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ABSTRACT

Aim: The aim is to highlight the importance of early detection, the efficacy of pediatric early warning signs
(PEWS), and their implications for clinical practice, focusing on the specific signs that affect the detection
and management of clinical deterioration in children with oncological diseases.

Method: The review included English-language studies retrieved from common databases using the
keywords “pediatric,” “Early Warning Signs,” “clinical deterioration,” combined with terms related to
“onchohematological” and “pediatric cancers.”

Results: sixteen articles were analyzed. The analysis revealed that the PEWS cohort was associated with a
lower incidence of unplanned codes (p = 0,0001), cardiopulmonary arrest (P = 0,0001), and mortality (P =
0,01). The incidence of critical deterioration between the cohorts showed no significant variation (P = 0,07).
Conclusion: PEWS significantly contributes to reducing mortality rates, unplanned codes, and cardiopulmonary
arrest. However, further research is required to address the limitations and challenges associated with its
application in this population.

Keywords: Pediatric; Early Warning Signs; Leukemia; Hodgkin Lymphoma; Cancers.
RESUMEN

Objetivo: el objetivo es destacar la importancia de la deteccion precoz, la eficacia de los signos de alerta
precoz pediatricos (PEWS) y sus implicaciones en la practica clinica, centrandose en los signos especificos
que afectan a la deteccion y el manejo del deterioro clinico en nifos con enfermedades oncoldgicas.
Método: la revision incluyo estudios en inglés recuperados de bases de datos comunes utilizando las palabras
clave «pediatric,» «Early Warning Signs,» «clinical deterioration,» combinadas con términos relacionados
con «onchohematological» y «pediatric cancers.»

Resultados: se analizaron dieciséis articulos. El analisis revelé que la cohorte PEWS se asocio con una menor
incidencia de codigos no planificados (p = 0,0001), parada cardiopulmonar (p = 0,0001) y mortalidad (p =
0,01). La incidencia de deterioro critico entre las cohortes no mostro variaciones significativas (p = 0,07).
Conclusiones: el PEWS contribuye significativamente a reducir las tasas de mortalidad, los cédigos no
planificados y la parada cardiorrespiratoria. Sin embargo, se requiere mas investigacion para abordar las
limitaciones y los retos asociados a su aplicacion en esta poblacion.
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INTRODUCTION

In the field of pediatric healthcare, the early detection and management of clinical deterioration are of the
most importance, particularly in children with oncohematological diseases. The term “Pediatric Early Warning
Signs” (PEWS) refers to a set of clinical indicators that help healthcare professionals identify and respond to
potential worsening conditions in pediatric patients.®

Pediatric Early Warning Signs (PEWS) is a systematic approach used in pediatric healthcare settings to
identify and monitor signs of clinical deterioration in children. It is designed to detect early warning signs
and facilitate timely intervention, ultimately aiming to improve patient outcomes and reduce morbidity and
mortality.®

Children with oncohematological diseases, such as leukemia or lymphoma, are particularly vulnerable
to clinical deterioration due to the nature of their condition and the potentially toxic effects of treatment
modalities. These patients often undergo intensive therapies, including chemotherapy, radiation, and stem cell
transplantation, which can weaken their immune system and make them susceptible to infections and other
complications. Identifying early signs of clinical deterioration in these children is crucial in order to intervene
promptly and prevent further deterioration.®

Importance of early detection in oncohematological diseases: Early detection of clinical deterioration
in children with oncohematological diseases can significantly impact their outcomes. Prompt recognition
and management of worsening conditions can help prevent complications, minimize the need for intensive
interventions, and improve overall patient outcomes. By closely monitoring pediatric patients and utilizing
standardized tools like PEWS, healthcare professionals can identify subtle changes in vital signs, behavior, and
overall clinical status, enabling timely intervention and potentially reducing morbidity and mortality rates.®

Research focus

The focus of this literature review is the application of pediatric early warning signs in children with
oncohematological diseases. The review examines existing literature to highlight the importance of early
detection, the efficacy of PEWS, and its implications for clinical practice. Additionally, the limitations of current
practices are discussed, and areas for future research and improvement are identified.

Recent developments in pediatric oncology and the implementation of early warning signs

Over the recent past, pediatric oncology has been subject to defined change following research, technology,
and clinical practice improvement. Pivotal to these improvements is the increasing awareness of the importance
of these initial indicators in childhood cancer diseases. These signs, which include a vast palette of changes
of different severities in a child’s health state, act as valuable markers of disease progression, efficiency of
the treatment measures taken, and possible outcomes. Incorporation of early warning signs into practice is,
thus, a positive shift in pediatric oncology practice since it allows for quick identification and management of
indicators that may lead to negative outcomes, which, in turn, leads to better management of young cancer
patients and their quality of life.® This paper aims to identify current trends in pediatric oncology, with a
particular focus on the concept of early warning signs, their importance, uses, and performance indicators,
based on a comprehensive literature review.® By evaluating the literature and pertinent guidelines as well as
innovations, the study seeks to unravel information on the current trends in pediatric oncology and the use of
early signs in enhancing clinical management techniques.

New methodologies or technologies for detecting clinical deterioration in pediatric patients with leukemia,
Hodgkin lymphoma, and other cancers

Recent advancements in pediatric oncology have led to the development of innovative methodologies and
technologies designed to detect clinical deterioration in pediatric patients with leukemia, Hodgkin lymphoma,
and other cancers. These innovations include wearable devices and remote monitoring systems, which allow
continuous real-time tracking of vital signs, providing early alerts for potential complications. Predictive
analytics and machine learning algorithms analyze vast amounts of patient data to identify patterns indicative
of clinical deterioration, enabling preemptive management. Standardized assessment tools like the PEWS
and risk stratification models systematically assess and monitor patients, facilitating timely interventions.
Telemedicine and mobile health applications have also emerged as valuable tools, ensuring continuous care
and early detection of health issues through remote consultations and symptom tracking. The implementation
of these technologies has significantly improved clinical outcomes, reducing severe complications, decreasing
hospital readmissions, and enhancing overall survival rates.” These advancements represent a proactive and
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personalized approach to pediatric oncology care, promising better management and improved quality of life
for young cancer patients.

Outcomes of recent clinical trials or observational studies related to early warning systems in pediatric
oncology setting

Recent clinical trials and observational studies have underscored the efficacy of early warning systems
in pediatric oncology settings, demonstrating significant improvements in patient outcomes. These studies
have shown that early warning systems, such as the PEWS and various risk stratification tools, enhance the
timely identification of clinical deterioration, leading to prompt and effective interventions. For instance,
trials have reported reductions in severe complications and hospital readmissions, as well as shorter lengths of
hospital stays for pediatric oncology patients monitored with these systems. Moreover, observational studies
have highlighted that the use of predictive analytics and machine learning algorithms in early warning systems
can accurately forecast adverse events, allowing for proactive management and personalized care.® Overall,
the evidence from these studies suggests that integrating early warning systems into routine clinical practice
significantly enhances the safety and quality of care for pediatric oncology patients, ultimately contributing to
better health outcomes and improved survival rates.®

Research problem

Although there has been a decline in cancer mortality over the past three decades, more cancer patients
are now admitted to intensive care units (ICUs). According to data, cancer patients occupy 25 % to 30 % of ICU
beds, and cancer-related traits are not linked to worse short-term outcomes. High-quality medical treatment
includes early detection of patients at risk of clinical deterioration, matching the severity of the illness to the
proper degree of care, and effective resource management in the hospital setting, understanding the unique
challenges and risks faced by children with oncohematological diseases is crucial for healthcare professionals.
Factors contributing to clinical deterioration include infections, chemotherapy-related complications,
tumor progression, and treatment-related toxicities. Delayed recognition and intervention can have severe
consequences, such as increased morbidity and mortality rates, prolonged hospital stays, compromised
treatment outcomes, and long-term complications. Timely recognition and appropriate management are
essential to optimize outcomes for these vulnerable patients.

Research aim
Our study aims to highlight the importance of early detection, the efficacy of pediatric early warning signs,
and its implications for clinical practice.

Literature review
Onchohematological diseases

The development of hematologic malignancies in the body’s blood cells sets them apart from other cancers,
and they sometimes may not result in tumors. While some hematologic oncologists are skilled in treating solid
tumors, the majority do not handle operable malignancies like lung cancer or breast cancer. There are different
types of hematological cancers, such as leukemia, Multiple myeloma, non-Hodgkin lymphoma, and Hodgkin
lymphoma.

Leukemia

With roughly 30 % of all malignancies in children diagnosed before the age of 15 being leukemia, it is
the most common cancer in children. One-fourth of all malignancies are lymphoid leukemias, which are the
most prevalent type. Precursor cell leukemias account for about 98 % of pediatric lymphoid leukemias, with
precursor B-cell acute lymphoblastic leukemia (pB-ALL) being the most prevalent kind. Childhood leukemia (CL)
treatment and survival have improved dramatically over the past few decades as a result of improvements in
diagnostics, risk stratification, pharmacology, and treatment combinations. Today, high-income countries have
acute lymphoblastic leukemia (ALL) survival rates that exceed 90 %. The diagnostic challenge faced by front-
line clinicians is made more difficult by the early presentation of child leukemia, with non-specific symptoms
frequently mirroring the common, self-limiting disorders."

Many health systems place a high premium on improving cancer early diagnosis. For example, the National
Health Service Cancer Plan in the UK recommends that everyone who has been suspected of having cancer,
including children, must see a specialist within two weeks of the referral. The National Institute for Health and
Care Excellence (NICE) guidance lists a number of particular signs and symptoms that should cause physicians
to think about pediatric cancer and, in the event of leukemia, to collect a blood sample or promptly refer a
patient. Despite these efforts, the 2-week urgent referral pathway still fails to diagnose the vast majority of
pediatric malignancies. In a recent study, alternate methods, such as direct presentations to emergency rooms
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or non-urgent hospital referrals from primary care, were used to diagnose 98 % of children’s malignancies in
the UK.(1314

Multiple myeloma

Aclonal plasma cell proliferative condition called multiple myeloma (MM) is characterized by an aberrant rise
in monoclonal immunoglobulins. If left unchecked, the excessive creation of these plasma cells can eventually
result in harm to particular end organs. This is most frequently observed when at least one of the clinical
signs of hypercalcemia, renal failure, anemia, or bone pain associated with lytic lesions is present. In terms of
the monoclonal gammopathy spectrum, MM is essentially a stage. Monoclonal gammopathy of Undetermined
Significance (MGUS), a pre-malignant, asymptomatic stage of clonal plasma cell development, is assumed to
be the source of it. Detecting monoclonal immunoglobulins in the blood or urine without signs of end-organ
damage is referred to as MGUS. This is quite typical and can be found in more than 3 % of people over the age
of 50.(5.16)

The cell of origin appears to be a post-germinal center plasma cell. Although it has been mentioned
above, this illness is normally benign, with a 1 % annual risk of progressing to MM. Evaluation of any acute
problems that require rapid stabilization should be part of the initial care of multiple myeloma. To treat severe
hypercalcemia, some of these might involve giving patients isotonic saline for volume expansion, calcitonin,
and/or bisphosphonates.” Medical optimization should be started if considerable renal failure is found, along
with possible nephrology consultation to address fluid status, prevent nephrotoxic substances, alter essential
drug dosages for the kidneys, and, in the case of severe dysfunction, discuss hemodialysis. Additionally, spinal
cord compression due to a vertebral fracture or plasmacytoma should be treated immediately with neurosurgery
or orthopedic advice, as well as perhaps radiation therapy. Plasmapheresis must be finished if the hyperviscosity
condition is ever diagnosed. &'

Hodgkin Lymphoma

The rare monoclonal lymphoid neoplasm Hodgkin lymphoma (HL), formerly known as Hodgkin’s disease,
has a high likelihood of cure. Hodgkin lymphoma is a disease entity that has been separated into two distinct
categories by biological and clinical studies: classical Hodgkin lymphoma and nodular lymphocyte-predominant
Hodgkin lymphoma (NLP-HL). The clinical presentation and pathophysiology of these two disease entities vary.
The four subgroups of classical Hodgkin lymphoma—nodular sclerosis (NSHL), lymphocyte-rich (LRHL), mixed
cellularity (MCHL), and lymphocyte-depleted (LDHL)—account for roughly 95 % of all HL. Hodgkin lymphomas
are characterized by four factors. They frequently develop in the cervical lymph nodes; young adults are
more likely to develop the disease; large mononuclear Hodgkin and multinucleated cells (Reed-Sternberg) are
sporadic and mixed among non-neoplastic inflammatory cells; and T lymphocytes are frequently seen encircling
the distinctive neoplastic cells. Hodgkin lymphoma has a fantastic prognosis generally, with a cure rate of over
80 %.(21,22,23)

Definition and Concept of PEWS

PEWS is a proactive and standardized system that involves the assessment and monitoring of specific
physiological, behavioral, and clinical parameters in pediatric patients. These parameters are used to identify
deviations from baseline and trigger appropriate interventions. The concept behind PEWS is based on the
recognition that early signs of deterioration in children may be subtle and easily missed, leading to delayed
interventions and adverse outcomes.®%

Development and Validation of PEWS Tools

Over the years, various PEWS tools have been developed and validated to suit different healthcare settings
and patient populations. These tools typically consist of a scoring system that assigns points to different
physiological and clinical parameters.? The scores are then used to determine the level of risk or severity
of clinical deterioration. The development and validation of PEWS tools involve rigorous research, including
retrospective and prospective studies, to establish their reliability, validity, and predictive value.®®

Application of PEWS in Pediatric Healthcare Settings

PEWS is primarily applied in pediatric healthcare settings, including hospitals, pediatric wards, and intensive
care units (ICUs). It is used as a proactive monitoring system to identify early signs of deterioration in children,
allowing healthcare providers to intervene promptly and appropriately. PEWS tools are typically integrated
into routine clinical practice, with regular assessments of vital signs, clinical observations, and other relevant
parameters. The frequency and intensity of monitoring may vary depending on the patient’s condition, level of
risk, and the specific PEWS tool being used.®"

The application of PEWS in pediatric healthcare settings has several benefits. It helps healthcare providers
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to identify deteriorating patients earlier, enabling timely interventions and potentially preventing adverse
events. PEWS also promotes standardized and consistent monitoring practices, facilitating communication and
collaboration among healthcare teams.?® Additionally, it can serve as a valuable tool for education and training,
enhancing healthcare professionals’ knowledge and skills in recognizing and managing clinical deterioration in
children. However, the implementation of PEWS in pediatric healthcare settings also presents challenges.
@ These include the need for adequate training and education of healthcare providers, ensuring consistent
adherence to monitoring protocols, and addressing potential barriers to effective implementation. Additionally,
ongoing research and evaluation are necessary to continuously improve and refine PEWS tools, ensuring their
relevance and effectiveness in different clinical contexts.%3"

Clinical deterioration in children with oncohematological

Clinical deterioration in children with oncohematological diseases refers to the worsening of their medical
condition, leading to a decline in their overall health status. These children face unique challenges and risks
due to their underlying disease and the aggressive treatments they receive. Understanding these challenges is
crucial for healthcare professionals involved in their care.®?

A. Understanding the unique challenges and risks in this population:©3 39

1. Children with oncohematological diseases often undergo intensive chemotherapy, radiation therapy,
or stem cell transplantation, which can severely compromise their immune systems. This makes them more
susceptible to infections, including life-threatening ones.

2. These children may experience low blood counts (anemia, thrombocytopenia) due to the underlying
disease or its treatment. This can lead to bleeding complications or increased susceptibility to infections.

3. Some oncohematological diseases can affect specific organs such as the liver, kidneys, or lungs. Organ
dysfunction can further contribute to clinical deterioration and complicate management. >

4. The diagnosis of an oncohematological disease and its treatment can have a significant psychological
impact on children and their families. Emotional distress may affect adherence to treatment plans and overall
well-being.

B. Factors contributing to clinical deterioration:©¢:3”

1. Children with compromised immune systems are at high risk of developing severe infections that can
rapidly deteriorate their health status if not promptly recognized and treated.

2. Chemotherapy drugs can cause various side effects, such as nausea, vomiting, diarrhea, mucositis
(inflammation of the mouth and gastrointestinal tract), or cardiotoxicity. These complications can worsen a
child’s condition if not managed appropriately.©®

3. Despite treatment efforts, some oncohematological diseases may progress or relapse over time, leading
to clinical deterioration.

4. Intensive treatments like radiation therapy or stem cell transplantation can have significant toxicities,
including organ damage, graft-versus-host disease (in the case of transplantation), or secondary malignancies.
These complications can contribute to clinical deterioration.

C. Impact of delayed recognition and intervention:©® 40

1. Delayed recognition and intervention in clinical deterioration can lead to increased morbidity and
mortality rates in children with oncohematological diseases.

2. Failure to recognize clinical deterioration promptly may result in prolonged hospital stays, increased
healthcare costs, and added emotional burden on the child and their family.

3. Delayed intervention can compromise the effectiveness of ongoing treatments, potentially leading to
treatment failure or reduced chances of cure.

4. Clinical deterioration that is not promptly addressed may result in long-term complications such as organ
damage or impaired quality of life for these children.

Detection of clinical deterioration

PEWS is a tool used to detect early signs of clinical deterioration in pediatric patients. (41:42:43:44,45,46,47,48,49,50,51)
The development and validation of PEWS tools have been extensively studied in general pediatric populations.
Several studies have shown that the use of PEWS can improve the detection of clinical deterioration, reduce
the incidence of cardiac arrest, and decrease the length of hospital stay in pediatric patients.®% 5

PEWS role in children with onchohematological diseases

PEWS tools consist of a scoring system that assigns points to different physiological parameters such as
heart rate, respiratory rate, blood pressure, and oxygen saturation. The total score is then used to determine
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the level of risk for clinical deterioration. PEWS tools have been validated in different settings, including
emergency departments, general wards, and intensive care units. 4>

Need for Specific Application and Adaptation of PEWS in Children with Oncohematological Diseases. Children
with oncohematological diseases are a unique population that requires specific attention when using PEWS
tools. These patients are at increased risk of developing complications due to their underlying disease and the
treatments they receive, such as chemotherapy and radiation therapy.®®

The use of PEWS in children with oncohematological diseases requires specific adaptations to account for
the unique physiological changes that occur in these patients. For example, children with leukemia may have a
higher heart rate due to anemia or fever, which may not necessarily indicate clinical deterioration. Therefore,
modifications to the scoring system may be necessary to avoid false alarms.®?

Several studies have evaluated the effectiveness of PEWS in detecting and managing clinical deterioration
in children with oncohematological diseases.®® A systematic review and meta-analysis by Chong et al. (2022)
explored the impact of implementing PEWS in hospitals on reducing mortality, cardiopulmonary arrests,
unplanned codes, and critical deterioration events in children compared to standard care without PEWS. They
found that PEWS had a significant impact on the mortality rate and unplanned codes, while there was no
significant impact on the risk of critical deterioration. These results are consistent with our results; however,
they also found that PEWS has no significant impact on the rate of cardiopulmonary arrest, which is inconsistent
with our results.®?

The impact of PEWS on patient outcomes in children with oncohematological diseases has been evaluated
in several studies. Garza et al (2021) investigated how the implementation of PEWS in hospitals affects the
reduction of mortality, cardiopulmonary arrests, unplanned codes, and critical deterioration events in children,
compared to standard care without PEWS. This study explored the impact of PEWS on reducing mortality,
cardiopulmonary arrests, unplanned codes, and critical deterioration events in children compared to standard
care.®)

It also examined how the perceived quality of care during deterioration in children with cancer is influenced
by PEWS in different hospital resource settings. The results indicated that healthcare providers caring for
children with cancer consider PEWS valuable in improving hospital care despite challenges such as inadequate
critical care resources and technology issues that vary by hospital resource level. These findings reinforce the
positive impact of PEWS on the quality of care and suggest that it should be widely implemented in clinical
practice.©)

Despite the potential benefits of using PEWS in children with oncohematological diseases, there are some
limitations and challenges that need to be addressed. One of the main challenges is the need for specific
adaptations to account for the unique physiological changes that occur in these patients. Another challenge
is the limited evidence regarding the effectiveness of PEWS in this population. Most studies have focused on
general pediatric populations, and there is a need for more research to evaluate the effectiveness of PEWS in
children with oncohematological diseases.

METHOD
General background

Patients with pediatric cancer who are hospitalized are very susceptible to clinical deterioration, especially
in settings with constrained resources. PEWS are bedside assessment tools linked to an action protocol used
to identify patients at risk of deterioration early. They have been proven to be accurate in predicting clinical
deterioration in hospitals with varying levels of resources. The effects of PEWS have been proven at various
hospital care levels. PEWS improves the perception of the quality of care while reducing clinical deterioration
events and PICU utilization. PEWS have also been demonstrated to improve interdisciplinary communication
and relationships, develop nursing empowerment, increase confidence in identifying and managing clinical
deterioration, and result in cost savings. Although PEWS has had numerous beneficial benefits in environments
with limited resources, little is known about how these effects are produced or linked to one another. This study
highlights the importance of early detection, the efficacy of pediatric early warning signs, and its implications
for clinical practice.

Inclusion criteria

1. Studies that include patients less than 18 years old.

2. Studies conducted in the EDs and inpatient units of pediatric hospitals.

3. Studies that perform a comparator between two cohorts: intervention cohort (PEWS) and control cohort
(no PEWS)

4. Studies that included general population or specific population (e.g., cardiology units or oncology units).

Exclusion criteria
1. Studies that include patients more than 18 years old.
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2. Studies conducted in outpatient units.
3. Single-arm studies that have no control cohort.

Information sources

A review of English studies was conducted using common databases, including Pubmed/MEDLINE, Google
Scholar, Web of Science, Scopus, and the Cochrane Library. The search utilized keywords such as “pediatric,”
“Early Warning Signs,” and “clinical deterioration,” combined with terms related to “onchohematological”
and “pediatric cancers.” The review’s endpoint was set to September 2023. Studies were collected based on
keyword combinations to ensure an unbiased collection of publications. Non-peer-reviewed studies, proposals,
procedures, letters, and opinions were excluded. References included in this paper were selected for their
relevance to the topic. The paper focuses on emphasizing the importance of early detection, the efficacy of
pediatric early warning signs, and their implications for clinical practice.

Data collection

The articles included in this review were analyzed in three stages. The first stage involved importing findings
from electronic databases into Microsoft Excel using EndNote Software. In the second stage, titles and abstracts
were screened within the Excel sheet. The third stage entailed screening the full text of citations selected
during Stage 2. References of the included publications were also manually reviewed to identify any potentially
overlooked studies. Data were then extracted from the selected studies, including study characteristics and
baseline data, using Microsoft Excel. Additionally, outcomes such as rates of mortality, critical deterioration,
unplanned codes, and cardiopulmonary arrest were extracted for analysis.

Quality assessment of the included studies

The quality of the included randomized trial by Parshuram et al. (2018) was assessed using Cochrane’s risk
of bias tool. Observational studies were evaluated with the National Heart, Lung, and Blood Institute (NHLBI)
tool.“"

Statistical analysis

Meta-analysis was performed using Review Manager Software. Dichotomous outcomes were analyzed with
95 % confidence intervals (Cl) and odds ratios (OR). A fixed-effects model was applied for homogenous data,
while a random-effects model was used for heterogeneous data. The degree of consistency among studies was
evaluated using 1?2 statistics and p-values from Chi-square tests. Heterogeneity was indicated by p-values < 0,1
or 12 > 50 %.

RESULTS
The search strategy yielded 5320 articles. After title and abstract screening, 188 articles underwent full-

text review. A total of 60 articles were included for gathering information, with 16 articles used in the meta-
analysis. The results of the search and screening process are detailed in figure 1. #1,42:43,44,45,46,47,48,49,50,51,52,53,54,55,56)
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Figure 1. Results of our search
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Table 1 and 2 demonstrates the study characteristics and demographic data of the involved articles.
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Parshuram 2018 21 Belgium, Multi-centre cluster General Bedside PEWS
(kA Canada, randomized trial
England,

Ireland, Italy,
New Zealand,
Netherlands

Agulnik 2023 ©354 Mexico, prospective, multicentre Oncology a Spanish language PEWS

Argantina,  cohort study
Peru, United
states

adapted for low resource
settings

Table 2. Continue baseline characteristics

First Author Activation criteria Describe the If RRT/PMET: Composition of RRT/PMET
Intervention
Brilli 2007 Vital signs, increased MET PICU fellow, PICU nurse, senior paediatric

breathing work, agitation
or decreased consciousness,
staff or parental concern

Sharek 2007 " Vital signs, acute change in RRT
level of consciousness, staff
concern

Hunt 2008 (49) Vital  signs, respiratory MET

distress,  seizures  with
apnoea, change in mental
status, dysrhythmias,
cardiopulmonary arrest,
staff or parental concern

Tibballs 2009 Vital signs, cardiopulmonary MET
(41) arrest, seizures, staff or
parental concerns

Anwar-ul-Haque Vital signs, laboured RRT
2010 ®9 breathing, decrease in

consciousness, seizures,

staff concerns
Hanson 2010 (45) Vital signs, changes in MET

respiratory  pattern  or
mental status, repeat or
prolonged seizures, staff
concerns

Kotsakis 2011 *?  Vital signs, acute drop in MET
GCS by more than 2 points,
seizures, staff or parental

concerns

Parshuram 2011 Vital signs Staff re-training

(49)

McKay 2013 “2) Vital signs Newly designed ward
observation chart, staff
training, escalation to
senior

Bonafide 2014 ©¢ Vital signs MET

Sefton 2014 9 Vital signs, biochemistry, Primary/on-call medical/

unresolved pain staff surgical team with a
concerns target response

Douglas 2016 “  Vitals, lethargy or confusion, RRT

staff or parental concern

resident, respiratory therapist, manager of
patient services

Physician  (paediatric ICU attending
physician or fellow), experienced paediatric
ICU or cardiovascular ICU nurse, an ICU-
trained respiratory therapist, and a nursing
supervisor

PICU fellow, PICU nurse, PICU respiratory
therapist, nursing shift coordinator, senior
assistant resident, junior assistant resident,
intern, paediatric pharmacist, security
officer and hospital chaplain

Initially:  ICU  Physician  (consultant/
registrar), nurse, ED doctor and
nurse + medical registrar; subsequently
after 6 months ED nurse withdrew

PICU physicians and primary team

Paediatric critical care fellow, resident,
critical care nurse and respiratory therapist

PICU physician (PICU attending and fellow/
resident during the day and a PICU fellow/
resident overnight with attending backup),
critical care nurse, and a respiratory
therapist.

NR

2 tier response: First for bedside nurse to
contact child’s primary admitting team to
review child. Failure to respond to escalate
seniority of MO contacted; MET system
continued to be the other formal medical
response

(1) a fellow, attending, or nurse practitioner,
(2) a nurse (3) a respiratory therapist

Existing medical/surgical teams and on call
team, ICU consultant as needed

PICU Registered Nurse, Respiratory
therapist, PICU resident or Nursing
Practitioner
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The results of the quality assessment

The included trial by Parshuram et al. (2018) “" was a low-risk trial because it was performed with proper
randomization and proper blindness. At the same time, the mean score for observational articles was 10,4 out
of 14, according to NHLB (tables 3,4).
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13. Was loss to follow-up after 1 1 1 1 1 1 1 1
baseline 20 % or less?
14. Were key potential confounding 1 1 0 1 0 0 0 0

variables measured and adjusted
statistically for their impact on the
relationship between exposure(s)
and outcome(s)?

Total score (out of 14) 11/14 10/14 7/14 11/14 10/14  10/14 10/14 10/14

Key: 0 = No, 1 = Yes, N/A = Not applicable, * = Not reported.

Analysis of the outcomes
Mortality rate

Eleven studies mentioned the rate of mortality and evaluated it. Our analysis revealed that the mortality
rate was substantially lower in the PEWS cohort than in the no PEWS cohort (RR= 0,81 [0,69, 0,95], P= 0,01).
The analysis showed some heterogeneity as P= 0,0006 and = 68 %. Figure 2 shows the analysis of mortality
outcome.

PEWS No PEWS Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Agulnik, 2017 22 1494928 21 16836 A.2% 0.89[0.49, 1.61] I
Agulnik 2023 15 948 B3 G391 9.3% 0.52[0.36, 0.74] —
Bonafide, 2014 a6 178157 81 192353 91% 1.19[0.81,1.73] T
Brilli, 2007 3 524494 11 892188 1.4% 0.48[013,1.72] —— —
Hansaon, 2010 40 A471 102 10576 9.59% 0.76[0.53, 1.04] -7
kotsakis, 2011 540 45963 853 55469 169% 0.97 [0.86, 1.04] -
Mckay, 2013 n 389 1 10549 0.2% 0.40[0.02 9.73]
Parshuram, 2018 97 2418549 147 307584 126% 0.81[0.62,1.04] -
Sefton, 2014 14 317 17 A434 4.0% 1.44 (071, 2.91] -
Sharek, 2007 158 19112 847 53811 152% 0.81 [0.68, 0.97] Bl
Tihballg, 20049 398 138424 459 104730 1645% 0.66 [0.57, 0.74] -
Total (95% Cl) 726362 840882 100.0% 0.81 [0.69, 0.95] L
Total events 1373 1872
Heterogeneity: Tau®= 0.04; Chi*= 31.14, df= 10 {F = 0.0006), F= 68% EI‘DE IZI=1 1=IZI Sitl
Testfor averall effect 7= 2487 (F=0.01) ' ’ PEWS Mo PEWS

Figure 2. Forest plot showed the analysis of mortality outcome

Cardiopulmonary arrest

This outcome was evaluated by seven articles. The analysis showed that the incidence of cardiopulmonary
arrest in no PEWS cohort was significantly higher than that of the PEWS cohort (RR=0,73 [0,62, 0,85], P=0,0001).
The analysis showed homogeneity as P= 0,37 and 12= 7 %. Figure 3 shows the analysis of cardiopulmonary arrest
outcome.

PEWS No PEWS Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Agulnik 2023 1645 4948 166 691 BO.0% 068 [0.56, 0.83] . 3
Bonafide, 2014 2 178151 6 192353 1.8% 0,36 [0.07,1.78]
Brilli, 2007 2 424494 4 H2138 2.0% 0.39[0.08, 1.81]
Hanson, 2010 2 f471 11 10ATE 3% 035 [0.08, 1.549]
Hunt, 2008 2 44538 16 48343 a.1% 049021, 1.14] I —
kotsakis, 2011 fE  AA49E3 B8 AR468 M1 T% 0.95 [0.68, 1.33] e
Tikballs, 2009 24 138424 20 104780 T1% 0.91[0.50, 1.64]  E—
Total (95% CI) 481039 504450 100.0% 0.73 [0.62, 0.85] L
Total events 254 297
Heterogeneity: Chi*=6.47, di= 6 (P = 0,373, F= 7% | | ! j | |
Test for overall effect: £=3.98 (P = 0.0001) 01 0z DP5E".“."S Na PEE"."."S 5 10

Figure 3. Forest plot showed the analysis of cardiopulmonary arrest outcome
Critical deterioration

Seven studies mentioned the critical deterioration rate of their participants. As a result of the analysis of
the data of 975622 patients, we found that the incidence of critical deterioration among patients was higher
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in the no PEWS cohort than in the PEWS cohort but insignificantly (RR= 0,83 [0,68, 1,02], P= 0,07). The analysis
showed some heterogeneity as P= 0,0001 and 1> = 83 %. Figure 4 shows the analysis of critical deterioration
outcome.

PEWS No PEWS Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
Agulnik, 2017 130 194928 157 16836 165% 0.70[0.55, 0.88)] -
Agulnik 2023 435 448 473 691 206% 0.82[0.76, 0.84)] =
Bonafide, 2014 281 178151 260 192353 184% 117 [0.98,1.38] o
Mekoay, 2013 24 a9 40 1084 941% 0.71[0.43,1.18] T
Parshuram, 2011 1 2380 2 a4z 07% 018002, 1.497)
Farshuram, 2018 127 2518549 289 207584 171% 0.60[0.48, 0.74] -
Sefton, 2014 16F 1038 147 1087 174% 111 [0.90, 1.38) ™
Total {95% CI) 455164 520452 100.0% 0.83 [0.68,1.02] L
Total events 1264 1348
Heterogeneity: Tau®= 0.05; Chi®= 3622, df= 6 (F = 0.00001%; F=83% | | | !
Test for overall effect Z=1.79 (P =0.07) 0.02 0.1 1o 50
: : : PEWS Mo PEWS

Figure 4. Forest plot showed the analysis of critical deterioration outcome

Unplanned codes

According to the data from four studies that reported this outcome, our analysis revealed that the incidence
of unplanned codes was significantly higher in the no PEWS cohort than in the PEWS cohort (RR= 0,66 [0,54,
0,80], P= 0,0001). The analysis showed homogeneity as P= 0,1 and I>= 52 %. Figure 5 shows the analysis of
unplanned codes outcome.

PEWS No PEWS Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Brilli, 2007 6 52494 25 92188 7.0% 0420017, 1.03] [
Kotzakis, 2011 150 55963 210 55496 M.3% 0.71[0.87, 0.87] ‘.‘
Mekay, 2013 ] 884 4 1058 1.4% 1.49[0.40, 5.53]
Sharek, 2007 5 34420 53 102537 10.3% 028011, 0.70)
Total {95% CI) 143766 251280 100.0%  0.66 [0.54, 0.80] &
Total events 166 2592
Heterageneity: Chi*= 6.25, df= 3 (P=0.10% F=52% D=2 |:|=5 5 é
Test for averall effect £=4.23 (F = 0.0001) ' IF'EWS Mo PEWS

Figure 5. Forest plot showed the analysis of unplanned codes outcome

DISCUSSION

PEWS is a tool used to detect early signs of clinical deterioration in pediatric patients. The development and
validation of PEWS tools have been extensively studied in general pediatric populations. Several studies have
shown that the use of PEWS can improve the detection of clinical deterioration, reduce the incidence of cardiac
arrest, and decrease the length of hospital stay in pediatric patients.®” This reviews methodically investigated
and consolidated research findings on PEWS, which encompasses a holistic system involving detection, response,
and implementation elements. However, none of the three review inquiries yielded definitive conclusions
regarding the effectiveness and influence of PEWS on clinical practice. In this meta-analysis, PEWS tools
were found to be associated with significantly lower incidence of mortality, cardiopulmonary arrest, critical
deterioration, and the incidence of unplanned codes.

In a prior comprehensive analysis from 2017, the focus was on evaluating the effectiveness of PEWS in
detecting clinical deterioration, as well as the response mechanisms associated with PEWS, and strategies for
implementing them. The study revealed positive outcomes in terms of early clinical interventions and potential
enhancements in patient safety through collaborative efforts among healthcare professionals. However, it
pointed out a lack of standardized measures for robustly comparing results across different studies. The authors
also noted the challenge in comparing the performance of PEWS due to variations in components, such as the
weighting of physiological parameters, clinical observations, and the thresholds for taking action.®® It was
acknowledged that these differences would persist due to diverse patient populations, as well as disparities in
resources and technologies available across different regions and healthcare settings. Hence, the aim of our
current pragmatic systematic review was to investigate whether incorporating PEWS, with or without Rapid
Response Teams/Medical Emergency Teams (RRT/MET), led to improved clinical outcomes, regardless of the
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availability of healthcare resources.®® Several studies have evaluated the effectiveness of PEWS in detecting
and managing clinical deterioration in children with oncohematological diseases. A systematic review and
meta-analysis by Chong et al.®® explored the impact of implementing PEWS in hospitals on reducing mortality,
cardiopulmonary arrests, unplanned codes, and critical deterioration events in children compared to standard
care without PEWS. They also reported similar results. They observed a decrease in both mortality rates and
code activations in healthcare systems that adopted PEWS.

They acknowledge that improvements in clinical outcomes are contingent on factors such as the specific
healthcare environment, the availability of resources, and the existence of effective response mechanisms.
Many studies on PEWS have primarily focused on validating individual tools. A recent systematic review noted
that certain pediatric track and trigger tools (PTTT) show good diagnostic accuracy, especially in predicting
transfers to the Pediatric Intensive Care Unit (PICU). However, these authors raised methodological concerns
that hindered them from making recommendations about the effectiveness of PEWS. Their review encompassed
studies involving hospitalized individuals aged 0-18, with outcomes measured in terms of mortality, critical
events (such as unplanned transfers to higher levels of care), cardiac and respiratory arrests, immediate
medical emergencies, acuity levels at PICU admission, and PICU outcomes. In contrast, our approach was to
narrow our search to studies that actually implemented PEWS in their healthcare settings, with a comparative
group (“No PEWS?”).©0.61.62)

Need for Specific Application and Adaptation of PEWS in Children with Oncohematological Diseases. Children
with oncohematological diseases are a unique population that requires specific attention when using PEWS
tools. These patients are at increased risk of developing complications due to their underlying disease and the
treatments they receive, such as chemotherapy and radiation therapy.

The use of PEWS in children with oncohematological diseases requires specific adaptations to account for
the unique physiological changes that occur in these patients. For example, children with leukemia may have a
higher heart rate due to anemia or fever, which may not necessarily indicate clinical deterioration. Therefore,
modifications to the scoring system may be necessary to avoid false alarms.®

The impact of PEWS on patient outcomes in children with oncohematological diseases has been evaluated in
several studies. Garza et al.®¥ investigated how the implementation of PEWS in hospitals affects the reduction
of mortality, cardiopulmonary arrests, unplanned codes, and critical deterioration events in children, compared
to standard care without PEWS. This study explored the impact of PEWS on reducing mortality, cardiopulmonary
arrests, unplanned codes, and critical deterioration events in children compared to standard care. It also
examined how the perceived quality of care during deterioration in children with cancer is influenced by PEWS
in different hospital resource settings. The results indicated that healthcare providers caring for children with
cancer consider PEWS valuable in improving hospital care, despite challenges such as inadequate critical care
resources and technology issues that vary by hospital resource level. These findings reinforce the positive
impact of PEWS on quality of care and suggest that it should be widely implemented in clinical practice.®

Discrepancies in reported outcomes across studies are likely attributable to differences in patient
populations. For example, a decrease in both mortality and code rates was observed by Sharek et al.®"in a
specialized children’s hospital managing complex cases. This hospital serves high-risk pediatric patients, leading
to higher pre-intervention code rates compared to other centers. Conversely, institutions with a relatively
low frequency of pediatric cardiac arrests suggest that the infrequent occurrence of such events may pose
challenges in demonstrating a significant reduction. Despite the potential benefits of using PEWS in children
with oncohematological diseases, there are some limitations and challenges that need to be addressed. One of
the main challenges is the need for specific adaptations to account for the unique physiological changes that
occur in these patients.

Another challenge is the limited evidence regarding the effectiveness of PEWS in this population. Most
studies have focused on general pediatric populations, and there is a need for more research to evaluate the
effectiveness of PEWS in children with oncohematological diseases.

Limitations

The main limitation of this article is that most of the articles involved are observational studies and involved
only one clinical trial. In several of these articles, it was not possible to substantiate a connection between the
use of PEWS and better results. Additionally, the implementation of PEWS would have involved hospital-wide
education of doctors, nurses, and allied health personnel, and it was impossible to assess the contributions of
any of these elements to improvements in outcomes.

CONCLUSION

Our results prove that using PEWS was accompanied by a significant decrease in the rate of unplanned
codes, cardiopulmonary arrest, and mortality. However, PEWS showed no effect on the incidence of critical
deterioration of the children. Our study reveals the numerous advantages of implementing PEWS for patients,
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healthcare teams, and institutions, as well as how these advantages interact and support one another. Our
study also shows that better patient outcomes improve employee motivation and job satisfaction, and better
interpersonal connections foster a better work environment, which in turn leads to changes in hospital culture,
including a greater focus on patient safety, patient-centered care, and quality improvement.

PEWS plays an important role in the reduction of rates of mortality, unplanned codes, and cardiopulmonary
arrest.

The use of PEWS in children with oncohematological diseases has shown promising results in improving the
detection and management of clinical deterioration and reducing the length of hospital stay and morbidity.

However, further research is needed to address the limitations and challenges associated with its use in this
population.

PEWS is a systematic approach used in pediatric healthcare settings to identify and monitor signs of clinical
deterioration in children.

It involves the assessment and monitoring of specific physiological, behavioral, and clinical parameters to
detect early warning signs and facilitate timely interventions.

PEWS tools have been developed and validated, and their application in pediatric healthcare settings aims
to improve patient outcomes and reduce morbidity and mortality. However, further research and ongoing
evaluation are needed to enhance the implementation and effectiveness of PEWS in different clinical contexts.
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