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Abstract

Objective: To compare the performance of three severity of illness scoring systems used commonly for
intensive care unit (ICU) patients in a large international data set. The systems analyzed were versions
II and III of the Acute Physiology and Chronic Health Evaluation (APACHE) system, versions I and II of
the Simplified Acute Physiology Score (SAPS), and versions I and II of the Mortality Probability Model
(MPM), computed at admission and after 24 hrs in the ICU.

Design: A multicenter, multinational cohort study.

Setting: One hundred thirty-seven ICUs in 12 European and North American countries.

Patients: During a 3-month period, 14,745 patients were consecutively admitted to 137 ICUs enrolled
in the study.

Interventions: Collection of information necessary to compute the APACHE II and APACHE III scores,
SAPS I and SAPS II, and MPM I and MPM II scores. Patients were followed until hospital discharge.
Statistical comparison, including indices of calibration (goodness-of-fit) and discrimination (area under
the receiver operating characteristic curve).

Measurements and Main Results: Despite having acceptable receiver operating characteristic areas,
the older versions of the systems analyzed (APACHE II, SAPS, and MPM I computed at admission-
MPM I computed after 24 hrs in the ICU) demonstrated poor calibration for the whole database. The
new versions of the systems (SAPS II and MPM II) were superior to their older counterparts. This
superiority is reflected by larger receiver operating characteristic areas and better fit. The APACHE III
system improved its receiver operating characteristic area compared with the APACHE II system,
which showed the best fit of the old systems analyzed.

Conclusions: The new versions of the severity systems analyzed (APACHE III, SAPS II, MPM II) perform
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better than their older counterparts (APACHE II, SAPS I, and MPM I). APACHE II, SAPS II, and MPM II
show good discrimination and calibration in this international database.

(Crit Care Med 1995; 23:1327-1335)

KEY WORDS: severity of illness index; patient outcome assessment; mortality rate; critical care; intensive
care; Acute Physiology and Chronic Health Evaluation; receiver operating characteristic curve

The need for quantitative methodology in evaluating medical activities is becoming increasingly
appreciated. Such methods have been accepted widely for use in critical care patients. Systems to
analyze severity of disease have been used since 1981 when the Acute Physiology and Chronic Health
Evaluation (APACHE) scoring system was introduced [1]. This system was designed using a subjective
method to weight several variables determined by a panel of experts to be the most important. Although
validation of the system was never well documented and was cumbersome to use, its introduction was a
landmark since it represented the first time that a quantitative evaluation of severity of disease was
introduced into the intensive care environment. In 1984, Le Gall et al. [2] showed that an abbreviated
version of the original APACHE score performed with similar effectiveness. This system, known as the
Simplified Acute Physiology Score (SAPS), has been broadly used, especially in France and many
European countries. As is true with the APACHE system, the values of the variables chosen to compute
the score reflect the worst level in the first 24 hrs in the intensive care unit (ICU). In 1985, a new version of
APACHE, known as APACHE II, was published [3]. Although the APACHE II system also used an
abbreviated list of physiologic variables, it required that a single primary diagnosis be selected from a list.
The APACHE II system used a logistic regression equation to compute the probability of death for each
patient. Since then, APACHE II has been the most broadly used system in the world.

Using a completely different approach, based on the selection of the most influential variables by logistic
regression, Teres et al. [4] developed a model in 1982 for estimating the probability of mortality for ICU
patients. This model eventually evolved into the Mortality Probability Model (MPM) in 1985 [5]. These
models were validated and refined in 1988 [6] and are now being used routinely in many hospitals. The
system was built upon three unique models--one used at the time of admission to the ICU, another at 24
hrs, and a third at 48 hrs of ICU stay. An over-time model was also developed [5]. As was true for SAPS,
the MPM system did not require the selection of a primary diagnosis.

Recently, new versions of the three systems have been released. APACHE III is similar in concept to
APACHE II [7,8]. Logistic regression was used to select the ranges of the variables and to allocate point
assignments to the various ranges. Additional information was added to the system with a lengthening of
the list of primary diagnoses and location of the patient before ICU admission [9]. At the time of this study,
the APACHE III model could be used only in conjunction with a computerized system that must be
purchased through APACHE Medical Systems, Washington, DC. The new version of SAPS, SAPS II [10],
also used logistic regression to select the variables, its ranges, its point assignments, and the algorithm to
compute the probability of death. Using the same methodology, the new version of MPM, MPM II, was
published in 1993 [11] and completed with additional equations for 48 and 72 hrs [12].

Comparison of the models in the same population, using state of the art statistical methods, has been
considered imperative [13]. However, due to the complexity of carrying out such a study, direct
comparison of the performance of the systems has been uncommon [14-16]. The first European and North
American study on severity of disease of intensive care patients was designed with the main objective of
setting up a large database for the purpose of comparing the different systems. A large portion of the
database assembled in this study was also used as the developmental sample for the SAPS II and MPM II
models [10,11].
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This article presents the results of the first comparison of the systems currently in use in the ICU
environment in a large population of patients from 12 countries during the same study period. We include
an analysis of the comparison of the performance of the older versions of the systems (APACHE II, SAPS,
MPM), a comparison of the performance of the old vs. the new versions of each of the systems (APACHE
II vs. APACHE III; SAPS I vs. SAPS II; MPM I vs. MPM II), and a comparison of the new systems among
each other.

MATERIALS AND METHODS
Organization of the International Study.
One hundred thirty-seven ICUs in 12 countries volunteered to participate in the study Appendix 1 (Table 5,
Table 6, and Table 7). A coordinator was appointed in every country to centralize the information collected,
check its accuracy, and mail the assembled data every 2 wks to the University of Massachusetts. Data
were then checked for accuracy and completeness and compiled into a large database. Data were entered
onto paper forms and into a specially designed computer program that checked for out-of-range values,
and was available in both IBM and Macintosh formats. Data collection included all the variables necessary
to complete the APACHE II, APACHE III score, MPM I or SAPS I models, along with information for
developing the new versions of SAPS and MPM. A comprehensive operations manual, describing study
procedures, data collection requirements, and variable definitions, was distributed to each participating
institution. Continuous support was provided during the study by telephone, fax, and electronic mail.
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Table 5. Appendix 1. The European/North American Severity Study Group: Participating hospitals, country
coordinators and data collectors
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Table 6. Appendix 1 continued
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Table 7. Appendix 1 continued

From September 30, 1991 to December 27, 1991, all consecutive admissions >or=to18 yrs of age were
enrolled in the study. Burn, coronary care, and cardiac surgery patients were excluded from statistical
analyses. Patients were followed to hospital discharge, and their survival status was registered. Any
patient still in the hospital on February 28, 1992 was dropped from the study.

Interobserver quality control was assessed by having each country coordinator complete a second set of
forms for a 5% random sample of every ICU's patients. The original and quality control forms were
compared and discrepancy was evaluated using the kappa statistic [17].

Data Analysis.
Probability of death for every patient in the database was calculated, using published coefficients and
equations along with the description of each ICU model [3,5,10,11]. Performance of every system was
analyzed, using indices of calibration and discrimination according to state of the art recommendations
[13].
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Calibration refers to the ability of a model to describe the mortality pattern in the data and is assessed
using formal goodness-of-fit testing [18]. However, it is applicable only to methods producing probabilities
of mortality. When the mortality predicted by a model differs significantly from the observed pattern, this
model does not calibrate well and the goodness-of-fit statistics are highly significant. These parameters (C
and H) result from two different strategies for grouping the estimated probabilities of mortality [18].

Discrimination refers to the ability of the model to separate those patients predicted to live from those
patients predicted to die and is measured using the area under the receiving operating characteristic curve
[19]. Tossing a coin to classify patients as dead or alive would produce an area under the receiver
operating characteristic curve of 0.50. A model is considered to discriminate well when this area is >0.8;
as a general rule, the bigger the area the better the discriminatory capability of the model. This method is
available for scores and probabilities but is only meaningful once the model has been shown to calibrate
well. Methods to compare areas under the receiver operating characteristic curve correcting for the degree
of correlation among observations have been described [20]. We decided not to use statistics based on 2
times 2 tables as measures of performance of the model because they convert probabilities to
dichotomous values. We believe that with this approach, a considerable amount of information is lost and
resulting conclusions can be misleading.

Using random numbers, the whole database was split into a developmental and a validation data set. In
total, 65% of cases were assigned to the developmental sample, and 35% to the validation sample. SAPS
II and MPM II were developed and validated, using these data sets according to standard statistical
criteria [21]. We were able to use the whole database when we compared the old severity systems.
However, any analysis including any of the new systems was restricted to the validation subsample of this
European/North American data-base. The methodologic approach used in the fragmentation and analysis
of different subsamples is depicted in Figure 1.

Figure 1. Study design. pts, patients; APACHE II-III, Acute Physiology and Chronic Health Evaluation; SAPS-SAPS
II, Simplified Acute Physiology Score; MPMo-MPMIIo, Mortality Probability Model at intensive care unit (ICU)
admission; MPM24-MPMII24, Mortality Probability Model at 24 hrs after ICU admission.

Although a general description of the APACHE III system has been published [7,8] and the distribution of
points for the acute physiology part of the system is available, the coefficients attributed to each diagnosis
were proprietary at the time of the study. As a consequence, we were able to compute APACHE III scores
but not probability of death, using this system.

RESULTS
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Data were collected on 14,745 patients in 137 ICUs in 12 countries. Excluded from the study were 1,593
patients because of incomplete records or the presence of one or more exclusion criteria. This exclusion
left 13,152 valid cases for data analysis. General characteristics of these patients by country are presented
in Table 1. The developmental sample included 8,467 patients, leaving 4,685 patients for validating and
comparing the systems Figure 1. Neither subsample differed significantly from the other in any of the
variables used in the models or diagnostic grouping.

Table 1. General characteristics of patients in the study (mean +/- SD)

We analyzed the old versions of SAPS, MPM computed at admission, MPM computed after 24 hrs in the
ICU, and the APACHE II, using a common sample for which complete information for the four systems was
available for the same individual subjects (12,802 patients in the whole database and 4,101 in the
validation sample) Table 2.

Table 2. Comparison of the old models (population, n = 12,802; Validation, n = 4,101)
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It was possible to evaluate the performance of the APACHE II score, the APACHE II probability of death,
and the discrimination of the APACHE III score, using those patients in the whole database who had all
three measures available for the same individual subjects (12,899 patients) Table 3. When we tested the
improvement in the receiver operating characteristic curve area of APACHE III compared with APACHE II,
it was highly significant (p < .0001). APACHE II and APACHE III scores were highly correlated (r2 = .827).

Table 3. Comparison of the old vs. the new systems

The performance of the old vs. the new MPM admission models was analyzed, using a common data set
in the validation sample only, with complete information for both systems in the same subjects (4,605
patients) Table 3. The calibration of the new MPM admission model was superior to that observed for the
older version. Area under the receiver operating characteristic curve for MPM II computed at admission
was also higher (81%) than was the case for the old MPM I computed at admission (77%) (p < .0001). The
correlation coefficient between MPM I computed at admission and MPM II was r2 = .583.
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The performance of MPM I after 24 hrs in the ICU vs. MPM II after 24 hrs in the ICU was compared using
only validation set patients who had both of these probabilities evaluated (4,101 patients) Table 3. The
area under the receiver operating characteristic curve for MPM II after 24 hrs in the ICU (83%) was higher
than for MPM I after 24 hrs in the ICU (82%) (p = .0001) and the correlation coefficient between MPM I
after 24 hrs in the ICU and MPM II after 24 hrs in the ICU was r2 = .795.

Since probabilities of mortality were unavailable for the original SAPS system, calibration could only be
assessed for the SAPS II probabilities. Discrimination could be assessed both for the original SAPS and
the SAPS II probability. Using only validation sample cases with information for the two systems (4,605
patients), the SAPS II model demonstrated acceptable fit (p = .02) and showed an increase in its
discriminatory capability (85%) when compared with the old SAPS (78%) (p < .0001) Table 3. Correlation
of SAPS and SAPS II scores was r2 = .636.

The performance of the new systems, APACHE III, SAPS II, MPM II at admission, and MPM II after 24 hrs
in the ICU probabilities of death, were compared using that subset of the patients in the validation sample
on whom information for all four systems was available for the same subjects Table 4. Each of the new
systems for which we could calculate probabilities calibrated acceptably well. The discriminatory
performance of each of these systems is good, as reflected by the areas under the receiver operating
characteristic curves.

Table 4. Comparison of the new models (n = 4,099)

DISCUSSION
Mortality prediction models are routinely used in many ICUs all over the world and they have been used to
compare critical care in different countries [22-25] and even to study ICU outcomes between ethnic
groups [26]. However, since patient characteristics and medical practice differ from country to country and
over time, exportation of one system developed in one time and one place to other settings should always
be preceded by formal goodness-of-fit testing. Such testing ensures that a given system fits the mortality
pattern observed in the country or hospital analyzed. Once calibration is appropriate, discrimination of the
model can be analyzed.
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The study on which the results presented in this paper were based included 12 developed countries in
which societies and medical practices could be considered similar enough to analyze them as a whole.
Defining reference models based on large international databases such as the one used in this report is
extremely important since they represent the standard to which any local analysis should refer to for the
purpose of quality comparisons.

The health status of a society, socioeconomic variables, and medical practices change with time. As a
result, it is not surprising that any system estimating probability of mortality based on data and technology
that were appropriate years ago would need updating. Despite showing acceptable discrimination, none
of the old systems (APACHE II, MPM I at admission, or MPM after 24 hrs in the ICU) calibrated well in the
whole international database and only APACHE II provided acceptable performance in the validation
sample. Given the huge number of patients studied in the whole population, it is not surprising that the p
values for the goodness-of-fit tests were so significant. The clinical significance of these large
discrepancies is probably less impressive than their statistical implications. Nevertheless, any
improvement in the fit of the predictive ability of a system to the mortality observed in the data set has to
be considered indisputable.

When comparing the new models to the old ones, improvement in performance was consistently
observed. To the best of our knowledge, this is the first research paper that formally proves that validity of
severity models change over time and that severity systems can be improved, using statistical techniques
and updated databases.

We were particularly careful to compare systems only in the validation data set since none of the patients
entered in these analyses was used in model development. The new models developed using this
international database (SAPS II, MPM II) validate well in these 12 countries taken as a unit. However, when
we move from group summary to individual patient prediction, every country (or perhaps every hospital or
ICU) must be assured that the model they intend to use fits their own data, since only a perfectly
calibrated model would produce meaningful and accurate estimated probabilities. Even with all this
information available, one should be extremely cautious in its use for individual prediction [27,28].

Our study shows that the new systems represent real improvement in severity model performance.
However, none of them stand out as being clearly superior to the others, and all of them can be used with
considerable reliability. Whatever the model chosen, it is essential for every individual user to know the
capabilities and limitations of that system, its goodness-of-fit in their area of application (country/hospital
/ICU), as well as its discriminatory capability.
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