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WHAT’S KNOWN ON THIS SUBJECT: Pediatric early warning
scores (PEWS) for hospital inpatients have been developed to
identify patients at risk for deterioration. Beyond triage, similar
systems that identify ill patients and predict requirements for

a higher level of care are needed in the emergency department.

WHAT THIS STUDY ADDS: The validity of the different PEWS in
pediatric emergency care patients has never been evaluated. This
study showed that PEWS are capable of detecting children in need
of ICU admission. /

N

OBJECTIVE: Pediatric early warning scores (PEWS) are being advo-
cated for use in the emergency department (ED). The goal of this study
was to compare the validity of different PEWS in a pediatric ED.

METHODS: Ten different PEWS were evaluated in a large prospective
cohort. We included children aged <16 years who had presented to
the ED of a university hospital in The Netherlands (2009—2012). The
validity of the PEWS for predicting ICU admission or hospitalization
was expressed by the area under the receiver operating character-
istic (ROC) curves.

RESULTS: These PEWS were validated in 17 943 children. Two percent of
these children were admitted to the ICU, and 16% were hospitalized.
The areas under the ROC curves for predicting ICU admission, ranging
from 0.60 (95% confidence interval [Cl]: 0.57—0.62) to 0.82 (95% Cl:
0.79-0.85), were moderate to good. The area under the ROC curves for
predicting hospitalization was poor to moderate (range: 0.56 [95% Cl:
0.55-0.58] to 0.68 [95% Cl: 0.66—0.691). The sensitivity and specificity
derived from the ROC curves ranged widely for both ICU admission
(sensitivity: 61.3%—94.4%; specificity: 25.2%—86.7%) and hospital admis-
sion (sensitivity: 36.4%—85.7%; specificity: 27.1%—90.5%). None of the
PEWS had a high sensitivity as well as a high specificity.

CONCLUSIONS: PEWS can be used to detect children presenting to the
ED who are in need of an ICU admission. Scoring systems, wherein the
parameters are summed to a numeric value, were better able to iden-
tify patients at risk than triggering systems, which need 1 positive pa-
rameter. Pediatrics 2013;132:¢841—e850
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Pediatric early warning scores (PEWS)
are physiology-based scoring systems
developed to identify patients admitted
to inpatient pediatric wards at risk for
clinical deterioration.” A recent publi-
cation showed that early warning
scores are needed to quickly identify
critically ill patients in the emergency
departments (EDs) so that treatment
can be started without delay.2 Moreover,
the use ofthe same systeminthe ED and
inpatient wards allows continuity for
patient assessment.

According to an adult study performed
in the United Kingdom, early warning
scores are used in the majority of EDs,
although the evidence for this claim is
lacking.2 To date, there are few data on
the use of PEWS in children presenting
to the ED.34 Bradman and Maconochie3
validated only 1 of the several PEWS
that are currently in use. Egdell et al*
conducted a pilot study to validate
a designed for initial assessment at the
ED and showed that the system was
able to identify children requiring ICU
admission.

The goal of the current study was to
compare the performance of different
PEWS to predict ICU admission or hos-
pitalization in a large population of
children visiting the pediatric ED.

METHODS
Study Design

Different versions of PEWS were eval-
uated in a large prospective cohort of
children presenting to the ED. The dif-
ferent PEWS were based on patients’
age and vital sign values (heart rate,
respiratory rate, oxygen saturation,
blood pressure, temperature, and level
of consciousness) prospectively col-
lected during the triage assessment.

The current study used data collected
for an ongoing study on the validity of
the Manchester Triage System (MTS) in
pediatric patients.56 The medical ethics
committee of Erasmus MC approved

e842 SEIGER et al

the study, and the requirement for in-
formed consent was waived.

Setting and Selection of
Participants

Data collection included all children aged
<16 years who presented to the ED of
the Erasmus MGC—Sophia Children’s
Hospital, Rotterdam, Netherlands, be-
tween August 2009 and June 2012. The
Erasmus MC—Sophia Children’s Hospital
is a large inner-city university hospital
with a pediatric ED that is open 24 hours
a day. The ED receives ~8000 children
annually from a catchment area with
a multisocioeconomic and multiethnic
population of 2 million inhabitants.

Pediatric Early Warning Scores

APubMed searchwas performedinJune
2012 using the terms “pediatric early
warning,” “paediatric early warning,”
“track and trigger,” “trigger criteria,”
“calling criteria,” “medical emergency
team,” “pediatric alert criteria,” or “pae-
diatric alert criteria.” Studies were lim-
ited to children aged 0 to 18 years and
a publication date within the past 10
years. Subsequently, the titles, abstract,
and full text articles were screened, and
the reference lists of systematic reviews
and studies on the use of PEWS in the ED
were scanned to complete the search.
The PEWS were included if the scores
were newly developed for children pre-
senting to the ED or admitted to an
inhospital pediatric ward or if the orig-
inal scores were adjusted.

The PubMed search retrieved a total of
75 articles. After exclusion of studies not
addressing PEWS (n = 45), original re-
search on PEWS (n=8), or children (n=
6), 16 studies remained. Eight studies
described newly developed or derived
PEWS and the remaining 8 studies vali-
dated these PEWS. Four studies were
included after screening the reference
lists, resulting in a total of 12 PEWS, of
which 11 were developed for inpatient
use™'7 and 1 for use in the ED.4

The PEWS can be differentiated into
scoring systems and triggering sys-
tems." A scoring system contains dif-
ferent parameters (eg, heart rates or
respiratory rates). If these parameters
show an increased deviation from nor-
mal values, the given scores are greater.
The scores for all the different param-
eters are cumulated to 1 numeric value,
which, depending on the cutoff level,
determines a patient’s risk for clinical
deterioration. In a triggering system,
the patient is considered at risk if 1 of
the parameters is positive.

Six PEWS were considered as scoring
systems*7=11 and 6 as triggering sys-
tems.'2-17 Most PEWS were developed
for inhospital patients and therefore not
all parameters were available at triage
assessment. Parameters that contain
diagnostics, therapeutic interventions,
or suspected diagnoses were removed
from the scoring and triggering sys-
tems. Only therapeutic interventions
such as oxygen therapy and bolus fluids
remained in the model because these
parameters are surrogate markers of
low saturation and severe dehydration,
which are features scored by triage
nurses. The PEWS of Hunt et al'” and
Sharek et al'® are not useful for triage
assessment in the ED because continu-
ous monitoring of vital signs is needed
to assess acute change in vital signs.
Therefore, 10 PEWS remained for anal-
ySis.

Details of parameters used in the
remaining PEWS are shown inTable 1,and
the contributions of individual parame-
ters to the scoring systems are shown in
Appendix 1.

Data Collection

ED nurses specialized in both pediatric
and emergency care collected stan-
dardized data on the different param-
eters of the PEWS during triage
assessment and recorded this in-
formation on structured electronic or
paper (2006—2009) ED forms. Heart
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= = 2 £ & = were calculated with the VassarStats
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Web site (http://vassarstats.net/clini.
html). Statistical analyses were per-
formed by using SPSS and R package
version 2.13.1 (R Foundation for Sta-
tistical Computing, Vienna, Austria)
using the Design, Hmisc (Areglmpute)
function.

RESULTS

Study Population

Intotal, 18 073 children presented to the
ED during the study period. Data were
not available for 130 children. There-
fore, 17943 children remained for
analysis, of whom 16% (n = 2828) were
admitted to the hospital and 2% (n =
373) were admitted to an ICU or died in
the ED. Patients’ characteristics are
shown in Table 2.

Ninety-six percent of patients (n = 17
289) had at least 1 vital sign measured.
Heart rate was measured in 9062
(51%) children; respiratory rates in
6671 (37%); blood pressure in 3632
(20%); oxygen saturation in 4901 (27%);
temperature in 10 050 (56%); and level
of consciousness in 16 319 (91%). The
absence of vital signs was more fre-
quent in patients allocated to lower
MTS urgency categories and in patients
presenting with traumatic problems
than in those presenting with medical
problems.

Performances of PEWS in the Total
Population

The ROC curves of the PEWS are shown
in Fig 1. The discriminative ability to
predict ICU admission and admission
to the hospital was higher when scor-
ing systems were used than when
triggering systems were used (Table 3).
Moreover, PEWS were better suited to
predict ICU admission than admission
to the hospital, because the areas un-
der the ROC curves decreased signifi-
cantly when admission to the hospital
was used as the outcome measure.
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TABLE 2 Patient Characteristics

Characteristic Study Population

(N=17943)
Female gender, n (%) 7399 (41)
Median age (IQR), y 42 (1.4-9.5)
Presenting problem, n (%)
Trauma 4438 (25)
Gastrointestinal 2399 (13)
FWS 1624 (9)
Dyspnea 1566 (9)
Wounds 1186 (7)
Neurologic 810 (5)
Urinary tract problems 438 (2)
Local infection/abscess 344 (2)
Rash 306 (2)
Ear, nose, throat 260 (1)
Other problems 3953 (22)
Missing 620 (4)
MTS triage category,
n (%)
Immediate 356 (2)
Very urgent 2237 (13)
Urgent 7887 (44)
Standard 6339 (35)
Nonurgent 504 (3)
Missing 620 (4)
Follow-up, n (%)
No follow-up 6700 (37)
Outpatient clinic/GP 5835 (33)
Hospital admission 2828 (16)
ICU admission/ 373 (2)
mortality at ED
Other follow-up 2207 (12)

GP, general practitioner; IQR, interquartile range.

For all PEWS, the optimal cutoff level to
calculate sensitivity and specificity for
both ICU admission and admission to
hospital was set at 1, except for the PEWS
of Duncan et al'0 and Parshuram et al,"!
for which the cutoff levels were set at
3 for ICU admission and 2 for admission
to the hospital (Table 3). The sensitivity
and specificity at different cutoff levels
of the scoring systems are shown in
Appendix 2.

The sensitivity and specificity of the
PEWS at the optimal cutoff levels varied
widely. When ICU admission was used,
the sensitivity of the different PEWS
ranged from 61.3% to 94.4% and the
specificity ranged from 25.2% to 86.7%.
These findings resulted in a positive
likelihood ratio between 1.3 and 4.6 and
anegative likelihood ratio between 0.22
and 0.45.

ARTICLE

When hospitalization was used, the
sensitivity ranged from 36.4% t0 85.7%
and the specificity ranged from 27.1%
to 90.5%. None of the PEWS showed
both a high sensitivity and a high
specificity. Sensitivity, specificity, posi-
tive likelihood ratios, and negative like-
lihood ratios of the individual PEWS are
shown in Table 3.

DISCUSSION

Twelve different PEWS were described
in the literature, of which 10 were po-
tentially suited for use in the ED. The
discriminative ability of the PEWS (area
under the ROC curve) were moderate to
good for ICU admission (range: 0.60—
0.82) and poor to moderate for ad-
mission to the hospital (range: 0.56—
0.68). Moreover, scoring systems with
parameters leading to a numeric val-
ue were better able to identify pa-
tients at risk than triggering systems,
which need 1 positive parameter. The ¢-
statistics of the different scoring sys-
tems, however, were not statistically
different. The choice of best PEWS in the
ED should depend on other factors
such as ease of use.

The scoring systems of Egdell et al* and
Duncan et al'® contain more parameters
than the scores of Monaghan,” Akre
et al® Skaletzky et al® and Parshuram
et al'" and thus are more time-consuming
at initial assessment. Moreover, the
PEWS of Duncan et al and Parshuram
et al included blood pressure, which is
difficult to obtain in a standardized
manner in a busy ED. For this reason,
the applicability of scoring systems
should be evaluated for the individual
setting before implementation.

However, scoring systems with more
parameters provide a wider range of
sum scores and can therefore differ-
entiate patients into >2 risk groups.
This categorization can be important
when PEWS are not only used to identify
patients in need of ICU admission but
also patients in need of admission to
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FIGURE 1

ROC curves of scoring systems and triggering systems for (left) ICU admission and (right) hospitalization.

a pediatric ward. The PEWS of Duncan
et al’® and its bedside version from
Parshuram et al'' are the only scores
with different optimal cutoff levels for
hospitalization and ICU admission, and
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they are therefore best suited to allo-
cate patients to >2 risk groups.

Thresholds for abnormal vital signs
influence the validity of the PEWS, be-
cause PEWS that only differ according

to vital sign thresholds showed dif-
ferent c-statistics. This finding sug-
geststhatthe PEWS could be optimized
by choosing the optimal cutoff levels
for vital sign values. At present, most
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TABLE 3 Performance of the Different PEWS for ICU Admission and for Admission to the Hospital

PEWS Cutoff Level  High-Risk Low-Risk Sensitivity, % Specificity, % Positive Negative Likelihood Area Under
Patients Patients (95% CI) (95% CI) Likelihood Ratio, Ratio, Ratio (95% Cl)  ROC Curve, AUC
Ratio (95% CI) (95% CI)
No. % No. %
IC admission
Monaghan’ 1 6415 358 11528 642 798 753-837 652 645-659 23 22-24 031 0.25-038 079 0.76-0.81
Akre et al® 1 6073 338 11870 662 779 733-819 671 664-678 24 22-25 033 027-040 078 0.76-0.81
Skaletzky et al® 1 4417 246 13526 754 734 686-778 764 758-77.0 31 29-33 035 029-041 079 0.76-0.82
Duncan et al'® 3 5083 274 12860 726 783 737-823 727 721-734 29 27-30 030 025-0.36 0.82 0.79-0.84
Parshuram et al'’ 3 5152 287 12791 713 783 737-823 723 71.7-730 28 27-30 030 025-036 082 0.79-0.85
Egdell et al* 1 7182 400 10761 600 784 738-824 608 60.0-615 20 19-21 0.36 0.29-043 077 0.74-0.80
Tibballs et al' NA 5447 304 12496 69.6 735 687-77.8 706 699-712 25 23-27 038 0.32-044 072 069-0.75
Edwards et al'® NA 13497 752 4446 248 944 914-964 252 245-258 13 12-13 022 0.15-0.34 060 0.57-0.62
Haines et al™ NA 4695 261 13248 738 756 709-798 749 742-755 3.0 28-32 033 027-039 075 0.72-0.78
Brilli et al'® NA 2557 143 15384 857 613 56.1-662 86.7 86.2-872 46 4.2-5.1 0.45 0.39-051 074 0.71-0.77
Admission to the

hospital
Monaghan’ 1 6415 358 11528 642 577 56.0-594 690 683-698 1.9 18-19 061 0.59-064 065 0.64-0.66
Akre et al® 1 6073 33.8 11870 662 556 539-574 709 70.1-716 19 18-20 063 060-065 065 0.64-0.66
Skaletzky et al® 1 4417 246 13526 754 474 457-492 803 79.7-810 24 23-25 065 0.63-068 065 0.64-0.66
Duncan et al'® 2 9317 519 8626 481 705 69.0-721 521 513-529 15 14-15 056 0.54-060 068 0.66-0.69
Parshuram et al'’ 2 9449 527 8494 473 703 687-719 512 504-520 14 14-15 058 0.55-0.61 068 0.66-0.69
Egdell et al* 1 7182 400 10761 600 587 57.0-604 640 63.2-648 16 16-17 064 062-067 064 063-0.65
Tibballs et al' NA 5447 304 12496 69.6 499 481-516 739 732-746 19 1.8-20 068 066-0.70 062 0.61-0.63
Edwards et al'® NA 13497 752 4446 248 857 845-869 271 264-278 12 12-12 053 048-0.57 056 0.55-0.58
Haines et al™ NA 4695 261 13248 738 523 505-540 795 788-80.1 25 24-27 060 0.58-062 066 0.65-0.67
Brilli et al'® NA 2557 143 15384 857 364 347-38.1 90.5 90.0-91.0 39 3.6-4.1 0.70 068-0.72 063 0.62-0.65

NA, not applicable.

PEWS use cutoff levels based on the
Advanced Pediatric Life Support pro-
gram.20.21 However, recent publications
suggest that reference ranges for vital
signs should be updated with new
thresholds.22-24

At present, conventional triage systems
such as the MTS,%526 the Emergency
Severity Index (ESI),2” the pediatric
Canadian Triage and Acuity Scale
(PedCTAS),28 and the Australasian tri-
age Scale (ATS)2% are used in the ED to
allocate the patient’s acuity. In the MTS,
PedCTAS, and ATS, trained triage nurses
had to recognize patient’s signs and
symptoms to allocate acuity.25262829 |n
the ESI, the urgency categories are
based on the need of life-saving inter-
ventions and resource use.?” In all triage
systems, vital signs are included to al-
locate urgency. However, the use of
these vital signs differed from the use in
PEWS scoring systems, because they
are dichotomized into normal and ab-
normal for the ATS, PedCTAS , and ESI,
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and in the MTS, they were included as
discriminators such as “shock,” “ab-
normal pulse,” and “increased work of
breathing”; thus, values for abnormality
in children were not provided. In South
Africa, an early warning score was in-
cluded to allocate patients to the lowest
urgency levels. This triage strategy is
inexpensive and can be executed by an
inexperienced staff.30

Although PEWS can identify patients at
risk in the ED for ICU admission and, to
a lesser extent, identify patients at risk
for hospitalization, we do not advise
using warning scores as triage tools to
prioritize patients.3' At present, there is
no evidence that PEWS are better than
conventional triage systems. To prove
that PEWS as triage tools are better
than conventional triage systems or
that PEWS have added value to conven-
tional triage systems, a direct compar-
ison study should be conducted in
which patient outcomes and costs are
included.

Currently, PEWS in the ED should be an
adjunct of conventional triage. They can
be used as a tool to indicate ICU ad-
mission orasamonitoringtooltoidentify
patient deterioration, due to their ability
to continue a patient’s assessment when
admitted to the hospital.252

The main limitation of the current study
is that the different PEWS were not im-
plemented inthe ED itself and therefore
were not evaluated in practice. Con-
versely, because the PEWS have not been
implemented, clinicians did not know
the PEWS scores when examining the
patients. The decision to admit patients
to the ICU or pediatric ward was not
influenced by the outcome of the PEWS
and therefore could not bias our results.

Second, ICU admission and admission to
the hospital were chosen as a proxy for
acuity because a golden standard for
acuity does not exist. Worldwide, hos-
pitalization and ICU admission have been
used extensively as a proxy for severity of
iliness in the ED.35-57 Also, it is a limitation
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that vital signs were not measured in all
patients. We resolved this problem by
using a multiple imputation model that
can be used when the outcome measure
(ICU admission) and predictor (presence
of vital signs) on X and Y are correlated.38

Lastly, the study population comprises
children from 1 hospital, which could
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APPENDIX 1 Contribution of Single Parameters to the Scoring PEWS

PEWS Included Parameters Score
Monaghan’/Akre et al®/ Behavior: level of consciousness 0-3
Skaletzky et al®
Cardiovascular: capillary refill/heart rate 0-3
Respiratory: work of breathing/oxygen 0-3

therapy/respiratory rate
Heart rate
Respiratory rate
Systolic blood pressure
Pulses
Oxygen saturation
Capillary refill
Level of consciousness
Oxygen therapy
Bolus fluid
Temperature
Heart rate
Systolic blood pressure
Capillary refill
Respiratory rate
Respiratory effort
Oxygen saturation
Oxygen therapy
Egdell et al* Respiratory rate
Work of breathing
Oxygen saturation
Temperature
Capillary refill
Heart rate
Level of consciousness

10
|

Duncan et a

11
|

Parshuram et a
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APPENDIX 2 Sensitivity and Specificity at Different Cutoff Levels for Scoring PEWS
PEWS Cutoff Level ICU Admission Admission to Hospital

Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%)

Monaghan et al'® =1 798 65.2 57.7 69.0
=2 71.8 726 466 757
=3 62.7 80.6 36.0 83.1
=4 430 946 189 96.6
Akre et al™ =1 779 67.1 55.6 709
=2 702 753 442 784
=3 60.5 835 34.0 85.7
=4 429 94.2 19.1 96.1
Skaletzky et al' =1 734 764 474 803
=2 634 869 311 89.5
=3 52.3 919 22.0 93.8
=4 327 97.8 10.8 989
Duncan et al'® =1 96.4 18.6 90.5 20.1
=2 87.9 488 706 52.1
=3 782 727 505 765
=4 614 86.8 336 90.1
=5 462 93.8 22.0 96.2
Parshuram et al'’ =1 97.3 182 90.6 19.7
=) 87.8 481 703 512
=3 783 723 50.7 76.1
=4 66.2 847 366 88.1
=5 56.0 906 286 936
Egdell et al' =1 784 60.8 58.7 64.0
=2 68.1 746 434 774
=3 53.2 887 279 913
=4 412 939 189 95.8
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