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Abstract

Numerous existing Pediatric Early Warning Scores (PEWs) have varying degrees of reliability and validity, which
are used in variety diseases of patients. This study is a prospective diagnosis study which involved the pediatric
nurse evaluation of patient status using modified Pediatric Early Warning Score (NU-PEWS) until the patient was
discharged or transferred to PICU. A total of 824 pediatric patients were admitted, 407 participants were enrolled
in this study. The NU-PEWS demonstrated the most accurate cut-off point at greater than 3, with 90.5% sensitivity
and 89.1% specificity. The receiver operating characteristic (ROC) indicated positive results in the general medical
condition (ROC 0.958), gastrointestinal, respiratory, and hematologic diseases (ROC 0.94-0.97) whereas lowest
in neurological disease (ROC 0.843). This study validated that NU-PEWS has good performance in detecting
deteriorating patients, and that prediction utilizations are good in almost every subgroup of disease, with the
exception of neurological disease.
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we hypothesize that different diseases may require dis-
tinct scoring in order to accurately predict the trend
toward intensive care unit transfer.

There were few case studies involving the use of
pediatric early warning scores in different disease sub-
groups. In Thailand, varieties of pediatric trigger tools

Introduction

In many hospitals, clinical deterioration of hospitalized
pediatric patients increases mortality by approximately
5% to 15%.' Numerous tools have been developed to
assist clinicians in identifying patients who are rapidly

deteriorating. The Pediatric Early Warning Score
(PEWS) system is a pediatric trigger tool that is used in
several countries worldwide. Different circumstances
and resource constraints will influence the variables of
the scoring benchmarks in each hospital."> The majority
of PEWs are based on vital signs and clinical assess-
ments, such as heart rate, respiratory rate, and level of
consciousness.*”

The PEWS system can be applied to pediatric patients
with varying diseases. However, according to the previ-
ous study of Early Warning Scores (EWS) in adults,
various diseases related to neurological disorders, car-
diovascular disorders, and sepsis may require different
or additional scoring variables.®® Furthermore, when the
predictive value of EWS was compared across a range
of disorders, the results are inconsistent.'* As a result,

have been implemented in many provincial hospi-
tals.!""!3 Pediatric Early Warning Score, Pediatric
Advanced Warning Score, and Pediatric Clinical Alert
Score are examples of scoring systems that detect dete-
riorating patients. The existence of numerous PEWS
with varying levels of reliability and validity has resulted
in a lack of clarity regarding how these scoring systems
compare to one another. In July 2020, the pediatricians
of Naresuan University Hospital—a tertiary hospital in
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Table |. Naresuan University Pediatric Early Warning Score.
Item 0 | 2 3

Consciousness

Good consciousness

Drowsiness

Response to pain

Unresponsive

Alert Response to voice Seizure
Heart rate (bpm)
> | month-I year 80-180 >180-220 <80 >220
>|-10years 60-140 >140-180 <60 >180
>0years 60-100 >100-150 <60 >150
Capillary refill (seconds) <2 2-3 >3
Respiratory rate (bpm) | month-Iyear: 30-50 | month-2years: >50  Apnea
>|-2years: 20-50 >2-5years: >40 | month-1 year: <30
>2-5years: 20-40 >5-13years: >30 >[-5years: <20
>5-13years: 15-30 >|3years: >20 >5-3years: <15
>13years: 10-20 >3years: <10
Retraction No | site 2 sites 3 sites
Blood pressure (mmHg)  Normal BP = Percentile 95th  SBP
e | month-|year: <70
e |year:
<[(2 X age*) + 70]
Or BP = (Percentile
99th) +5
*Age in year
SpO2 (%) >94 90-94 <90%
Or below baseline Or below baseline
19%-5% >5%
Body temperature (°C) 36-37.9 >37.9-38.5 <36 or >38.5

the lower northern region of Thailand—established a
modified PEWS system named NU-PEWS. This is a
study to validate the NU-PEWS in assessing hospital-
ized pediatric patients, and to determine how the scores
differ when used for specific diseases.

Methods

This prospective study enrolled pediatric patients aged
I month to 15years that were admitted to Naresuan
University Hospital between November 2020 and
August 2021. The study’s limitations include patients
that were referred from other hospitals, transfer from
emergency room to pediatric intensive care units
(PICUs), and patients admitted to PICUs for elective
postoperative care.

Pediatricians at Naresuan University created a modi-
fied pediatric early warning score called NU-PEWS,
which consists of consciousness, heart rate, capillary
refill time, blood pressure, respiratory rate, retraction,
oxygen saturation, and body temperature. Each item was
scored between 0 and 3, resulting in a cumulative score
between 0 and 20 (See Table 1). This scoring system was
developed using monitoring equipment, patient charac-
teristics, and nursing skill at the pediatric ward. Scores in

respiratory retraction and oxygen saturation were
adjusted for more appropriate and straightforward use.

To ensure the accuracy of the evaluation, nurses
were trained on how to assess each NU-PEWS item,
including vital signs, respiratory retraction, conscious-
ness, and capillary refill time. Then, the nurses’ ability
to perform the NU-PEWS assessment was reevaluated
by a well-trained senior nurse and physician. At the
beginning of the study, four trained nurses conducted
30 recordings to determine inter-rater reliability.
Subsequently, the trained pediatric nurses performed
NU-PEWS evaluation every 4hours until the patient
was discharged or transferred to PICU. Data collection
includes age, sex, diagnosis, underlying diseases,
NU-PEWS results, and the reason for PICU admission.
The study’s primary objective was to detect clinical
deterioration necessitating PICU admission. The condi-
tions that demanded PICU admission in this study were
comatose state, status epilepticus, respiratory distress
requiring high flow nasal cannula, non-invasive venti-
lation, and mechanical ventilation, hypotension requir-
ing inotropic medication, emergency hypertension, and
other conditions needing intensive management such as
renal failure, liver failure, diabetic crisis, and gastroin-
testinal bleeding.
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Patients enrolled for analysis

(n=407)

325 cases with incomplete data

Figure |. Flow diagram of enrollment process.

This study was approved by Naresuan University
Institutional Review Board (No. P3-0117/2563) and was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). A sample size of at least 400 subjects
was required to estimate the population mean.

Analysis

In statistical analysis, categorical variables were pre-
sented in percentage and the continuous variables with
non-normal distributions were expressed in median
range. The intraclass correlation coefficient (ICC)
revealed a 95% confidence interval (CI) which indi-
cates consistency or absolute agreement. Validity of
NU-PEWS were analyzed using sensitivity, specificity,
positive predictive value (PPV), and negative predic-
tive value (NPV) with their respective 95% confidence
intervals (CI). The NU-PEWS results that prompt
PICU transfers were measured using receiver operat-
ing characteristic (ROC). The ROC analysis plots all
sensitivity versus (1-specificity) at selected cut-offs
points by placing each pair of sensitivity and (1-speci-
ficity) in ROC space.

Result

During the initial phase, this study showed very good inter-
rater reliability with intraclass coefficient of 0.948 -1.00.
There were 824 pediatric admissions during the study
period, but only 407 were enrolled due to the following
limitations: PICU admissions, referrals from other hospi-
tals, elective cases and incomplete data. (See Figure 1)

The 407 patients had a median age of 2.1years, and
54.7% were male. Fifty-seven percent of the patients were
between the ages of 1 and 5years old, 21.1% were under
1 year old, and 13.3% had comorbidities. Hematologic
disease was the most common comorbidity (33.3%), fol-
lowed by respiratory disease (15.9%). Respiratory dis-
orders (51.6%), gastrointestinal disorders (25.6%), and
infectious diseases (13.5%) were the most frequently
occurring clinical diagnoses.

The prevalence of unplanned PICU admissions
occurred in 20 cases (4.9%) mostly aged 5 to 10years
(35.0%), and was associated with respiratory distress
diagnosis (55.0%), altered consciousness (25.0%), and
infectious diseases (30.0%). The majority of the patients
(55%) had comorbidities, with 11 cases involving hema-
tologic disease (54.5%) (See Table 2)
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Table 2. Demographic and Characteristic Data.

Patient characteristics

Total (n=407) (n, %)

PICU (n=20) (n, %)

Age (year) Median (range) 2.1 (0.1-14.8) 2.9 (0.3-14.0)
Age (year) group

< 86 (21.1) 6 (7.0)
I-5 232 (57.0) 52.2)
5-10 68 (16.7) 7 (10.3)
10-15 21 (5.2) 2 (9.5)
Sex (male) 223 (54.7) 9 (45.0)
PICU transfer 20 (4.9%) 20 (100)
Diagnosis

Neurological disease 22 (5.4) 5(22.7)
Respiratory disease 210 (51.6) I'1(5.3)
Gastrointestinal disease 104 (25.6) 1 (1.0)
Cardiovascular disease 8 (2.0) 0 (0.0)
Genitourinary disease 6 (1.5) 0 (0.0)
Hematologic disease 19 (4.7) 3 (15.8)
Infectious disease 55 (13.5) 6(10.3)
Others 14 (3.4) 2 (13.3)
Underlying disease

Yes 54 (13.3) I'1(55.0)
Neurological disease 5(7.9) 0 (0.0)
Cardiovascular disease 8 (12.7) 2(18.2)
Respiratory disease 10 (15.9) I (9.1
Gastrointestinal disease 3 (4.8) 0 (0.0)
Genitourinary disease 2 (3.2) 0 (0.0)
Hematologic disease 21 (33.3) 6 (54.5)
Infectious disease 3(47) I (9.1)
Others I1(17.5) 4 (36.3)

The NU-PEWS demonstrated the most accurate cut-
off point in overall general medical conditions at more
than 3, with a sensitivity and specificity of 90.5% (95%
CI 89.8-91.2) and 89.1% (95% CI 88.4-89.8), respec-
tively. The performance of NU-PEWS revealed a high
degree of accuracy in all patients (ROC 0.958; 95% CI
0.930-0.986). NU-PEWS showed excellent performance
in gastrointestinal, respiratory, and hematologic diseases
due to its high sensitivity, specificity, and accuracy.
(ROC 0.94-0.97). The scoring system also exhibited
acceptable accuracy in the infectious disease subgroup,
but was less accurate in neurological diseases. A cut-off
value of greater than 4 illustrates increased sensitivity
and specificity in gastrointestinal, hematologic, and
neurological diseases (See Tables 3 and 4).

Discussion

Early identification and management of patients at risk
of clinical deterioration are essential to facilitate initial
intervention. PEWS is a tool for early detection in the
hospital and emergency department which has numerous

cut-off points and a high degree of validity in detecting
clinical deteriorations.>>'*!* For optimal discrimination,
the early warning score should be highly sensitive while
also having a high receiver operating characteristic (ROC),
both positive and negative predictive values.'¢'®

NU-PEWS is an early warning score which has a
higher ROC, sensitivity and specificity than other
PEWS.""?2 The Thammasat Pediatric Early Warning
Score (TPEWS), which is used in Thammasat Hospital—
a tertiary hospital—has a similar ROC, sensitivity, and
specificity, but a different cut-off point in this study.!!
NU-PEWS has a cut-off point at 3 which is lower than
bedside PEWS?® and TPEWS'! in terms of overall gen-
eral medical condition. Different item descriptions in the
score, the capacity of monitoring equipment and nursing
care in pediatric inpatient wards, and the indication for
intensive care admission may result in varying cut-off
points, necessitating the adjustment of PEWS according
to the hospital situation.

PEWS was studied in a limited number of pediatric
patients in various subgroups.?’>>?** Limited literature
reviews®!? were also performed amongst adults, which
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Table 4. The Area Under the Receiver Operating
Characteristic (ROC) in General Medical Conditions and
Disease Subgroups.

Disease ROC 95% Cl

General medical conditions 0.958 0.930-0.986
Respiratory disease 0.930 0.924-0.936
Gastrointestinal disease 0.972 0.960-1.000
Hematologic disease 0.943 0.929-0.958
Neurological disease 0.843 0.647-1.000
Infectious disease 0.886 0.723-1.000

Optimal cut-off point =3.

revealed heterogeneity in the predictive performance of
the early warning score across diseases, despite the fact
that the current study demonstrated superior perfor-
mance across all disease subgroups (ROC 0.843 -0.972).
Alhmoud et al'® conducted a large systematic review of
early warning scores in adults and revealed that while
stroke, cardiac, and renal diseases had the best predic-
tive performance, enhanced accuracy was demonstrated
in gastrointestinal, hematologic and respiratory diseases
(ROC 0.93 -0.972), despite lowest in neurological dis-
ease in this study. This result contradicts the findings of
Dean et al>* who reported excellent EWS in neurological
diseases (ROC 0.93). For improved disease discrimina-
tion particularly in neurology, a threshold greater than 4
has a higher ROC, sensitivity, specificity and other pre-
dictive values than a threshold of 3 (ROC 0.877, sensi-
tivity 80%, specificity 95.6%, PPV 18.2, NPV 99.7).
Neurological disease evaluation in children can be chal-
lenging because it requires specific critical alarms such
as irritability, and training for abnormal neurological
signs detection. Modifications to the clinical item and
scoring system in the PEWS, as well as intensive train-
ing for nurses, may be necessary to increase predictabil-
ity when using the PEWS.

Limitation

The findings in this study are subject to a number of
important limitations. First, there is a lack of predic-
tive performance for EWS in cardiovascular diseases
because the majority of the patients are newborns and
are transferred from another hospital. Second, data on
the patient’s quality of care, management, and inter-
vention were not collected.

Further research should be conducted to evaluate
the outcomes of the score comparison between cut-off
points greater than 3 and 4 in various subgroups of
disease with the goal of reducing morbidity, mortality,

and length of hospital stay. Certain diseases, such as
cardiovascular disease, may require a different imple-
mentation of PEWS.

Conclusion

This study showed that NU-PEWS is an effective tool at
detecting patients who have deteriorated beyond a
threshold score of 3. Prediction utilization is high in the
overall medical conditions and disease subgroups except
in neurological disease. The early warning system
should be established with a high degree of sensitivity
while maintaining a reasonable degree of specificity.
Adjusting specific critical alarms may be necessary to
optimize PEWS performance in neurological diseases.
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