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Purpose: Currently, several scoring systems for predicting mortality in severely ill children
who require treatment in a pediatric intensive care unit (PICU) have been established.
However, despite providing high-quality care, children might develop complications that
can cause rapid deterioration in health status and can lead to death. Hence, this study aimed
to establish a simple early predictive mortality (SEPM) model with high specificity in
identifying severely ill children who would possibly benefit from extensive mechanical
ventilation during PICU admission.

Patients and Methods: This is a retrospective longitudinal study that included pediatric
patients aged older than two weeks who were on mechanical ventilation and were admitted to
the PICU of King Fahd Hospital of the University from January 2015 to December 2019.
Results: In total, 400 pediatric patients were included in this study. The mortality rate of
children on mechanical ventilation was 28.90%, and most deaths were associated with
respiratory (n = 124 [31%]), cardiovascular (n = 76 [19%]), and neurological (n = 68
[17%]) causes. The SEPM model was reported to be effective in predicting mortality, with
an accuracy, specificity, and sensitivity of 92.5%, 97.31%, and 66.15%, respectively.
Moreover, the accuracy, specificity, and sensitivity of the Pediatric Risk of Mortality
(PRISM) III score in predicting mortality was 95.25%, 98.51%, and 78.46%, respectively.
Conclusion: The SEPM model had a high specificity for mortality prediction. In this model,
only six clinical predictors were used, which might be easily obtained in the early period of
PICU admission. The ability of the SEPM model and the PRISM III score in predicting
mortality in severely ill children was comparable. However, the accuracy of the newly
established model in other settings should be validated, and a prospective longitudinal
study that considers the effect of the treatment on the model’s predictive ability must be
conducted.

Keywords: pediatric risk of mortality score, mortality, pediatric intensive care unit,
ventilation

Introduction

The pediatric intensive care unit (PICU) team aims to provide care to severely ill
children by applying early extensive interventions and high-quality treatment to
achieve better clinical results. The initial assessment of illness is a critical part of
PICU evaluation and management.! Currently, multiple scoring systems have been
developed for predicting mortality in critically ill patients who are hospitalized.
However, children admitted to the PICU might develop complications that can
cause rapid deterioration in health status and can lead to death despite the provision
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of high-quality care. Thus, the timely use of a mortality
prediction tool can be extremely helpful in settings with
severely ill children receiving mechanical ventilation.
Preferably, the predictive tool must be established using
basic clinical information and must have a high specificity
to accurately identify patients with a high chance of survival.
Currently, several scoring systems for predicting mortality in
patients admitted to the pediatric intensive care unit (PICU)
have been developed. In 1988, Adoria et al established the
Pediatric Risk of Mortality (PRISM) score, which comprises
14 variables, for predicting mortality in patients admitted to
the PICU.? In 1996, Pollack modified the PRISM score to
PRISM 1II score, which has three additional variables. The
efficacy of the PRISM III score (17 variables) on 11,165
patients in 32 PICUs across the United States was assessed.
The results demonstrate that the tool yielded better results
than PRISM in predicting mortality.’ Hence, mortality can
be predicted using data obtained in 12 h (PRISM III-12) or
24 h (PRISM 11I-24). The PRISM III score is a mortality
prediction scale with good predictive ability.>* However, it
requires multiple variables such as blood test results and
physiological parameters.” These data might not be accessi-
ble during emergency situations or might be difficult to
record routinely in PICUs with different resources. In
1997, Shann et al introduced the Pediatric Index of
Mortality (PIM) 2 score (updated in 2003) for predicting
the outcome of children admitted to PICUs. The PIM 2 score
comprises 10 variables. Yes and no responses for these
variables were scored as 1 and 0, respectively. These data
were then entered into the system (www.sfar.org/scores2/

pim22.html) to calculate for the predicted mortality rate.%’
The use of the PRISM and PIM 2 scores requires rigorous
and specific training and strict adherence to guidelines.
Consequently, assessments should be performed by well-
trained professionals; however, they can cause wide vari-
abilities in the study.™’

Therefore, this study aimed to develop a simple model
for predicting early mortality based on clinical data
obtained in the first 24 h of admission. Moreover, the
ability of the newly established model and the PRISMA
III score in predicting mortality was compared.

Patients and Methods

Aim

This retrospective longitudinal study aimed to establish
a simple early predictive mortality (SEPM) model with
high specificity for identifying severely ill children who

would benefit from extensive mechanical ventilation dur-
ing admission in the PICU.

Participants

Pediatric patients aged older than two weeks who were
receiving mechanical ventilation and were admitted to the
PICU of King Fahd Hospital of the University (KFUH)
from January 2015 to December 2019 were included in
this study. The PICU of KFUH is a 10-bed multidisciplin-
ary unit that is well equipped with advanced machines that
can be used in providing care for infants and children. The
unit provides specialized care to patients with complex,
surgical, oncological, orthopedic, trauma, and medical care
requirements. It serves a community of ~4.9 million peo-
ple with ~250 admissions annually.

Patients admitted for <24 h, those who died within the
first 24 h, those who experienced cardiac arrest before PICU
admission, those admitted to the PICU due to burn, and
those with incomplete or missing data were excluded from
this study. Patients who died within the first 24 h were
excluded because our intended prediction model and the
PRISM III scale that was compared with our model require
information gathered within the first 12-24 h of admission;
thus, for patients who died within this period, the requisite
data to calculate the score would not have been available. In
this regard, brain death cases were not excluded because
brain death cannot be declared prior to 24 h of PICU
admission as per the policy in Saudi Arabia.'

Data
Data were collected within the first 24 h of PICU admis-
sion and were retrospectively extracted from the medical
records. Mortality was calculated at the end of the PICU
admission period.

The variables included age (infancy [<I year], toddler-
hood [>1-2 years], early childhood [>2-5 years], middle
childhood [6-11 years], and early adolescence [12—18
years]), gender, cause of PICU admission (respiratory,
cardiovascular, or nervous system problems and other
medical or surgical conditions), number of organ failure,
and sepsis (no, yes). The definition of sepsis was adopted
from the recent Surviving Sepsis Campaign guidelines, in
which sepsis was defined as “severe infection leading to
noncardiovascular

cardiovascular and/or

dysfunction”."!

organ

Information was obtained on the presence of comor-
bidities including asthma, chronic lung disease, congestive
heart failure, congenital heart disease, cerebral palsy,
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uncontrolled seizures, genetic and metabolic disease var-
iants with CNS involvement, type 1 diabetes mellitus,
malignancy, immunodeficiency, thalassemia, sickle cell
disease, chronic liver disease, and chronic renal disease,
and PRISM III score with 17 physiologic variables sub-
divided into 26 ranges.

This study was approved by the Institutional Review
Board (IRB) of Imam Abdulrahman Bin Faisal University
(IRB-2020-01-213). Based on the IRB’s Policies of Imam
Abdulrahman Bin Faisal University, patients’ consents for
medical records review purposes are waived for retrospec-
tive studies. Furthermore, data confidentiality was ensured
following the Declaration of Helsinki principles.

Analysis

The STATA (version 16) software was used for statistical
analyses. The chi-square test, Fisher’s exact test, and #-test
were used to compare the individual characteristics of
children who survived and died. Univariate logistic regres-
sion analysis was performed to investigate significant vari-
ables that might be correlated with mortality in the final
prediction model. The final logistic regression model was
established using the forward stepwise approach, and the
goodness of fit incidences was utilized to examine model
fitting (log likelihood ratio, adjusted R2, Bayesian infor-
mation criterion [BIC], Akaike information criterion
[AIC], and receiver operating characteristic [ROC]). The
Wald test and likelihood ratio test were used to compare
the nested models. The ability of the final prediction model
was examined using the ROC curve and the classification
table. Moreover, the Hosmer—Lemeshow test was utilized
to examine model fitting using 10 random subgroups. The
collinearity among continuous and explanatory variables
was examined using the correlation matrix, scatter plot,
and variance inflation. The risk of mortality was calculated
using the following equation:

e(ﬂ0+ Aixit . + By xx)

1+ elot Bxit . + o x)

p:

Results

Study Participants

Of the 1319 patients admitted to the PICU, only 400 were
included in the analysis; 93.70% (n = 922) of the excluded
patients were not put on ventilators while the remaining
6.30% (n = 62) patients were excluded because of other
exclusion criteria (Figure 1).

The incidence rate of mechanical ventilation among
children admitted to the PICU within the last 5 years was
28.90% (n = 400). The mortality rate was 16.25% (n = 65),
and 20% of children who died were toddlers. The major
causes of PICU admission were respiratory, cardiac, and
renal problems. Trauma-related admissions were mainly
14, 3.6%), and 69% of
children with trauma were aged below 5 years. Moreover,

attributed to head injuries (n =

~50% of deceased children had complications such as sepsis
and/or multiple organ failure; 60% (n = 39) of patients
admitted to the PICU died after an unsuccessful cardiac
pulmonary resuscitation (CPR) and 24% (n = 16) were
found to be brain dead upon evaluation after 24 h of admis-
sion to the PICU. Furthermore, the parents of 10 (15%)
patients signed the do not resuscitate request form, and
these patients did not further receive escalation therapy.
The mean number of PICU admission days of all parti-
cipants was 11.66 (standard deviation [SD] = 7.09; max =
32, min = 2). The mean number of PICU admission days
was significantly higher in the deceased children (15.77 [SD
= 7.07]; max = 31, min = 5) than in those who survived
(10.86 [SD = 6.82]; max = 32, min = 2; t(398) = 5.277; P <
0.001). Additionally, the mean number of total ventilation
days of all participants was 7.92 (SD = 9.14; max = 46, min
= 2); the mean ventilation days in the deceased children was
14.14 (SD = 6.33; max = 25, min = 4), whereas in the
children who survived, it was 6.71 (SD = 2.61; max = 17,
min = 2). There was a significant difference in the number of
inotropes received between the deceased patients (Mode = 2;
mean = 2.03 [SD = 1.16]; min = 0, max = 4) and those who
survived (Mode = 1; mean = 1.06 [SD = 1.04]; min = 0, max
= 3; z = —6.000; P < 0.001). The mean weight of the
deceased patients was 19.6 kg (SD = 11.93; max = 43, min
= 4) and that of those who survived was 23.2 kg (SD =
11.84; max = 55, min = 5; t(398) = 2.24, P = 0.026). The
deceased children (mean = 17.57, SD = 2.91, max = 28, min
= 6) had a significantly higher mean PRISM III score than
children who survived (mean = 6.51, SD = 5.84; max = 17,
min = 0; t(398) = 22.97; P < 0.001). There was no statisti-
cally significant difference between children who survived
and those who did not in terms of age and sex. The indivi-
dual characteristics and distribution between children who
survived and those who did not are presented in Table 1.

Mortality Prediction Model

Model Selection

First, a univariate logistic regression analysis was per-
formed to assess the risk of mortality before using the
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1384 Children
Were admitted between January 2015
to December 2019.

A4

62 were excluded

I.  Admitted in PICU for less than 24 hours.

[I. Died within the first 24 hours of PICU admission.
lll. Age was <2 weeks or >14 years.

IV. Had cardiac arrest before PICU admission.

V. Incomplete or missing data.

VI. Children with burn.

1322 children

922 were excluded
Were not put on ventilator.

400 were included in the study
335 survived
65 deceased

Figure | Schematic illustration of the patient selection criteria.

Note: A total of 400 children who were ventilated in the pediatric intensive care unit over the past 5 years were included.

forward stepwise adjustment approach in selecting study
variables or interaction terms that will be included in the
prediction model. The various examined interaction terms
were between the following study variables: weight, age,
gender, and comorbidities; however, these interaction
terms were not statistically significant or did not improve
the prediction model goodness-of-fit statistics.

The final model was the nested model that included four
categorical variables (cause of admission, comorbidity, sep-
sis, and age categories) and two continuous variables (num-
ber of organ failure and weight). Sex as well as interaction
terms of variables were not included in this model because
they did not improve the model fitting statistics.

This chosen SEPM model had the lowest likelihood
ratio (177), BIC (—2128), and AIC (212) and highest

adjusted R2 (McFadden’s R2 = 0.402, Cragg—Uhler’s R2
= 0.591, and Efron’s R2 = 0.542).

Predictive Ability of the Simple Early

Predictive Mortality Model (SEPM)
The ROC curves for the SEPM model and the PRISM 111 score
is presented in Figure 2. The SEPM model showed an excel-
lent predictive ability (area under the curve [AUC] = 0.916;
95% confidence interval [CI] = 0.872, 0.958). Although the
area under the ROC curve of the SEPM model was not super-
ior to that of the PRISM III score (AUC = 0.955; 95% CI =
0.924, 0.986), there was no significant difference between the
AUC of the two models (X*(1) =2.22; P = 0.136).

The PRISM III score showed an excellent discrimi-
nation ability using a cutoff point of >12 (sensitivity:
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Table | Distribution of Individual Characteristics in Relation to Mortality Rate
Characteristics of the Patients Who Deceased Total Number of x? df | P value
Participants Survived Patients Participants
(N=335) | % (N=65) | % N = 400
Age (NICHD classification) 0.773*
Infancy (<1 year) 87 87.00 | 13 13.00 | 100
Toddlerhood (>1-2 years) 54 7941 | 14 20.59 | 68
Early childhood (>2-5 years) 90 8333 | I8 16.67 | 108
Middle childhood (6—11 years) 80 8333 | I6 16.67 | 96
Early adolescence (12—-18 years) 24 8571 | 4 1429 | 28
Gender 2.21 | 0.137
Male 183 81.33 | 42 18.67 | 225
Female 152 86.86 | 23 13.14 | 175
Comorbidity 19.40 | <0.001
Yes 230 89.84 | 26 10.16 | 256
No 105 7292 | 39 27.08 | 144
Cause of PICU admission <0.001*
Respiratory problems 97 78.23 | 27 21.77 | 124
Cardiac problems 58 7632 | 18 23.68 | 76
Central nervous system problems 57 83.82 | Il 16.18 | 68
Others
® Endocrine diseases 25 100 0 0.00 25
® Gastrointestinal diseases 33 100 0 0.00 33
® Renal diseases 16 76.19 | 5 2381 | 21
® Hematological disorders 8 100 0 000 |8
® Surgical conditions 20 100 0 0.00 20
® Others 21 84.00 | 4 16.00 | 25
Number of organ failure 100.50 | 2 | <0.001
One 217 99.09 | 2 0.91 219
Two 69 7841 | 19 21.59 | 88
Three or more 49 53.26 | 43 46.74 | 92
Sepsis 7.87 I 0.005
No 207 88.09 | 28 11.91 | 235
Yes 128 77.58 | 37 2242 | 165

Notes: *P value from the Fisher’s exact test. The chi-square test and Fisher’s exact test were used to examine differences in the distribution of categorical variables between

participants who survived and those who did not.

84.62%, specificity: 96.12%,
94.25%, positive likelihood ratio: 21.80; and negative
likelihood ratio: 0.16). Our SEPM model showed an
excellent classification ability (92.25%) using the prob-
ability cutoff value of 0.5 (Table S1). However, the
cutoff points could be changed to improve either the

classification ability:

specificity or the sensitivity, as required (Figure 3).
Using the probability cutoff of 0.5, the specificity of
the SEPM model was 97.31%, sensitivity was 66.15%,
positive predictive value was 82.69%, and negative pre-
dictive value was 93.68% (Table S2).

Table 2 presents a summary of the model’s coefficients
and ORs in the chosen SEPM prediction model. This
SEPM model had a statistically significant goodness of
fit statistics using the log likelihood ratio test, Wald test,
and Hosmer—Lemeshow test with 10 random groups.

Discussion

Our study aimed to predict mortality among ventilated
children admitted to the PICU. Mechanical ventilation is
the most common technology used to support severely ill
children in the PICU, and its use might imply a higher
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Figure 2 Receiver operating characteristic curve for the SEPM model and PRISM Il score.
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Figure 3 Line graph showing the sensitivity and specificity of the SEPM model according to several cutoff points for the predictive probability.

disease severity. However, the incidence rate of mechan-  60%.'* ' In this study, the mortality rate among children
ical ventilation in our unit was 28.9%. This rate was on mechanical ventilation in the PICU was 16.25%, and
acceptable considering that the proportion of children on  this is comparable to that reported in the literature.
mechanical ventilation in PICUs vary widely from 17% to  However, most patients were lost after an aggressive
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Table 2 Summary of SEPM Model Estimates and Statistics
Variables Given Code Coefficient SE z P value OR Lower CI Upper CI
Weight (kg) kg —-0.12 0.03 | —4.35 <0.001 0.88 0.84 0.93
Age
Infancy (<1 year) 0 Reference
Toddlerhood (>1-2 years) [ 1.53 0.64 | 2.40 0.016 4.60 1.32 15.99
Early childhood (3-5 years) 2 2.65 0.76 | 3.48 <0.001 14.19 | 3.19 63.17
Middle childhood (6—11 years) 3 2.83 0.83 3.39 0.001 16.93 3.30 86.80
Early adolescence (12—18 years) 4 1.94 1.23 1.58 0.115 6.97 0.62 78.08
Comorbidity
No 0 Reference
Yes | 1.26 042 | 299 0.003 3.52 1.55 8.04
Cause of admission
Others 0 Reference
Respiratory problems | 1.70 0.61 2.79 0.005 5.50 1.66 18.21
Cardiac disorders 2 2.08 0.65 3.22 0.001 8.00 2.25 28.39
CNS disease 3 1.24 0.71 1.74 0.082 3.46 0.85 13.98
Number of organ failure Number 1.86 0.25 7.37 <0.001 6.40 391 10.49
Sepsis
No 0 Reference
Yes | 0.96 040 | 242 0.016 2.6l 1.20 5.66
Constant -7.26 099 | -7.29 <0.001 0.001 0.000 0.005
Model fitting evaluation statistics df X2 p value
Likelihood test I 170.86 <0.001
Wald test I 74.01 <0.001
Hosmer—Lemeshow test (10 groups) 8 25.93 0.001

Abbreviations: SEPM, simple early predictive mortality model; PICU, pediatric intensive care unit; KFUH, King Fahd University Hospital; PRISM, Pediatric Risk of Mortality
Score; PIM, Pediatric Index of Mortality; BIC, Bayesian Information Criterion; AIC, Akaike Information Criterion; ROC, receiver operating characteristic; CPR, cardiac

pulmonary resuscitation.

CPR or after being diagnosed as brain dead. These results
differed from those of a study conducted in the United
States. That is, the research showed that 70% (n = 133) of
PICU patients died after withdrawal from life-sustaining
treatments.'’ These differences in resuscitation decisions
and withdrawal from life-sustaining treatment might be
attributed to our culture. That is, there is a limited under-
standing on Islamic laws and ethics regarding end-of-life
decisions that allow withdrawal of life support machines in
children who are terminally ill and who are about to die.'®
In addition, as per the Saudi Policy, brain death cannot be
declared in pediatric patients before 24 h of admission to
the PICU.'® However, this period can be further extended
depending on the underlying cause of admission and the
extent of injuries, which make it difficult to make an early
decision on withdrawal of life support machines.'
Furthermore, in our study, respiratory (such as pneumonia

and bronchiolitis) and cardiovascular diseases were the
most common causes of PICU admission and mechanical
ventilation. This finding can be attributed to the fact that
these conditions are prevalent among children, particularly
those aged below 5 years, in Saudi Arabia. These results
are similar to those of studies conducted in other countries,
which showed that respiratory and cardiovascular diseases
are the two major causes of admission among children in
the PICU.>"?

This study aimed to establish a simple model for predict-
ing early mortality within 24 h of admission among severely
ill children receiving mechanical ventilation in the PICU.
The model used the minimum number of required clinical
information to facilitate decision making within a short per-
iod. Our model included six clinical data such as weight, age
categories, presence of comorbidity, cause of PICU admis-
sion, number of organ failure, and severity of sepsis. The
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accuracy, specificity, and sensitivity of this model were 92%,
97%, and 66%, respectively, using a cutoff probability value
of 0.5. Moreover, the accuracy, specificity, and sensitivity of
the PRISM III score were 95.25%, 98.51%, and 78.46%,
respectively, using a cutoff point of >14. The results of the
current study were comparable to those of published research
in the literature. However, these studies revealed a lower
classification ability ranging from 89.2% to 92%.>2*2?
Furthermore, another study was conducted on patients with
meningococcal infections admitted to the PICU. The results
showed a higher AUC for ROC (0.94), which might indicate
that the predictive ability of the PRISM III score could be
enhanced by illness severity, as in our case.”> The PRISM III
score might directly reflect illness severity rather than death
if it was calculated in the early period of admission to the
PICU (e, in the first 12-24 h). Thus, it has a high predictive
ability among extremely sick children.® Our model used
clinical and demographic data obtained in the first 24 h of
admission, which is the period wherein the PRISM III score
is routinely calculated. However, the model depends on
variables such as severity of sepsis and number of organ
failure, not physiological and laboratory parameters, which
may vary widely when obtained during the same time frame.
Moreover, the accuracy of the PRISM III score might be
influenced by study design. That is, in another PICU study,
the AUC for the PRISM III score obtained 12 and 24 h after
admission was 0.78 (95% CI=0.67, 0.89). Moreover, that for
the PIM2 score was 0.74 (95% CI = 0.63, 0.85) when
a prospective rather than a retrospective design was used.
This result might indicate that a retrospective study design
could cause an overestimation of mortality prediction
because of precision error in collecting data during
events.”?* The PIM2 score, which uses both clinical and
laboratory data, is usually performed within 1 h of PICU
admission. However, the patient’s condition might rapidly
change after providing hemodynamic support; thus, predic-
tive ability might be affected by the level of management in
PICU. The use of PIM2 and PRISM scores, unlike our
model, requires training to ensure adherence to treatment
guidelines. Thus, this might limit the number of professional
staff who could perform the assessment using the scoring
system and could enhance the wide variability in results.?
The high specificity (97.31%) and negative predictive value
(93.68%) could have helped in identifying children who have
a high chance of survival and who are likely to benefit from
therapeutic interventions. However, the model had a low
sensitivity (65.6%). This outcome might be influenced by
PICU interventions provided after admission. Hence, the

actual mortality rate among children who had a risk of
dying at the time of admission decreased. This result might
indicate that the PICU team had a good performance, which
led to the
Nevertheless, in this context, our model might be a useful

high possibility of false-positive rates.

quality assessment tool for assessing care provided in PICUSs.

To our knowledge, this is the first study that used a simple
model for predicting mortality among severely ill children
who are on mechanical ventilation in this ethnic group. The
current study had several limitations. That is, it was con-
ducted at a single center. Furthermore, only a small number
of patients were included, and most patients were Arabs.
Thus, the model’s performance might differ when applied
to another population. However, the PICU of this university
hospital receives referrals from all over the eastern province
of the Kingdom of Saudi Arabia. Hence, the results could be
generalized on a wide region in the country. Moreover, there
were no external validation data that can be used to confirm
the accuracy of our model, and this is considered another
important limitation. However, if external data can show that
our prediction model had inappropriate fitting, it will be
difficult to assess whether this was attributed to differences
in context information found in other hospital sittings or to
the limited prediction ability of the model itself.
Nevertheless, additional studies should be conducted to
assess our model. Moreover, its prediction ability must be
enhanced by modifying variable categorization using other
significant clinical variables that were not included in our
model. These variables include admission pathway (ie,
pediatric ward and ER), pupil’s reaction to light, and length
of hospital stay before starting ventilation in the PICU. Our
model could accurately classify patients using a probability
cutoff point of 0.5 and using only six variables. Therefore, it
is comparable to the PRISM III score. However, the model
was more simple in term of the number of variables used and
the availability and accessibility of these variables particu-
larly during emergency situations or family consultations.
The prediction model was used on severely ill children who
were receiving mechanical ventilation. However, future stu-
dies should utilize this model on other PICU patients, such as
those who are not on mechanical ventilation. Finally, as
previously discussed, the ability of prediction models might
be affected by interventions provided in the PICU and pos-
sible measurement errors associated with a retrospective
study design. Hence, in the future, a prospective study should
be performed to examine the ability of prediction models
during several periods in PICU admission and to evaluate
whether treatments affected the model’s predictive ability. In
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addition, we recommend comparing the prediction ability of
our model against that of other validated prediction models
such as PIM2 and PIM3. We could not perform this analysis
due to the retrospective nature of our study and the possibility
of developing time reporting error for some variables during
data extraction.

Conclusion

The SEPM model had a high specificity in predicting
mortality using only six clinical predictors that might be
obtained easily in the early period of PICU admission. In
addition, the prediction ability of the SEPM model and the
PRISM III score was comparable. That it, they had an
excellent mortality prediction ability in severely ill chil-
dren. Finally, further research should be conducted to
validate the new SEPM model using an external dataset
and a prospective longitudinal design that can consider the
effect of treatment on the model’s prediction ability.
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