Thammasat Medical Journal, Vol. 20 No. 3 July - September 2020

215

Original Article

Validation of Thammasat Pediatric Early Warning Score for

Prediction of Pediatric Intensive Care Unit Admission

Chanapai Chaiyakulsil

Objectives:

Design:
Methods:

Results:

Conclusion:

Abstract

The aim is to prospectively validate Thammasat Pediatric Early Warning Scores (TPEWS) in the
prediction of unanticipated PICU admission.

Prospective, descriptive, observational study

AUl children from 1 month to 15 years old who were admitted to the general pediatric wards
were included. Scoring was conducted by nurses every 4 hours. To ensure the good-inter-rater
reliability among nurses, the first 20 scorings were performed by two nurses and Cronbach’s
alpha analysis was performed. Children who were admitted to PICU for elective procedures
were excluded. Validity was analyzed using area under the receiver operating characteristics
(ROQC) curves, sensitivity, specificity, positive and negative predictive value.

A total of 242 children were included for analysis. The mean age was 3.78 + 7.80 years and
53.3% were male. Initial phase revealed excellent inter-rater reliability (Cronbach’s alpha =
0.934). Thirteen children (5.4%) were transferred to PICU. The area under ROC curve for predicting
PICU admission was 0.965 (95% Cl: 0.927-1). Sensitivity and specificity for PICU admission using a
cut-off value of > 4 were 92.3% and 89.1%, respectively. Positive predictive value and negative
predictive values were 32.4% and 99.5%, respectively.

TPEWS is a novel, simple scoring system that demonstrates high sensitivity and specificity for
categorizing clinical deterioration in patients at risk for PICU admission.
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Introduction

Early identification and management of
deteriorating patients in the general ward are important
for enhancing patient safety as well as minimizing
morbidity and mortality. Patients in the general ward
can later worsen and require pediatric intensive care
unit (PICU) admission. Studies showed that children
who were transferred from the general ward to
PICU experienced 1.65-2.38 times higher mortality
compared to those admitted directly from the
emergency department (ED)."” Several pediatric
early warning scores (PEWS) such as Brighton
Pediatric Early Warning Score®’, Bedside Pediatric Early
Warning Score®’, Bristol Pediatric Early Waring tool™,
and other modified PEWS"** were developed in an
attempt to detect deteriorating children to facilitate
early intervention.

The drawbacks of the previous score, such
as Brighton Pediatric early warning score, is that
it was not inclusive of all vital signs parameters.
It encompassed only behavioral, cardiovascular
(capillary refill and heart rate), respiratory and oxygen
support.”” It lacked the scores concerning the body
temperature and blood pressure measurement and
include oxygen support in the scoring system instead
of oxygen saturation. Detection of alterations in body
temperature, blood pressure, and oxygen saturation
can lead to earlier intervention of the deteriorating
patients. Additionally, previous scoring systems, such
as Bedside Pediatric Early Warning Score or Bristol
Pediatric Early Warning Tool, usually included children
with normal baseline saturations which did not take
into consideration children with cyanotic heart disease
or chronic lung disease. These children would score
abnormally high in the previous scoring systems due
to lower baseline saturations. Studies were conducted
to demonstrate the validity of these scores. Several
primary endpoints such as code blue call, PICU
transfer, or rapid response team notification were

used. Studies resulted in variable sensitivity ranging

from 46% to 96%.°"* High variability might imply
that the previous scoring systems were not sensitive
enough to be utilized as screening tools. Moreover,
most studies were conducted in a case-control and
retrospective nature. Only a few small studies were
done prospectively and consisted of a population
lower than 100 patients.”® Only one large prospective
study was done to date.” Only two previous studies
were conducted in children with cyanotic heart
disease and children with low baseline saturations
but both were performed in retrospective nature.'*®
Thus, the most ideal PEWS would be a simple scoring
system that incorporates all vital signs measurements
and deviations from standard norms for specific age
groups and specific patient groups. The majority of
the studies were in Europe, United Kingdom, USA and
Canada with no study from Asia.

Currently, in Thailand, there is no published
scoring system which incorporates complete vital signs
measurement and takes into consideration children
with lower baseline saturations in term of prediction
of unexpected PICU admissions from the general
ward. A new scoring system, Thammasat Pediatric
Early Warning Score (TPEWS) was recently developed
from the meeting and consensus of all the pediatric
intensivists at Thammasat University Hospital to
alleviate these concerns. TPEWS was created and has
not yet been validated.

The objective of this study was to prospectively
validate TPEWS in predicting unexpected PICU
admissions in children from 1 month to 15 years old
who were admitted to the general pediatric ward at
Thammasat University Hospital, Thammasat University,
Thailand.

Materials and Methods
Study Design
This study was conducted as a prospective,
descriptive, observational study. The Ethics Committee

of Thammasat University Hospital approved this
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research and informed consent and assent were
obtained from all parents and children participating
in this study.
Scoring System

TPEWS is a physiologic scoring system based on
vital signs which include body temperature, respiratory
rate and work of breathing, heart rate, blood pressure,
pulse pressure, capillary refill, oxygen saturation
measurement, and neurological evaluation (Figure 1).
The score in each parameter ranges from 0-3 with
the highest obtainable score of 24 points. The
temperature higher than 39 degrees Celsius received
two points. Due to difficulty in obtaining correct
capillary refill measurements in unexperienced nursing
staffs, this score simplifies capillary refill assessment
into 3 categories, which are warm and pink (normal),
warm and red (vasodilation; flash capillary refill < 1
second) and cold and pale (vasoconstriction; delayed
capillary refill > 3 seconds). Alteration from the baseline
saturations were used in children with cyanotic heart
disease and chronic lung disease. Blood pressure
parameters were categorized into hypotension for age,
normal pulse pressure (PP = systolic blood pressure
(SBP) — diastolic blood pressure (DBP) = 20-40 mmHg),
narrow pulse pressure (PP < 20 mmHg) and wide pulse
pressure (PP > 50 mmHg) instead of the raw number
of systolic and diastolic pressure. Normal age-specific
parameters are based and modified from Pediatric
Advanced Life Support 2015.” These modifications
were done with consensus from all attending pediatric
intensivists at Thammasat University Hospital. A higher
score indicates higher clinical severity.
Participants

All children aged 1 month to 15 years old
who were admitted to the general pediatric ward of
Thammasat University Hospital from December 2018
to January 2019 were included. This is a large tertiary
care, university hospital which receives approximately
150-300 admissions monthly in the general pediatric

ward depending on the time of the year. Children

who require PICU admission for elective postoperative
care were excluded. Using the probability of expected
sensitivity from a previous similar scoring system of
0.8 by McLellan et al""*® and a two-tailed alpha error
of 0.05 and probability of error of 0.05, a total of 242
participants would suffice in the validation of the
score.
PICU admission criteria

Unexpected PICU admission is generally
defined as an emergency PICU admission. The
decision for admission was made by proxy of illness
severity and based upon the discussion between the
general pediatrician and PICU attending staff. Both
were blinded from the scoring system. General criteria
for PICU admission are as follows:
1. Respiratory diseases or problems requiring close
monitoring

1.1 Respiratory distress or impending respiratory
failure

1.2 Intubated patient

1.3 Need noninvasive respiratory assistance
(BIPAP)

1.4 Need frequent nebulization more than
every hour

1.5 Need frequent pulmonary toilet (every
1 hour)
2. Cardiovascular diseases or problems that need
close monitoring

2.1 Requiring intravenous inotropic, vasodilator
or vasopressor medication
3. Patients that need continuous closed monitoring

3.1 Arrhythmias

3.2 Neurology (example: status epilepticus)

3.3 Hematology and oncology (examples:
hyperleukocytosis, septic shock)

3.4 Endocrinology and metabolic (examples:
diabetic ketoacidosis, metabolic crisis)

3.5 Gastroenterology (examples: severe

gastrointestinal bleeding)
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Data Collection

This study was divided into two phases.
During the implementation phase of the study,
TPEWS was introduced to the general ward nurses.
They were trained for the scoring system. For the first
20 recordings, at least two blinded nurses performed
the scoring simultaneously for each recording in order
to calculate the inter-rater reliability using Cronbach’s
alpha statistics.

After ensuring good interrater reliability
(> 0.7), the scoring was conducted by any general
ward nurse in charge of the patient during each shift.
The scores were recorded into the TPEWS Chart every
4 hours according to routine nursing vital sign
measurements to minimize nursing workload and
for early detection of deteriorating patients until the
patient was discharged or admitted to the PICU.
Admission diagnosis, demographic data, length of
hospital stay, and length of PICU stay were also
collected.
Statistical Analyses

The validity of the score was measured using
the area under the receiver operating characteristics
(ROQ) curves, sensitivity, specificity, positive and
negative predictive value (PPV and NPV). Missing
values were substituted using the multiple imputation
model. In children who were discharged without PICU
admission, the highest score within the admission was
used for statistical calculation. From the preliminary
data of TPEWS, the score at decision of PICU admission
and highest score within 24 hours was not significantly
different. Thus, the highest score within 24 hours
before PICU admission was used for analysis in
children who were admitted to the PICU to assimilate
the data between children who were admitted
and not admitted to the PICU. Cut-off value for
unexpected PICU admission with acceptable sensitivity
and specificity along with confidence interval was also
determined. P-value < 0.05 was considered statistically

significant. Demographic data were analyzed using

mean and percentages as well as Student t-test and
ANOVA. All statistical analyses were performed using

SPSS version 24 (IBM corporation, Armonk, New York).

Results

Study Population

Initial phase showed excellent inter-rater
reliability with Cronbach’s alpha of 0.934 (95%
confidence interval [CI]: 0.897-0.957). During the study
period, 265 children were admitted to the general
ward. A total of 23 children were excluded due to
extreme age (< 1 month or > 15 years old) and
elective PICU admission for postoperative care
(Figure 2). Thus, 242 children were included for the
final analysis of validation, 53.3% were male with a
mean age of 3.78 + 7.80 years. Approximately 55.4%
of children had underlying diseases. A total of 13
participants (5.4%) were admitted to the PICU from
the general ward due to clinical deterioration. Patients
who were admitted to the PICU were significantly
younger than those who were not (1.92 + 4.12 vs.
3.88 + 8.02 years old; p-value 0.006). The majority
of patients who were admitted to PICU were female
(76.9%) and had underlying diseases (84.6%). Fourteen
patients (5.8%) were categorized as having lower
baseline saturation. Only one of such patients (7.1%)
was transferred to the PICU during the study period.
Diagnoses were categorized into groups according to
systems and were summarized along with patient
demographic data in Table 1.
TPEWS validation

The area under the ROC curve for prediction
of unexpected PICU admission was 0.965 (95% Cl:
0.927-1), which was excellent (Figure 3). Using the
cut-off value of > 4, the sensitivity and specificity for
prediction of unanticipated PICU admission were 92.3%
and 89.1%, respectively. Positive and negative predictive
values were 32.4% and 99.5%, correspondingly
(Table 2). The average length of hospital stays and
PICU stays was 4.3 days and 9.4 days, respectively.



Thammasat Medical Journal, Vol. 20 No. 3 July - September 2020

219

Patients admitted to the PICU scored significantly
higher and had longer hospital stay than those who
did not (6.4 vs. 1.7 points; P-value < 0.001) (19.3 vs.
3.9 days; P-value < 0.001) (Table 1).

Discussion

This study is the first prospective, validating
study of a scoring system in Thailand which
predicts deteriorating children in the general inpatient
population. The score encompassed the measurement
of all vital parameters. Patient’s baseline saturation
was considered as a normal parameter instead of
95% and alteration from it was served as abnormal.
This study showed that TPEWS was able to illustrate
excellent area under the ROC curve, sensitivity, and
specificity. In comparison with a large retrospective
study by Chapman et al in 2017 in predicting PICU
admission using three types of PEWS, TPEWS revealed
better area under ROC curve, sensitivity, and comparable
specificity (Area under ROC curve: 0.82 - 0.88; sensitivity
69-72% and specificity 75-91%)."> TPEWS also
demonstrated better area under ROC curve, specificity,
and comparable sensitivity with similar scoring system
of Children’s Hospital Cardiac Early Warning Score
which taken into account of children with lower
baseline saturations (Area under ROC curve: 0.86-0.9;
sensitivity 84.2-95.3% and specificity 76.2- 80.9%)."""

This is one of the largest prospective studies
(242 patients) in predicting clinical deterioration in
hospitalized children using PICU admission as primary
endpoints and possibly one of the first studies in Asia.
Several prospective studies were conducted in Canada
and UK by Parshuram et al (60 patients and 686
patients) and Edwards et al. (16 patients).*” " TPEWS re-
vealed better area under the curve and sensitivity with
comparable specificity upon comparison with a large
prospective, multicenter study by Parshuram et al.
in 2011 (686 patients) (Area under ROC curve: 0.87,
sensitivity 64% and specificity 91%).” Furthermore,
TPEWS also demonstrated better PPV and comparable

NPV in predicting PICU admission when compared
to another prospective study done in the U.S.A by
Tucker et al. (PPV 5.8%; NPV 99.8%).° The reason for
better area under ROC and sensitivity might be
because TPEWS includes all vital signs parameters
making it more sensitive for earlier recognition of
deterioration. Previous studies often utilized
Brighton PEWS or bedside PEWS which incorporates
mainly neurological status, cardiovascular and
respiratory parameters without including body
temperature. Moreover, by simplifying blood pressure and
capillary refill category, this might make it easier for
unexperienced nursing personnel.

This study had several limitations. Due to
the single-center study design in a tertiary university
hospital, it might be difficult to generalize the results.
Furthermore, different centers have different PICU
admission criteria and most decisions for admission
were made upon proxy of illness severity which
might alter the reproducibility when using in different
centers. Since only 14 patients had lower baseline
saturations and only one patient was transferred to
the PICU during the study period, a larger population
might be required to demonstrate the effectiveness
of the scoring system in this population.

TPEWS is a novel, simple scoring system that
revealed high sensitivity and specificity for categorizing
clinical deterioration in patients at risk for PICU
admission. This can be implemented as a useful trigger
tool for the rapid response team.

Area of future research

The main aim of early detection and
management is to reduce morbidity and mortality.
Analysis of mortality and morbidity should be
compared between historical control before the
implementation of the score and after score
implementation. Since only one mortality was
observed during the study period, long term
post-implementation analysis should be performed.
An assembly of a rapid response team might be

warranted in response to this trigger tool.
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Appendix
Abbreviations: Cl = confidence interval;
DBP = diastolic blood pressure; PEWS = Pediatric
Early Warning Score; PICU = Pediatric Intensive Care
Unit; PP = pulse pressure; ROC = receiver operating
characteristics; SBP = systolic blood pressure; TPEWS =
Thammasat Pediatric Early Warning Score; PPV = positive

predictive value; NPV = Negative predicting value
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Table 1 Patients demographic data and diagnoses

Patient Characteristics Total Non-PICU PICU-admitted Patients with lower
patients admitted patients patients baseline saturations
(n = 242) (n = 229) (n =13) (n =14)
Mean age, years (+ SD) 378 + 7.80 3.88 + 8.02 1.92 + 4.12%* 2.00 + 4.00
Gender, N (%)
Male 129 (53.3) 126 (55) 3(23.1) 10 (71.4) **
Female 113 (46.7) 103 (45) 10 (76.9) ** 4 (28.6)
Underlying disease, N (%)
None 108 (44.6) 106 (46.3) 2 (15.4) 0 (0.0)
Yes 134 (55.4) 123 (53.7) 11 (84.6) ** 14 (100.0) **
Oncology 29 (21.6) 29 (23.6) = -
Hematology 20 (14.9) 19 (15.4) 109.2) -
Miscellaneous* 16 (12.0) 15(12.1) 1(9.2) -
Respiratory 15(11.2) 13 (10.6) 2(18.1) 5(35.7)
Cardiovascular 15(11.2) 13 (10.6) 2(18.1) 9 (64.3)
Neurologic 10 (7.5) 8 (6.5) 2(18.1) -
Renal 8 (6.0) 8 (6.5) = -
Gastrointestinal 6 (4.5) 5(4.1) 109.2) -
Genetic 5(3.7) 5(4.1) - -
Endocrine 5(3.7) 5(4.1) - -
Allergy 5(3.7) 3(2.4) 2(18.1) -
Diagnosis, N (%)
Respiratory 58 (24.0) 55 (24.0) 3(23.0) 8 (57.1)
Gastrointestinal 47 (19.4) 43 (18.8) 4 (30.8) 1(7.1)
Oncology 29 (12.0) 29 (12.7) - -
Febrile illness 27(11.2) 25(10.9) 2(15.4) -
Miscellaneous* 23 (9.6) 23(9.9) - -
Hematology 18 (7.4) 16 (7.0) 2 (15.4) -
Cardiovascular 12 (5.0 10 (4.4) 2(15.4) 5(35.7)
Renal 10 (4.1) 10 (4.4) - -
Neurologic 10 (4.1) 10 (4.4) - -
Surgical 3(1.2) 3(1.3) = -
Endocrine 3(1.2) 3(1.3) - -
Allergy 2(0.8) 2(0.9) - -
Mean length of hospital 4.30 £ 12.94 371 +£8.22 19.33 + 44.56** 10.36 + 30.76**
stay, days (£SD)
Mean length of PICU - - 9.42 + 26.0 250 + 10.94
stay, days (£SD)
Mortality, N (%) 1(0.4) 0(0.0) 1(7.7) 0(0.0)
Mean highest score, points (+SD) 1.95 + 3.82 1.70 + 3.02 6.38 + 4.12** 1.86 + 2.56
PICU admission, N (%) 13 (5.4) 0(0.0) 13 (100.0) 1(7.1)

*  Orthopedics, Rheumatology, Development, ENT, plastic, Urology, Dermatology, Dental

** (P-value < 0.05)
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Table 2 TPEWS prediction ability

Score Sensitivity (%) Specificity (%) Positive predictive Negative predictive
[95% CI] [95% CI] value (%) [95% Cl] value (%) [95% Cl]
>1 100 [71.7- 100] 31.4 [25.6 — 37.9] 7.6 [4.3-13.0] 100 [93.6-100]
>2 100 [71.7- 100] 51.5[44.9 — 58.1] 10.5 [5.9 - 17.6] 100 [96.1-100]
>3 100 [71.2- 100] 64.2 [57.6 — 70.3] 13.7 [7.8 - 22.6] 100 [96.8 -100]
>4 92.3[62.1 — 99.6] 89.1 [84.1 — 92.7] 32.4[24.3 - 41.7] 99.5 [96.7 — 99.9]
>5 76.9 [46.0 — 93.8] 96.5 [93.0 - 98.4] 55.5[31.3 - 77.6] 98.6 [95.8 — 99.6]
>6 61.5[32.3 — 84.9] 98.7 [95.9 — 99.7] 72.7 [39.3 - 92.7] 97.8 [94.7 — 99.2]

Cl: Confidence interval

Figure legends

Thammasat Pediatrics Early Warning Score Chart

For Nurse Research code
Date: BW: KG
Time Hypotension:
+30 3)
Respiratory rate (for +20 (2) < 1 year: SBP <70
normal range see +10 (1) mmHg
aver) NR (0) =
-10 (2
3 (g)) > 1 year: SBP < (70+ (2
‘Work of breathing 2(2) 25 age)) uuan
1 (0)
>93/baseline Age (v) Heart rate
Sp02 90-92/ <1 100-160
(< baseiill;e 3-5%) 13 100-140
3689 2) 3-6 80-120
(< baseline 5-10%) 6-12 75-100
<85(3) =12 60-100
(base&ne > 10%)
39 (2)
38 (1) :
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Y E) ! Responds to voice
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Cumulative score | | I | | | I I

Figure 1 Thammasat Pediatric Early Warning Score (TPEWS).
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Initial population (n= 265)

l

Excluded: (n=23)

18 from extreme age

5 from elective PICU admission due
to postoperative care

l

Final population (n= 242)

Figure 2 Population flow chart.

1 ROC Curve
/ § Area under ROC curve
/ 0.965 (95% CI: 0.927-1)
0.84
E 0.64
§ 044
0.24
0.0 T T T T
00 02 04 06 08 10
1 -Specificity

Figure 3 ROC Curve predicting unexpected PICU admission.
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