
such models to individual ICU performance is thus dif-
ficult. Patel and Grant [15] observed that although the
predicted mortality using APACHE II, MPM II, and
SAPS II is similar to the 95% confidence interval (CI) of
the observed mortality, there is a poor fit to the model,
impairing validity of the result. This finding may be the
result of differences in quality of care, differences in case-
mix, small numbers of patients, or delay in ICU admis-
sion.

The Sequential Organ Failure Assessment (SOFA)
assesses patients for organ dysfunction not only at ICU
admission but serially during the ICU stay and was first
developed to evaluate morbidity [16]. Organ dysfunction
is related to both morbidity and mortality [17, 18], and it
has been shown that the SOFA score, using either the sum
of the maximum scores for each system (SOFA Max), the
admission value, or the changes in the first 48 h, is related
to mortality [19, 20]. The aim of this study was to develop
an ICU mortality prediction model based on organ dys-
function measurements and, using this model, to compare
differences in ICU mortality in different countries.

Materials and Methods

A database collected by a working group on sepsis-related prob-
lems of the European Society of Intensive Care Medicine was an-
alyzed. The database consisted of data collected in 40 ICUs from 16
countries in Australia (1), Europe (35), North America (1), and
South America (3). Data were collected on all 1,449 patients ad-
mitted to the participating ICUs during a 1-month period, excluding
those with a length of stay (LOS) less than 2 days following un-
complicated surgery. Coronary patients were included. Further
details of the database formation are provided elsewhere [21]. For
each patient basic demographic data were collected at admission,
and the variables needed to construct the SOFA score were col-
lected at admission and every 24 h thereafter. For a single missing

value a replacement was calculated using the mean value of the
result preceding and that following the missing one. When more
than one consecutive value was missing it was considered as a
missing value in the analysis. Patients with an LOS of at least
2 days were identified and classified by country. The six countries
with the largest numbers of patients (Brazil, Belgium, France, Italy,
Spain, United Kingdom) were selected for further analysis. Uni-
variate analysis was performed using nonpaired t tests for contin-
uous variables and c2 for categorical ones to assess those related to
mortality. Variables with a p value less than 0.15 were entered into
a logistic regression model to identify those significantly associated
with mortality. Two logistic regression models were constructed,
one based on the SOFA Max, which was the best predictor in
previous studies [19, 20], and another (SOFA Max-infection) based
on the variables that remained significant (p<0.05) after multivar-
iate analysis. Both models were applied individually to obtain a
predicted mortality for the whole population and for each country.
The variables chosen were the total SOFA score at admission, the D
value between the SOFA score at 48 h and the admission SOFA,
the SOFA Max (defined as the sum of the maximum value for each
organ category during the ICU stay), and the D value between the
admission SOFA and the SOFA Max. Calibration of the model was
assessed with Hosmer-Lemeshow’s goodness-of-fit statistics [22],
and the Pulkstenis-Robinson D statistic [23]. Values of the Pulk-
stenis-Robinson D statistic should be used in conjunction with the
Hosmer-Lemeshow statistic when categorical and continuous
variables are included in the analysis as data are cross-classified by
categorical covariates eliminating the risk of grouping together
observations with similarly fitted probabilities but different co-
variate patterns, which may occur with the Hosmer-Lemeshow
approach. Assessment of calibration usually relies on p values
being higher than 0.05. Another strength of the D statistic is that
even when p values are above 0.05, significant flaws in the model
can be perceived and interactions can be added to the model im-
proving p values, although this must be done with careful clinical
reasoning. The interpretation of the Pulkstenis-Robinson D statistic
involves two steps: First, the p value should be analyzed and, if less
than 0.05, the individual values for each strata observed. Variables
that have values deviating from zero (€5) should be suspected of
having important covariates. Even if p is not less than 0.05, if
individual variables have values that deviate from zero, they may
be thought of as important for the model if clinical reasoning is in
agreement. ROC curves were constructed, and discrimination was
assessed by the area under the curve (AUC) [24, 25].

The 95% CI for the observed ICU mortality was calculated and
compared to the ICU mortality predicted by the models. One-way
analysis of variance was used to compare means for continuous
variables across different countries, and when differences were
found, Fisher’s least significant differences test was applied to
compare groups. All tests were two-tailed. When multiple com-
parisons were made, Bonferroni’s adjustment was applied. A p
value less than 0.05 was considered significant. Data are presented
as mean €SD, except where otherwise indicated.

Results

The study included 748 patients from six countries. Their
mean age was 54.9€18.6 years, 63.5% were men, and
ICU mortality was 21.5%. Patient characteristics in the
various countries are summarized in Table 1. There were
fewer than 1% missing data. Differences among countries
were observed in the age of the patients and in admission
diagnosis. The differences in mean admission SOFA and
mean SOFA Max scores among countries are shown in
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Table 1. Differences in ICU mortality did not reach sta-
tistical significance.

Differences between survivors and nonsurvivors were
observed. Survivors were younger (age 53.3€18.9 vs.
60.7€17.0 years, p<0.0001), had a lower infection rate
(27% vs. 55%, p<0.0001), lower admission SOFA
(4.0€3.0 vs. 7.3€4.0, p<0.0001), lower SOFA Max (6.7€
4.4 vs. 13.5€5.0, p<0.0001), lower D Max (2.8€2.9 vs.
6.3€3.8, p<0.0001), and lower D 48 h (0.0€2.4 vs.
1.3€3.4, p<0.0001). Medical admissions were more
common in nonsurvivors (56 vs. 44%, p<0.01); trauma
and coronary admissions were more common among
survivors (14 vs. 6%, p<0.01 and 7 vs. 2%, p<0.01, re-
spectively). After multivariate logistic regression analysis
with ICU mortality as the dependent outcome the only
variables that remained significantly associated with
death were SOFA Max, infection, and age (Table 2). The
D between admission SOFA and SOFA Max was not
included in the model because of redundancy.

The logistic regression model based on the SOFA Max
model showed good calibration, as assessed by the C and
H statistics (p=0.54 and p=0.95, respectively). However,
when assessed by the Pulkstenis-Robinson method for the
presence of infection, analysis of the D statistics indi-
vidually showed large values for both the infected (from
�6.788 to +7.894) and noninfected (+7.464 to �6.565)
patients, demonstrating an obvious underestimation of
mortality for infected patients, as well as an overestima-
tion for noninfected patients, and highlighting the need to
include infection as a covariate in the model, although the
p value was not significant (p=0.157). After inclusion of
infection, we no longer observed these discrepancies
(values were within �1.782 to +1.850), and the p value

was 0.796 for the D statistic. The AUC for this SOFA
Max model was 0.840 (95% CI, 0.804–0.872) and 0.845
(95% CI, 0.809–0.876) after the addition of infection as
covariate.

Calibration for the model based on SOFA Max, in-
fection, and age (SOFA Max-infection model) showed p
values for the H and the C statistics of 0.72 and 0.37,
respectively; the calibration curve is shown in Fig. 1. The
D statistic showed a p value of 0.825. Discrimination was
assessed by the AUC (0.853, 95% CI: 0.817–0.884).
Subsequent analysis was performed with this SOFA Max-
infection model.

The observed ICU mortality for each country was
compared to the predicted ICU mortality using the SOFA
Max-infection model. There were no statistically signifi-
cant differences in observed and predicted ICU mortali-
ties, except for one country, which had a higher than
expected mortality for the whole population (28.3 vs.
19.1%, p<0.05) and for the noninfected patients (21.4 vs.

Table 1 Patient characteristics in countries A–F

A (n=176) B (n=156) C (n=124) D (n=121) E (n=99) F (n=72)

Age (years) 56.7€17.8* 50.2€20.2 56.1€19.6 55.3€19.4 55.4€16.4 57.0€17.8
Male sex (%) 64.8 58.3 64.5 57.0 73.8 66.7
Admission (%)

Medical 30.1*,** 70.5 37.1** 54.5 47.5** 40.3**
Trauma 12.5 16.0 14.5 5.0 10.1 16.7
Surgical urgent 15.9 9.6 16.1 6.6 14.1 20.8
Surgical elective 35.2*,** 1.9 27.4*,** 5.8 22.2*,** 20.8*,**
Coronary 1.1** 1.3** 2.4** 26.4 6.0** 0.0**
Other 5.1 0.6 2.4 1.6 0.0 1.4

All patients (n=748)
Admission SOFA 5.1€3.7* 3.8€3.1 5.4€3.3*,** 4.1€3.3 4.5€3.9 5.6€3.4*
SOFA Maximum 9.0€5.4*,** 6.9€5.0 9.0€5.0* 7.2€4.9 7.3€6.0*** 10.3€4.8*,**
Mortality (%; 95% CI) 18.8 (13.0–24.6) 16.0 (10.2–21.7) 25.0 (17.4–32.6) 18.2 (11.3–25.1) 28.3 (19.4–37.2) 27.8 (17.4–38.1)

Infected patients (n=159)
Admission SOFA 6.4€4.1* 4.1€3.3 6.7€3.7* 6.0€3.2 6.3€4.3 7.0€3.7*
Maximum SOFA 11.5€5.6* 7.4€4.6 11.3€5.3* 9.6€4.6 10.1€6.4 12.4€5.1*
Mortality (%; 95% CI) 31.7 (17.5–45.9) 28.0 (15.5–40.4) 43.5 (29.2–57.8) 29.4 (16.9–41.9) 44.8 (26.7–62.9) 43.3 (25.6–61.0)

Noninfected patients
(n=589)

Admission SOFA 4.7€3.5** 3.7€3.0 4.7€2.8** 2.7€2.6 3.7€3.6 4.5€2.9
Maximum SOFA 8.2€5.2** 6.7€5.2 7.6€4.4 5.4€4.3 6.2€5.5 8.7€4.0**
Mortality (%; 95% CI) 14.8 (8.8–20.8) 10.4 (4.6–16.2) 14.1 (6.4–21.8) 10.0 (3.0–17.0) 21.4 (13.0–29.8) 16.7 (5.4–28.0)

*p<0.05 vs. country B, **p<0.05 vs. country D, ***p<0.05 vs. country F

Table 2 Multivariate logistic regression on SOFA Max-infection
model with significant variables

Odds ratio 95% CI p

Age 1.02 1.01–1.03 <0.01
Infection (yes) 2.05 1.30–3.21 <0.01
SOFA Max, continuous 1.28 1.19–1.38 <0.0001
Admission SOFA,
continuous

1.01 0.92–1.12 0.817

D SOFA 48 h, continuous 1.08 0.99–1.18 0.0815
Admission (%)

Medical 1.38 0.85–2.24 0.189
Trauma 0.74 0.31–1.77 0.504
Coronary 0.82 0.21–3.30 0.783
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12.6%, p<0.05). The infected patients in this country had
a higher than predicted ICU mortality but this was not
statistically significant (44.8 vs. 34.9%; 95% CI for ob-
served: 26.7–62.9%). Analyzing the different prediction
levels, ICU mortality was higher in every decile in this
country (Fig. 2). Calibration was not performed for indi-
vidual countries because of the limited number of pa-
tients.

Discussion

Outcome prediction is a fundamental tool in critical care.
The available severity scores such as the APACHE II and
the SAPS predict mortality based on physiological vari-

ables collected in the first 24 h of ICU stay, ignoring the
fact that morbidity and mortality are very closely corre-
lated, and that changes in the initial parameters may in-
fluence patient outcome; indeed using the MPM model,
Ru� et al. [7] observed that the best estimate of hospital
mortality was the probability of death on the current day.
In an ICU environment morbidity can be described as
multiple organ dysfunction syndrome and has been ob-
served with several acute states commonly seen in the
ICU, including hemorrhagic shock [26], infection [27,
28], acute pancreatitis [29], burns [30], shock [31], and
trauma [32]. The SOFA score, based on six independent
and simple to obtain variables was initially presented for
assessing morbidity in septic patients [16] but has been
validated also in trauma [33] and in general ICU patients
[21]. Recently it has been shown that the admission
SOFA score, SOFA Max, and the changes in SOFA over
the first 48 h are correlated with mortality [19, 20].

Consistent with the idea that mortality is related to
severity of organ failure, our results show that although
the admission SOFA score is related to ICU mortality, in
a multivariate analysis only the SOFA Max is signifi-
cantly related to ICU mortality. The SOFA-Max model
showed a good calibration by the Hosmer-Lemeshow
statistic, but, as observed by Pulkstenis and Robinson, this
method may not detect poor calibration when an impor-
tant binary covariate is missing [23]. Indeed, after strati-
fication for the presence of all infections combined, we
observed significant disparities in the observed and pre-
dicted mortalities for infected and noninfected patients.
After adding infection as a covariate (SOFA Max-infec-
tion model) performance improved. Thus when using the
SOFA score to evaluate the severity of the disease pro-
cess, it should be adjusted for the presence of infection.
Other studies have compared patients with the systemic
inflammatory response syndrome with or without infec-
tion, noting higher mortality rates in infected patients

Fig. 1 Predicted vs. observed ICU mortality. Continuous line Ob-
served vs. predicted, dashed line line of identity

Fig. 2 Predicted vs. observed
ICU mortality in the one coun-
try with higher observed than
predicted mortality. Continuous
line Observed vs. predicted;
dashed line line of identity
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