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population

Abstract Objective: To validate two
severity scoring systems, the Simpli-
fied Acute Physiology Score

(SAPS II) and Acute Physiology
and Chronic Health Evaluation
(APACHE 1), in a single-center
ICU population.

Design and setting: Prospective data
collection in a two four-bed multi-
disciplinary ICUs of a teaching hos-
pital.

Patients and methods: Data were
collected in ICU over 4 years on
1721 consecutively admitted pa-
tients (aged 18 years or older, no
transferrals, ICU stay at least 24 h)
regarding SAPS II, APACHE II,
predicted hospital mortality, and
survival upon hospital discharge.
Results: At the predicted risk of 0.5,
sensitivity was 39.4 % for SAPS 11
and 31.6 % for APACHE 11, speci-
ficity 95.6 % and 97.2 %, and correct
classification rate 85.6 % and

85.5 %, respectively. The area under
the ROC curve was higher than 0.8
for both models. The goodness-of-fit
statistic showed no significant dif-

ference between observed and pre-
dicted hospital mortality (H = 7.62
for SAPS 11, H = 3.87 for APA-
CHE II; and C =9.32 and C = 5.05,
respectively). Observed hospital
mortality of patients with risk of
death higher than 60 % was over-
predicted by SAPS II and underpre-
dicted by APACHE II. The ob-
served hospital mortality was signif-
icantly higher than that predicted by
the models in medical patients and
in those admitted from the ward.
Conclusions: This study validates
both SAPS II and APACHE 11
scores in an ICU population com-
prised mainly of surgical patients.
The type of ICU admission and the
location in the hospital before ICU
admission influence the predictive
ability of the models.
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Introduction

In comparing the effects of treatment and organization
on patient outcome physicians require scoring systems
with which to measure the severity of patient illness
and predict hospital mortality in large intensive care
unit (ICU) populations of a general patient mix. Once
these measures are demonstrated accurately to predict
hospital mortality, they should become powerful tools

for comparing the performance of different ICUs [1].
The Simplified Acute Physiology Score (SAPS II) [2]
and the Acute Physiology and Chronic Health Evalua-
tion (APACHE II) [3] are severity scoring systems
which have been the subject of extensive research. The
keystones in analyzing the accuracy of hospital mortali-
ty predictions of a model are discrimination and calibra-
tion. The former refers to how well the model distin-
guishes between patients who will die or survive, and
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Table 1 Study group by year of ICU admission

1994 1995 1996 1997 p Total

No. of admissions 434 500 488 490 1912
No. of readmissions 17 (3.9%) 27 (5.4%) 22 (4.5%) 31(63%) 0.213 97 (51%)
No excluded 28 (6.5%) 31(5.6%) 18 (3.7%) 17 (3.5%) 0.213 94 (4.9%)
Exclusion due to

Age (< 18 years) 8 5 1 3 17

From other ICU 5 1 0 3 9

ICU length of stay <24 h 15 25 17 11 68
No patients included 389 442 448 442 0.238 1721
Type of admission

Scheduled surgical 208 (53.5%) 230 (52.0%) 256 (57.2%) 244 (552%) 938 (54.5%)

Urgent surgical 97 (24.9%) 128 (29.0%) 114 (25.4%) 122 (27.6 %) 0.474 461 (26.8%)

Medical 84 (21.6%) 84 (19.0%) 78 (17.4%) 76 (17.2%) 322 (18.7%)
Mean ICU length of stay (days) 6.1+11.9 55+88 6.1+134 56+7.6 0.731 5.8+10.7
Mean postICU length of stay (days) 16.0 +21.2 14.4 +14.0 13.0 £ 18.6 13.7 +15.7 0.254 142 +16.5

p values refer to the variables in the 4 years considered (2 or analysis of variance)

the latter to how closely predictions are correlated with
actual outcome across the entire range of risk [4].
Good discrimination has been demonstrated for
SAPS IT in multicenter studies performed in Italy [5],
Portugal [6], Austria [7], as well as in the European
group of ICUs EURICUS-I [8]. Also, APACHE II has
shown good discriminative ability in Portugal [6] and
the United Kingdom [9]. However, most of these studies
[5, 6, 7, 8] report calibration as disappointing.

The poor calibration recorded in multicenter studies
has been hypothesized as due to one or more of the fol-
lowing factors: statistics (models, sample size), patients
(case-mix), and ICU organization (management, lead-
time bias, data collection, hospital discharge policy)
[10]. The only way in which to study the performance
of the model is to isolate it from the other variables. A
study carried out in a single-center multidisciplinary
ICU should avoid the effect of the ICU-specific vari-
ables and allow investigation only of statistics and pa-
tients as factors affecting the performance of the model.
The aim of the present study was to analyze the predic-
tive accuracy of SAPS II and APACHE II in a popula-
tion of patients admitted to a single center ICU.

Patients and methods

This study was performed in two four-bed mixed (surgical and
medical) ICUs of a 960-bed teaching hospital. In the hospital there
are two additional adult ICUs (a ten-bed mixed ICU and a six-bed
coronary care unit), no cardiac surgery, no burn units, and no inter-
mediate or step-down beds. The ICUs in which the study was per-
formed serve all thoracic, vascular, and high-risk abdominal sur-
gery patients and about one-half of the medical ward patients of
the hospital. The two ICUs have one medical director who makes
a daily round in both units and a full-time specialist in intensive
care each. A resident physician provides night coverage, with a

specialist in anesthesia and intensive care on call. The nurse to pa-
tient ratio is 1:2. All ICU admissions were included from 1 January
1994 to 31 December 1997. Patients readmitted during the study
period were considered only at the time of their first admission.
The patients aged under 18 years and those transferred from other
ICUs or staying in the ICU less than 24 h were excluded. During
the study period there were 1912 admissions (Table 1). The num-
ber of patients included in the study, the type of ICU admission
and the ICU and hospital (post-ICU) lengths of stay did not signif-
icantly differ over the years considered. The final number of pa-
tients included in the study was 1721, 68 % of whom (n = 1173)
were men. Patients’ mean age was 68.3 + 13.4 years.

The day after ICU admission the worst values on APACHE II
and SAPS II variables (worst measurements observed during 24 h
following ICU admission) were abstracted from clinical and labo-
ratory records, using the variable definitions reported in the litera-
ture for SAPSII [2] and APACHEII [3, 11]. APACHEII,
SAPS II, and hospital mortality as predicted by both indices were
calculated according to the published techniques [2, 3]. In cases in
which data were missing, the score on that variable was considered
as normal [3]. Information collected from the forms, SAPSII,
APACHE II, computed probability of hospital mortality according
to both indices and survival upon hospital discharge of each patient
were recorded in a database.

Interobserver reliability was tested in a sample of 81 cases se-
lected from the database, reviewed by “new observers” [12].

Data are presented here as mean + 1 SD, when indicated. Sta-
tistical analysis was carried out using a software package (SPSS
version 8.0) and p values less than 0.05 were considered significant.
Student’s ¢ test and analysis of variance were used for normally dis-
tributed continuous variables and the y? statistic for categorical
data.

The accuracy of outcome prediction according to SAPS II and
APACHE II was assessed using the methods described below.
The 2 x 2 decision matrices at the predicted risk of 0.5 was used to
compare predicted and observed outcomes, recording true positive
(sensitivity), true negative (specificity), and correct classification
rate, as percentages [13]. The area under the receiver operating
characteristic (ROC) curve [14] was measured to test discrimina-
tion. The Lemeshow-Hosmer goodness-of-fit H and C statistics
[15] were used to evaluate calibration. The calibration curve was
constructed by plotting observed death rate against predicted
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death rate stratified by 10 % risk ranges; linear regression analysis
was used and the 7? value calculated [16)].

To evaluate the uniformity of fit in different subgroups we
stratified patients by age group, type of ICU admission, and loca-
tion in the hospital before ICU admission. Discrimination and cal-
ibration of the two scores were analyzed in each subgroup. The
standardized mortality ratios (SMR) with 95% confidence inter-
vals were calculated [13], and the differences between observed
and predicted numbers of hospital deaths were analyzed using the
% test corrected for continuity.

Results

Overall, 18 % of patients (n = 307) died in the hospital.
SAPS II predicted 345.4 hospital deaths (20.1%) and
APACHE II 312.5 (18.2%). The SMRs were 0.89 (CI
95% 0.85-0.94) and 0.98 (CI 95% 0.94-1.03), respec-
tively. Considering interobserver reliability, there was
no statistically significant difference in probability of
hospital mortality calculated using values of SAPS II
and APACHE II components reabstracted by different
observers, as described in detail elsewhere [12]. At the
predicted risk of 0.5, sensitivity was 39.4 %, specificity
95.6%, and correct classification rate 85.6% for
SAPSII, and 31.6%, 97.2%, and 85.5 %, respectively,
for APACHE II. The ROC curve is reported in Fig. 1;
the area under the ROC curve was similar for SAPS II
(0.816) and APACHE II (0.805). The Lemeshow-Hos-
mer goodness-of-fit A and C statistics for SAPS II and
APACHE II are reported in Tables 2 and 3, respective-
ly. The calibration curve is plotted in Fig. 2. The 7 value
was 0.97 for SAPS 1II and 0.99 for APACHE II.

The observed hospital mortality rate in patients at
risk of death higher than 60% was lower than that
predicted by SAPSII and higher than that predicted
by APACHE II. When a decision criterion of 60 %
was applied, out of 58 patients predicted to die by
both SAPSII and APACHEII, 49 died and 9 sur-
vived. For the 94 patients for whom nonconcordant
outcome was predicted by the two scores, the correct
classification rate was 45.7% for SAPSII and 54.3%
for APACHEII. In patients stratified according to
age groups, type of ICU admission and location in
the hospital before ICU admission (Table 4), discrimi-
nation was generally good in all subgroups (area under
the ROC curve > 0.7). Considering the type of ICU
admission, the C statistic showed a bad fit for both
SAPSII and APACHE II in medical cases, and the
number of observed deaths was lower that that pre-
dicted by SAPS II in scheduled surgical cases. Consid-
ering the location in the hospital before ICU admis-
sion, both models underestimated mortality in the pa-
tients admitted from the ward, and SAPS II overesti-
mated mortality in the patients admitted from opera-
tive room or emergency department. The observed
hospital mortality was lower than that predicted by
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SAPSII in the patients admitted from the operative
room and emergency department.

Discussion

This study analyzed the predictive accuracy of SAPS 11
and APACHE 1II in a group of patients admitted to a
single-center ICU over a 4-year period. During this the
period the only change at the institutional level was a re-
duction in the number of hospital beds from 1100 to 960,
without changes in ICU admission or discharge policy.
The number of ICU medical and nursing staff remained
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Table 2 Lemeshow-Hosmer goodness-of-fit H and C statistics for SAPS II

Risk of death No. of ICU admissions Observed survivors Predicted survivors Observed deaths Predicted deaths
H statistic?

0.0-0.1 795 755 755.3 40 39.7
0.1-0.2 356 309 303.7 47 52.3
0.2-0.3 192 158 144.7 34 47.3
0.3-04 130 91 85.8 39 44.2
0.4-0.5 65 39 36.0 26 29.0
0.5-0.6 58 24 25.8 34 322
0.6-0.7 26 11 9.1 15 16.9
0.7-0.8 36 16 9.5 20 26.5
0.8-0.9 27 6 3.9 21 23.1
0.9-1.0 36 5 1.8 31 342
Total 1721 1414 1375.6 307 3454
C statistic?

0.00-0.02 173 168 170.0 5 3.0
0.02-0.04 172 165 165.9 7 6.1
0.04-0.05 172 164 163.2 8 8.8
0.05-0.07 172 160 159.9 12 12.1
0.07-0.11 172 159 155.1 13 16.9
0.11-0.16 172 148 148.3 24 23.7
0.16-0.22 172 145 138.9 27 33.1
0.22-0.30 172 140 126.0 32 46.0
0.30-0.50 172 108 103.6 64 68.4
0.50-1.00 172 57 44.7 115 127.3
Total 1721 1414 1375.6 307 345.4

a2 = 7.62, degrees of freedom 10, p > 0.5
% =9.32, degrees of freedom = 10, p > 0.25

stable. Also, the patient population did not change, as
demonstrated by the lack of significant differences in
the number of admissions, readmissions, excluded cases,
and type of ICU admission (Table 1). Therefore the
group of patients studied appears to be homogeneous
for the ICUs considered, even if collected over a long
period. It has been claimed that the severity systems
are not expected to show good calibration over time
due to medical progress [17]. Nevertheless, overall
good calibration has been reported for APACHE II
10 years after publication [16].

Multicenter studies provide a large sample size with-
in a short period, but the participating ICUs sometimes
collect only a few cases each. The mean number of pa-
tients given by each unit varies widely between different
studies: 14 [5], 52 [6], 113 [8], 193 [7], and 338 [9]. When
many individual ICUs collect only a few cases each, the
overall sample can accumulate the variability of individ-
ual patients and that of individual ICU organization. On
the other hand, considering that 75% of the ICUs in-
volved in the European Prevalence of Infection in In-
tensive Care study had less than ten beds [18], difficul-
ties in collecting a large sample in a single ICU and in a
short time are evident.

The reliability of the data collected is important be-
cause it has been suggested that small, consistent differ-
ences in scores cause potentially important changes in
the predicted mortality [19]. It has been shown that the

main causes of data errors in computing APS of APA-
CHE II are the choice between highest or lowest value
as worst and the Glasgow Coma Score evaluation [20].
Nevertheless, variations in individual prediction are
not reflected in collective predictions, as reported by
Chen et al. for APACHE II [21]. Our own review [12]
draws similar conclusions and demonstrate the reliabili-
ty of our data collection.

The mean age of our study group was higher than in
other studies [5, 6, 7, 8, 9]. Moreover, the percentage of
medical admissions (18.7 %) was lower than that of the
original samples used to develop SAPSII (48%) [2]
and APACHE I (47%) [3]. This feature could have
been responsible for a bias. Considering discrimination,
the comparison of our results with those of other inde-
pendent studies at the predicted risk of 0.5 shows the
highest specificity for SAPS II (95.6 % vs. 92.4 [8], 87.9
[6], and 84 [22]) and APACHE II (97.2 vs. values rang-
ing from 94.8 [23] to 81 [22]). The same is true for the
correct classification rate, which was 85% for both
scores. The area under the ROC curve was higher than
0.8, as reported in studies on SAPSII [5, 7, 8, 24] and
APACHEII [9, 24, 25]. Considering calibration, the
goodness-of-fit statistics demonstrate that the hospital
mortality observed in our patients did not differ signifi-
cantly from that predicted by both models.

The calibration in our sample appears to be better
than reported elsewhere, in studies devoted to SAPS II
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Table 3 Lemeshow-Hosmer goodness-of-fit H and C statistics for APACHE II

Risk of death No of ICU admissions Observed survivors Predicted survivors Observed deaths Predicted deaths
H statistic?

0.0-0.1 750 715 708.6 35 41.4
0.1-0.2 482 410 412.5 72 69.5
0.2-0.3 177 140 134.0 37 42.9
0.3-0.4 121 79 79.5 42 41.6
0.4-0.5 54 30 29.9 24 24.1
0.5-0.6 52 26 23.3 26 28.8
0.6-0.7 33 7 11.7 26 21.3
0.7-0.8 20 2 5.0 18 14.9
0.8-0.9 25 4 3.6 21 21.4
0.9-1.0 7 1 0.4 6 6.6
Total 1721 1414 1408.5 307 312.5
C statistic?

0.00-0.03 173 171 168.8 2 4.2
0.03-0.05 172 165 164.9 7 7.1
0.05-0.06 172 162 161.5 10 10.5
0.06-0.09 172 162 158.2 10 13.8
0.09-0.11 172 149 154.3 23 17.7
0.11-0.15 172 151 149.1 21 22.9
0.15-0.19 172 142 142.7 30 29.3
0.19-0.27 172 139 132.8 33 39.2
0.27-0.42 172 113 113.5 59 58.5
0.42-1.00 172 60 62.7 112 109.3
Total 1721 1414 1408.5 307 312.5

2 = 3.87, degrees of freedom = 10, p > 0.9
5% = 5.05, degrees of freedom10, p > 0.9

Table 4 Uniformity of fit of SAPS II and APACHE II. Stratifica-
tion by age groups, year of ICU admission, type of ICU admission
and location before ICU admission (OR/ED operative room/emer-

gency department, SMR standardized hospital mortality ratio, CI
confidence interval)

n SAPSII APACHE II
ROC H C SMR ROC H C SMR
(95% CI) (95% CI)

Age groups (years)

<55 219 0.783 7.77 17.17 1.00 (0.84-1.24) 0.844 1.94 3.49 0.93 (0.80-1.09)

56-65 320 0.827 4.48 8.35 1.10 (0.96-1.27) 0.819 8.65 10.74 1.15 (1.02-1.32)

66-75 696 0.837 8.45 10.62 0.85 (0.78-0.92) 0.837 5.30 8.66 0.94 (0.87-1.01)

>76 486 0.791 6.81 7.80 0.82 (0.76-0.89) 0.768 2.43 8.22 0.97 (0.90-1.06)
Type of ICU admission

Scheduled surgical 938 0.721 15.57 16.32 0.68 (0.63-0.73)***  0.717 6.37 11.97 0.77 (0.73-0.82)

Urgent surgical 461 0.820 8.61 12.15 0.85 (0.79-0.91) 0.778 1.27 6.96 0.95 (0.89-1.02)

Medical 322 0.771 15.74 42.89*  1.17 (1.07-1.30) 0.750 18.05 24.67%%  1.22 (1.13-1.34)
Location before ICU

OR/ED 1434 0.838 17.74 19.55%** .79 (0.74-0.84)** 0.813 5.23 7.89 0.92 (0.88-0.98)

Ward 287 0.710 30.90*  60.57*  1.22 (1.11-1.35) 0.718 17.66 21.10%#* 1.13 (1.05-1.24)

#p < 0.001, **p < 0.01, ***p < 0.05

[6,7, 8,24] and APACHE II [6, 24, 25, 26] using both C
and H Lemeshow-Hosmer statistics. Unfortunately, the
low number of patients in our higher risk groups could
have introduced a bias. Zhu et al. [27] showed that the
goodness-of-fit statistic increases as hospital outcome
diverges increasingly from that observed in the data
used from the original model development, although

this tendency seems to be diminished when the sample
size is small. On the other hand, in very large samples
of ICU patients, even if the hospital mortality pattern
differs by only one or two percentage points from the
original, the models may demonstrate poor fit. Accord-
ing to this simulation study [27], the largest databases
on SAPSII [8] and APACHEII [26], considering
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10,027 and 8,724 cases, respectively, showed the highest
goodness-of-fit values. Moreover, two studies showing
poor calibration, and performed on 1733 [7] and
1325 patients [24], reported an observed hospital mor-
tality differing by 9.5 % [7] and 5.1 % [24] from that pre-
dicted by SAPS II and by 3.8 % [24] from that predicted
by APACHE II.

The results about calibration from the study per-
formed by Moreno et al. [6] in 982 patients appear to
be more intriguing because the general sample size
seems adequate, and the difference between observed
and predicted hospital mortality is low (0.6% for
SAPSII and 1.5% for APACHE II). Nevertheless, the
goodness-of-fit demonstrated a poor calibration [6].
The data analyzed in that study [6] were collected in 19
Portuguese ICUs, and differences among ICUs were
quite large, with individual ICU SMR values ranging
from 0.69 to 1.72 for SAPS II and from 0.42 to 1.63 for
APACHE II. The authors concluded that their results
do not allow the use of SAPS II and APACHE II to an-
alyze quality of care, but no one can exclude that the dif-
ference in ICUs was responsible for the poor calibra-
tion. The studies in which a model (APACHE II)
showed a good calibration curve were performed in
two Canadian university teaching hospital ICUs of the
same town [16], collecting 1724 patients, and in one
Hong Kong teaching hospital ICU [28], on 1573 pa-
tients. In these studies observed hospital mortality dif-
fered by 0.1 % [16] and 2% [28], respectively, from the
predicted one. Unfortunately, the authors applied linear
regression analysis to the calibration curve instead of
the Lemeshow-Hosmer goodness-of-fit statistics. Their
r* values were 0.99 [16] and 0.98 [28], which are similar
to those found in the present study (0.97 for SAPS II
and 0.99 for APACHE 1I).

Ideally, models should be well calibrated in all sub-
groups of patients represented in an ICU before they
can be safely applied for risk adjustment. When the pa-
tients were stratified according to type of ICU admis-
sion and location in the hospital before ICU admission,
the observed hospital mortality was significantly higher
than that predicted by either model in medical admis-

sions and in patients admitted from the ward, as report-
ed by others [28, 29]. Moreover, the calibration was re-
ported to be good in studies in which the proportion of
surgical cases was 60% [28] or 50% [16] and poor in
those studies in which the proportion of surgical cases
was 35 % or lower [22, 23, 24]. From a clinical point of
view it is not surprising that the medical patients admit-
ted first to the ward and then showing such deteriora-
tion as to need intensive care have outcomes which are
poorer than those admitted from operative room or
emergency department.

Our results are quite different from those obtained
by others in the same country [5, 30]. In our study the
calibration curve showed a good fit, especially in pa-
tients with predicted risk of death lower than 60 % . The
lack of fit reported by others was associated with an
overall underprediction of mortality, especially in pa-
tients with predicted risk of death lower than 50 % [5]
or between 30% and 60 % [30]. One study including 99
ICUs from all parts of Italy and collecting a total sample
of 1393 patients during 1 month [5] attributed the lack
of fit to the great variability in unmeasured case-mix
across ICUs and to the model. In the other, considering
6794 patients from 24 ICUs in northern Italy [30], the
lack of fit was suggested to be due to lead-time bias
[31] and length of stay in ICU. Nevertheless, the bad fit
could be due to the high number of medical admissions
in both studies (56.2 % [5] and 43.6 % [30]). Moreover,
in one study the most frequent location of patients in
the hospital before ICU admission was ward (62.8 %
[30]) and in the other 29.3% of cases were admitted
from main hospital and 7.8 % from other ICUs [5].

In conclusion, this study validates both SAPS II and
APACHE II scores in an ICU population composed
mainly of surgical patients. Generally, discrimination
and calibration of the models considered appeared to
be good, even if the calibration curve showed hospital
mortality rate to be overpredicted by SAPS II and un-
derpredicted by APACHE II in patients with predicted
risk of death higher than 60 %. The type of ICU admis-
sion and the location in the hospital before ICU admis-
sion influenced the predictive ability of the models.
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