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INTRODUCTION 

Severity scoring systems form an integral part of 

providing ICU care. There are several scoring systems 

being used for assessing severity of morbidity and 

predicting the risk of mortality. It is useful for objectively 

predicting the outcomes and assessing the prognosis of 

PICU patients. They are also used as performance 

indicators of ICUs. They are also important for 

comparing groups of patients in research trials. 

There are various scoring systems that have been used 

since 1980, like the pediatric risk of mortality (PRISM), 

pediatric logistic organ dysfunction (PELOD), pediatric 

index of mortality (PIM). Of these, the simplicity, of PIM 

makes it easier to collect data from large number of sick 

children point of care data collection and risk 

stratification.4,7 

The first version of PIM was developed in 1997 in 

Australia and UK, by Shann et al, to predict the outcome 

in children admitted to PICU. It was revised in 2003, 
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using data collected from 13 PICU in 1997 and 1999 in 

Australia, New Zealand and the UK. PIM 2 scoring is 

supposedly better than the earlier version for outcome 

predictability.3  

Pediatric index of mortality 2 score uses logistic 

regression models to obtain an equation to describe the 

relationship between predictor variables and probability 

of death. To make use of these scores, both at clinical and 

policy level, it is important to know if it is relevant and 

valid in a given population. 

PIM 2 score4 

PIM model was revised in 2003, by Slate and Shann, to 

improve the predictability of outcome. The PIM variable 

of ‘specific diagnoses was replaced by ‘high risk 

diagnosis’ and ‘low risk diagnoses.   

High risk diagnosis variable includes cardiac arrest 

preceding intensive care unit admission, severe combined 

immune deficiency, leukaemia or lymphoma after first 

induction, spontaneous cerebral haemorrhage, 

cardiomyopathy or myocarditis, hypoplastic left heart 

syndrome, HIV infection, liver failure is the main reason 

for intensive care unit admission, neuro-degenerative 

disorder. 

Low-risk diagnosis include asthma is the main reason for 

ICU admission, bronchiolitis is the main reason for ICU 

admission, group is the main reason for ICU admission, 

obstructive sleep apnoea is the main reason for ICU 

admission, diabetic keto-acidosis is the main reason for 

ICU admission. 

The post-procedure variable was further divided into 

‘recovery post-procedure’ and post ‘cardiac bypass’.  

In order to calculate the predicted risk of mortality, for 

each patient, logit was calculated by multiplying the fixed 

coefficients of the logistic regression by variables (X1, 

X2, ….X10) and adding them, to the pre-determined 

constant.10 

That is, Logit =constant + AX1 + BX2 + CX3 + …  

Thus, for the quantitative variables, absolute values and 

for the qualitative variables (dichotomy), either number 

zero or one was used. For example, if the child had a 

systolic blood pressure of 70 mmHg, 70 was multiplied 

by the related constant of 0.01395, or if there was no 

pupillary light reflex, one was multiplied by the related 

constant ratio of 3.0791. PaO2 and FiO2 were obtained 

according to laboratory findings. To calculate the 

predicted death rate, the logit value was obtained from 

the formula.10   

P=elogit  / (1+elogit),  where  e=2.7183. 

 

Table 1: coefficient of variables of PIM 2. 

Variable Constant 

Absolute (systolic blood pressure-120) 

(mmHg) 
0.01395 

Pupillary light reflex (yes/no) 3.0791 

100 × FiO2/PaO2 0.2888 

Base excess 0.104 

Need for mechanical ventilation in the 

first hour (yes/no) 1.3352 type of 

admission (elective/non-elective) 

1.3352 

Type of admission (elective/non-elective) -0.9282 

Hospitalization following surgery 

(yes/no) 
-1.0244 

Hospitalization following cardiac bypass 

(yes/no) 
0.7507 

With high-risk disease (yes/no) 1.6829 

With low-risk disease (yes/no) -1.577 

Constant value -4.8841 

The collected information was compiled with the related 

database and the data was analysed with chi-square test, 

logistic regression and Hosmer Lemeshow goodness of 

fit test. The SMR was calculated by taking ratio of 

observed to the predicted death rates and performance of 

the model was assessed.   

So, in this study we aimed at assessing PIM 2 model for 

its discriminating ability, whether the model is calibrated 

to our setup and to compare the observed with the 

predicted death rates, so as to evaluate, whether the 

model predicted death well among PICU patients. So, by 

validating the PIM 2 score, we can stratify at risk patients 

and early intervention can be provided to improve the 

outcome. This also helps in monitoring the quality of care 

being provided. 

There are many associated factors affecting the mortality 

in critically ill children admitted in PICU like dilated and 

fixed pupils of size >3 mm, presence of shock in the 1st of 

hour of admission to PICU, mechanically ventilated 

within 1 hour of PICU admission, low GCS<8 all 

contributing to independently to the risk of mortality. 

These factors association are also assessed in the present 

study. This helps in prognosticating and counsel the 

parents and care givers accordingly. 

METHODS 

This was a prospective observational study done in 

pediatrics intensive care unit, department of pediatrics, 

Rajarajeswari medical college and hospital. It is a six-

bedded intensive care unit, catering to both medical and 

post-surgical patients, mainly to medical illness. Our 

pediatrics intensive care unit is equipped with facilities 

for continuous monitoring, mechanical ventilation, 

CPAP, blood gas analysis, X-ray, ultrasonography and 

the echocardiography facilities.   
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The study was conducted over a period of 18 months 

from January 2019 to June 2020. The sample size of 120 

PICU patients were taken up for the study, aged from 1 

month to 18 years. Institutional ethical committee 

approval was taken prior to undertaking the study. 

Informed written consent was taken from the parents or 

guardians of all the participating children. All 

consecutive patients admitted to pediatrics intensive care 

unit, who had met the study criteria were enrolled for the 

study. 

              Demographic data such as name, age, gender was 

collected. Other data like clinical diagnosis, length of 

PICU stay and other clinical and laboratory data required 

for PIM 2 scoring were recorded. All the data were 

recorded within 1 hour of admission to PICU, using a 

structured data collection form. Arterial blood gas 

analysis was done within 1 hour of admission and base 

excess and PaO2 were recorded. 

PIM 2 score consists of ten variables.4,25 The variables 

include elective admission to PICU, recovery post-

procedure, cardiac bypass procedures, high risk 

diagnosis, low risk diagnosis, no response of pupils to 

bright light (>3 mm and both fixed), mechanical 

ventilation (at any time during the first hour in PICU), 

SBP (mmHg), base excess (mmHg) arterial or capillary 

blood and FiO2* 100/PaO2 (mmHg). 

High-risk diagnosis includes cardiac arrest preceding ICU 

admission, severe combined immune deficiency, 

leukemia or lymphoma after first induction, spontaneous 

cerebral hemorrhage, cardiomyopathy or myocarditis, 

hypopllastic left heart syndrome, HIV infection, liver 

failure is the main of reason for PICU admission, 

neurodegenerative disorder.  

Low risk diagnosis include asthma is the main reason for 

ICU admission, bronchiolitis is the main reason for ICU 

admission, croup is the main of ICU admission, 

obstructive sleep apnoea is the main cause of ICU 

admission, diabetic ketoacidosis is the main cause of ICU 

admission. 

Yes or no response of the variables was recorded as 1 or 

0 respectively. All the variables were entered into the 

system, www.sfar.org/scores2/pim22.html, for the 

calculation of predicted death rate, by using logistic 

regression equation.         

Logit=(-4.8841) + (values * beta) + (0.01395 * absolute( 

SBP-120))) + (0.1040 * (absolute  base  excess)) + 

(0.2888 * (100 * FiO2/ PaO2)). 

Predicted death rate = eLogit /(1+ eLogit ) 

Systolic blood pressure was recorded as ‘0’, if the patient 

was in cardiac arrest, 30 if the patient was in shock and 

BP was so low that it cannot be measured, if SBP of 

patient was not known, then it was recorded as 120 as per 

the website recommendations. Elective admission 

included admission after elective surgery or admission 

for an elective procedure (e.g., -insertion of a central line) 

or elective monitoring or review of home ventilation. An 

admission is considered elective if it could be the 

postponed for more than the six hours without adverse 

effect. 

The associated factors in predicting mortality like dilated 

(>3 mm) and fixed pupils, presence of shock, mechanical 

ventilation within 1 hour of PICU admission, low GCS 

<8 were also, recorded. Any patient with tachycardia, 

poor pulse volume, prolonged capillary refill time, 

decreased urine output, altered sensorium, cool 

extremities were considered to have “presence of shock”. 

The patients were followed up throughout their stay in 

PICU and the final outcome was recorded as ‘discharged’ 

or ‘death’. For the purpose of analysis, the outcome of 

patients who were discharged against medical advice was 

recorded as ‘death’.  

Statistical analysis 

The statistical analysis was performed using SPSS 

version 19.0. After completing data collection, data were 

recorded in Microsoft excel 2007. The discriminating 

ability of PIM 2 scoring system between survivors and 

non-survivors was analysed by area under receiver 

operator characteristic (ROC) curve, using PIM 2 values.  

The ROC curve represents the relationship between 

sensitivity and specificity of a given test and thus 

expresses how well the model distinguishes between the 

survivors and non-survivors. The area under ROC curve 

of 0.75 or more, is considered to be clinically useful and 

have good discriminating ability.   

The calibration of PIM 2 scoring system was analysed by 

Hosmer-Lemeshow goodness-of-fit (GOF) test.26 It is a 

logistic regression model. The GOF test p were done for 

calibration across deciles of risk for age and diagnostic 

subgroups. It describes the performance of the scoring 

system in the present unit where the study is done, in 

comparison with the original unit where the scoring 

system was formulated.   

The standardised mortality ratio (SMR), is the ratio of 

observed to expected mortality rates. It is a well-

recognised and valid measure for comparing the risk 

adjusted mortality between different centers. The SMR 

values <1, imply good performance of the model which 

in turn indicates good quality of care being provided in 

the study unit when compared to the unit where the 

scoring system was formulated. If the upper limit of 95% 

confidence interval of the calculated SMR is<1, then 

observed mortality is regarded as being lower than the 

expected. In this present study, SMR was calculated with 

95% confidence interval, for the whole group using 

OpenEpi statistical calculator online.   
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RESULTS 

A total of 120 consecutive patients admitted to PICU, 

aged from 1 month to 18 years, who met the study 

criteria, were taken up for the study. The mean age of 

admission to our PICU was 2.2 years±3.8 (Table 2). 

Among the admitted, 58% were males and 42% females 

(Table 3). Mean heart rate among the admitted patients 

was 123±25 bpm. Mean systolic BP was 93±24 mmHg. 

Respiratory disease was the most common cause for 

PICU admission, with 55% of admissions and sepsis 

being the second most common cause, 9%. Mortality was 

maximum in sepsis group, with 40% observed mortality 

rate (Table 4). Age and gender of the patient had no 

significant association with the outcome (p=0.321). The 

length of stay in PICU had shown significant association 

with the mortality with p<0.001. The predicted death rate 

by PIM 2 score had statistically significant association 

with the mortality with p<0.001 (Table 5). The mortality 

rate was found to be 12.5%. 

Table 2: Age distribution. 

Descriptive statistics 

Age 

(months) 

No. of 

cases 
Min Max Mean S. D. 

120 1.00 180 26.832 46.905 

Table 3: Gender distribution. 

Variables Frequency 
Percentage  

(%) 

Sex 
Male 70 58.3 

Female 50 41.7 

Table 4: Number of discharge and death among 

diagnostic categories (outcome). 

Diagnosis Total  
Outcome 

Death Discharge 

Respiratory 

diseases 
66 4 62 

Gastrointestinal 

diseases 
3 0 3 

Cardiovascular 

diseases 
8 3 5 

Renal system 2 0 2 

Central nervous 

system  

diseases 

10 2 8 

Endocrine  

system 
7 0 7 

Hematological 

diseases 
4 0 4 

Sepsis  11 6 5 

Poisoning  4 0 4 

Post-operative cases  4 0 4 

Drug reaction 1 0 1 

Total  120 15 105 

PIM 2 score has good discriminating ability between the 

survivors and dead. The area under ROC curve is 0.867, 

which is high as shown in the Figure 1. This indicates 

that the model shows increased predicted death rate, 

increases mortality (p<0.001) as shown in the Table 8). 

PIM 2 score can be used in predicting the mortality in 

PICU patients.  

PIM 2 had good calibration across all age groups with 

goodness-of-fit p>0.05, with maximum calibration across 

1-4 years age group. PIM 2 had good calibration across 

respiratory disease subgroup with p=0.27. PIM 2 had 

poor calibration in cardiovascular and sepsis diagnostic 

subgroups with p=0.005 and p=0.002 respectively (Table 

6). Overall, PIM 2 is well calibrated to our setup with 

p=0.961 (>0.05). Standardized mortality ratio in the study 

is equal to 1, as observed deaths are equal to predicted 

death rates. So, PIM 2 score predicted well the deaths. 

Among the risk factors studied, dilated (>3 mm) and 

fixed pupils was seen in 2.5% cases, mechanical 

ventilation in 1st hour in 15.8% cases. 14.2% cases 

presented in shock and 10% had low GCS (<8). All the 

above factors are significantly associated with mortality 

(p<0.001) as shown in the Table 7. Heart rate variations 

has not statistically significant association with the 

mortality. 

 

Figure 1: ROC curve. 
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Table 5: Mean predicted death rate among discharged and death. 

Group statistics   

Predicted death 

rate 

Outcome 

category 
N Mean S. D. T value P value 

Death 15 55.360 36.80 9.943 
<0.001** 

Discharge 105 4.5895 14.35  

 

Table 6: Calibration of scores across age and diagnostic subgroups. 

 

Variable N 
Area under ROC 

curve 

Hosmer-Lemeshow goodness-of-

fit test 

Age (in years) 

<1  78 (65.0) 0.657 1.47 (0.68) 

1-4  18 (15.0) 0.810 0.003(0.959) 

5-10  13 (10.8) 0.905 1.241(0.435) 

>10 11 (9.2) 0.933 0.058(0.810) 

Diagnosis 

Bronchiolitis 53 (44.2) 0.486 12.675(0.270 

Cardio 11 (9.2) 0.552 7.866 (0.005*) 

Liver 2 (1.7) 0.571 - 

Post-operative 4 (3.3) 0.610 - 

Sepsis 9 (7.5) 0.657 9.378 (0.002*) 

Other conditions 41 (34.2) 0.667 2.140 (0.144) 

Table 7: Risk factors associated with mortality. 

Risk factors 

Outcome   

Death Discharge   

Frequency 
Percentage 

(%) 
Frequency 

Percentage 

(%) 

Chi-

square 
P value 

Pupils fixed to 

light 

No 12 80 105 100 21.538 <0.001** 

Yes 3 20 0 0   

Mechanical 

ventilated 1st h 

No 4 26.7 97 92.4 42.531 <0.001** 

Yes 11 73.3 8 7.6   

Presence of 

shock 

No 5 33.3 98 93.3 38.858 <0.001** 

Yes 10 66.7 7 6.7   

GCS 
No 6 40 102 97.1 47.619 <0.001** 

Yes  60 3 2.9   

 

Table 8: Predicted death rate (AUC). 

Test result variable(s): predicted death rate 

AUC P value 

Asymptotic 95% CI 

Lower 

bound 

Upper 

bound 

0.867 <0.001** 0.729 0.980 

DISCUSSION 

PIM 2 scoring system is an illness severity scoring 

system, that can be used to predict the mortality in PICU 

patients. It is scored within 1 hour of PICU admission, of 

the patient. It is simple, easier to collect data, it can be 

done even in set-up with minimal resources and is not 

affected by treatment given. 

In the present study, the results has been evaluated for 

discrimination, calibration and SMR, by PIM 2 scoring  

 

system in tertiary care PICU, in South India. The current 

study investigated 120 patients admitted to PICU, over 18 

months.   

The general characteristics of the studied subjects when  

compared  to  other  studies showed  that  the  mean  age  

of  admission  being  2.2±3.8 years,  while  in  a study  

done  by  Hariharan  et  al,  in  Barbodas,  mean  age  was  

4.9±4.4 years.13 The mean  age  of  admitted  cases  in  a  

study  by  Youssef  et  al  in  Egypt, was  14months and  

4years  in  the  study  done  by  Sankar  et  al,  in  AIIMS,  

New  Delhi.9,18  In  our study, there  were  more  of  male  

subjects,  which  was  similar  to  study  by  Destiana  et  

al.13  In other  studies,  there  was  nearly  equal  

proportions  of  males  and  females  being  admitted.   

There was no statistically significant association of 

gender with the outcome. In  our  study,  the  mean  

length of stay  was  2.13±1.2  days  and  3.7±2.3  days 
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among  dead  and  discharged  groups  respectively  

which  was  comparable  to  other similar  studies  like  

Gandhi  et  al, Youssef  et  al, Aroor  et  al, investigating  

the  validity  of PIM 2  score  in  PICUs  in  developing  

countries.23,9,32 As  like  previous  studies  done  in  other  

developing  countries,  respiratory  morbidity (both 

infective and non-infective)  was the  most  common  

diagnosis  at  admission. In Roshani et al study, 

cardiovascular involvement was the most common and in 

Sankar et al study, sepsis and malignancy in Destiana et 

al study done in Indonesia.21,18,11 The mean predicted 

death rate was found to be statistically significant with 

the outcome as with other studies mentioned.   

Higher predicted death rate was associated with increased 

risk of mortality. In our study, PIM 2 scoring system had 

good discriminating ability between survivors and non-

survivors, with area under ROC curve of 0.867 with 95% 

CI of 0.729-0.980. This was comparable with results of, 

Slater et al with AUC of 0.9, where the PIM model was 

revised to PIM 2.4 In other studies like Tibby et al AUC 

was 0.83-0.87, in Hariharan et al, it was 0.82.14,13 A study 

done in UK in 5 PICU settings, proved that PIM 2 

scoring system had good discrimination, with AUC of 

0.84.  A study in  Hong  Kong,  showed  AUC  of  

0.843.33  Few  Indian  studies  like  study by  Gandhi  et  

al  also  had  similar  values,  which  was all comparable  

to  our  present study.23   Other  studies  like  Antonio  et  

al,  Youssef  et  al , Payman  et  al,   showed  fair  

discrimination  with  AUC  between  0.70-0.80.31,9,10 

PIM 2 scoring system had  good  calibration  across  all  

age  groups  with  GOF  test p>0.05  with  maximum  

calibration  between  1-4 years  of  age. There  was also  

good  calibration  in  respiratory  diseases  subgroup  and  

poor   calibration  was observed  in  cardiovascular  and  

sepsis  subgroups. In Youssef et al study, PIM 2 had good  

calibration  with  GOF  p=0.943.9 A  multicentric  study  

in  Italy  also  reported,  good  calibration  of  PIM 2 with 

GOF p=0.308.8 Other studies by Antonio et al, Tibby et 

al, also showed good calibration compared  to  

PRISM.31,14  Study  done  in  AIIMS, New  Delhi,  by  

Sankar  et  al,  also  recorded  good  calibration  across  

all  age  groups  and among  all  diagnostic  subgroups,  

except  post-operative  cases,  where  poor  calibration 

was  noted.18,20 In  another  Indian  study  by   Roshani  et  

al  study,  in  Mumbai  tertiary care  centre  showed  poor  

calibration  with  GOF  p=0.028.21 

The calculated SMR in our study was 1, across deciles of  

risk,  which  implied that  observed  death  rates  were  

equal  to  predicted  death  rate.   which  was  similar  to 

studies  by  Antonio  et  al  and  Sankar  et  al.31,18 Studies  

like  Youssef  et  al,  found  SMR >1,  that implied  PIM 

2  scoring  under-predicted  the  death  or  poor  quality  

of  care  of the  study  unit  according  to  Pearson  et  

al.9,7  This,  they  have  attributed  to  confounders  like  

differences  in  the  population  under  study  when  

compared  with  the  original population,  where  PIM 2  

was  developed,  or  due  to  small  number  of  study  

sample  or due  to  inadequate  resources  in  the  study   

setup. Another study by Payman et al, done in Indonesia 

also recorded SMR>1 (1.8).10 Study  by  Hariharan  et  al,  

another multicentric  study  to  validate  PIM 2  

performance  done  in  Italy  in  3 PICUs  showed 

SMR<1.13  Few  other  studies  in  Argentina  and  Hong  

Kong also  showed  similar  results (SMR<1),  which  

implied  that  observed  deaths  are  lesser  than  predicted  

deaths.12,33  These  studies  concluded  that  PIM 2  score  

over-predicted  the  death  rate.   

In our study factors like dilated and fixed pupils, 

mechanical ventilation within 1st hour of admission, 

presence of shock and low GCS,  were  all  significantly  

associated with  the  mortality (p<0.001).  All these 

factors, independently were associated with increasing 

the risk of mortality among PICU patients.  Thus, 

presence of any of these risk factors warrants attention to 

improve the outcome. In study done by Gandhi et al, 

shock within 1 hour had shown significant association 

with the mortality.23 Another study done by Aroor et al, 

found that hypoalbuminemia was significantly associated 

with the mortality, in addition to the above factors.32 

Limitations 

Due to financial constraints, few patients took DAMA, 

whom were considered dead in the study for statistical 

purposes, that could result in variations in the result when 

the study is reproduced in other settings. The statistical 

analysis like Goodness-of-Fit test is more reliable with 

larger sample size. The smaller the variable size, the 

lesser is the sensitivity and specificity. So, we 

recommend further research to confirm the results of our 

present study, from a large multicentric study. 

CONCLUSION  

From this study, it can be concluded that PIM 2 scoring 

system can be used in minimal manpower resource setup, 

because of ease of collection of data, scoring not affected 

by treatment and freely available software, so 

economical. PIM 2 score can be used in predicting the 

mortality of ICU patients. The PIM 2 predicted death 

rates were equal to the observed death rates, SMR being 

equal to 1. Thus, the quality of care provided in our PICU 

is comparable to the unit where the score was developed 

and validated. PIM 2 score is well calibrated to our unit 

and can be used for hospital audit. As the PIM 2 can be 

scored at the earliest, it helps in counselling the parents. 

As it gives objective and measurable value to evaluate 

and monitor the quality of care being provided.  Thus, 

helps in periodic reviewing, improving and providing 

good quality care in PICUs, with the available resources 

to achieve the best outcome.  
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