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Pediatric index of mortality 2 score as an outcome
predictor in pediatric Intensive Care Unit in India

Jeyanthi Gandhi, Shanthi Sangareddi, Poovazhagi Varadarajan, Saradha Suresh

Abstract

Background and Aims: Pediatric index of mortality (PIM) 2 score is one of the severity
scoring systems being used for predicting outcome of patients admitted to intensive
care units (ICUs). The aim of the present study was to evaluate the usefulness of PIM2
score in predicting mortality in a tertiary care pediatric ICU (PICU) and to assess the
associated factors in predicting mortality such as presence of shock, need for assisted
ventilation and Glasgow coma scale <8. Materials and Methods: This was a prospective
observation study done at tertiary care PICU from May 2011 to July 201 I. Consecutive
|19 patients admitted to PICU (aged | month to |2 years) were enrolled in the study.
PIM2 scoring was done for all patients. The outcome was recorded as death or discharge.
The associated factors for mortality were analyzed with SPSS |7. Results: PIM2 score
discriminated between death and survival at a 99.8 cut-off, with area under receiver
operating characteristic curve 0.843 with 95% confidence interval (Cl) (0.765, 0.903).
Most patients were referred late to this hospital, which explains higher death rate (46.2%),
lesser length of hospital stay (mean 2.98 days) in the mortality group, and increased rate
of mechanical ventilation (68.1%). Presence of shock was independently associated with
mortality,as evidenced by binary logistic regression. Conclusion: PIM2 score discriminated
well between survivors and death at PICU. Presence of shock was significantly associated
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with mortality.
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Introduction

Many illness severity scoring systems are being used for
predicting the outcome of patients admitted to pediatric
intensive care units (PICU) and this has been constantly
validated. Although it is difficult to predict outcome of
intensive care unit (ICU) patients accurately, these severity
scoring systems may prognosticate groups of patients with
similar presentations of the illness.”! These risk-adjusted
measures use logistic regression models to obtain an
equation that describes the relationship between predictor
variables and the probability of death.” The pediatric index
of mortality (PIM) 2 score was introduced by Shann in
1997 (updated in 2003) to predict the outcome of children

From:
Department of Pediatric Intensive Care Unit, Institute of Child Health and
Hospital for Children, Madras Medical College, Chennai, Tamil Nadu, India

Correspondence:

Dr. Jeyanthi Gandhi, J4, Lotus Colony, Chamiers Road, Nandhanam,
Chennai - 600 035, Tamil Nadu, India.

E-mail: drjeyanthi81 @gmail.com

admitted to PICUs. Most of the severity scoring systems
were designed in the West and need to be validated in India.

This study aims to evaluate the usefulness of PIM 2
score in predicting mortality in an Indian tertiary care
PICU and to assess the associated factors in predicting
mortality such as presence of shock, need for assisted
ventilation and Glasgow coma scale <8.

Materials and Methods

This study was a prospective observational study done at
atertiary care PICU, which was a 537-bed teaching hospital
with 15 intensive care beds catering mainly to medical
illness (92.5%). The study period was from May 2011 to July
2011. With an average PICU mortality rate of 30-40%, an
expected sensitivity of 85% and an allowable error of 5%,
the sample size was calculated to be 119. Institutional ethical
committee approval was obtained prior to undertaking the
study. Informed written consent was obtained from parents
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of all participating children. Consecutive 119 children aged
1 month to 12 years admitted at PICU, who met with study
criteria, were enrolled. Inclusion criteria: All consecutive
patients admitted at PICU who were aged between 1 month
and 12 years.

PIM2 scoring, which involves both clinical and
laboratory data, was done once within 1 h of admission
to PICU using a structured data collection form.

Demographic data such as age and gender were
recorded. PIM 2 score consists of ten variables. The
variables were elective admission to PICU, recovery
post procedure, cardiac bypass, high-risk diagnosis,
low-risk diagnosis, no response of pupils to bright
light (>3 mm and both fixed), mechanical ventilation (at
anytime during the first hour in PICU), systolic blood
pressure (mmHg), base excess (mmHg) (arterial or
capillary blood), and FiO2 *100/PaO2 (mmHg). All
these ten parameters were recorded for each patient.
Arterial blood gas analysis was done within 1 h of PICU
admission and base excess, PaO2 were recorded by
pediatric resident. The associated factors in predicting
mortality such as presence of shock, need for mechanical
ventilation, and Glasgow coma scale were also recorded.
Any patient with tachycardia and signs of poor end
organ perfusion, as defined by poor peripheral pulses
with normal central pulses, prolonged capillary refill
or flash refill, altered sensorium, cool extremities,
and decreased urine output was considered to have
“presence of shock.” Glasgow coma scale <8 was
considered as low Glasgow coma scale. The length
of stay in PICU was recorded. The patients were
followed-up throughout their stay in PICU and during
the hospital stay to record their final outcome. The final
outcome was recorded as “discharged” or “death.”

PIM 2 score consists of ten variables. Yes or no
response for these variables were scored as 1 or 0. These
were entered into the system (www.sfar.org/scores2/
pim22.html) for calculation of predicted mortality rate.
The system computes the predicted mortality rate based
on standard methods using logistic regression equation.*”!

PIM2 = [0.01395%(Pa0,-120)] + [3.0791*Pupil
sign] + [0.2888%(FiO,*100/Pa0,)] + [0.104* base]
+ [1.3352* mechanical ventilation] - [0.9282* elective
admission] - [1.0244* recovery] + [0.7507*cardiac
bypass] - [1.6829* high risk diagnosis] - [1.5770* low
risk diagnosis] - [4.8841].

Predicted death rate = exponential (PIM2)/1 +
exponential (PIM2).

A receiver operating characteristic (ROC) curve was
constructed using statistical package “med calc.” The
area under curve reflects the discriminatory performance
of PIM2 score.

The associated factors such as presence of shock,
need for ventilation, and low Glasgow coma scale were
analyzed along with predicted death rate by using
SPSS version 17 to determine their association with
mortality. Univariate and multivariate analysis (binary
logistic regression) was performed. The P value was
calculated with 95% confidence interval (CI).

Results

During the study period, consecutive 119 patients
admitted at PICU, who met with the study criteria
were studied. Table 1 shows demographic data and
length of stay. Most common diagnostic categories and
mortality pattern are shown in Table 2. In the study
group, 58.82% were infants. The ratio of male to female
in this study was 1.1:1. Neurological diseases contributed
to 36.4% mortality, followed by infections 18.1% and
respiratory diseases 12.7%. The average duration of stay
in the PICU was 3.5 days (S.D = 2.64). The mean hospital
stay for those who died was 2.98 days (S.D = 3.45) and
those who were discharged was 3.95 days (S.D =1.56)

The mean predicted death rate was 92.24 (5.D =19.91).
The mean predicted death rate for those who were

Table |I: Demographic data and length of stay

Variable Discharged Death P value
n % n %

Age

<I year 35 49.3 36 50.7 0.233

> | year 29 60.4 19 39.6
Gender

Male 33 53.2 29 46.8

Female 31 54.4 26 45.6
Length of stay 3.95 2.98 0.045
(days) (mean)
Table 2: Diagnostic categories and mortality pattern
Diagnostic categories Total number of Mortality

patients (n=119) (n=55)
N % N %

Neurological diseases 43 36.1 20 36.5
Infection 21 17.7 10 18.1
Respiratory diseases 15 12.6 7 12.7
Cardiovascular diseases 12 10.1 6 10.9
Renal diseases 10 8.4 5 9.1
Gastrointestinal diseases 10 8.4 2 3.6
Postoperative cases 5 4.2 | 1.8
Others 3 2.5 4 7.3
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discharged was 88.87 (S.D = 20.05). The mean predicted
death rate for those who died was 96.14 (S.D = 19.98).
The observed death rate was 46.21% (n = 55). The death
rate predicted by PIM2 score was 68.00% (1 = 82).

Mortality risk was found to be increasing with increase
in the predicted death rate. When the predicted death
rate was <90, mortality risk was 7.1%, and, while the
predicted death rate was 90-99, the risk increased to
50%. When the predicted death rate was >99, mortality
raised to 51.7%.

Receiver operating characteristic curve

To determine the cut-off of predicted death rate at
which it predicts mortality optimally, ROC curve was
constructed. The best cut-off value at which sensitivity
and specificity were optimal was 99.8.

The area under the ROC curve was 0.843, with
95% CI being 0.765 to 0.903 [Figure 1]. The best cut-off
of predicted death rate was at 99.8, with a sensitivity
of 98.2%, specificity of 65.6%, and positive predictive
value of 71.1.

The risk factors such as age <1 year, Glasgow coma
scale <8, presence of shock, and need of mechanical
ventilation, were analyzed along with predicted
death rate to find out statistical significance in their
association with mortality. Out of 119 patients, 81 (68%)
were mechanically ventilated. All the variables,
except age <1 year, were found to be statistically
significant [Table 3]. These risk factors were further
analyzed using binary logistic regression model, of
which, presence of shock was found to be independent
association with mortality [Table 4].
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Figure |: Receiver operating characteristic curve. The discrimination of
PIM2 score between death and survival was good at 99.8 cut-off, reflected
by area under ROC, which was 0.843 (95% CI: 0.765, 0.903)

Discussion

In this study done at tertiary care PICU, we found
that the discrimination of PIM2 score between death
and survival was good at 99.8 cut-off, reflected by area
under ROC curve, which was 0.843 (95% CI: 0.765,
0.903). Hariharan showed that PIM2 score had good
discrimination with area under ROC being 0.82 (95%
CI: 0.72-0.92) in a PICU of a developing country.
PIM2 score was a good predictor of mortality in this
study and is comparable to the results by Slater*! and
Eulmesekian,” who showed that PIM2 discriminated
between death and survival well with area under the
ROC curve 0.90 (95% CI: 0.89-0.92).

Because the sensitivity of PIM2 score at 99.8 cut-off was
98.2%, it can be used as a screening tool for assessing
severity of illness of children admitted in PICU. The
negative predictive value of the PIM2 score at 99.8 cut-off
was found to be 97.7%. This helps identify children who
have more chances of survival, which in turn helps in
counseling parents of sick children admitted to PICU.
The low specificity (65.6%) of PIM2 score denotes that
not all patients with high predicted death rate may die.
This reflects that effective interventions at PICU reduce
mortality of those who have high predicted death rate
at the time of admission, and, thereby, indicate good
performance of PICU.

In contrast to other scores like PRISM used in PICU,
which is performed at 24 h of PICU admission,®
PIM2 score is done within 1 hour of PICU admission,
resulting in early identification of severity of illness and
stratification of children for necessary intervention.!

Table 3: Univariate analysis for factors associated with
mortality

Factors Discharged Death Odds 95% ClI P value
number % number % ratio

Age <| year 35 (49.3) 36 (50.7) 1.569 0.7,3.5 0.233

Shock 25 (34.3) 48 (65.8) 10.7 4.2,27.3 0

Mechanical 31 (38.3) 50(61.7) 10.65 3.8,30.2 0

ventilation

Glasgow coma 24 (34.8) 45 (65.2) 75 32,176 0

scale <8

Predicted 36 (43.9) 46 (56.1) 3975 1.5,104 0.001

death rate

Cl: Confidence interval

Table 4: Multivariate analysis and mortality

Variables Adjusted odd’s ratio 95% CI P value

Shock 3.398 1.2,9.7 0.022

Ventilation 1.359 0.4,4.9 0.640

GCS <8 2.003 0.6, 6.7 0.262

Predicted death rate 2.345 0.9,6.2 0.084

Cl: Confidence interval; GCS: Glasgow coma scale
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The data required for calculation of this score are
easy to collect and non-proprietary. Since the data are
collected at “Point-of-Care,” risk stratification can be
done and mortality risk can be calculated at an early
stage after ICU admission.""!

The only limitation of this study was that the disease
referral pattern and treatment facilities available reflects
existing condition in our geographical area and is not
applicable to other areas.

Conclusions

* PIM2score discriminated well between survival and
death at PICU of this tertiary pediatric care hospital

+ Interventions have an impact on outcome, despite
higher predicted death rate

* As the PIM2 score can be done at earliest part of
patient management, this will be very useful in
counseling of parents

+ Presence of shock was significantly associated with
mortality.
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