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ORIGINAL

Ratios of observed to expected mortality
are affected by differences in case mix

and quality of care

Abstract Objectives: To validate
SAPS II-AM, a recently customized
version of the Simplified Acute
Physiology Score IT (SAPS IT) in a
larger cohort of Austrian intensive
care patients and to evaluate the ef-
fect of the customization process on
the ratio of observed to expected
mortality.

Design: Prospective, multicentric
cohort study.

Patients and setting: A total of

2901 patients consecutively admit-
ted to 13 adult medical, surgical, and
mixed intensive care units (ICUs) in
Austria.

Measurements and results: After the
database was divided randomly into
a development sample (n = 1450)
and a validation sample (n = 1451),
logistic regression was used to de-
velop a new model (SAPS II-AM2).
The original SAPS II, the SAPS II-
AM, and the newly developed
SAPS II-AM2 were then compared
by means of calibration, discrimina-
tion and O/E ratios. Differences in
O/E ratios before and after custom-
ization (AO/E) were calculated. The
Hosmer-Lemeshow goodness-of-fit
H and C statistics revealed poor cal-
ibration of the original SAPS II on
the database. The new model,

Introduction

In recent years quality management has become an im-
portant issue in intensive care medicine as in other

SAPS II-AM2, performed better
than the SAPS II-AM and excellent
in the validation data set. However,
mean O/E ratios varied widely
among diagnostic categories (range
0.55-1.05 for the SAPS II). More-
over, the AO/E of the 13 ICUs rang-
ed from -3.6 % to +25 %.
Conclusions: Today’s severity scor-
ing systems, such as the SAPS 11, are
limited by not measuring (and ad-
justing for) a profound part of what
constitutes case mix. Changes in the
distribution of patient characteris-
tics (known and unknown) therefore
affect prognostic accuracy. First-lev-
el customization was not able to
solve all these problems. Using O/E
ratios for quality of care compari-
sons one must therefore be critical
when using these data and should
search for possible confounding fac-
tors. In the case of unsatisfactory
calibration, customized severity of
illness models may be useful as an
adjunct for quality control.

Key words Severity of illness -
Outcome - Customization -
Mortality prediction - Uniformity of
fit - Simplified Acute Physiological
Score 11

fields. Outcome research provides the tools to compare

different outcomes and adjust for the variability of

structures and processes. To compare data from differ-
ent institutions one has to adjust for the heterogeneity
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of patients in such categories as age, sex, chronic illness,
underlying disease, and severity of the ongoing illness.
This is called case-mix adjustment.

Severity scoring systems have been developed for use
in such adjustments. To adjust for severity of illness, pre-
dicted hospital mortality (which is calculated by means
of a severity of illness scoring system) is compared with
the actual (observed) mortality. The ratio of observed to
expected deaths (O/E ratio) has become standard for as-
sessing the clinical performance of intensive care units
(ICUs) on the assumption that scoring systems are able
to adjust for the case mix of a specific population. If this
were true, any differences in the risk-adjusted outcome
data would be related to differences in the provided care.

Recent studies have shown that this assumption may
not be valid, and that the performance of these predic-
tive models may be affected by other factors [1, 2]. In a
European multicenter study the Simplified Acute Phys-
iology Score II (SAPS II) was found to overestimate
hospital mortality and to give improper calibration
across subgroups [1]. We found a similar pattern in Aus-
trian ICU patients [3]. Customization of a general sever-
ity of illness score by deriving a new logistic regression
equation has been advocated as being useful in these cir-
cumstances [2, 4, 5]. However, Moreno et al. [2] have
demonstrated that, although customization can improve
the overall predictive performance of a model, it does
not solve other model-related problems, especially in-
homogeneity across patient subgroups.

Severity of illness data and O/E ratios are being used
increasingly by governmental and commercial institu-
tions to assess the clinical performance of ICUs [6]. A
recent study has even suggested that these data may be
useful to classify ICUs into different levels of perfor-
mance [7]. It is therefore of utmost importance to evalu-
ate the performance of the statistical models used to
generate these data and to detect any potential con-
founding factors.

We recently demonstrated that a first-level custom-
ized version of the SAPS II that we call SAPS II-AM
(AM for “Austrian model”) improved the accuracy of
the prediction of hospital mortality in Austrian ICU pa-
tients [3]. The aim of the present study was to validate
the customized model in a larger cohort of Austrian
ICU patients and to assess further the effect of custom-
ization on O/E ratios.

Material and methods

Database

Data were collected by the Austrian Center for Documentation
and Quality Assurance in Intensive Care Medicine, a nonprofit or-
ganization that is in the process of establishing a national intensive
care database and external quality assurance program [8]. The col-

lected data set includes sociodemographic data (age, sex, reason
for admission, chronic condition); severity of illness as measured
by the SAPS II; and outcome data, including vital status and date
of ICU discharge and vital status and date of hospital discharge.
Data were prospectively collected in 13 Austrian ICUs between 1
March 1997 and 30 June 1998. Ten ICUs were postoperative (oper-
ated by staff of the Department of Anesthesiology), and three
were medical ICUs (operated by staff of the Medical Department).
Four ICUs were located in teaching hospitals, four in central refer-
ral hospitals, and five in rural hospitals. Since no additional inter-
ventions were performed the need for informed consent was
waived by the institutional review board.

Data quality

The quality of the data was tested on the first half of the data col-
lection. To assess the reliability of the data we sent an independent
observer to each unit to obtain SAPS II data from the histories of a
random sample of ten patients. Variance-component analyses with
the random factors “units,” “patients within units,” and “observers
within units” were performed (SAS procedure “varcomp”) as de-
scribed previously [8]. To assess the completeness of the documen-
tation we calculated the number of missing parameters for each
SAPS II score.

Statistical analysis

To evaluate whether the recently developed SAPS II-AM model
[3] remains stable in a larger cohort of patients we considered the
following steps to be important: (a) to determine the performance
of the original SAPS II and the SAPS II-AM, (b) to develop a
new model (SAPS II-AM2) and validate it in an independent sam-
ple, and (c) to assess the stability of the customization by compar-
ing the different models.

To test the prognostic performance of the various models, we
used standard tests. The Hosmer-Lemeshow goodness-of-fit C sta-
tistic (with 10 d.f.) [9] was used to evaluate calibration which was
considered satisfactory when the p value was > 0.05. Discrimina-
tion was tested by measuring the area under the receiver operating
characteristic (ROC) curve [10]. O/E ratios were calculated by di-
viding the number of observed deaths per group by the number of
expected deaths per group (as predicted by the three respective
models). To test for statistical significance we calculated 95 % con-
fidence intervals (CI) according to the formula described by Hos-
mer and Lemeshow [11].

After evaluating the calibration of SAPS II and SAPS II-AM
on all patients we divided the database randomly into two samples:
development (n = 1450) and validation (n = 1451). The two sam-
ples were comparable with respect to age, length of stay, severity
of illness, and observed mortality (Table 1). The development sam-
ple was used to develop a new predictive model, using the same ap-
proach as for SAPS II-AM [3]: a logistic regression equation for
the hospital mortality prediction was derived with the SAPS II
score as the independent variable and outcome from hospital as
the dependent variable. The new model (SAPS II-AM2) was then
tested in the validation sample by means of the procedures de-
scribed above. Furthermore, the effect of the customization pro-
cess on O/E ratios was assessed: O/E ratios of patient subgroups
and of ICUs (Table 3) were calculated, using the predicted mortal-
ity of the original SAPS II and the customized models. Differences
between these O/E ratios were calculated and expressed as a per-
centage difference (AO/E) to the value, derived with the original
SAPSII.
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Statistical analysis was performed using the SAS system, ver-
sion 6.11. For the comparison of development and validation sam-
ples Student’s rtest and Wilcoxon rank sum tests were used as ap-
propriate. A p value less than 0.05 was considered significant. Un-
less otherwise specified, results are expressed as mean + SD.

Results

Data from 13 ICUs were included in the study, repre-
senting 3536 consecutive admissions. From these we ex-
cluded readmissions (n =56), patients aged under
18 years (n = 149), those whose records were missing
hospital outcome data (n =348), and those without
SAPSII score (n=82). The remaining patients
(n=2901) were included in the analysis. Basic demo-
graphic data of the patients are shown in Table 1.
Completeness of the documentation was satisfactory.
On average 1.3 + 1.9 SAPS II parameters were missing.
Interrater quality control was performed by variance-
component analysis. The results, which have been pub-
lished elsewhere [3], indicated an overall excellent
grade of agreement: interobserver variability on most
of the variables was less than 1%. In the case of only a
few variables (temperature, urine output, serum bicar-
bonate, Glasgow Coma Scale score) up to 15% of the
total variance was attributed to interobserver variabili-

ty.

Evaluation of the original SAPS II model

As previously demonstrated [3], calibration of the origi-
nal SAPS II model on all patients was poor (Table 2).

SAPS II underestimated mortality in the lowest deciles
of risk (0-20 % mean risk of predicted hospital mortali-

Table 1 Basic demographic data

ty) and overestimated mortality in the higher deciles of
risk (> 30% mean risk of predicted hospital mortality).
Discrimination of the SAPS II was good, with an area
under the ROC of 0.83. Calibration was poor when pa-
tients were grouped according to the types of admission
(medical, scheduled surgical, and unscheduled surgical).

Evaluation of the SAPS II-AM model

Evaluation of the customized model SAPS II-AM
showed a better, although not ideal, calibration (Ta-
ble 2). Application of this model improved the fit in sub-
groups of scheduled and unscheduled surgical admis-
sions, but not in medical admissions.

Evaluation of the SAPS II-AM?2 model

After development of a new predictive model (SAPS 1I-
AM?) using the development sample (n = 1450), valida-
tion was done in the independent validation sample
(n=1451) and showed excellent calibration (Table 2).
Calibration improved significantly (compared with the
previous models) when patients were grouped by type
of admission. Discrimination was similar, with areas un-
der the ROC curve of 0.83 for both development and
validation samples.

Evaluation of the ratios of observed to expected deaths

Mean predicted hospital mortality for all patients dif-
fered significantly between the three models (SAPS 11,
233%, 95% CI 22.34-24.29%; SAPS II-AM, 19.9%,
95% CI19.13-20.57 %; SAPS 1I-AM2, 21.5 %, 95 % CI

All patients Development sample ~ Validation sample p*

(n =2901) (n = 1450) (n =1451)
Age (years; mean + SD) 61.5+16.8 61.6 +16.8 61.4 £16.8 0.802
ICU length of stay (days; median and range) 4 (0-121) 4 (0-121) 4 (0-105) 0.390
SAPS II score (median and range) 29 (0-115 29 (0-115 29 (0-98) 0.976
SAPS II predicted risk (median and range) 10 (0-100) 10 (0-100) 10 (0-98) 0.531
Observed ICU mortality 477 (16.5%) 245 (16.9%) 232 (16.0%) 0.255
Observed hospital mortality 612 (21.1%) 312 (21.5%) 300 (20.7 %) 0.289
Type of admission
Medical 1319 (45.6%) 641 (44.3%) 678 (46.9%) 0.914
Scheduled surgical 920 (31.8%) 470 (32.5%) 450 (31.1%) 0.209
Unscheduled surgical 655 (22.6%) 336 (23.2%) 319 (22.0%) 0.222
TISS 28 score per patient per day (median and range)®  24.1 (0-65) 24.6 (0-62.2 23.5 (0-65) 0.147
Mechanical ventilation® 48.0% 49.6 % 46.3% 0.001
Renal replacement therapy® 4.8% 4.4% 52% 0.003

2Student’s ¢ test or Wilcoxon rank sum test between development and validation samples

"Percentage of days when these activities were performed
¢ Simplified Therapeutic Intervention Scoring System
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Table 2 Uniformity of fit for the original SAPS 11, the SAPS II-AM, and the SAPS II-AM2 (n number of admissions, C test Hosmer-
Lemeshow goodness-of-fit C test, ROC area under the receiver operating characteristic curve)

Original SAPS II SAPS II-AM SAPS II-AM2 (validation sample)
n ROC Ctest p OE CI Ctest p OE CI n ROC Ctest p O/E (I

All patients 2901 0.83 691 <0.001 090 0.85-0.96* 20.7 0.02 1.06 1.00-1.13 1451 083 148 014 096 0.88-1.05
Types of

admission

Medical 1319 085 231 0.01 1.02 095-1.08 440 <0.001122 1.14-131 678 0.85 120 029 1.09 0.98-1.20
Scheduled

surgical 920 0.74 433 <0.001 0.85 0.70-1.00 11.7 030 0.87 0.70-1.03 450 077 13.0 022 084 0.61-1.06
Unscheduled

surgical 655 0.80 581 <0.001 0.72  0.63-0.82* 13.0 022 089 0.77-1.01 319 078 189 004 081  0.66-0.96*
*Cl#1

Table 3 O/E ratios of participating ICUs (O/E O/E ratio, CI confidence interval, ICU type description of the associated specialty, medi-
cal ICUs associated with a medical department, postoperative/trauma ICUs staffed by department of anesthesiology)

SAPS II SAPS II-AM SAPS II-AM2

Unit O/E 95% CI O/E 95% CI O/E 95% CI ICU type
A 0.56 0.32-0.80* 0.62 0.33-0.90* 0.58 0.31-0.85* Medical
B 0.58 0.45-0.72* 0.70 0.54-0.87* 0.65 0.49-0.80* Postoperative
C 0.58 0.21-0.94* 0.69 0.24-1.13 0.63 0.22-1.04 Postoperative
D 0.60 0.46-0.74* 0.75 0.57-0.94* 0.68 0.52-0.85* Postoperative
E 0.72 0.48-0.95* 0.75 0.48-1.01 0.71 0.46-0.96* Postoperative
F 0.81 0.48-1.14 0.93 0.51-1.35 0.86 0.48-1.25 Postoperative
G 1.02 0.64-1.40 1.18 0.74-1.62 1.09 0.68-1.51 Postoperative
H 1.03 0.87-1.19 1.17 0.99-1.36 1.09 0.91-1.27 Postoperative
I 1.05 0.85-1.26 1.15 0.91-1.38 1.08 0.85-1.30 Trauma
J 1.11 1.02-1.20%* 1.38 1.26-1.50* 1.26 1.15-1.37* Medical
K 1.11 0.70-1.52 1.12 0.68-1.56 1.07 0.65-1.49 Medical
L 1.12 0.92-1.32 1.28 1.04-1.53%* 1.19 0.97-1.42 Postoperative
M 1.29 0.97-1.60 1.54 1.14-1.94* 1.41 1.05-1.78* Postoperative
* CI different from 1

- o 1 in- = =
20.71-22.32 %). The mean O/E ratio for the 13 ICUs in Discussion

cluded in the study changed from 0.89 + 0.26 (95% CI
0.75-1.03) in the original SAPS II model to 1.02 + 0.30
(95% CI 0.86-1.18) in the SAPS II-AM model and to
0.95 £ 0.27 (95% CI 0.80-1.10) for the SAPS II-AM2
model. The AO/E for the 13 ICUs ranged from +0.9 %
to +25.0% (average 14.8 £ 7.2 %) for the SAPS II-AM
and from -3.6% to +13.3% (average 6.4 +5.2%) for
the SAPS II-AM2 (Table 3, Fig. 1).

The O/E ratios in the eight most frequent reasons for
admission categories for the original SAPS II model
ranged from 0.55 to 1.05 (median 0.85), reflecting a dif-
ferent performance of this model in each of the catego-
ries (Table 4). This variability remained in the custom-
ized models. For several surgical patients (abdominal,
general, trauma, and transplant surgery), the O/E ratio
was significantly different from 1. Although the custom-
ization process corrected this for abdominal and trauma
surgery, it did not do so for general and transplant sur-

gery.

We report on the validation of a customized model of a
general severity of illness score for ICU patients in a Eu-
ropean country. The prognostic accuracy of the original
SAPS II model over several subgroups of patients was
not satisfactory. This has been demonstrated both for
Austrian ICU patients [3] and for a larger cohort of pa-
tients in several European countries [1].

There are several possible explanations for these re-
sults. First, SAPS II does not take into account all the
factors that are known to affect outcome. For example,
diagnostic coding: two patients with similar physiologi-
cal derangements may have different prognoses de-
pending on the underlying disease that led to the ICU
admission [12]. This may partially explain the variability
in O/E ratios in the eight most frequent reasons for ad-
mission (Table 4). Second, our results demonstrate that
the lack in the uniformity of fit of the SAPS II was also
attributable to factors that are included in the model.
Patients who were classified as “medical admissions”
had consistently higher O/E ratios than those classified



1470

SAPS II-AM
SAPS II-AM2

A O/E, %

Units

Fig.1 AO/E for the SAPS II-AM and the SAPS II-AM2. Differ-
ences in O/E ratios of the 13 participating ICUs before and after
customization (AO/E). Values are shown as percentage change
from the O/E ratios calculated from the original SAPS II model

as scheduled or unscheduled surgical admissions (Ta-
ble 2). An ICU with a high proportion of medical pa-
tients may therefore have a higher mean predicted mor-
tality and O/E ratio than a unit with a high proportion of
surgical patients. Third, there exist a variety of factors
(known and unknown) which are not included in the
SAPS II, but which contribute to the phenomenon of
unmeasured case mix. For example, it is not known to
what extent the diversity of organization, education,
and practice of intensive care medicine affects the out-
come of patients [13].

We recently demonstrated an improvement in cali-
bration of the SAPS II through first-level customization
[3]. However, this model, SAPS II-AM, had not yet
been validated. The SAPS II-AM?2 was therefore devel-
oped on a randomized sample of the database. Valida-
tion of this model showed excellent performance in the
validation sample; there was a significant improvement

in the goodness of fit (Table 2) compared to the SAPS 11
and also to the SAPS II-AM. This improvement was
seen not only for the cohort of all patients but also for
the subgroups of admission types (medical, scheduled
surgical, and unscheduled surgical). The remaining dif-
ference between the SAPS II-AM and the SAPS II-
AM?2, however, shows that even minor changes in case
mix affect the performance of a prognostic model. The
optimal performance can be found only in a sample
with a case mix identical to that of the development
sample.

Performance of the SAPS II differed significantly be-
tween diagnostic categories, as shown by the respective
O/E ratios (reasons for admission, Table 4). Should we
therefore use reasons for admission to predict outcome?
There has been a long discussion about this issue. As yet
there is no internationally accepted classification of
ICU admissions. It is especially unclear how to deal
with patients with multiple diseases. This may also ex-
plain why the reason for admission was the parameter
that was most often missing in our study: 186 patients
(6.4 %) had no documented reason for admission, which
supports the usefulness of a severity of illness system
without the need for coding a disease at admission (as
e.g., the SAPS II) for the assessment of the whole ICU
population. O/E ratios between different disease
groups, however, should possibly be compared with a
system that takes this factor into account, but only if
the definitions of the diseases are precise enough.

O/E ratios have commonly been used to compare the
quality of care between different ICUs. The standard-
ization of a unit’s mortality through case-mix adjust-
ment has been said to allow for an objective approach
to these data [14]. Our results show that customization
changed both predicted hospital mortality and O/E ra-
tios to varying degrees (Fig. 1). Moreover, O/E ratios
differed widely across subgroups in reason for admis-
sion (Table 4). Although it is in general be more difficult
to establish the significance of the difference from 1 for
the O/E ratio in smaller subgroups, we found various
clear deviations. Neither the number of deviations nor

Table 4 Mean predicted and observed mortality for the most frequent reasons for admission (frequency data do not apply to the
SAPS II-AM2; n number of admissions, OM observed mortality, PM predicted mortality, O/E O/E ratio)

Mortality SAPS 11 SAPS II AM SAPS II AM2

Reason for admission  n % OM (%)PM (%) O/E CI PM (%) O/E CI PM (%) O/E CI
Cardiovascular disease 463  16.0 24.6 27.0 094 0.83-1.04 23.1 110  0.96-1.23 25.0 1.01  0.89-1.14
Trauma surgery 404 139 146 18.0 0.81  0.64-0.98* 15.8 092 0.72-1.12 17.0 0.86 0.67-1.04
Abdominal surgery 387 133 199 234 0.85  0.71-0.99* 19.9 1.00  0.82-1.17 21.6 092 0.76-1.08
General surgery 318 110 72 13.2 0.55  0.31-0.78* 12.6 0.57 0.31-0.84* 133 0.54  0.29-0.79*
Cardiovascular surgery 256 8.8 1438 16.4 091 0.68-1.13 15.0 099 0.73-125 16.0 093  0.68-1.18
Respiratory disease 200 6.9 315 30.1 1.05  0.89-1.21 25.0 126  1.06-1.46* 27.3 116 0.97-1.34
Neurological disease 143 49 245 28.7 0.85 0.64-1.06 23.0 1.06  0.79-1.33 254 096 0.72-1.21
Transplant surgery 114 39 114 20.4 0.56  0.25-0.87* 17.4 0.66 0.29-1.03 188 0.61  0.26-0.95*

* CI different from 1
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their extent can be fully explained by arguments of mul-
tiplicity of testing. For example, the six significant devi-
ations of O/E ratios among the 13 ICUs (Table 3) and
the very low O/E ratio for the subgroup of general sur-
gery in Table 4 (p <0.001 for testing against O/E ra-
tio=1).

These results demonstrate that, to an unknown ex-
tent, differences in O/E ratios are attributable to differ-
ences that are not related to the quality of provided
care. It is inevitable that this behavior will affect the
overall O/E ratio of ICUs: An ICU with a high propor-
tion of a specific patient group could accordingly exhibit
lower or higher O/E ratios (Table 4). One can hypothe-
size an ICU, for example, with only postoperative trau-
ma or transplant patients. Since SAPS II overestimates
mortality in these patients grossly, this ICU would
therefore exhibit a lower overall O/E ratio. We found
no correlation, however, between ICU type (medical
vs. postoperative) or hospital type (teaching vs. non-
teaching) and O/E ratios (Table 3) in this study. This
suggests that other, unmeasured case-mix factors affect
O/E ratios as well.

It seems, ideally, that at least two criteria must be met
before O/E ratios can be used for interunit comparisons:
(a) the distribution of patients between units should be
identical, and (b) the calibration of the severity of illness
model should be satisfactory. The first of these two cri-
teria may be met by grouping similar ICUs and compar-
ing them, if possible, within each group (e.g., neurosur-
gical ICUs, trauma units). Regular assessment of the
calibration of the model used (as recommended by the
consensus conference on outcome prediction of the Eu-
ropean Society for Intensive Care Medicine [15]) may
be necessary to meet the second criterion

A recent study has suggested that ICUs with O/E ra-
tios that are statistically significant different from 1
should be further evaluated for possible problems in
the process of care [9]. Our study identified several
ICUs whose O/E ratios were significantly different
from 1 (Table 3). The question arises as to whether we

can use these data still for the detection of differences
in the quality of care, although the above mentioned
“ideal” criteria are not completely fulfilled (e.g., the dis-
tribution of patients was quite heterogeneous in the pre-
sent study). Take, for example, the two extremes on the
scale of O/E ratios from Table 3: ICU A (a highly spe-
cialized medical ICU in a tertiary referral center) with
an O/E ratio of 0.58 (0.31-0.85, with the SAPS II-
AM?2) and ICU M (a postoperative ICU in a rural
setting) with an O/E ratio of 1.41 (1.05-1.78, with the
SAPS II-AM2). Although ICU A has a high proportion
of patients with medical admissions, it has a low O/E ra-
tio. In contrast, ICU M has a high proportion of surgical
patients but a high O/E ratio. In these circumstances we
can conclude that these differences are likely related to
differences in the quality of care and should therefore
lead to further investigation.

Customized severity of illness models could be used
in this setting as an instrument in the quality control of
O/E ratios. For example, O/E ratios derived from the
original model may be compared with those from the
customized model. As a possibility, only O/E ratios that
are significantly different from 1 in both models would
then be evaluated further. The customized model would
thus be used to find and filter out possible artifacts re-
sulting from inadequate calibration of the original mod-
el.

In conclusion, our results demonstrate that today’s
severity scoring systems, such as the SAPS II, are limit-
ed by not measuring (and adjusting for) a profound
part of what constitutes case mix. Changes in the distri-
bution of patient characteristics (known and unknown)
therefore affect prognostic accuracy. First-level custom-
ization was not able to solve all these problems. Using
O/E ratios for quality of care comparisons, one must be
critical when using these data and should search for pos-
sible confounding factors. In the case of unsatisfactory
calibration, customized severity of illness models may
be useful as an adjunct for quality control.
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