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Abstract

Background The aim of this study was to evaluate the performance of the four scoring tools in predicting mortality in pedi-
atric intensive care units (PICUs) in western China.

Methods This was a multicenter, prospective, cohort study conducted in six PICUs in western China. The performances of
the scoring systems were evaluated based on both discrimination and calibration. Discrimination was assessed by calculating
the area under the receiver operating characteristic curve (AUC) for each model. Calibration was measured across defined
groups based on mortality risk using the Hosmer-Lemeshow goodness-of-fit test.

Results A total of 2034 patients were included in this study, of whom 127 (6.2%) died. For the entire cohort, AUCs for
Pediatric Risk of Mortality Score (PRISM) I, Pediatric Index of Mortality 2 (PIM2), Pediatric Logistic Organ Dysfunction
Score-2 (PELOD-2) and PRISM IV were 0.88 [95% confidence interval (CI) 0.85-0.92], 0.84 (95% CI 0.80-0.88), 0.80
(95% CI 0.75-0.85), and 0.91 (95% CI 0.88-0.94), respectively. The Hosmer-Lemeshow goodness-of-fit Chi-square value
was 12.71 (P=0.12) for PRISM 1, 4.70 (P=0.79) for PIM2, 205.98 (P <0.001) for PELOD-2, and 7.50 (P =0.48) for
PRISM 1V [degree of freedom (df) =8]. The standardized mortality ratios obtained with the PRISM I, PIM2, PELOD-2,
and PRISM 1V models were 0.87 (95% CI, 0.75-1.01), 0.97 (95% CI, 0.85-1.12), 1.74 (95% CI, 1.58-1.92), and 1.05 (95%
CI, 0.92-1.21), respectively.

Conclusions PRISM IV performed best and can be used as a prediction tool in PICUs in Western China. However, PRISM
IV needs to be further validated in NICUs.

Keywords Illness severity score - Intensive care - Mortality prediction - Pediatric

Introduction

Having tools for predicting mortality in intensive care
units (ICUs) is crucial. These tools are especially nec-
essary when assessing quality of care and comparing
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performance among ICUs because variation in cases
among ICUs is inevitable. In addition, these tools serve
as clinical research tools to evaluate the severity of ill-
ness among study populations. Currently, there are three
risk-adjustment tools in pediatric intensive care units
(PICUs) that are widely used: the Pediatric Risk of Mor-
tality (PRISM), Pediatric Index of Mortality (PIM) and
Pediatric Logistic Organ Dysfunction (PELOD) scoring
systems [1-3].

The three systems differ in the information required to
calculate the risk of death. The PRISM was calculated
using variables with the most abnormal values within
24 hours after admission, whereas the PIM was calcu-
lated by using the information collected on admission.
The PELOD was created for assessing organ dysfunc-
tion in critically ill children, and scoring is performed
by using the most abnormal values of each variable dur-
ing the entire intensive care unit (ICU) stay [3]. Several
studies have reported that the PELOD-2 scores on day 1
(d1PELOD-2) are strongly associated with PICU mortal-
ity [4, 5].

Before these scoring systems are applied in other popu-
lations, it is important to assess their validity in those pop-
ulations. The three systems have been validated in many
countries worldwide [6—11]. However, to our knowledge,
there are few prospective multicenter studies that have
validated these tools in western China. The current study
was designed to determine the performance of the PRISM
I, PIM2, PELOD-2, and PRISM IV scoring systems in a
population of pediatric patients admitted to six PICUs in
western China.

Methods
Setting and patients

This study was a prospective, multicenter, cohort study
conducted in PICUs in six tertiary hospitals in west-
ern China between February 2018 and January 2019.
All patients consecutively admitted to the PICUs were
enrolled. Exclusion criteria included the following:
age > 16 years; preterm birth (<37 weeks); transferred to
another PICU, and death within two hours following ICU
admission. Patients readmitted to the PICU were included
as new admissions only if the admission occurred more
than 48 hours after transfer to another hospital ward; oth-
erwise, the initial admissions and readmission were con-
sidered as a single admission. Patients in the PICUs at the
end of the study were considered alive. Patient data were
collected anonymously for privacy considerations. Each
child was identified by their admission number. This study

was reviewed and approved by the Ethics Committee of
the Central Processing Center (West China Hospital of
Sichuan University).

Data collection

The variables with the most abnormal values within
24 hours after admission were collected for the PRISM and
d1PELOD-2 score calculations. The PIM-2 scores were
calculated using the information collected within one hour
after admission [12]. Laboratory data were collected from
two hours before PICU admission to four hours after admis-
sion, and physiological variables measured during the first
four hours in the PICU were collected for PRISM IV scores
[13]. Patient information, including patient age and sex, the
main reason for PICU admission, the diagnosis at the time of
PICU admission, length of PICU stay, and PICU mortality,
also was collected. The variables with no test results were
considered normal. All inconsistencies were discussed and
resolved through telemeetings with one author at a central
processing center. A research assistant at each study site
assessed the data for accuracy, and an investigator at the
central processing center monitored consistency of the data
throughout the study.

Statistical analysis

Statistical analyses were performed with SPSS Statistical
Package, version 22.0 (SPSS Inc., Chicago, Illinois) and R
software version 3.61. Descriptive statistics were presented
as the mean + standard deviation (SD) and as medians
(interquartile range, IQR) for normally and nonnormally
distributed data, respectively. The performance of each tool
was evaluated by assessing the discrimination and calibra-
tion. Discrimination is the ability of a scoring system to
distinguish between survivors and non-survivors correctly
and was assessed using the area under the receiver operat-
ing characteristic (ROC) curve along with 95% confidence
intervals (CIs). An area under curve (AUC) > (.70 was con-
sidered indicative of acceptable discriminatory performance,
AUC > 0.80 as good discrimination, and AUC > 0.90 as
excellent discrimination [14]. Calibration is the ability of a
scoring system to match the observed number of deaths and
was assessed by using the Hosmer—Lemeshow goodness-
of-fit test [15]. Ten intervals were categorized according to
the predicted probability of mortality as described in previ-
ous studies, and the Chi-square statistic was calculated as
¥ (O - E)Y/E, where O is the observed number of events
and E is the expected number of events in each interval. A
P-value > 0.05 was considered to indicate good calibration.
The ratios of the observed number of deaths to the predicted
number of deaths [standardized mortality ratios (SMRs)]
also were calculated along with their 95% Cls. If the upper
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95% CI of the SMR was < 1.0, the observed mortality was
regarded as being lower than the predicted mortality.

Results

All six hospitals were large, tertiary, referral centers located
in western China and provided medical care for a population
of 150 million people. Details of the six PICUs are listed in
Supplementary Table 1. Two units were in children’s hos-
pitals. Half of the units had fewer than ten beds. All of the
PICUs treated medical and general surgical patients.
During the study period, a total of 2282 patients were
consecutively admitted to the six PICUs. Among them, 248
patients were excluded: 93 older than 16 years, 62 prema-
ture infants, 56 with incomplete data, and 37 who were dis-
charged against medical advice. Thus, 2034 patients were
enrolled in the study. The demographic and clinical char-
acteristics of the study population are presented in Table 1.
The median (IQR) age was 14 (3—-51) months. Overall, the
PICU mortality was 6.2%. The length of PICU stay was 4.8
(2.0-9.5) days. The largest percentage of patients (27.8%)

Table 1 Demographic and clinical characteristics of the 2034 chil-
dren

Characteristics Value
Number of patients, n 2034
Age (mon) 14 (3, 51)
Gender
Male, n (%) 1145 (56.3%)
Female, n (%) 889 (43.7%)
Diagnostic group
Medical, n (%) 1110 (54.6%)
Surgical, n (%) 924 (45.4%)
Diagnostic group
Cardiac disease, n (%) 454 (22.3%)
Respiratory disease, n (%) 566 (27.8%)

261 (12.8%)
491 (24.1%)

Neurological disease, n (%)
Digestive disease, n (%)

Injury and poisoning, n (%) 44 2.2%)
Other, 1 (%) 218 (10.7%)
Length of ICU stay (d) 4.8(2.0,9.5)
Ventilation, n (%) 1088 (53.5%)
PICU mortality, n (%) 127 (6.2%)

Predicted mortality

PRISM I 7.16% (145.61)
PIM2 6.40% (130.27)
PELOD-2 3.58% (72.90)

PIRMS IV 5.92% (120.50)

ICU intensive care unit, PICU pediatric intensive care unit, PRISM
pediatric risk of mortality score, PIM2 pediatric index of mortality 2,
PELOD-2 pediatric logistic organ dysfunction-2
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were grouped into the respiratory disease category. The
second largest category of patients was digestive disease
(24.1%), followed by cardiac disease (22.3%), neurological
disease (12.8%), and injury and poisoning (2.2%).

The ROC curves that demonstrated the discrimination
abilities of the systems for the entire cohort are presented in
Fig. 1. The PRISM IV had the highest AUC, and all tools
showed good discrimination between survival and nonsur-
vival. The AUCs for PRISM I, PIM2, PELOD-2, and PRISM
IV were 0.88 (95% CI 0.85-0.92), 0.84 (95% CI 0.80-0.88),
0.80 (95% CI 0.75-0.85), and 0.91 (95% CI 0.88-0.94),
respectively (Table 2). PRISM I, PIM2, PELOD-2, and
PRISM 1V predicted 145.61 (7.16%), 130.27 (6.40%), 72.90
(3.58%), and 120.50 (5.92%) deaths, respectively. The SMRs
for PRISM I, PIM2, PELOD-2, and PRISM IV were 0.87
(95% CI 0.75-1.01), 0.97 (95% CI 0.85-1.12), 1.74 (95%
CI 1.58-1.92), and 1.05 (95% CI 0.92-1.21), respectively
(Table 2). The results of the Hosmer-Lemeshow goodness-
of-fit tests with eight degrees of freedom showed that PIM2
and PRISM 1V achieved the best calibration (P=0.79 and
P=0.48), PRISM achieved good calibration (P=0.12), and
PELOD-2 showed a lack of fit and therefore had poor cali-
bration (P <0.001). Detailed information on the calibration
of each tool across various levels of probability of death is
shown in Supplementary Table 2.

In the subgroup analyses the PRISM IV and PIM2 sys-
tems achieved good calibration across all strata except for
babies < 1 month of age (Fig. 2b and d). The PRISM IV
overestimated mortality in babies < 1 month (14.00 vs.
26.09, SMR =0.54), while PIM2 underestimated mortality
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Fig. 1 ROC curves of the four scoring systems. The AUC for PRISM
1 was 0.88 (95% CI 0.86-0.93), for PIM2 was 0.84 (95% CI 0.80—
0.88), for PELOD2 was 0.80 (95% CI 0.75-0.85), and for PRISM IV
was 0.91 (95% CI 0.88-0.94). AUC area under curve, ROC receiver
operating characteristic, PRISM Pediatric Risk of Mortality Score,
PIM?2 Pediatric Index of Mortality 2, PELOD-2 Pediatric Logistic
Organ Dysfunction-2
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Table 2 Model fit and discrimination in overall patients

Variables N Observed Expected deaths SMR (CI 95%) ;(2 P* AUC (C195%)

deaths

PRISM I 2034 127 145.61 0.87 (0.75-1.01) 12.71 0.12 0.88 (0.85-0.92)
PIM2 2034 127 130.27 0.97 (0.85-1.12) 4.70 0.79 0.84 (0.80-0.88)
PELOD-2 2034 127 72.90 1.74 (1.58-1.92) 205.98 < 0.001 0.80 (0.75-0.85)
PRISM IV 2034 127 120.50 1.05 (0.92-1.21) 7.50 0.48 0.91 (0.88-0.94)

AUC area under receiver operating characteristic curve, SMR standardized mortality ratio, PRISM pediatric risk of mortality score, PIM2 pediat-
ric index of mortality 2, PELOD-2 pediatric logistic organ dysfunction-2, * Chi-square value, CI confidence interval

“degrees of freedom were eight

a
PRISM 1 O E Chi-square test SMR (95% CI)
All patients 127 145.61 0.12 (12.71) = 0.87 (0.75-1.01)
Age
0-1 mon 14 21.84 0.09(2.82) +=—r 0.64 (0.38-1.08)
1-12 mon 37 51.08 0.05(3.88) +=— 0.72 (0.52-1.01)
12-60 mon 36 39.49 0.58(0.31) = 0.91 (0.69-1.21)
60-144 mon 35 29.12 0.28(1.19) e 1.20 (0.98-1.47)
> 144 mon 5 408 0.65(0.21) == 1.23(0.65-2.31)
Diagnosis
Cardiac 22 29.04 0.19(1.71) +~=— 0.76 (0.51-1.13)
Respiratory 31 3825 0.24(1.37) w=— 0.81 (0.58-1.13)
Neurological 20 19.78 0.96(0.00)  =— 1.01 (0.73-1.41)
Digestive 34 3776 0.54(0.37) 0.90 (0.67-1.20)
Injury and poisoning 2 4.74 0.21 (1.59) —=—m— 0.42 (0.10-1.73)
Other 18 16.03 0.62(0.24) —— 1.12 (0.80-1.57)
Medical/Surgical
Medical 97 93.46 0.71(0.13) - 1.04 (0.89-1.21)
Surgical 30 52.15 0.00(9.41) = 0.58 (0.39-0.85)
Q&; \\b '»,\,5
C
PELOD-2 O E Chi-square test SMR (95% CI)
All patients 127 72.8 0.00 (205.98) - 1.74 (1.58-1.92)
Age
0-1 mon 14 6.37 0.00(9.16) —— 2.20 (1.67-2.89)
1-12 mon 37 22.03 0.00(10.18) et 1.68 (1.37-2.06)
12-60 mon 36 19.66 0.00(13.59) — 1.83 (1.53-2.20)
60-144 mon 35 22.01 0.01(7.67) — 1.59 (1.36-1.86)
> 144 mon 5 2.85 0.20(1.63) ——1.76 (1.05-2.93)
Diagnosis
Cardiac 22 18.80 0.46(0.54) = 1.17 (0.85-1.60)
Respiratory 31 14.79 0.00 (17.87) ——  2.10 (1.76-2.50)
Neurological 20 10.96 0.01 (7.45) —— 1.82 (1.48-2.25)
Digestive 34 1439 0.00 (26.71) —— 2.36(1.98-2.81)
Injury and poisoning 2 2.84 0.62 (0.25) —— 0.70 (0.23-2.19)
Other 18 11.12  0.04 (4.25) — 1.62 (1.30-2.02)
Medical/Surgical
Medical 97 40.26 0.00 (79.94) = 241 (2.21-2.62)
Surgical 30 32.64 0.64(0.21) +~=— 0.92 (0.68-1.25)

QQ‘p \\"p "\;W‘) )

Fig.2 Model fit by subgroups and forest plots for SMR. The
results of the Chi-square test are presented as the P value (X2
value). The degree of freedom for the overall analysis was eight,
and for each subgroup analysis, it was one. E expected deaths, O

(14.00 vs. 8.17, SMR =1.71). PRISM I also showed good
calibration except for surgical patients (Fig. 2a). The
PELOD-2 score nearly underestimated mortality in all
subgroups (Fig. 2c). Figure 3 shows the discrimination
power of the four tools in each subgroup. PRISM I and

b
PIM 2 O E Chi-square test SMR (95% CI)
All patients 127 130.27 0.79 (4.70) < 0.97 (0.85-1.12)
Age
0-1 mon 14 817 0.04(4.17) — 1.71 (1.18-2.49)
1-12 mon 37 49.85 0.07(3.31) = 0.74 (0.58-1.00)
12-60 mon 36 3546 0.93(0.01) =~ 1.02 (0.79-1.30)
60-144 mon 35 30.26 0.39(0.74) = 1.16 (0.94-1.42)
> 144 mon 5 652 0.55(0.36) —=m— 0.77 (0.36-1.63)
Diagnosis
Cardiac 22 23.56 0.75(0.01) +=— 0.93 (0.68-1.29)
Respiratory 31 3828 0.24(1.38) w~=— 0.81 (0.57-1.14)
Neurological 20 21.12 0.81(0.06) +=— 0.95 (0.70-1.28)
Digestive 34 31.03 0.59(0.28) == 1.10 (0.89-1.36)
Injury and poisoning 2 2.80 0.63 (0.23) —=———— 0.71 (0.17-3.06)
Other 18 1347 0.22(1.52) +=— 1.34 (0.98-1.82)
Medical/Surgical
Medical 97 9431 0.78(0.08) 1.03 (0.89-1.19)
Surgical 30 3596 0.32(0.99) w=n 0.83 (0.61-1.13)
SRR '\,q";’b
d
PRISM IV O  E Chi-square test SMR (95% CI)
All patients 127 120.5 0.48 (7.50) e 1.05 (0.92-1.21)
Age
0-1 mon 14 26.09 0.02(5.61) +—=—s 0.54 (0.30-0.96)
1-12 mon 37 3541 0.79(0.07) —— 1.04 (0.79-1.38)
12-60 mon 36 26.25 0.06(3.63) ——t 1 37 (1.09-1.72)
60-144 mon 35 27.97 0.18(1.77) — 1.25 (1.02-1.52)
> 144 mon 5 478 092(0.01) +———— 1.05(0.52-2.11)
Diagnosis
Cardiac 22 19.74 0.61(0.25) —— 1.11 (0.80-1.54)
Respiratory 31 3034 0.90(0.01)  +—— 1.02 (0.75-1.37)
Neurological 20 17.96 0.63(0.23) —_—— 1.11 (0.81-1.51)
Digestive 34 33.40 0.92(0.01) —_— 1.01 (0.77-1.33)
Injury and poisoning 2 4.02 0.31 (1.01)—=———— 0.50 (0.12-1.99)
Other 18 11.12 0.45(0.58) e 1.20 (0.86-1.65)
Medical/Surgical
Medical 97 86.55 0.26(1.26) e 1.12 (0.96-1.30)
Surgical 30 33.95 0.50(0.46) = 0.88 (0.64-1.22)

LN B E— —
VL NS Y

observed deaths, SMR standardized mortality ratio, C/ confidence
interval, PRISM pediatric risk of mortality score, PIM2 pediatric
index of mortality 2, PELOD-2 pediatric logistic organ dysfunc-
tion-2

PRISM 1V discriminated survival from nonsurvival well
across all subgroups. Except for adolescent patients, PIM2
and PELOD-2 scores also could discriminate survival. In
the subgroup analysis for each hospital, all tools except
PELOD-2 had good discrimination, and PRISM IV had the
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PRISM 1 , PIM2 . PELOD-2 \ PRISM IV
Total 0.88 (0.85-0.92) ~ 1 0.84(0.80-0.88) ~ 1 0.80(0.75-0.85) - 1 0.91 (0.88-0.94) -
Age ' ! !
0-1 mon 0.82 (0.70-0.93) —— ! 0.76 (0.63-0.90) —— ! 0.78(0.65-0.91) —— ! 0.82(0.72-0.92) —
1-12 mon 0.90 (0.85-0.94) P 1 0.84(0.77-0.91) 1076 (0.67-0.85) - 1 0.90 (0.85-0.94) -
12-60 mon 0.85 (0.76-0.94) —— 1 0.84(0.76-0.92) a1 0.74 (0.64-0.85) —— 1 0.91 (0.84-0.97) bt
60-144 mon 0.97 (0.94-0.99) 1 0.92(0.86-0.98) re 1 0.93(0.88-0.98) ret 1 0.97 (0.94-0.99) ot
> 144 mon 0.83 (0.67-0.99) —— | 0.66 (0.38-0.95) ——s—— | 0.71 (0.41-0.99)————— | 0.85 (0.74-0.95) —
Diagnosis . ' X
Cardiac 0.90 (0.85-0.95) -1 0.86(0.79-0.94) = 1 0.80(0.67-0.93) —— 1 0.92(0.87-0.96) et
Respiratory 0.89 (0.80-0.97) —— 1 0.82(0.73-0.90) —— 1 0.86(0.77-0.95) —— 1 0.91(0.84-0.97) —
Neurological 0.95 (0.90-0.99) == 0.83(0.70-0.96) —— , 0.82(0.71-0.93) —— , 0.95(0.90-0.99) et
Digestive 0.89 (0.83-0.94) —— ! 0.90 (0.84-0.95) Fe10.71(0.60-0.82) | e ' 0.90 (0.85-0.95) ot
Injury and poisoning 0.98 (0.96-1.00) w1 0.98(0.93-1.00) s 10.98 (0.93-1.00) e 10.98(0.95-1.00) vt
Other 0.82 (0.70-0.95) —— 1 0.81(0.70-0.92) —— 1 0.82(0.71-0.93) —— 1 0.86(0.75-0.97) —
Medical/Surgical | | |
Medical 0.88 (0.83-0.92) - 0.81(0.76-0.86) w1 0.85(0.81-0.90) w1 0.89(0.86-0.93) e
Surgical 0.91 (0.86-0.97) == ' 0.85(0.75-0.94) —— ! 0.83(0.74-9.93) —— ! 0.91(0.85-0.97) ——
NN ~;\" é\" 0 o,“(" NARNIRN o,’\‘) NN
Q7 Q7 QO o Q-

Fig.3 Forest plots for AUCs of the four tools across each subgroup. The reference line was 0.5. AUC area under curve, PRISM pediatric risk of
mortality score, PIM?2 pediatric index of mortality 2, PELOD-2 pediatric logistic organ dysfunction-2

best calibration (P> 0.1 in five hospitals) (Supplementary
Table 3).

Discussion

In this study, we evaluated the performance of the four scor-
ing systems in our PICUs. The results showed that PRISM
IV achieved the best discrimination and calibration among
the four tools. The PIM2 and PRISM I also showed good
discrimination and calibration. The PELOD-2 score had
good discrimination but poor calibration.

The first three versions of PRISM need data collected
24 hours after admission to reflect illness severity. Generally,
early treatment could improve the abnormal values during
the first day in the ICU. Once the first measurement of value
calculating PRISM occurs after early treatment, it may lead
to bias [16]. When comparing the performance of two ICUs,
the bias may result in the risk that the better ICU appears
to perform worse because the patients with a higher risk of
mortality may have lower PRISM scores in the better ICU.
Therefore, one of the most important changes of the most
recent version PRISM IV was the time period for calculat-
ing PRISM [13]. In addition, the algorithm used to calculate
mortality risk is publicly available.

Previously, PRISM I achieved good discrimination and
calibration in two cohort studies in India [6, 17]. However,
PRISM underpredicted mortality in one study, possibly due
to the high severity of illness and limited ICU resources in
that study [6]. In China, especially western China, pediat-
ric critical care medicine also has the problem of limited
resources, which is due to medical disparities [18, 19].
Unlike the results observed in the Indian studies, the PRISM
I score overpredicted mortality in our study (SMR =0.87,

@ Springer

95% CI 0.75-1.01). The illness severity of patients was
lower in our study than in the studies in India [7 (4, 11) vs.
16 (15, 17.4)], which may partly explain the overprediction
[6]. Another possible reason is that PRISM I was derived
from data collected 40 years ago. Advances in the quality of
care in PICUs also could have affected the performance of
the models in mortality prediction.

The most recent version of the PRISM scoring system
was PRISM 1V, which has not been validated in western
China. Compared to PRISM I, PRISM IV showed better
performance in mortality prediction in this validation study.
Interestingly, the performance of PRISM IV in a recent study
in eastern China was not as good as that of PRISM 1V in our
study [0.76 (95% CI 0.73-0.80) vs. 0.91 (95% CI 0.88-0.94)]
[20]. In our study, PRISM IV overestimated mortality in
babies < 1 month. The poor calibration may be explained by
the following reasons. First, none of the six PICUs was a neo-
natal ICU (NICU). Most neonates with a high risk of mor-
tality may be admitted to NICUs, which could lead to bias.
Another possible explanation may be the underdeveloped
level in western China. Patients with limited education may
be not be aware of the clues of illness at the very beginning.
In addition, families in straitened circumstances may not seek
medical advice unless emergencies occur because of the cost.

Among the studied systems, the PIM2 scoring system
is the most user-friendly, requiring less data collection and
only data obtained at the time of admission. The strength of
PIM was that the PIM avoids the problem of early treatment
bias because it uses only data on admission for prediction.
PIM2 has been validated in many countries [6, 810, 21,
22], and its performance varies among different counties.
In our study PIM2 achieved good calibration and yielded
130.27 predicted deaths, which was similar to the predicted
number [130.27 vs. 127, P=0.79 and SMR=0.97 (95%
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CI 0.85-1.12)]. In the subgroup analyses PIM2 performed
well in each diagnostic subgroup and medical/surgical sub-
group but did not perform well in all of the age subgroups.
In the < 1 month subgroup, the PIM2 score underpredicted
mortality, with SMR=1.71 (95% CI 1.18-2.49) and P=0.04
()(2=4. 17, df=1). In the adolescent subgroup, the number
of predicted deaths was similar to the number of observed
deaths (5 vs. 6.52, SMR=0.77, 95% CI 0.36-1.63), but the
discrimination was poor (AUC =0.66, 95% CI 0.38-0.95).
Other validation studies have similarly found that age has
an effect on mortality prediction, which is inconsistent with
the original PIM study. PIM2 was reported to overpredict
death in patients aged > 12 months in a Japanese study and
in children aged 1-5 years in an Italian study [8, 10].

The PELOD was a tool to estimate the severity of patients
with multiple organ dysfunction syndrome in PICUs and was
designed primarily as a surrogate of outcome rather than
for prediction of mortality. We evaluated this tool because
several recent studies have assessed the performance of the
PELOD score as a mortality prediction model and have
obtained promising results [4, 5, 23].

Unlike the PRISM and PIM scores, the PELOD score is
based on the most abnormal values of variables occurring
each day that reflect organ function during the entire PICU
stay [3]. This difference may explain why the PELOD-2
score on day one (d1PELOD-2) has achieved excellent pre-
dictive performance (AUC=0.91, 95% CI 0.86-0.96) in
septic children [4] because sepsis is defined as the develop-
ment of organ dysfunction caused by an inappropriate host
response to infection [24]. A study among septic children in
China also showed PELOD-2 achieved excellent discrimina-
tion, although no information on calibration was provided
in that study [25]. In our study d1PELOD-2 underestimated
mortality (127 vs. 72.9, y* =205.98, P <0.001) but achieved
good discrimination (AUC=0.80, 95% CI 0.75-0.85) across
the whole cohort. The subgroup analyses also showed that
the d1PELOD-2 scoring system had acceptable to excellent
discrimination but poor calibration. Compared to the present
study, in a previous multicenter prospective study, PELOD-2
showed similar discriminatory ability (AUC=0.80, 95% CI
0.77-0.83) but improved model fitting (y*=4.81, P=0.19)
[20]. The overall mortality and the median (IQR) of
PELOD-2 score in that study were both lower than those in
our study [4.7% vs. 6.2%, 2 (1-5) vs. 4 (2-5)], which may
explain the better calibration in the previous study.

The present study has several limitations. First, the
included PICUs were all located in western China, which
is less developed than the eastern region of China. The
performance of mortality prediction tools may vary among
institutions with different medical resources because of
corresponding differences in the quality of care in the
PICU. Second, there were no NICUs in this study. The bias

may affect the accuracy of the tool in predicting mortality
among neonates.

In conclusion, we evaluated the performance of the
PRISM, PIM2, PELOD-2, and PRISM IV scoring systems
in PICUs in western China. PRISM IV performed best and
can be used as a prediction tool for pediatric mortality in
PICUs in western China. However, PRISM IV needs to be
further validated in NICUs.
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