7%
university of 59/,
groningen L

i

University Medical Center Groningen

University of Groningen

The predictive performance and impact of pediatric early warning systems in hospitalized
pediatric oncology patients-A systematic review

Soeteman, Marijn; Lekkerkerker, Caroline W.; Kappen, Teus H.; Tissing, Wim J.;
Nieuwenhuis, Edward E.; Wosten-van Asperen, Roelie M.

Published in:
Pediatric blood & cancer

DOI:
10.1002/pbc.29636

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2022

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):

Soeteman, M., Lekkerkerker, C. W., Kappen, T. H., Tissing, W. J., Nieuwenhuis, E. E., & Wosten-van
Asperen, R. M. (2022). The predictive performance and impact of pediatric early warning systems in
hospitalized pediatric oncology patients-A systematic review. Pediatric blood & cancer, 69(5), [29636].
https://doi.org/10.1002/pbc.29636

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.


https://doi.org/10.1002/pbc.29636
https://research.rug.nl/en/publications/4f074b28-1839-48b7-a8bf-80ab0312b877
https://doi.org/10.1002/pbc.29636

Received: 21 September 2021

Revised: 5 January 2022

W) Check for updates

Accepted: 8 February 2022

DOI: 10.1002/pbc.29636

REVIEW

. i SOCIETE INTERNATIONALE
Pediatric voncotosireviamiave
oo & aspho
The American Society of l l \/
Cancer N ncotoay  Pediatric Hematology/Oncology WI

The predictive performance and impact of pediatric early
warning systems in hospitalized pediatric oncology patients—A

systematic review

Marijn Soeteman® |
Edward E. Nieuwenhuis® |

LPrincess Maxima Center for Pediatric
Oncology, Utrecht, The Netherlands

2University of Utrecht, Utrecht, The
Netherlands

3Department of Anesthesiology, Wilhelmina
Children’s Hospital/University Medical Center
Utrecht, Utrecht, The Netherlands

4Department of Pediatric Oncology,
University of Groningen, University Medical
Center Groningen, Groningen, The
Netherlands

5Department of Pediatrics, Wilhelmina
Children’s Hospital/University Medical Center
Utrecht, Utrecht, The Netherlands

éDepartment of Pediatric Intensive Care,
Wilhelmina Children’s Hospital/University
Medical Center Utrecht, Utrecht, The
Netherlands

Correspondence

Roelie M. Wosten-van Asperen, Department
of Pediatric Intensive Care, Wilhelmina
Children’s Hospital/University Medical Center
Utrecht, PO Box 85090, 3508 AB Utrecht, The
Netherlands.

Email: rm.vanasperen@umcutrecht.nl

Funding information

KiKa (a Dutch research charity foundation for
pediatric oncology patients), Grant Number:
KiKa 287

Caroline W. Lekkerkerker'?

| TeusH.Kappen® | WimJ.Tissing®* |

Roelie M. Wésten-van Asperen®

Abstract

Pediatric early warning systems (PEWS) arewidely used to identify clinically deterio-
rating patients. Hospitalized pediatric oncology patients are particularly prone to clini-
cal deterioration. We assessed the PEWS performance to predict early clinical deterio-
ration and the effect of PEWS implementation on patient outcomes in pediatric oncol-
ogy patients. PubMED, EMBASE, and CINAHL databases were systematically searched
from inception up to March 2020. Quality assessment was performed using the Pre-
diction model study Risk-Of-Bias Assessment Tool (PROBAST) and the Cochrane Risk-
of-Bias Tool. Nine studies were included. Due to heterogeneity of study designs, out-
come measures, and diversity of PEWS, it was not possible to conduct a meta-analysis.
Although the studies reported high sensitivity, specificity, and area under the receiver
operating characteristics curve (AUROC) of PEWS detecting inpatient deterioration,
overall risk of bias of the studies was high. This review highlights limited evidence on
the predictive performance of PEWS for clinical deterioration and the effect of PEWS

implementation.

KEYWORDS
effect, impact, Pediatric Early Warning System, pediatric oncology, predictive performance, sys-
tematic review

1 | INTRODUCTION

The prompt identification of pediatric oncology patients who clinically

Abbreviations: AUROC, area under the receiver operating characteristics curve; HSCT,
hematological stem cell transplantation; PEWS, pediatric early warning systems; PICU,

deteriorate forms an important component of patient safety, but may

be challenging in daily clinical practice. Pediatric oncology patients

pediatric intensive care unit; PRISMA, Preferred Reporting Items for Systematic Reviews and

Meta-Analysis; PROBAST, Prediction model study Risk-Of-Bias Assessment Tool.

are prone to clinical deterioration, given their severity of illness and
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intensity of treatment. Despite advances in supportive care, up to one
third of patients require admission to a pediatric intensive care unit
(PICU) during their disease course with sepsis and respiratory failure as
the main admission reasons.! Moreover, PICU mortality has remained
high (between 25% and 35%), and pediatric oncology patients have
worse outcomes after cardiopulmonary arrest compared to other pedi-
atric patients.2® Early detection of deterioration coupled with effec-
tive interventions may therefore improve outcome of these patients.
Pediatric early warning scores are used to aid in the timely detection
of clinical deterioration. Various clinical observations and vital signs are
combined into a numerical score, and escalation of care is triggered
when the score exceeds a prespecified threshold. The scores are often
embedded in a system with response and implementation components
(e.g., a rapid response team), the so-called pediatric early warning sys-
tems (PEWS). Currently, a broad range of PEWS are used, with vari-
able predictive performance for identifying clinical deterioration.*~8
In hospitalized pediatric oncology patients, various PEWS have been
implemented as well.”~11 While several systematic reviews report the
predictive performance of PEWS and their effects on patient outcome

in the general pediatric population,81213

systematic evaluation of the
performance of PEWS in pediatric oncology patients is lacking. This
review aimed to summarize and critically appraise the evidence on the
performance of PEWS in pediatric oncology patients. We will focus on
(a) the ability of PEWS to predict inpatient deterioration, and (b) the

effect of implementation of PEWS on patient outcomes.

2 | METHODS

2.1 | Data sources and search strategy

This systematic review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guidelines'* (Table
S1). A systematic comprehensive search of the databases PubMED,
EMBASE, and CINAHL was conducted from inception up to March
2020. Search terms included keywords and medical subject heading
(MeSH) terms related to pediatrics, cancer, and pediatric early warn-
ing system or score. A complete description of the search is provided
in Table S2. Ultimately, the online database Scopus was used for snow-
balling references from our included papers. Only peer-reviewed arti-

cles were included to warrant validity and enable full-text assessment.

2.2 | Study eligibility criteria

All studies reporting original data on development, validation, or
effects on patient outcome (impact study) of PEWS in pediatric oncol-
ogy or hematological stem cell transplantation (HSCT) patients aged
0-21 years were eligible for inclusion. The outcomes were unplanned
PICU transfer, cardiopulmonary arrest, and mortality. Studies that
focused solely on the implementation process itself were excluded. In

addition, studies in general pediatric patients without subgroup anal-

ysis for oncology patients, published in abstract form only, or without
full text in English were excluded.

2.3 | Screening and selection process

After removal of duplicates, titles and abstracts of records were inde-
pendently screened by two reviewers (Marijn Soeteman and Caro-
line W. Lekkerkerker). Subsequently, the full texts of 37 papers were
reviewed (Marijn Soeteman and Caroline W. Lekkerkerker). Any dis-
crepancies were resolved through discussion with a third reviewer
(Roelie M. Wosten-van Asperen).

2.4 | Quality appraisal

Risk of bias and applicability concerns for validation studies were
assessed by two reviewers (Marijn Soeteman and Teus H. Kap-
pen) using Prediction model study Risk-Of-Bias ASsessment Tool
(PROBAST).1> PROBAST consists of 20 signaling questions within four
domains, including participant selection, predictors, outcome, and anal-
ysis. Within each domain, studies were classified as low, high, or unclear
risk of bias, guided by the signaling questions (Table S3). If all domains
were at low risk of bias, a study was classified as having low risk of
bias.1® Applicability of a study was assessed for domains of partici-
pant selection, predictors, and outcome and classified as low, high, or
unclear concerns. If all domains were judged to have low concerns for
applicability, the study was classified as having good applicability.
Risk of bias for impact studies was assessed by two reviewers (Mar-
ijn Soeteman and Wim J. Tissing) using Cochrane Risk-of-Bias assess-
ment for selection bias, attrition bias, detection bias, reporting bias,

confounding bias, or other bias.'”

2.5 | Data extraction and synthesis

For eachincluded study, information on the aim, design, setting, patient
population, type of PEWS score used, and outcomes was extracted. All
data were narratively synthesized, as it was not possible to conduct a
meta-analysis due to heterogeneity of the study designs and the diver-
sity of PEWS.

3 | RESULTS

Nine studies were included in our review. A PRISMA flowchart dis-
plays the search and selection process (Figure 1). Seven studies
were external validation studies?11:18-22 and two studies were impact
studies assessing the effect of implementation of PEWS on clinical
outcomes.'%23 These nine studies together assessed seven different
PEWS,9-11,18,20-23
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FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flowchart of search and selection of eligible studies

3.1 | Characteristics of pediatric early warning
systems

Of the seven PEWS, four PEWS were slight modifications or a trans-
lation of previously published PEWS.10.11.19.21 The different param-
eters of the PEWS are displayed in Table S4. Parameters used in all
PEWS include heart rate, capillary refill time, respiratory rate, respira-
tory effort, and oxygen therapy. Three PEWS used composite parame-
ters, that is, one single parameter of the score is represented by a com-
posite score of multiple different parameters.

3.2 | Results of validation studies
3.2.1 | Performance of PEWS in predicting clinical
deterioration requiring PICU admission

Six of the seven external validation studies assessed the performance
of PEWS to predict unplanned PICU transfer.?11.18.20-22 One study val-
idated PEWS to triage between intermediate care and intensive care
unit.2? Characteristics and the most important findings of the valida-

tion studies are shown in Table 1. For unplanned PICU transfer, the

reported sensitivity and specificity ranged from 74% to over 94% and
88% to 99%, respectively. The area under the receiver operating char-
acteristics curve (AUROC) was overall reported to be higher than 0.80,
depending on cutoff value of the PEWS. In most of the studies, this
AUROC was based on the maximum value of the PEWS in 24 hours
prior to the outcome event.”11.18.20 Tq identify “sick” patients, a pos-
itive predictive value of 0.73 at a BedsidePEWS cutoff score >8 was
reported.?! One study assessed the additional value of a new parame-
ter to the PEWS.20 In this study, an AUROC of 0.83 for BedsidePEWS
cutoff 8 and 0.88 for BedsidePEWS cutoff 8 plus >7% weight gain in
HSCT patients was reported; however, without 95% confidence inter-
vals of the AUROCSs, a model update was not performed. For the triage
between intermediate or intensive care unit, no measures of predictive

performance of the PEWS were reported.!?

3.2.2 | Performance of PEWS in predicting
cardiopulmonary arrest or mortality

Three of the seven validation studies used the outcome measures car-
diopulmonary arrest and mortality.2-22 However, the predictive per-

formance of the PEWS for these outcomes could not be extracted
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FIGURE 2 Risk of bias and applicability of the external validation studies as assessed by prediction model

from these studies as no cardiopulmonary arrests occurred during the
study period,2! no analysis for the predictive value of the PEWS for
cardiopulmonary arrest was provided,?2 or only the mortality rate of

patients admitted to the PICU was reported.2°

3.2.3 | Risk-of-bias assessment validation studies
Overall risk of bias was high in all seven validation studies
(Figure 2).7111820-22 The complete risk-of-bias assessment can
be found in Table S5. The domain participant selection was at low risk
of bias in three (43%) validation studies and at high risk of bias in four
(57%) studies. The most common source of bias was the use of an
unnested case-control design, in which cases and controls were sam-
pled from a source population of unknown size.”181? Consequently,
baseline risks and absolute outcome probabilities cannot be estimated.
One study selected control patients based on PEWS score,?! this may
have resulted in a biased estimate of the predictive performance of
the PEWS score. The domain predictors were at low risk of bias in all
the studies. The domain outcome was at low risk of bias in six studies
(86%) and unclear in one study (14%). Last, the domain of analysis
was at high risk of bias in all studies, with several potential sources for
bias. First, four (57%) studies assessed the maximum PEWS score in a
24-hour period prior to the event.?11:1820 Second, none of the studies
assessed all measures of predictive performance, such as calibration
and discrimination. Last, five (71%) studies had limited number of
outcome events (range 1-43 events).!119-22 |t was recommended
for external validation studies to include at least 100 participants
with the outcome, otherwise the risk for biased estimates of model
performance becomes more likely.1 All external validation studies
had good applicability (Table S5 and Figure 2).

3.3 | Results of impact studies
3.3.1 | Impact of PEWS implementation on patient
outcomes

We included two impact studies.’%23 The first study, a retrospec-
tive before-and-after study in a resource-limited setting, reported a
significant reduction in unplanned PICU transfers, decreased PICU
length of stay, and decreased severe sepsis or septic shock on PICU
transfer after PEWS implementation (Table 2).1° Although the authors
report a decrease in organ dysfunction within 24 hours of PICU admis-
sion after PEWS implementation, we found contradicting evidence
in their results with no statistical difference for organ dysfunction
within 24 hours of PICU admission. There was no reduction in use
of invasive mechanical ventilation or vaso-active medication, PICU
length-of-stay or mortality after PEWS implementation. The second
study, a retrospective before-and-after study at the hemato/oncology
ward of a tertiary hospital, reported a three-fold increased number
of days between cardiopulmonary arrests on the unit after PEWS
implementation.23 However, this study focused mainly on the imple-
mentation process itself and no patient characteristics or statistical
analysis were reported. PEWS implementation had enhanced multidis-
ciplinary team communication and aided in removing barriers that pre-
vented timely identification and referral of clinically deteriorating chil-

dren.

3.3.2 | Risk-of-bias assessment impact studies

The risk-of-bias assessment of impact studies is displayed in Table

S6. Our main concern for the first impact study was the use of an
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uncontrolled before-and-after design, including only cases that expe-
rienced an unplanned PICU transfer, and the conclusion that imple-
mentation of PEWS resulted in fewer inpatient clinical deterioration
events and decreased PICU utilization, without demonstration of a
clear causal relationship.1? The study by Demmel et al. was at high risk
of bias for selection bias, attrition bias, and reporting bias, as no patient
or respondent characteristics, number of included subjects, no (han-

dling of) missing data or details of statistical analysis were reported.?3

4 | DISCUSSION

This systematic review aimed to critically appraise the evidence on
the ability of PEWS to predict clinical deterioration and the impact
of PEWS implementation on patient outcomes in pediatric oncology
patients. We identified limited evidence for both research questions.
Although the reported predictive performances of the PEWS scores to
detect clinical deterioration requiring unplanned PICU transfer were
good in terms of sensitivity (range 74%-94%), specificity (range 88%-
99%), and AUROC (higher than 0.80), the overall risk of bias of the
included studies was high. Most important risks of bias involved the use
of an unnested case-control design, which hampers the calculation of
baseline and absolute risk, and the limited number of primary outcome
events that increases the risk for biased estimates of model perfor-
mance. Concerning the impact of PEWS implementation, a reduction
of inpatient clinical deterioration events and PICU patient-days but no
effect on use of PICU resources and mortality were reported.© Unfor-
tunately, the exact elements that were improved by implementation
could not be pinpointed due to the uncontrolled retrospective before-
and-after design, and the resource-limited setting may limit generaliz-
ability.

The methodological concerns we identified in the external valida-
tion studies are similar to what was found in a recent review of early
warning scores (EWS) in adult hospitalized patients.?* In this latter
review, high risks of bias were detected, including inadequate handling
of statistical issues and lack of assessing essential aspects of model per-
formance. The performance of a newly developed prediction model is
likely to be overoptimistic, especially when applied to new patients. For
validation, assessment of the two key aspects to characterize the per-
formance, discrimination and calibration, is required.¢:25.2¢

Calibration of prediction models reflects the accuracy of risk esti-
mates, relating to the agreement between the estimated and observed
number of events.?” None of the studies included in our review
assessed calibration. Poorly calibrated algorithms can be misleading
due to over- or underestimation of the risk, which may result in
incorrect clinical decision-making.2’ Discrimination was most often
assessed by an AUROC using the maximum PEWS score in the 24-hour
period prior to PICU admission. The assessment of a 24-hour period
prior to the event, often matched with a 24-hour period in patients not
experiencing the event, excludes other time intervals in which a PEWS
score could be high but no event occurred, and may lead to an overes-

timation of the predictive ability of a PEWS. The use of the area under

the precision-recall curve to verify false-alarm rates with varying sen-
sitivity may be more appropriate to assess.

Pediatric oncology patients are at high risk for rapid deteriora-
tion, given their severity of illness, toxicity of treatment, and immuno-
suppression. Moreover, they may have specific underlying causes for
PICU admission. Using a general pediatric PEWS in pediatric oncology
patients may risk missing clinical deterioration or suboptimal timing of
escalation of care. The response algorithms of PEWS, that is, the inten-
sification of frequency of monitoring or calls for action, have not been
assessed yet in an applied setting of pediatric oncology patients. It is
therefore important to have valid, reliable risk estimates for clinical
deterioration and to assess the impact of PEWS response algorithms
on clinical decision-making in this vulnerable population.

Despite the widespread use of PEWS, also in pediatric oncology
patients, their effect on patients’ outcome has not been clearly deter-
mined. In general pediatric patients, systematic reviews underline the
limited evidence for early warning system as a single intervention for
reducing cardiopulmonary arrests or mortality.8121% When imple-
mented as part of an intervention package (e.g., with a rapid response
team), there is moderate evidence that PEWS implementation may
reduce mortality and cardiorespiratory arrest.!? Secondary benefits of
implementation may include improvements in communication, team-
work, and situation awareness,? also at the pediatric oncology ward.23
Recently, research priorities to optimize the care for deteriorating
pediatric patients have been suggested that are also important to the
pediatric oncology population. Besides the optimization of recognition
of clinical deterioration, these priorities include evaluation of decision-
making and response, quality improvement of implementation, and an
overarching domain of evaluation of the effect of implementation with
robust, valid, and clinically meaningful outcome parameters.2® Mortal-
ity may not be the most appropriate outcome to asses PEWS efficacy
due to its relatively rare occurrence and accordingly require large
study sample size.2? Significant clinical deterioration events, for exam-
ple, the need for endotracheal intubation, fluid boluses >60 ml/kg,
vasoactive medication, or cardiopulmonary resuscitation, may
propose an alternative.2”3% However, some of these events, such
as cardiopulmonary resuscitation, may indicate a lost opportunity
for preventive action. Minor clinical deterioration events—that is, a
composite of the use of high-flow oxygen or fluid boluses—reflect
early escalation of care and may also serve as clinically useful outcome
measures.

Of all PEWS included in our systematic review, the BedsidePEWS
had significant prior validation in hospitalized children. In addition, it
is the only PEWS that has been evaluated in a randomized controlled
trial, showing a reduction in significant clinical deterioration events but
no reduction in all-cause mortality.3%3! Moreover, it was one of the
best performing PEWS in a study that compared 18 different track-
and-trigger systems in general pediatric patients.32 Our review identi-
fied two studies validating the BedsidePEWS in HSCT patients, report-
ing AUROCs of 0.93.2922 This may indicate that the BedsidePEWS
may also be clinically useful in pediatric oncology patients, albeit more

prospective cohort studies are needed.
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Our systematic review has several limitations. The total number of
included studies was small. In addition, we could not pool the results
of the included studies due to heterogeneity of the study designs
and the diversity of PEWS. Other limitations may be the exclusion of
non-English papers and inclusion of only published validation studies
of PEWS, resulting in a potential risk of publication bias. Finally, we
included studies from both high- and low-income settings, which may
affect the generalizability of our findings.

5 | CONCLUSION

Gaps of knowledge remain in both predictive performance and impact
of PEWS in the high-risk population of pediatric oncology patients. A
valid estimation of the predictive performance of PEWS should ide-
ally be performed in a large prospective cohort including all underlying
malignancies, and in line with the TRIPOD (Transparent Reporting of
a multivariable prediction model for Individual Prognosis Or Diagno-
sis) recommendations.2% The widespread implementation of electronic
health records and possibilities for continuous monitoring combined
with “big data” analytics offer potential to improve prediction and per-
sonalize risk assessment.33-3° Ultimately, this may aid in decision sup-
port for adequate escalation of care without unnecessary administra-

tive burden.
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