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Abstract

Objective: To compare the performance of the PRISM (Pediatric Risk of Mortality) and the PIM (Pediatric Index
of Mortality) scores at a general pediatric intensive care unit, investigating the relation between observed mortality

and survival and predicted mortality and survival.

Methods: A contemporary cohort study undertaken between 1 June 1999 and 31 May 2000 at the Pontificia

Universidade Catdlica do Rio Grande do Sul, Hospital S&do Lucas pediatric intensive care unit. The inclusion criteria
and the PRISM and PIM calculations were performed as set out in the original articles and using the formulae as
published. Statistical analysis for model evaluation employed the Flora z test, Hosmer-Lemeshow goodness-of-fit
test, ROC curve (receiver operating characteristic) and Spearman’s correlation tests. The study was approved by
the institution’s Ethics Committee

Results: Four hundred and ninety-eight patients were admitted to the pediatric intensive care unit, 77 of whom
presented exclusion criteria. Thirty-three (7.83%) of the 421 patients studied died and 388 patients were
discharged. Estimated mortality by PRISM was 30.84 (7.22%) with a standardized mortality rate of 1.07 (0.74-1.50),
z = - 0.45 and by PIM this was 26.13 (6.21%) with a standardized mortality rate of 1.26 (0.87-1.77), z = -1.14.
The Hosmer-Lemeshow test gave a chi-square of 9.23 (p = 0.100) for PRISM and 27.986 (p < 0.001) for PIM. The
area under the ROC curve was 0.870 (0.810-0.930) for PRISM and 0.845 (0.769-0.920) for PIM. The Spearman test

returned r = 0.65 (p < 0.001).

Conclusion: Analyzing the tests we can observe that, although the PIM test was less well calibrated overall,
both PRISM and PIM offer a good capacity for discriminating between survivors and moribund patients. They are
tools with comparable performance at the prognostic evaluation of the pediatric patients admitted to our unit.
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Introduction

Pediatric intensive care units (PICU) aim at promoting
qualified care with the objective of achieving the best
results and better progress for critically ill children. These
units are points of major technology transfer and constitute
one of the main consumers of hospital budgets. However,
when patients with varying prognoses and degrees of
clinical severity are being treated the final results of
employing the resources available at such units is often
uncertain. In this context the incorporation of technology
does not always follow strict analytical rules with respect
of supporting scientific evidence or, even less frequently,
cost-efficiency relationships.?

One means of comparing the quality and efficacy of
care provided at a given unit is to compare it with others
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in similar situations.2 Pediatric ICUs compare components
that are related with disease severity and the resources
available with the outcomes of specific types of patients.
Mortality and length of hospital stay are examples of the
most used outcomes. In order to measure severity risk of
mortality scores are employed that establish a numerical
scale and in this way they compare estimated mortality in
percent with the observed mortality.3 Known as prognostic
scores, these can be used to evaluate the quality of
medical care and to optimize the employment of resources,
aiming at improving the cost-benefit relationship. Since
they compare mortality adjusted by disease severity,
these scores can also be used for comparisons between
clinical trials and for planning technological resources in
this area.4

The principal scores that have been developed for the
pediatric population are the PRISM (Pediatric Risk of
Mortality)® and PIM (Paediatric Index of Mortality),® with
their most recent versions being PRISM 1117 and PIM-2.8
These scores were developed by identifying variables
relevant to mortality risk and scoring them after a
multivariate statistical analysis by logistic regression.®

The PRISM score was published in 1988 by Pollack et
al. and exhibited an excellent discriminatory and predictive
performance.> It is still the most widely known and used
at PICU and is used in clinical trials as a standard
prognostic score for evaluation of disease severity in
pediatric patients. A revised version of the PRISM score,
PRISMIII, has been available since 1996,6 which, according
to its authors, offers better predictive capability.10
However, a considerable fee is charged for using it
routinely, which has limited its use, even in developed
countries!1-13 and for this reason it was not evaluated in
this study.

The results of the original PIM article, published in 1997
by Shann et al., provided evidence that the model was
capable of good predictions and classifications of mortality
in groups of children hospitalized in intensive care units.”
The authors suggest that one advantage of the PIM over the
PRISM is the fact that the PIM is based on just 8 variables,
all of which are collected at the point of admission, which
facilitates data collection and avoids any impact on the
results from 24 hours of intensive management strategies.14
Several articles that have evaluated the PIM have shown
that is performs well at predicting death.11-16 In 2003 the
PIM Study Group published a revised version of the PIM, the
PIM-216,17 which, compared with the original version,18 is
supposed to be better calibrated, safer and better adjusted
for varying diagnostic groups. This new version has not yet
been evaluated independently and more information is
necessary with respect of its performance in other regions
and, because it was published after this study began, it was
not investigated.

The performance of the PRISM and PIM systems have
been compared a number of times by the authors who
developed the scores themselves,15:18-20 byt have rarely
been compared independently. To date, those studies that
have been performed independently have not used
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heterogenic groups of patients from PICUs, but have
investigated certain specific disease categories,11/16:21 new
versions of the methods!? or homogenous groups of high
mortality patients.22 No studies of this type have been
published in Latin America.

In this, independent, study our objective was to
compare the performance of the PRISM and the PIM at a
general PICU, investigating the relationship between
observed mortality and survival and the mortality and
survival rates estimated buy the two scores.

Methods

A contemporary cohort study performed between 1st
June 1999 and 31st May 2000 at the PICU of the PUCRS
Hospital Sdo Lucas. Data for calculating scores and
predictions was collected prospectively over the period
and with the techniques set out for each score (PRISM -
first 24 hours after admission, PIM - up to one hour after
admission).>:6 Patients were excluded from the study if
they died within the first 8 hours or were discharged
within the first 24 hours after admission.

A minimum of 253 patients were estimated to be
necessary for the present study. The sample size
calculation was based on a mean population of 500
patientsin the PICU, setting mortality at 15% and tolerating
a mortality range of 10 to 20% with a 99% confidence
limit.

The PRISM and PIM scores were calculated using the
formulae available in their original articles.>/® No tests were
performed to meet the needs of this research since it
considered non-collection as normal. Demographic data
was collected in order to characterize the sample, including
age a admission, sex, origin. The outcomes assessed were
length of hospital stay at the unit and patient progress
(discharge or death).

Simple descriptive analysis was utilized for the groups
and subgroups under study (mean, median, standard
deviation). The “z” statistic, as described by Flora,23 was
utilized to compare the general similarity between observed
mortality and that estimated by the standardized mortality
rate (SMR). In order to calibrate the scores, the Hosmer-
Lemeshow goodness-of-fit test was employed to test the
agreement between observed and expected mortality, at
five different risk intervals.24 The capacity for
discrimination between survivors and moribund patients
was made using the typical area under a receiver operating
characteristic curve (ROC curve)25:26 and quantitative
correlation between the results of the scores was analyzed
using the Spearman test.

The study was approved by the Committee for Ethics
in Research at the Pontificia Universidade Catdlica do Rio
Grande do Sul and, since the study incurred no additional
risk to patients, informed consent was waived with
commitments made to maintain patient’s identities
confidential.
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Results

During the study period, 498 patients were admitted to
the PICU. However, 77 patients presented exclusion criteria;
eight died during the first 8 hours after admission and the
remainder because they were discharged before they had
spent 24 hours in the PICU. No patients were excluded
because of lack of data. The general sample characteristics
are given in Table 1.

Table 1 - Characteristics of the general sample

Characteristics Value

Total sample 421 patients
Death 33 (7.8%)
44.3 (26%)
11.6 (5.5%)
14.9 (11.4%)

Age (months); mean (median)
Time of hospital stay (days); mean (median)
Weigth (kilos); mean (median)

Caucasian 345 (82%)
Male gender 212(50%)
Admissions
Emergency 107 (25%)
Hospital 314 (75%)
Type of hospital stay
Clinic 234 (56%)
Surgical 187 (44%)

Organic dysfunction diagnosis
Cardiocirculatory
Respiratory
Neurological
Other dysfunction

126 (30%)
113 (27%)
92 (22%)
90 (21%)

Thirty-three (7.83%) of the 421 patients studied died.
Estimated mortality according to the PRISM was 30.84
(7.22%) and by the PIM this figure was 26.13 (6.21%)
patients. This corresponds to an SMR (CI= 95%) of 1.07
(0.74-1.50) (z = -0.45) for the PRISM and 1.26 (0.87-
1.77) (z = -1.14) for the PIM. When tested by Flora’s z
test, these were within the limits for not rejecting the null
hypothesis (< 1.96 and > -1.96). Table 2 synthesizes the
performance of the models.

Table 3 evaluates similarities in observed and expected
mortality, at five mortality risk intervals according to the
Hosmer-Lemeshow goodness-of-fit test for the PRISM
and the PIM (Table 3).

The discriminatory performance of the models,
measured by area under the ROC curve, resulted in an
area of 0.870 (0.810-0.930) for the PRISM and 0.845
(0.769-0.920) for the PIM (Figure 1).

The estimated probabilities of death reveal a positive
and significant correlation between the PRISM and the
PIM, with Spearman’s correlation coefficient being r =
0.65 (p < 0.001).
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Figure 1 - Superposition of two receiver operating characteristic
curves (ROC). The area underthe ROC curve was 0.87
for PRISM (CI 95% 0.78-9.2) and 0.85 (CI95%
0.78-0.91) for PIM. Findings were shown to have a
good discriminatory performance between survivals
and non-survivals

Discussion

Individual analysis of the scores’ results by SMR shows
us that the PRISM and the PIM offer good performance in
predicting the general mortality of our population. Although
both models underestimated mortality (PRISM predicted
93.45% of deaths and PIM 79.18%) the two results did not
exhibit any significant differences between each other or
from observed mortality when tested.

In evaluating the power of calibration by the Hosmer-
Lemeshow goodness-of-fit test, it was observed that, in the
case of the PRISM, the predicted results were similar to
those observed, whereas for the PIM they were different,
indicating that the PRISM was well calibrated and that the
PIM calibration performed poorly.

Theresults found when the discriminatory performance
of the models was evaluated using the ROC curve showed
that both the PRISM and the PIM have good power to
discriminate between survivors and moribund patients
and that they had similar power.

The present study attempted to validate the PRISM
and PIM scores and to compare their results. In certain
aspects, the results produced by the PRISM were slightly
betterthan those returned by the PIM. Their performances
were similar in terms of the capacity to discriminate
between survivors and moribund patients and they
exhibited values that correlated directly and positively.
Nevertheless, the PIM exhibited poor calibration capacity,
which is a problem commonly encountered by studies
evaluating prognostic scores.2?
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Table 2 - Performance of the models

PRISM PIM
Mean of mortality risk; % (SD) 7.3£5.5 6.2+6.1
Median of mortality risk; % (IQ) 4.0 (1.5-8.0) 2.0 (1.0-5.0)

Estimated mortality; n

Standardized mortality rate (SMR) (CI 95%)
Flora’s z test *

Hosmer-Lemeshow goodness-of-fit test
Area under a ROC (IC 95%)

30.84 (7.22%)
1.07 (0.74-1.50)

X2 =19.23,p = 0.100
0.87 (0.81-0.93)

26.13 (6.21%)
1.26 (0.87-1.77)
-1.14
X2 = 27.98, p < 0.001
0.85(0.77-0.92)

-0.45

SD = standard deviation; 1Q = interquartile interval; SMR = standard mortality ratio; Cl = confidence interval;

ROC = receiver operating characteristic curve

*  Whentested with the Flora’s z test, PRISM and PIM are within the limits for not rejecting the null hypothesis (< 1.96 and >-1.96).

Table 3 - Calibration of models in five intervals of mortality risk
Risk Number of Observed Expected Observed Expected
% patients survival survival death death
PRISM 0-1 83 83 82.95 0 0.05
> 1-5 200 190 196.78 10 3.22
> 5-15 84 73 77.6 11 6.4
> 15-30 24 17 19.88 7 4.12
> 30-100 30 25 17.66 5 12.34
Total 421 388 394.87 33 26.13
PIM 0-1 33 33 32.95 0 0.05
> 1-5 269 261 261.15 8 7.85
> 5-15 67 56 60.26 11 6.74
> 15-30 27 19 21.65 8 5.35
> 30-100 25 19 14.15 6 10.85
Total 421 388 390.16 33 30.84

Expected findings were similar to those found for PRISM (X2 = 9.23, p=0.100) and different from those found for PIM (X2 =27.986,

p <0.001).

There is no consensus on which function is more
important for a prognostic score: calibrate or discriminate.
Both are important for determining the adjustment capacity
of a model. Which function is most important will depend
on the objective for which the prognostic score is being
used.28 If, for example, the objective is to distinguish
between those who are more likely to die from those who
are more likely to survive, then the capacity to discriminate
is most important, but if, however, the reason for using
a score is to compare observed with expected mortality at
different intervals of severity, then calibration capacity is
more important. However, in order to achieve a global

evaluation of the score, both discrimination and calibration
should be considered.

The PIM did not demonstrate good calibration. One
possible reason for this could be the small number of
deaths at each level. In an article evaluating the PIM in
English intensive care units, the author suggests that
special care should be taken when differences are small
in small series (for example, less than 20 deaths per
unit).15 Slater & Shann recently published?? a comparative
study of the performance of the PIM, PIM-2, PRISM and
PRISM III scores in units in Australia and New Zealand
and found that the PIM-2 was the safest and had the best
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adjustment for different diagnostic groups. This allows us
to speculate that the new version may also present better
results in our milieu.

Wells et al.,29 attributes the difficulties in achieving
exactly the same progress for two patients with the same
level of clinical instability, i.e. the same prognostic score
results, to two basic causes. The first cause is the differences
in individual clinical conditions that are not evaluated by the
score, such as, for example, the nutritional status or
physical reserves of each individual. The second cause is the
differences in working conditions and infrastructure at each
PICU. Units with greater availability of machines and
medication can offer their patients treatment more quickly
and thus impact on their progress.

In our study almost 50% of the patients came from
surgery and arrived at the unit in need of intensive care.
However, in the majority of cases they were already stable,
both hemodynamically and in terms of ventilation. Such
patients, while given a low severity score at admission (and
consequently a low PIM score), were patients at risk of
death and whose condition could deteriorate during the first
24 hours (and consequently have a higher PRISM score)
because of postoperative complications.

Patients with respiratory dysfunction arriving at the
PICU from emergency or other hospitals may have had
blood gas analysis results within normal limits at the cost
of elevated ventilator parameters and normal respiratory
frequency (set by the respirator or the physician ventilating
with a self-inflating bag) and the remainder of clinical
conditions stable. These patients would have low PIM
scores despite being considered critical patients at elevated
risk of death, since their base conditions would not yet
have been resolved and could deteriorate to past the
limits of assisted ventilation and would be better detected
by the PRISM score later.

It is clear that there are many variables unmeasured by
the prognostic scores studied, which make it difficult to
classify severity levels of different patients in different
intensive care units and, therefore, to find a prognostic
index model with a good calibration capacity.2> The great
challenge is to identify which variables do not have a similar
predictive power for the population being studied.

The interpretation of the mortality index of a PICU is
dependent of statistical factors such as sample size, mortality
rate at each severity level and random variations in the
study population. The most powerful variable will be that
which, in addition to changing the score, is observed often,
i.e. is to be found in many patients in the population. WE
should, therefore, seek the power of the variables that a
most similar to the reality of our population.30

Until such questions are established, evaluating the
performance of the PIM and of the PRISM at a Brazilian
PICU, we can state that although the PIM offers poorer
calibration, when the results are taken as a whole both
scores exhibit good capacity to discriminate between
survivors and moribund patients and are tools with
comparable performance for the prognostic evaluation of
pediatric patients admitted to our unit.
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