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Abstract
Pediatric Index of Mortality (PIM) 2 score is used in pediatric intensive care unit (PICU) to predict the patients’ risk of death. The
performance of this model has never been assessed in Switzerland. The aim of this study was to evaluate the performance of the
PIM2 score in the whole cohort and in pre-specified diagnostic subgroups of patients admitted to PICUs in Switzerland. All
children younger than 16 years admitted to any PICU in Switzerland between January 1, 2012 and December 31, 2017 were
included in the study. A total of 22,382 patients were analyzed. Observed mortality was 2%, whereas mortality predicted by PIM2
was 4.2% (SMR =0.47, 95% CI, 0.42-0.52). Calibration was also poor across the deciles of mortality risks (p <0.001). The
AUC-ROC for the entire cohort was 0.88 (95% CI, 0.87—0.90). Calibration varied significantly according to primary diagnosis.
Conclusion: The performance of the PIM 2 score in a cohort of Swiss patients is poor with adequate discrimination and poor
calibration. The PIM 2 score tends to under predict the number of deaths among septic patients and in patients admitted after a
cardiorespiratory arrest.

What is Known:

*PIM?2 score is a widely used mortality prediction model in PICU.

*PIM?2 performance among uncommon but clinically relevant diagnostic subgroups of patients is unknown.

*The performance of PIM?2 score has never been assessed in Switzerland.

What is New:

*The performance of the PIM 2 score in a cohort of Swiss patients is poor with adequate discrimination and poor calibration.

*Calibration varies significantly according to primary diagnosis. The PIM 2 score under predict the number of deaths among septic patients and in
patients admitted after a cardiorespiratory arrest.

Keywords Children - Risk of mortality - Outcome/quality measure - Pediatric intensive care unit - Standardized mortality ratio -
Validation studies

Abbreviations PICU pediatric intensive care unit
AUC ROC  receiver operating characteristics curve PIM pediatric index of mortality
HL Hosmer-Lemeshow SMR standardized mortality ratio
MDSi minimal intensive care unit dataset
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Introduction

Mortality prediction models are an important component of
the evaluation of the overall quality of care provided by pedi-
atric intensive care units (PICUs) [1]. These models assess the
risk of death for each individual patient according to physio-
logic data collected at admission. These models predict indi-
vidual patient outcomes to determine aggregate mortality rates
of PICUs or group of patients according to physiologic data
available at admission. Better or worse than average quality of
care is indicated by discordance between observed and ex-
pected mortality rates which are predicted by the models [2].

However, a disagreement between observed mortality rates
and those predicted by a model can be caused by other reasons
than the quality of care. Indeed, when a predictive model is
developed, the prediction rule is optimized for the prediction
of the outcome in the study population and at the time of the
study. The model may under or overestimate mortality when
applied to other populations or many years after its develop-
ment [3].

From January 2012, the Swiss Society of Intensive Care
Medicine requires the use of the Pediatric Index of Mortality
(PIM) 2 score as a model for predicting the risk of death for all
pediatric admissions to all PICUs in Switzerland. This score
has been developed more than 20 years ago in Australia, New
Zealand and the UK [4]. Therefore, by using the PIM 2 score,
the present quality of care is assessed in regard of the quality
of care 20 years ago. In addition, the performance of this
model has never been assessed in Switzerland.

In the last few years, a drift in calibration of the PIM 2
score, which is the degree of agreement between predicted
and observed deaths, has been detected in two large national
registries in Australia, New Zealand and the UK [5, 6]. The
use of PIM2 might therefore result in an overestimation of the
quality of care in a country.

The aim of this study was to evaluate the predictive perfor-
mance of the PIM2 score by analyzing its discrimination and
calibration in the whole cohort as well as in the pre-specified
subgroups of patients admitted to PICUs in Switzerland.

Materials and methods

This retrospective study analyzed the data from the Minimal
Intensive Care Unit Dataset (MDSi) of the Swiss Society of
Intensive Care Medicine that systematically collects informa-
tion on all pediatric admissions to all PICU in Switzerland.
Patients

The study population is represented by all children younger

than 16 years admitted to any PICU in Switzerland between
January 1, 2012 and December 31, 2017. Premature infants
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less than 36 weeks of gestational age and patients with a di-
agnosis at admission of “organ donor” were excluded from the
analysis. A new health record number is systematically
reassigned to patients who are admitted to another unit. As a
consequence, it was not possible to assess the calibration and
the discriminative power of the score for patients transferred
to/coming from other PICUs. Those patients were therefore
excluded from the study.

Children who could not be identified with one primary
admission diagnosis were also excluded. For patients trans-
ferred to/coming from other PICUs (2078 cases, 8%), mortal-
ity could not be established, therefore they were also excluded
from the study.

Data

All 8 tertiary PICUs in Switzerland collect data to the MDSi
using a standard coding for admissions. Since 2012, the pedi-
atric MDSi uses the ANZPIC Registry diagnostic codes to
classify children into the following primary admission catego-
ries: cardiac (including postoperative), cardiac or respiratory
arrest, trauma, neurology, oncology, respiratory, sepsis with or
without septic shock, miscellaneous, general medical, and
general surgical [7].

Statistical analysis

Data are summarized as frequencies and percentages for cat-
egorical variables and as mean (standard deviation) and range
for continuous variables. Characteristics were compared be-
tween survivors and non survivors using ¢ tests and Chi-2
tests. Patients were divided into age groups (newborn, infant,
pre-school, school, and adolescent). The performance of
PIM2 score was assessed by analyzing its discrimination and
calibration in the general population and different subgroups
(age, year of admission, diagnosis at admission, and operative
status). Calibration was assessed by standardized mortality
ratio (SMR, the ratio between observed and predicted deaths)
with 95% Cls and calibration plots. In addition, Hosmer-
Lemeshow (HL) goodness-of-fit test was applied to compare
the mortality observed and predicted by PIM2 score when
patients were categorized according to the deciles of risk pre-
dicted by PIM2 score [8]. Discrimination, which is the extent
to which a model predicts higher probability of having an
event among patients who will versus those who will not have
an event, was assessed through the area under the receiver
operating characteristics curve (AUC-ROC) [9]. All statistical
tests were two sided, and the significance level was 0.05. All
analyses were performed using R statistical software version
3.4.3 (The R Foundation for Statistical Computing).
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Results

During the study period, 25,041 admissions were registered,;
2659 (10.6%) were excluded from the analysis because of
exclusion criteria (Fig. 1). A total of 22,382 patients were
analyzed. Demographic characteristics for these patients are
summarized in Table 1. Main diagnostic categories were rep-
resented by “miscellaneous” (28.5%) followed by patients
with respiratory indications (27.4%). Most frequent medical
diagnosis found among “miscellaneous” patients were repre-
sented by gastrointestinal/bowel obstruction (8%), infection
(5%), patients needing PICU surveillance after invasive pro-
cedures (4%), and patients with decompensated diabetes
(3%).

PIM2 performance in entire cohort

The overall observed mortality was 2% (445/22,382), whereas
mortality predicted by PIM2 (4.2%, 949 deaths) was twice as
high (SMR =0.47, 95% CI, 0.42-0.52). To better describe this
issue in calibration, patients were categorized according to the
risk predicted by PIM2 score. Except in patients with a predict-
ed risk lower than 0.2%, the observed mortality was systemat-
ically lower than the mortality predicted by PIM2 score
(Table 2). The difference between the number of deaths ob-
served and predicted by PIM2 score was statistically significant
(p<0.001). The calibration plot (Fig. 2) represents graphically
the overestimation of the mortality by PIM2 score. The AUC-
ROC for the entire cohort was 0.88 (95% CI, 0.87-0.90).

Analysis by age group

The performance of the PIM 2 score across age groups was
similar to that of the entire cohort with poor calibration and
acceptable discrimination (Table 3). Neither the SMRs (p =
0.208) nor the AUC-ROCs (p = 0.235) were significantly dif-
ferent across age groups.

Total consecutive PICU admissions in study period: n = 25.041

— Combined exclusion criteria

Referred to another PICU: n =973
Transferred from another PICU: n = 1105
16 years or older; n = 299

Premature babies: n = 282

Number of ad n=22382

in final study pop

Fig. 1 Flow-chart of the study population
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Table 1 Characteristics of the study population according to the vital

status

Vital status P value*
Survivors Deaths

Number of patients 21,937 445

Age (in months) 0.002
Mean (sd) 47.51 (58.8) 39.09 (55.88)

Range 0-180 0-180

Score <0.001
Mean (sd) 3.54 8.11)  39.05(37.48)

Range 0-100 0-100

Sex, N (%) 0.18
Female 9384 (42.8) 205 (46.1)

Male 12,553 (57.2) 240 (53.9)

Year, N (%) 0.465
2012 3175 (14.5)  57(12.8)

2013 3790 (17.3) 82 (18.4)
2014 3523 (16.1) 66 (14.8)
2015 4057 (18.5) 97 (21.8)
2016 3858 (17.6) 77 (17.3)
2017 3534 (16.1) 66 (14.8)

Diagnostic, N (%) <0.001
Cardiac 3943 (18.1) 109 (24.5)
Cardiorespiratory arrest 52(0.2) 54 (12.1)

Injury 1756 (8) 31(7)
Miscellaneous 6293 (28.8) 54 (12.1)
Neurological 3043 (13.9) 108 (24.3)
Oncology 346 (1.6) 4(0.9)
Respiratory 6053 (27.7) 51 (11.5)
Sepsis 353 (1.6) 34 (7.6)
NA 98 0

Age class, N (%) <0.001
<1 month 5399 (24.6) 152 (34.2)
>1 and <12 months 5851 (26.7) 115(25.8)
>12 and <60 months 4210(19.2) 73 (16.4)
>60 and <120 months 2909 (13.3)  48(10.8)
>120 and <180 months 3568 (16.3) 57 (12.8)

Operative status, N (%) <0.001
No 13,926 (63.7) 363 (81.6)

Yes 7937 (36.3) 82 (18.4)
NA 74 0

Cardiac operative status, N (%) <0.001
No 1724 (44.4) 78 (71.6)

Yes 2156 (55.6) 31(28.4)
NA 63 0

*: p values for testing the equality of characteristics between survivors
and non survivors (test for continuous variables and Chi-2 test for cate-
gorical variables)
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Table 2 Mortality observed and
predicted by PIM2 score per
category of predicted risk. For a

Categories of risk
predicted by PIM2 score*

Number of patients in
categories of predicted risk

Observed mortality, n (%)  Mortality predicted by

PIM2 score, n (%)

perfectly calibrated predictive

score, the predicted numbers of 0.00 to 0.20% 2821
deaths are equal to the observed 0.21 to 0.40% 2225
mymbers of death 0.41 to 0.80% 2408
0.81 to 1.00% 1625
1.01 to 1.40% 2120
1.41 to 1.90% 2593
1.91 to 2.50% 1887
2.51t04.30% 2246
431 to 8.70% 2220
8.71 to 100.0% 2237

6 (0.2%) 3.6 (0.1%)
2(0.1%) 7.6 (0.3%)

9 (0.4%) 16.4 (0.7%)
7 (0.4%) 15.7 (1.0%)
9 (0.4%) 26.4 (1.2%)
10 (0.4%) 43.7 (1.7%)
15 (0.8%) 41.6 2.2%)
35 (1.6%) 74.4 (3.3%)
39 (1.8%) 140.8 (6.3%)

313 (14.0%) 579.1 (25.9%)

*Categories determined by deciles of risk predicted by PIM2 score

Analysis by diagnostic group

The SMR varied importantly across diagnostic groups
and the difference was statistically significant (p =
0.004, Table 4). The over-estimation of mortality by the
PIM 2 score was especially high for respiratory disease
and miscellaneous: the predicted mortality was approxi-
mately 4 times higher than the observed mortality. In
contrast, for sepsis and cardiorespiratory arrest, the pre-
dicted mortality was slightly lower than the observed
mortality. The discrimination ability of the PIM 2 score
also varied across diagnostic groups (»p <0.001). The
poorest discrimination ability was observed in patients
admitted for oncologic diseases (AUC-ROC =0.74, 95%
CI 0.26 to 1.00) and the highest in patients admitted for
injury (AUC-ROC =0.98, 95% CI 0.97 to 0.99).

Discussion
Detailed prognostic information is extremely important for

patients and physicians for quality of care assessment and
benchmarking. Accurate estimation of the severity of illness

might also contribute to the appropriate allocation of PICU
resources and admission triage. Predicted risks can be used
to evaluate the outcome of one institution compared with
others either directly, by comparing risk-adjusted outcomes
between institutions, or indirectly, by comparing outcomes
for the single institution against those predicted by the model
[10]. A well-performing model also contribute to compare a
PICU current performance with its past.

PIM2 recalibration was last updated more than 10 years
ago [1]. Therefore a reevaluation of the PIM2 score was need-
ed in Switzerland. We assessed the performance of the PIM2
score in the whole population of patients admitted to PICU in
Switzerland. Our results indicate that the score has an ade-
quate capacity for discriminating between survivors and non
survivors in the general population as well as in age sub-
groups. Discrimination was excellent in trauma and neurolog-
ical subgroups, while PIM2 score showed a poorer but still
adequate discriminative power among septic and oncologic
patients. Nonetheless predicted mortality exceeds observed
mortality by more than 50% in the whole study population.
A SMR less than 1 provided by a non-up-to-date model such
as PIM 2 might be misleadingly interpreted as evidence that
the quality of care is better than it actually is [11].

Fig. 2 Receiver operating -
characteristic curve (left),
calibration plot (middle), and
boxplot (right) of PIM 2 scores by
vital status for the entire patients’
population
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Table 3  Calibration and Discrimination of the PIM 2 score by age group
Observed mortality Expected mortality SMR ROC curve

N N (%) N (%) SMR (95% CI) p* AUC (95% CI) p*
Total 22,382 445 (1.99) 949.27 (4.24) 0.47 (0.42-0.52) 0.88 (0.87-0.9)
Age group 0.208 0.235
<1 month 5551 152 (2.74) 351.74 (6.34) 0.43 (0.35-0.53) 0.85 (0.81-0.88)
>1 and <12 months 5966 115 (1.93) 212.89 (3.57) 0.54 (0.44-0.66) 0.89 (0.86-0.93)
>12 and <60 months 4283 73 (1.7) 156.34 (3.65) 0.47 (0.35-0.62) 0.88 (0.84-0.93)
>60 and <120 months 2957 48 (1.62) 91.17 (3.08) 0.53 (0.38-0.73) 0.89 (0.83-0.94)
>120 and <180 months 3625 57 (1.57) 137.13 (3.78) 0.42 (0.3-0.57) 0.91 (0.87-0.96)

*The p values correspond to a test for equality of SMR or AUC across age groups

Calibration across diagnostic groups is also important. If a
model over predicts or under predicts death in a specific group
of patients, the performance of PICU assessed by the model
will be biased by the number of patients admitted in that di-
agnostic group [12]. In our study poor calibration was ob-
served across mortality risks and age groups. It is important
that PICU prediction models calibrate across diagnostic
groups as diagnostic mix varies among units. Mortality was
also overestimated in almost all diagnostic subgroups. This
observed drift in calibration might be explained by improved
patients’ care, changes in the mix of patients, timing of inten-
sive care admission. However in septic patients and patients
admitted after a cardiorespiratory arrest observed mortality
exceeded expected mortality by 13% and 18%, respectively.
Possible explanations might be represented by variations in
thresholds for commencing and discontinuing life support in
patients with particularly severe clinical conditions and the
possibly inappropriate application of the model in the setting

of a rapidly evolving critical illness. The fact that PIM2 score
over or under predicts mortality according to primary diagno-
sis might help interpret the overall performance of PICU still
using the PIM2 score on the ground of the proportion of pa-
tients admitted in different diagnostic categories [4, 13].

The PIM2 score under predicts mortality among low-risk
patients. Noninvasive procedures (i.e., arterial blood sam-
pling) are not systematically performed among less severe
patients. Therefore variables such as base excess or PaO,
might have a high percentage of missing data which need to
be imputed. Missing observations are usually given values
considered normal, thus potentially undermining prediction
in this category of patients.

Prognostic models are periodically calibrated by adding
new variables to compensate for the deterioration of calibra-
tion that occurs as a result of change in medical practice and
case mix over time [ 14]. A well-calibrated model allows PICU
to compare their performance with the local as well as

Table 4 Calibration and discrimination of the PIM 2 score by admission diagnostic groups and operative status

Observed mortality Expected mortality SMR ROC curve

N N (%) N (%) SMR (95% CI) p* AUC (95% CI) p*
Diagnostic 0.004 <0.001
Cardiac 4052 109 (2.69) 179.63 (4.43) 0.61 (0.49-0.75) 0.83 (0.78-0.87)
Cardiorespiratory arrest 106 54 (50.94) 45.7 (43.11) 1.18 (1.05-1.33) 0.88 (0.81-0.95)

Injury 1787 31 (1.73) 77.32 (4.33) 0.4 (0.26-0.61) 0.98 (0.97-0.99)
Miscellaneous 6347 54 (0.85) 168.18 (2.65) 0.32 (0.21-0.49) 0.85 (0.79-0.91)
Neurological 3151 108 (3.43) 200.76 (6.37) 0.54 (0.45-0.65) 0.93 (0.9-0.95)

Oncology 350 4(1.14) 8.42 (2.41) 0.47 (0.14-1.64) 0.74 (0.26-1.00)
Respiratory 6104 51(0.84) 237.49 (3.89) 0.21 (0.13-0.37) 0.79 (0.71-0.87)

Sepsis 387 34 (8.79) 30.18 (7.8) 1.13 (0.87-1.47) 0.76 (0.66-0.86)

Operative status (noncardiac) 8019 82 (1.02) 226.58 (2.83) 0.36 (0.26-0.49) <0.001 0.89 (0.85-0.92) 0.679
Operative status (cardiac) 2187 31(1.42) 86.24(3.94) 0.36 (0.21-0.61) <0.001 0.89 (0.85-0.92) 0.654

*The p values correspond to a test for equality of SMR or AUC across diagnostic groups or across operative status
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international standards of care. Given the less than satisfactory
performance of PIM 2 score in Switzerland, the use of an
updated prognostic score should probably be recommended.

A new version of the PIM score, the third edition of the
PIM score (PIM 3), is available. PIM3 has been updated in
2013 in an effort to counterbalance a drift in calibration ob-
served in two large national datasets [15]. This model, based
on more recent data, provides better estimates of mortality
risks among children admitted to PICUs in Australia, New
Zealand, and the UK. Besides the introduction of a quadratic
transformation of systolic blood pressure (SBP), the reorgani-
zation of diagnostic categories with the introduction of the
“very-high-risk diagnosis” and a different classification of
the term “recovery post procedure”, the variables included in
the PIM 3 model are substantially similar to those used in the
PIM2. Nonetheless the PIM 3 seems to perform better than the
PIM 2 and might represent a valid alternative to PIM2 [16].
The assessment of the performance of PIM 3 score in
Switzerland by means of multicenter prospective studies is
warranted before its systematic implementation.

Our study has strengths. The analysis included data from a
large, national database containing vast clinical information
from all the patients admitted to Swiss PICU, ongoing audits
of data quality and validation procedures. The fact that the
totality of the population of children admitted to Swiss
PICU during the study period was analyzed increases the ro-
bustness of our results. Moreover this is one of the first studies
to evaluate the performance of PIM2 in uncommon but clin-
ically relevant diagnostic subgroups such as septic patients
and patients admitted after a cardiorespiratory arrest.
Although a more recent version of the PIM2 score is available,
we believe our results might be of interest for the several PICU
that still use PIM 2 for mortality prediction [17, 18].

Our study has also limitations. One important limitation is
its retrospective nature. Moreover data were collected over
5 years, and mortality rates might have changed during the
study period. Additionally, the “miscellaneous” group resulted
the most numerous group of patients. Given its heterogeneity,
the generalizability of our results for this category of patients
may be problematic.

Conclusion

Our results indicate that the performance of the PIM 2 score
in a cohort of Swiss patients is poor with adequate discrim-
ination and poor calibration. Calibration varies significant-
ly according to primary diagnosis. The PIM 2 score tends to
under predict the number of deaths among septic patients
and in patients admitted after a cardiorespiratory arrest. The
use of PIM 3 score might represent a potential alternative to
PIM2.
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