ORIGINAL ARTICLE

CrossMark Emergency & Critical Care Medicine

click for updates

TKMS

https://doi.org/10.3346/jkms.2017.32.2.365  J Korean Med Sci 2017, 32: 365-370

Validation of the Pediatric Index of Mortality 3 in a Single
Pediatric Intensive Care Unit in Korea

Ok Jeong Lee,' Minyoung Jung,?
Minji Kim,* Hae-Kyoung Yang,’
and Joongbum Cho?

'Department of Pediatrics, Changwon Hospital,
Gyeongsang National University School of Medicine,
Changwon, Korea; *Department of Critical Care
Medicine, Samsung Medical Center, Sungkyunkwan
University School of Medicine, Seoul, Korea;
*Department of Pediatrics, Samsung Medical Center,
Sungkyunkwan University School of Medicine,
Seoul, Korea

Received: 12 August 2016
Accepted: 16 October 2016

Address for Correspondence:

Joongbum Cho, MD

Department of Critical Care Medicine, Samsung Medical Center,
Sungkyunkwan University School of Medicine, 81 Irwon-ro,
Gangnam-gu, Seoul 06351, Korea

E-mail: joongbum.cho@gmail.com

To compare mortality rate, the adjustment of case-mix variables is needed. The Pediatric
Index of Mortality (PIM) 3 score is a widely used case-mix adjustment system of a pediatric
intensive care unit (ICU), but there has been no validation study of it in Korea. We aim to
validate the PIM3 in a Korean pediatric ICU, and extend the validation of the score from
those aged 0-16 to 0-18 years, as patients aged 16-18 years are admitted to pediatric ICU
in Korea. A retrospective cohort study of 1,710 patients was conducted in a tertiary
pediatric ICU. To validate the score, the discriminatory power was assessed by calculating
the area under the receiver-operating characteristic (ROC) curve, and calibration was
evaluated by the Hosmer-Lemeshow goodness-of-fit (GOF) test. The observed mortality
rate was 8.47%, and the predicted mortality rate was 6.57%. For patients aged < 18
years, the discrimination was acceptable (c-index = 0.76) and the calibration was good,
with a%* of 9.4 in the GOF test (P = 0.313). The observed mortality rate in the hemato-
oncological subgroup was high (18.73%), as compared to the predicted mortality rate
(7.13%), and the discrimination was unacceptable (c-index = 0.66). In conclusion, the
PIM3 performed well in a Korean pediatric ICU. However, the application of the PIM3 to a
hemato-oncological subgroup needs to be cautioned. Further studies on the performance
of PIM3 in pediatric patients in adult ICUs and pediatric ICUs of primary and secondary
hospitals are needed.
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INTRODUCTION

The mortality rate is one of the key indicators of an intensive
care unit (ICU) quality. However, the severity of patients’ illness-
es, comorbidities, and demographics all strongly affect the mor-
tality rate (1). Thus a comparison of unadjusted mortality rate
among ICUs without consideration of severity or other case-
mix variables might provide an incorrect estimate of ICU quali-
ty. In a multicenter study, the crude mortality rate of tertiary
pediatric ICUs was four times higher than that of non-tertiary
pediatric ICUs (2). The latter does not suggest that the perfor-
mance of the tertiary pediatric ICU was poor, as tertiary hospi-
tals are usually referral hospitals to which more severe patients
are referred. Therefore, when we compare mortality data of cer-
tain units or patients’ groups for the purpose of quality care or
research, the mortality data must be adjusted.

Mortality data on ICU patients is usually adjusted using mor-
tality prediction models. In general pediatric ICUs, the Pediatric
Index of Mortality (PIM) 3, Pediatric Risk of Mortality (PRISM)
111, are commonly used mortality prediction models (3-5), where-
as the Acute Physiology and Chronic Health Evaluation (APA-
CHE), Simplified Acute Physiology Score and Mortality Proba-
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bility Model are commonly used in adult ICUs (6). Regional vari-
ations, such as different national health systems, different pop-
ulations, or disease prevalence, might affect the performance of
these scoring systems. Thus, some validation studies of the ap-
plicability of these scoring systems to Korean adult patients have
been conducted in Korea (7-9).

To the best of our knowledge, there has been no validation
study of PIM3 scoring system for pediatric patients in Korea. An-
other consideration when applying PIM score in Korean ICUs
is the age of the patients. The developmental data of PIM score
were validated for children aged < 16 years at the time of ICU
admission, but patients aged < 18 years are admitted to pediat-
ric ICUs in Korea. Therefore, the aims of this study were: 1) to
validate the recently updated PIM3 score for Korean pediatric
patients; and 2) to validate the PIM3 score for patients in an ex-
tended age group (< 18 years).

MATERIALS AND METHODS
Study design

This was a retrospective cohort study of patients admitted to the
pediatric intensive care unit (PICU) of a single tertiary institute,
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from 1st January 2010 to 31st December 2014. This unit (15 beds)
is a combined medical and surgical unit. Four beds are allocat-
ed for surgical patients. Immediate postoperative cardiac pa-
tients are usually admitted to another dedicated pediatric car-
diac surgical unit, but can be admitted to this PICU when medi-
cal support is more emphasized than postoperative care. Many
surgical patients, especially in a post organ transplantation state,
are admitted to the specialty ICU shared by adult patients.

The inclusion and exclusion criteria were similar to those of
previous studies of the PIM and revised versions (PIM2 and PIM3)
(4,10,11), except for the age of the patients. In contrast to the cri-
teria in previous studies, which included only patients aged < 16
years, the present study included patients aged < 18 years. All
consecutive patients admitted to the PICU were included. Re-
admissions were considered as new admissions, but patients
transferred to other hospital units were excluded.

Data collection
The data were collected by a licensed medical records officer
and reviewed by researchers (intensive care physicians) collab-
orating in the study. Data on the following parameters were col-
lected to calculate the PIM3 score: 1) Systolic blood pressure
(SBP), mmHg (unknown = 120); 2) Pupillary reactions to bright
light (> 3 mm and both fixed = 1; other or unknown = 0); 3) ([FiO.
% 100]/Pa0»). PaO, mmHg, FiO; at the time of PaO. if oxygen via
endotracheal tube or headbox (FiO or PaO. unknown, [{FiO» x
100}/Pa02] = 0.23); 4) Base excess in arterial or capillary blood,
mmol/L (unknown = 0); 5) Mechanical ventilation at any time
during the first hour in ICU (no = 0; yes = 1); 6) Elective admis-
sion to ICU (no = 0; yes = 1); 7) Recovery from surgery or a pro-
cedure is the main reason for ICU admission (no = 0; yes, reco-
very from a bypass cardiac procedure = 1; yes, recovery from a
non-bypass cardiac procedure = 2; yes, recovery from a noncar-
diac procedure = 3); 8) Low-risk diagnosis (no or in doubt = 0;
yes = 1); 9) High-risk diagnosis (no or in doubt = 0; yes = 1); and
10) Very high-risk diagnosis (no or in doubt = 0; yes = 1). Low-
risk diagnosis consists of asthma, bronchiolitis, croup, obstruc-
tive sleep apnea, diabetic ketoacidosis, and seizure disorder. High-
risk diagnosis consists of spontaneous cerebral hemorrhage, car-
diomyopathy or myocarditis, hypoplastic left heart syndrome,
neurodegenerative disorder, and necrotizing enterocolitis. Very
high-risk diagnosis consists of cardiac arrest preceding ICU ad-
mission, severe combined immune deficiency, leukemia or lym-
phoma after first induction, bone marrow transplant recipient,
and liver failure. Patients with multiple diagnoses were assigned
to only 1 risk-diagnosis group, which has the highest risk score.
PIM3 score and probability of death were calculated by formu-
las presented in the development study (4).

PIMS3 score = (3.8233 x pupillary reaction) + (-0.5378 x elec-
tive admission) + (0.9763 x mechanical ventilation) + (0.0671 x
[absolute {base excess}]) + (-0.0431 x SBP) + (0.1716 x [SBP?/1,000])
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+(0.4214 x [{FiO. x 100}/Pa0,]) - (1.2246 x bypass cardiac pro-
cedure) - (0.8762 x non-bypass cardiac procedure) — (1.5164 x
noncardiac procedure) + (1.6225 x very high-risk diagnosis) +
(1.0725 x high-risk diagnosis) - (2.1766 x low-risk diagnosis) —
1.7928.

Probability of death = exp (PIM3 score)/[1 + exp (PIM3 score)].

Data on parameters that differed in the PIM2 version, includ-
ing the main reason for ICU admission, cardiac bypass surgery,
diagnosis category (low-, high-risk), were collected as described
in the developmental study of PIM2 (11). Physiological variables
from the time of first ICU contact to 1 hour after arrival in the
ICU were recorded. The formulas and coefficients presented in
previous PIM2 and PIM3 studies were used to calculate the pre-
dicted mortality of each patient (4,11).

Statistical analysis

The SAS Program (Ver. 9.3; SAS Institute, Cary, NC, USA) was
used for all the statistical analyses. All tests were 2-tailed, and a
value of P < 0.05 was considered statistically significant. Descrip-
tive statistics were used to present age, gender, length of stay,
observed mortality, and predicted mortality.

To evaluate the performance of the PIM2 and PIM3 scoring
systems in patients aged < 18 years, we assessed the calibration
and discrimination power of the score. We also assessed the
performance in patients aged < 16 years and in diagnostic sub-
groups of cardiac, hemato-oncologic, and respiratory diagno-
sis, as well as the patients under the other diagnosis. The Hos-
mer-Lemeshow goodness-of-fit (GOF) test was used to evalu-
ate the calibration of the scoring system. Calibration refers to
the level of agreement between individual probabilities and ac-
tual outcomes (12). The GOF was assessed by dividing the pa-
tients into 10 groups according to their predicted mortality risk
(C statistic), with a similar number of patients in each group.
The expected number of deaths as predicted by PIM3 was com-
pared with the observed number of deaths in each group. A val-
ue of P > 0.05 was accepted as good calibration. The discrimi-
natory power (i.e., the ability to distinguish between survival
and death) was assessed by calculating the area under the re-
ceiver-operating characteristic (ROC) curve (c-index). A c-in-
dex of > 0.70 was regarded as acceptable, and a value of > 0.8
was regarded as good discrimination (13).

Ethics statement
The present study protocol was reviewed and approved by the
Institutional Review Board of Samsung Medical Center (IRB No.

2016-07-080). The informed consent requirements for this ret-
rospective review were waived by the IRB.

RESULTS

There were 1,804 patients admitted to the pediatric ICU during
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the study period. Of those, 93 patients were excluded because
they were 18 years or older at the time of ICU admission, and
one patient was excluded because of an incomplete medical
record. The final study consisted of 1,710 patients, with approxi-
mately 340 patients included annually in the study. In this study
group, 208 cases (12.1%) were readmitted to the PICU during
the hospital stay (median interval of readmission: 9 days). As
for the age, 1,656 patients were younger than 16 years of age,
and the median age was 1.58 years (interquartile range [IQR]:
0.33-7.85 years). The most common diagnostic category was
cardiovascular disease, followed by hemato-oncological dis-
ease and respiratory disease. The other diagnostic category in-
cluded hepatic dysfunction or gastrointestinal disease (57 case,
3.3%), immunodeficiency disease (52 case, 3.0%), renal disease
(44 case, 2.6%), metabolic disease (39 case, 2.3%), and unclassi-
fied disease (12 case, 0.7%). The observed hospital mortality rate
was 8.47%, which was higher than the predicted mortalities cal-
culated by both the PIM2 and PIM3 formulas (Table 1).

The unadjusted mortality rates and predicted mortality rates of

Table 1. Characteristics of study population (n = 1,710)

Variables No. (%) of subjects
Sex, male 964 (56.40)
Age, median (IQR), yr 1.58 (0.33—7.85)
Study year
2010 372 (21.70)
2011 361 (21.10)
2012 285 (16.60)
2013 379 (22.10)
2014 313 (18.30)
Diagnostic group
Cardiovascular 662 (38.80)
Hemato-oncology 363 (21.20)
Respirology 330 (19.30)
Neurology 151 (8.80)
Others 204 (11.90)
Type of admission
Medical 1,203 (70.30)
Surgical* 507 (29.70)
ICU length of stay, median (IQR), day 3(1-8)
Observed hospital mortality rate 145/1,710 (8.47)
Predicted mortality rate
PIM2 7.46
PIM3 6.57

IQR = interquartile range, ICU = intensive care unit, IQR = interquartile range, PIM =
pediatric index of mortality.
*Recovery from surgery or a procedure is the main reason for ICU admission.

Table 2. Hosmer-Lemshow GOF  test and area under ROC curve

both age groups (< 18 yearsand < 16 years) were similar (Table
2). The discriminatory power of the PIM3 model was acceptable
(c-index > 0.70) and better than that of the PIM2 model (c-in-
dex = 0.70). As shown in Fig. 1, the calibration of both the PIM2
and PIM3 models was good for both age groups (P > 0.05), but
the y* value for the PIM2 model was higher than the value for
the PIM3 model. In addition, the expected mortality rates were
closer to the observed mortality rates in PIM2 model (Table 2).
When we divided the patients into 10 similar sized groups ac-
cording to their predictive mortality risk, both the average pre-
dicted mortality and observed mortality of approximately 90%
of the patients was lower than 20% (Fig. 1). There were some
differences in the predicted and observed mortality in the sub-
groups, but these were acceptable according to the Hosmer-Lem-
eshow GOF test.

In the diagnostic subgroups, the mortality rate of the hema-
to-oncological patients was 2 to 5 times higher (18.73%) com-
pared to that of the other subgroups (Table 3). The calibration
was acceptable for all the subgroups, including the cardiac, re-
spiratory, and hemato-oncological groups. However, as shown
in Table 3, the discriminatory power of the c-index for the he-
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S
o

>
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Fig. 1. Calibration curves of the pediatric index of mortality 3 (PIM3). (A) PIM3, age
group < 18 years. (B) PIM3, age group < 16 years. “Expected” hospital mortality (%)
calculated by the PIM3 model and “observed” hospital mortality (%), together with
the corresponding patient number, are presented. The patients were divided into 10
similar sized groups based on predicted mortality.

-~ No. of Non-survivors ROC curve GOF o test
subjects Observed, No. %) Expected, No. (%) c-index 95% Cl » Pvalue
PIM2 (< 16 y1) 1,656 139 (8.39) 125 (7.52) 0.70 0.65-0.75 12.2 0.140
PIM2 (< 18 y1) 1,710 145 (8.47) 128 (7.46) 0.70 0.65-0.75 10.5 0.231
PIM3 (< 16 y1) 1,656 139 (8.39) 108 (6.53) 0.77 0.73-0.81 9.2 0.327
PIM3 (< 18 y1) 1,710 145 (8.47) 112 (6.57) 0.76 0.72-0.80 9.4 0.313

GOF = goodness-of-fit, ROC = receiver-operating characteristic, PIM = pediatric index of mortality, Cl = confidence interval.
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Table 3. Hosmer—Lemshow GOF ” test and area under ROC curve of PIM3 for subgroups of patients aged < 18 years

: . No. of Non-survivors ROC curve GOF o test
Diagnostic subgroups . .
subjects Observed, No. (%) Expected, No. (%) c-index 95% Cl © Pvalue
Cardiac 662 213.32) 38 (5.71) 0.83 0.75-0.92 44 0.819
Hemato-oncological 363 68 (18.73) 26 (7.13) 0.66 0.59-0.74 5.8 0.665
Respiratory 330 22 (6.66) 23 (6.97) 0.74 0.62-0.86 8.8 0.355
Others 355 34 (9.57) 26 (7.26) 0.80 0.71-0.89 6.8 0.561

GOF = goodness-of-fit, ROC = receiver-operating characteristic, PIM = pediatric index of mortality, Cl = confidence interval.

mato-oncological patients was lower than acceptable (0.666).

DISCUSSION

This is the first study to validate the PIM3 scoring system in a
pediatric ICU in Korea. We validated the PIM3 score in a Kore-
an pediatric ICU population using the formulas and coefficients
presented in the developmental study of PIM3 score (4). The
present study showed that the PIM3 had acceptable discrimi-
nation ability (c-index = 0.76) and good calibration, with a *
value of 9.4 in those aged < 18 years (P = 0.313).

Several studies have performed regional validations of the
PIM2 score in many countries (14-20). In Japan, a single-center
validation study reported that the PIM2 had an excellent discri-
mination power (c-index = 0.92) and good calibration with a
Hosmer-Lemeshow GOF test y* value of 4.8 (P = 0.440) (19). Only
1 recent study has performed a regional validation of the PIM3
score, which is the newest version of the PIM score, in Italy (21).
The physiological parameters of the PIM3 are similar to those
of previous versions. However, it includes a more complicated
risk-weighting diagnosis, with the diagnosis classified into 3 risk
groups (low, high, and very high) rather than two (low and high),
as in the previous score. In this study, the discriminatory power
of the PIM3 score was acceptable (c-index of > 0.7). It was simi-
lar to the value in an Italian validation study, which reported that
PIM3 more accurately predicted the mortality risk than PIM2
(21). Therefore, the PIM3 score may be a reasonable choice for
pediatric ICUs in Korea, despite its additional complexity.

In previous validation studies, the area under the ROC curve
(c-index) was acceptable, but the values varied between 0.79
and 0.92. The c-indices in those studies were higher than the
value reported in this study, which means the indices had bet-
ter discriminatory power. The variation may be explained re-
gional differences in study populations. In the development
study of PIM2 and PIM3, cardiac, respiratory, and non-cardiac
postoperative groups were most common diagnostic groups
(4,11). In contrast, in the present study, cardiac, hemato-onco-
logical, and respiratory groups were the most prevalent diag-
nostic groups. The hemato-oncological subgroup was the sec-
ond most common subgroup in the present study, and it had
the lowest c-index (0.66) compared to the other subgroups (0.74-
0.83). The poor performance of PIM and PRISM score in pre-

368  http://jkms.org

dicting mortality of oncological patients was reported in several
studies (22-25). One study reported that both PRISM and PIM
score underestimated the mortality of oncological patients (24).
Another study suggested poor performance of PRISM3 in pre-
dicting mortality of pediatric stem cell transplantation patients
(25). In a study of adults, the APACHE II scoring system also un-
derestimated the mortality of bone marrow transplant recipi-
ents when the APACHE II score was low (26). The underestima-
tion of mortality rate might be caused by the innate limitation
of the general mortality prediction score, which has one-size-
fits-all property. For example, the predicted mortality of a respi-
ratory failure patient, which is measured by PaO,, FiO. and the
usage of mechanical ventilation (in PIM3 score), PaO,, and PCO-
(in PRISM3 score), can be calculated in the same way for a pre-
viously healthy child with viral pneumonia and an oncological
patient with cytomegalovirus/fungal pneumonia, pulmonary
veno-occlusive disease, or pulmonary graft-versus-host disease
at the time of admission. Since the latter patient usually has very
poor prognosis (24), the observed mortality rate might be very
different between the 2 patients. A general mortality prediction
model might be inappropriate for use with patients in special-
ized oncological ICUs. Instead, a disease-specific scoring sys-
tem, reflecting specific prognosis, might be more useful (27).
The unadjusted mortalities in previous validation studies were
2.6%-5.5%. In the present study, the observed mortality was 8.47%,
and it was higher than the reported observed mortality. High
unadjusted mortality may be explained by the severity of illness
of patients in the ICU or the poor performance of the ICU team.
To clarify the actual cause, the standard mortality ratio (SMR),
which is the observed mortality rate divided by the average pre-
dicted mortality, can be calculated (1). The SMR is the most com-
monly used parameter of ICU quality in Western Europe and is
mandated by some countries (28). It can also be used to com-
pare mortality data, follow changes over time, and evaluate the
effect of interventions or events (29-31). To calculate the SMR,
the predicted mortality must first be determined. One advan-
tage of the PIM3 is that the formula and coefficients of predict-
ed mortality is presented in the article and freely available (4),
compared to the mortality prediction formula of PRISM3 is com-
mercially patented and only incomplete PRISM score is docu-
mented in the study report. In this study, the observed mortali-
ty was higher than the predicted mortality. The illness severity
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was high, as indicated by the high predicted mortality. Howev-
er, the SMR was higher than 1, suggesting that the performance
of the ICU was low. The SMR has several limitations as a quality
measurement of ICUs. The time patterns of admission (i.e., ear-
ly admission before full disease progression or late admission
when the disease is severe) can affect the physiological param-
eters recorded at the time of ICU admission and eventually the
SMR. Variation in the predicted mortality according to the scor-
ing system can also influence the SMR (32). In Latin America,
the PIM2 was reported to be inadequate because of poor cali-
bration (33). Some countries have tried to develop a calibrated
mortality prediction model because of regional differences among
ICUs (7,34). Despite its defects, the SMR based on predicted mor-
tality rates can provide valuable information. For example, seri-
al measurements of ICU SMRs can be used to monitor internal
quality improvements in hospitals. At the national level, the SMR
of pediatric ICUs can be measured every 5-10 years to evaluate
the improvement of the quality of Korean pediatric ICUs.

Our study has several limitations. First, this was a single cen-
ter study conducted at a tertiary hospital. Thus the findings may
not be generalizable to the entire Korean pediatric population.
However, there are only a few pediatric ICUs in Korea, all of which
are located in tertiary hospitals, so our study population might
be similar to other pediatric ICU populations in Korea. Another
problem is that many pediatric patients in Korea are admitted
to adult ICUs, but patients aged < 18 years are usually excluded
in research of adult patients.

To evaluate all the pediatric patients in ICUs, including pedi-
atric patients in adult ICUs, multicenter studies, including pri-
mary and secondary hospitals, are needed. Second, the scoring
system was subject to limitations. Due to the diversity of the pa-
tients, a one-size-fits-all scoring system was used in the evalua-
tion of the ICU. In reality, this type of system is not suited to all
patients, especially small specific subgroups. The third limita-
tion is the retrospective data collection, although every effort
was made to validate the data thoroughly.

In conclusion, the performance of the PIM3 scoring system
in Korean patients aged < 18 years was good. However, the PIM3
may not be an appropriate quality measure for subgroups with
hemato-oncological disease or oncology-specific ICUs because
of its low discriminatory power. A multicenter study thatincludes
pediatric patients in both adult and pediatric ICUs is needed.
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