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Abstract 

Problem & Purpose: The project site is a 41-bed-pediatric progressive care unit (PPCU) at an 

urban tertiary hospital that cares for patients with a variety of diagnoses such as congenital heart 

disease, respiratory illnesses, and surgical cases. Pediatric Early Warning Scores (PEWS) are 

used to identify at-risk patients for critical deterioration. A rapid response is a situation in which 

an emergency healthcare team is called to respond to a patient showing signs of medical 

deterioration. Lengthy intensive care unit (ICU) stays often occur after a rapid response or arrest. 

Currently, this unit performs PEWS with vital signs. The Children’s Hospital Early Warning 

Score (CHEWS) is a validated tool developed for earlier detection of deterioration in pediatric 

patients with complex medical problems. The purpose of this quality improvement project was to 

implement and evaluate the effectiveness of the CHEWS with a response algorithm on a 41-bed 

pediatric progressive unit to promote early recognition critical deterioration.  

Methods: The CHEWS was performed with vital signs using a response algorithm, which was 

adapted by a multidisciplinary team at the project site prior to implementation. Two components, 

presence of cardiac disease and patients status post abdominal surgery less than 12 months of age 

were scored for in addition to the tool. Bedside nurses and providers were educated using a 

PowerPoint video, survey, and in-person training. Ten champions received one-on-one training 

to reinforce education. Data was collected by manual chart auditing and evaluated using run 

charts.  

Results: Utilization of the CHEWS ranged from 29-69% with an average of 38.5% during the 

14-week period.  There was no change in average monthly PICU transfers or arrests. There was a 

decrease of average rapid response calls from pre-implementation from 8 to 5.25 monthly calls. 

When CHEWS was elevated, 79% of the scores had a corresponding lower PEWS score.  
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Conclusions: These results indicate that higher compliance is necessary to assess effects of 

CHEWS on PICU transfers, rapid response calls, and arrests. The CHEWS scoring higher than 

the PEWS is consistent with the literature that demonstrated PEWS scores being lower than 

CHEWS scores when scored simultaneously.   
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Introduction 

Patients on pediatric units receive care for a variety of illnesses such as asthma, 

gastrointestinal disorders, complications of prematurity, and congenital heart disease (CHD). 

CHD places patients at higher risk of deterioration and in-hospital cardiac arrests than non-

cardiac patients (Ortmann et al., 2011).  Children who experience in-hospital arrests have lower 

survival rates than other admitted pediatric patients. This demonstrates the need for early 

recognition and intervention (McLellan et al., 2017). In the United States, CHD affects 

approximately 40,000 births per year (McLellan et al., 2017; Reller et al., 2008). CHD is the 

leading cause of death in infants (Oster et al., 2013).  This is oftentimes due to baseline deficits 

such as cyanosis and dysrhythmias (McLellan et al., 2014). Hospitalized pediatric patients are 

routinely screened with an early warning tool known as ‘Pediatric Early Warning Score’ 

(PEWS), to detect patients at risk for deterioration or arrest. More recently, this tool has been 

refined to assess more accurately children with CHD as well as other complex illnesses and re-

titled the Children’s Hospital Early Warning Score (CHEWS) (McLellan et al., 2017).   

Prior to and during implementation, this pediatric unit relied on the PEWS tool to screen 

patients at risk for deterioration and cardiac arrest. In 2019, rapid responses ranged from six to 

eight per month. Lengthy ICU stays often occur after a rapid response or arrest, which can also 

extend the duration of the patients’ total hospital stay and affect quality of life. Staff on the 

pediatric unit routinely care for high risk patients and would benefit from an effective tool to 

detect early clinical deterioration in patients and perhaps prevent transfer to the intensive care 

unit (ICU) and further morbidities. The purpose of this quality improvement project was to 

implement and evaluate the effectiveness of an early warning screening tool, the Children’s 
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Hospital Early Warning Score (CHEWS) with a response algorithm for an in-patient pediatric 

unit to promote early recognition and intervention of critical deterioration.    

Evidence Review  

The Children’s Hospital Early Warning Score (CHEWS) is a tool that was created 

through modification of the Pediatric Early Warning Score (PEWS) (McLellan et al., 2014). This 

evidence review will discuss the evidence in support of the CHEWS practice change. This 

review broadly discusses the study of the PEWS that formed the foundation of the CHEWS 

development.  Key items such as cardiac scoring, comparison of PEWS and CHEWS 

discrimination indexes and overall performance of CHEWS in the pediatric population will be 

reviewed. Overall effectiveness of the PEWS in recognizing pediatric patients at risk for 

deterioration and readmission to the ICU was studied by Kroeger et al. (2019) & Mandell et al. 

(2015).   

Kroeger et al. (2019), who studied the PEWS in a pediatric cardiac step-down unit, 

assessed the effectiveness of PEWS on PICU readmission rates. The utility of the PEWS tool is 

widely described in pediatric literature. The effectiveness of the PEWS tool on reduction of 

pediatric intensive care unit (PICU) readmission rates has been a focus of several studies.  

Kroeger et al. (2019) conducted a three-year study in a single-center assessing patients 

hospitalized on the pediatric unit and cardiac ICU.  This study determined there was no 

significant reduction in readmissions to the ICU when performing a PEWS score prior to 

transfer. They also performed secondary analysis of their data demonstrating that scoring for 

factors related to cardiac disease was a strong predictor of readmission rates. Mandell et al. 

(2015) studied the PEWS in a non-specific, general pediatric unit that cared for wide varieties of 

diagnoses (asthma, gastrointestinal disorders, cardiac disease, etc.) They completed the study 
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over a three year period sampling patients from a single pediatric unit. These studies revealed 

that using the PEWS did not significantly decrease readmissions to the PICU (Kroeger et al., 

2019; Mandell et al., 2015).  Additional studies looked at the usefulness of scoring for cardiac 

disease within the tool and other chronic diagnoses such as chronic lung disease (Kroeger et al., 

2019; Mandell et al., 2015). They found that when adding these chronic diagnoses, they were 

able to increase the ability to detect deterioration (Kroeger et al., 2019; Mandell et al., 2015).  

The CHEWS was created through addition of categories including staff concern and 

family concern as well as adding variables within the domains of the PEWS including 

neurologic, cardiovascular, and respiratory (McLellan et al., 2014). For example, while scoring 

the CHEWS, new components were assessed such as mild, moderate, and severe tachycardia, 

new-onset bradycardia, and ectopy (McLellan et al. 2014). Similarly, respiratory and neurologic 

assessments were expanded to include more assessment variables.  

Comparison of CHEWS and PEWS performance reveals more accurate and timely 

detection of deterioration in both the general pediatric units and the cardiac units with CHEWS 

(McLellan et al., 2014, 2017) When studying pediatric patients on a cardiac unit and pediatric 

patients on a general pediatric unit, the studies found statistically significant increases in 

sensitivity, specificity, positive predictive value, and negative predictive value for the CHEWS 

tool in comparison to the PEWS (McLellan et al., 2014, 2017, in press).  At a score of greater 

than or equal to three with a confidence interval of 95%, sensitivity of CHEWS was greater than 

PEWS (CHEWS: 91.4% PEWS: 73.6% in general pediatric unit, McLellan et al., 2017; CHEWS 

95.3%, PEWS: 54.7% in cardiac population, McLellan et al., 2014). 

Pediatric patients experiencing clinical deterioration were identified approximately nine 

hours prior to a PICU transfer when using the CHEWS tool and approximately two hours prior 
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with the PEWS tool (McLellan et al., 2014). Early detection is a goal of these screening tools to 

allow for early intervention and close observation. The CHEWS tool has a clear advantage in 

early detection versus the PEWS tool. Further studies were done to evaluate the CHEWS 

effectiveness in the pediatric cardiac population. Pediatric cardiac patients are at an increased 

risk for clinical deterioration and need for rapid intervention while in the hospital.   

Simeone et al. (2019) aimed to validate the CHEWS tool in the pediatric cardiac 

population.  To evaluate the CHEWS effectiveness in the cardiac population, Simeone et al. 

(2019) calculated measures of sensitivity, specificity, positive predictive value (PPV) and 

negative predictive value (NPV). The researchers found that the CHEWS identified pediatric 

cardiac surgery patients at risk for deterioration that may require PICU transfer (p<0.001).  In 

this study all patients requiring PICU transfers had elevated CHEWS scores, and a score of 

greater than or equal to five often resulted in a PICU transfer, determined by the physician. The 

sensitivity and specificity for the CHEWS were both high at 81.25% and 99.85, respectively 

(Simeone et al., 2019).   

Mandell et al. (2015) and Simeone et al. (2019) were both prospective studies whereas all 

others mentioned were retrospective cohort studies. All studies included are classified as level 

four evidence as they are well-designed case-control and cohort studies but lacking 

randomization. The studies included did not meet higher level rating criteria as they were not 

systematic reviews or well-designed randomized control trials.  All studies in this review lacked 

power analysis, randomization, were single-center studies, and relied on convenience sampling. 

Due to these limitations, they are rated B for quality per the Newhouse rating scale of evidence 

(Newhouse, 2006).  

Theoretical Framework 
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Orlando’s Nursing Process Discipline Theory was chosen to guide the implementation of 

the CHEWS on a pediatric progressive care unit. The major concepts of this theory include the 

function of professional nursing, patient behavior, reaction by the nurse, nursing process 

discipline, and improvement (Olson & Hanchett, 2007). The foundation for this theory is based 

on the concept that the function of nursing is to know and understand the patients’ needs and, 

subsequently to act on those needs.  Application of this theory requires an assessment of the 

patient by the nurse. If the situation is deemed to be problematic, the response of the nurse must 

be immediate.  Nursing process discipline is the investigation into the patient’s needs.  Nursing 

process improvement refers to the answer to addressing and fulfilling the patient’s problem(s). 

This theory assumes that: 1) patients need help communicating their needs and, 2) that nursing is 

naturally concerned with the needs that the patient is unable to meet on his/her own (Olson & 

Hanchett, 2007). To apply this specifically in pediatrics, patients are often too young or sick to 

verbalize feelings of distress. It is the responsibility of the nurse to assess signs and symptoms of 

distress or deterioration.  

CHEWS, the implementation strategy used in this project, is a tool that would assist the 

nurse in the core principles of this theory: ‘investigation’, ‘communication’, and ‘immediate 

reaction’ as they pertain to the patients status. Oftentimes, a nurse senses a feeling of distress in a 

pediatric patient that can be difficult to communicate to providers.  CHEWS provides conclusive, 

objective data to support the communication of these feelings of distress (McLellan, 2017).  This 

theory supports the need for a tool that would improve upon the process of detection of patient 

distress as well as facilitate communication and intervention regarding the patient problem.   

Methods 
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A 41-bed inpatient pediatric progressive care unit at an urban tertiary care center was the 

setting for this implementation.  The Children’s Hospital Early Warning Score (CHEWS) is an 

evidence-based screening tool with a corresponding response algorithm to detect deterioration in 

pediatric patients. The population included all patients from newborn to 22 years of age who 

were admitted to the pediatric unit during the implementation period. All patients admitted to 

this unit during the project were included in the intervention.  The response algorithm was taken 

from the original CHEWS tool and adapted by a multidisciplinary team of physicians and nurses 

for its specific use at this implementation site. The algorithm was reviewed at meetings with 

stakeholders including multiple PICU attendings and the PPCU and PICU nurse managers. 

Changes were made to the algorithm including the addition of interventions in the yellow zone: 

placing the patient on the cardiac monitor and notifying the hospitalist, and an automatic rapid 

response in the red zone.  The multidisciplinary team also decided to score for two components 

in addition to the original CHEWS: cardiac disease and patients status post abdominal surgery 

less than 12 months of age.  

The original implementation plan included CHEWS as an electronically embedded 

documentation component of the electronic health record (EHR).  This process was delayed due 

to the constraints of the COVID-19 pandemic and was completed as a paper document and later 

transitioned to an electronic note. Digital documentation through an embedded component of the 

EHR optimizes the application of the CHEWS tool. 

This screening tool was completed with vital signs and assessed components including 

neurologic status, cardiovascular, respiratory, staff concern, and family concern.  The recent 

additions of staff and family concern to the CHEWS tool allow for accrual of additional points to 

the patient’s score. Each domain consisted of variables describing the patient’s current status 
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such as heart rate, respiratory rate, and work of breathing. The tool produced a composite 

numeric score. In the response algorithm, the green zone (0-2), yellow zone (3-4), and red zone 

(>/= to 5) each have corresponding interventions to address the patient risk (McLellan et al. 

2017). In the green zone, no new interventions are completed. For the yellow zone, the provider 

and charge RN are notified and the patient is placed on a cardiac monitor. For a score in the red 

zone, a rapid response should be called automatically.  

 Staff in the PPCU included bedside nurses, nursing aids, unit secretaries, and providers 

(nurse practitioners and doctors). The bedside nurse screened the patient using the CHEWS with 

vital signs. The CHEWS corresponding response algorithm guided the nurse in when and how to 

involve the charge nurse, PPCU provider, and potentially the pediatric intensive care unit (PICU) 

providers. To implement this intervention, 10 champions from day and night shifts were chosen 

to provide initial and ongoing in-person training in addition to voice-over video education (see 

Figure B4).  PICU providers and PPCU providers received voice-over video education on the 

tool as well.  

Prior to this project, the PPCU used the PEWS tool. Due to the delay of embedding the 

CHEWS in the EHR and the desire of management to have a tool that was easily accessible to 

providers, the PEWS tool was still completed alongside the CHEWS tool.  

Structure, process, and outcome measures were collected to track implementation 

progress and assess the impact of the intervention (see Appendix A). Structure processes 

included staff training and the method of screening. Early during the implementation phase 

screening was completed on a paper document. During the last five weeks of implementation, the 

tool was completed in the as an electronic note in the EHR.  The PPCU assistant manager 

developed a “smart phrase” allowing the tool to be documented in an electronic note.  The long-
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term goal is to have this tool embedded in the flowsheets of the EHR. Process measures include 

adherence to the screenings (number of completed screenings/number of required screenings), 

number of elevated CHEWS, and their documented response interventions. Outcome measures 

include ICU transfers, rapid responses, and cardiac or respiratory arrests.  

Several data collection strategies were utilized for the structure, process, and outcome 

measures. The electronic medical record was audited to determine the number of required 

screenings based on vital sign orders and length of admission, and the paper screenings were 

audited to determine the number of screenings completed. This process was continued with the 

electronic smart phrase notes during the last five weeks of implementation. Completed CHEWS 

tools were reviewed and numbers of elevated CHEWS scores were followed.  The tools and the 

electronic medical record were reviewed to determine if any interventions were completed, 

however, while tools were completed on paper, interventions were not always documented. To 

improve this process, paper tools were revised to include a copy of the response algorithm and 

education was reinforced to comply with CHEWS screening and interventions.  Zoom calls were 

held for CHEWS champions to provide feedback. Rewards were given to top-performing PPCU 

RNs and champions during the education and implementation phases. When staff education 

remained incomplete, performance rewards were offered a second time to CHEWS champions as 

an encouragement to increase education efforts. Reports were generated monthly to collect data 

on rapid responses, arrests, and PICU transfers.  Rapid response and arrest data were collected by 

a PICU attending. PICU transfer data was collected by a pediatric RN.  Run charts were used to 

analyze data and detect trends.   

Adopters were identified, including CHEWS champions and senior clinical nurses. One-

on-one meetings were held as well as zoom calls to allow adopters to voice feedback. Data 
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experts who collect data on rapid responses, arrests, and PICU transfers were consulted to utilize 

data extraction. Due to difficulties with adherence and concern regarding the ability to report 

CHEWS scores without it being in the medical record, new education was offered through 

nursing huddles and practice council meetings to reeducate and update on any changes. All data 

was de-identified to protect human subjects.  All screenings were protected in a locked office.   

Results 

Of the nursing staff, 88% of nurses were trained on the CHEWS. The percentage of 

nurses not trained on the CHEWS included part-time employees and those on leave from work. 

100% of PPCU and PICU residents received CHEWS tool education.  

Utilization of the CHEWS ranged from 29-69% with an average of 38.5% during the 14-

week period (See Appendix C).  Initially, the CHEWS tool was performed using a paper 

document.  Due to low compliance of 30-40%, in the last five weeks of implementation, the 

CHEWS was performed by typing a note in the electronic health record (EHR). This did not 

show improvement in compliance during this timeframe.  However, at the time, nurses were 

completing two screening tools and learning to utilize the new version of electronic version of 

CHEWS. The current focus is to embed the tool into the EHR improve usability and compliance. 

The weekly percentage of elevated scores with one intervention from the response algorithm 

performed varied widely (See Appendix D and E). A total of 48% of elevated scores had at least 

one intervention performed.   

Outcome data included PICU transfers, rapid response calls, and arrests (See Appendices 

F-H).  The average monthly pre-implementation data includes 4 PICU transfers, 8 monthly rapid 

response calls, and 0 arrests. Average monthly post-implementation data included 4 PICU 

transfers, 5.25 rapid response calls, and 0 arrests, showing a decrease in rapid response calls. 
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Increased adherence to CHEWS scoring would allow for better assessment of its effectiveness on 

the chosen outcomes.    

Of the total required screenings (10,108), 3,684 screenings were completed during the 

implementation period. There were a total of 107 elevated CHEWS scores (³3). Forty-nine 

percent of elevated scores had at least one appropriate intervention performed from the response 

algorithm. Fifty-nine percent of scores in the yellow zone had at least one intervention 

performed.  Because the PEWS was being completed at the same time as the CHEWS, PEWS 

scores were tracked with every elevated CHEWS score. Seventy-nine percent of the time there 

was an elevated CHEWS score, the CHEWS score was greater than the PEWS score. While this 

has been demonstrated in the literature (McLellan et al., 2016), this team scored for two 

additional components alongside the CHEWS (cardiac disease and patients status post abdominal 

surgery less than 12 months of age), which makes it difficult to conclude whether scores were 

falsely elevated.  

Discussion 

The literature supports the use of the CHEWS tool to assess deterioration in pediatric 

patients as superior to the PEWS tool (McClellan et al., 2014, 2016, in press). Other studies have 

revealed that the PEWS could be more effective if adding scoring for different symptoms and 

elements, such as those for cardiac disease (Kroeger et al., 2018; Mandell et al., 2015). It is 

likely that over time, with increased adherence to the use of the CHEWS screening tool, that 

deterioration would be detected earlier.    

The barriers of introducing a new tool and not having it readily available as an embedded 

component of the EHR likely affected compliance of this tool. Sometimes the screening portion 

of the CHEWS was completed but the response algorithm was not followed. Nurses expressed 
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that performing two tools and response algorithm was time-consuming and confusing. While 

transitioning to an electronic note in the EHR was more user-friendly than a paper document, it 

remained time consuming and redundant when also completing a PEWS score. While nurses are 

trained to document screenings through embedded EHR tools (as opposed to an electronic note), 

the COVID-19 pandemic delayed the process of embedding the tool into the EHR.  To fully 

assess the outcome data over time, there would need to be improved adherence to both the 

screening and response algorithm portions of the CHEWS tool as well as removal of the PEWS 

tool.  

This quality improvement project was limited due to the short time frame and its 

dependence on the accuracy of data recorded on paper documents and the patient’s electronic 

health record. This project was performed at a single-center, which limits generalizability to 

other pediatric units and institutions.  Additional limitations include imperfect project design. 

Due to the COVID-19 pandemic, the original plan of embedding CHEWS into the EHR was 

delayed. The inconvenience of paper documentation and the completion of two screening tools 

may have greatly affected CHEWS compliance.  Efforts were made to optimize the screening 

process by having a central location in the unit to place the screening document as well as 

transitioning the tool to an electronic note in the electronic health record. Ideally, this project 

would be performed without a second, time-consuming screening tool being completed.  Finally, 

due to the number of surgical and cardiac patients at this institution, two screening components 

were added by a multidisciplinary team of physicians and nurses. This may limit conclusions 

related to the original CHEWS tool.  

Conclusion 
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 In the literature, the CHEWS screening tool has improved discrimination and sensitivity 

to identifying hospitalized pediatric patients that are at risk for deterioration (McLellan et al., 

2014, 2016, in press).  Additionally, the CHEWS tool provides increased early warning time 

compared to the PEWS which allows for earlier intervention that could lead to improved patient 

outcomes (McLellan et al., 2016).  

 While there were barriers to this project that limited the ability to replicate what was done 

in the previously reported literature, mechanisms have been put in place to promote sustainability 

and increase use of the CHEWS. Since the project ended, nurses on the PPCU have stopped 

using the PEWS score. This allows nurses more time to utilize the CHEWS score and its 

response algorithm and thereby, increase compliance. The emergency department and PICU 

report an early warning score upon transfer to the PPCU. Currently, these units are being trained 

on the CHEWS tool and its response algorithm for consistency throughout the pediatric hospital. 

Unit taskforces are in place to provide ongoing education and training to nursing and providers 

to promote sustainability. Lastly, a proposal has been made to embed the CHEWS tool in the 

EHR 

 This quality improvement project leaves many implications for future projects and 

education. Education should continue for both nurses and providers to encourage the importance 

of screening in the PPCU and throughout the children’s hospital. Transition from an electronic 

note to an embedded component in the EHR is important as this would likely increase ease of 

use and therefore, compliance with the use of the screening tool. Continued and increased use of 

the screening tool with the response algorithm will likely demonstrate improved detection of 

deterioration of pediatric patients at this site. Continued audits should be performed to assess 

ongoing progress and development.  
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Level (Melnyk) 4 

Purpose/ 
Hypothesis 

Design Sample Intervention Outcomes Results 

“This study aimed to 
determine whether 
PEWS prior to 
transfer may serve as 
a predictor of 
unplanned 
readmission to the 
CICU”.  

 
 
 

Single center, 
retrospective cohort 
study 

 

Sampling Technique: 
Convenience (all 
patients discharged 
from cardiac ICU from 
September 2012-
August 2015) 
 
# Eligible: n=1082 
 
# Accepted: n=1082 
# Control: n=0 
# Intervention: n=1082 
 
Power analysis:  not 
performed. 
                                                                                      
Group Homogeneity: 
average age 234 days, 
average weight 7.2 kg, 
55% male.  
 

Control: no control 
  
Intervention: PEWS 
scoring 
 
Intervention fidelity: 
Patients were scored 
with the PEWS scoring 
following transfer to the 
cardiac ward and before 
transfer to the CICU.  
 

DV: Unplanned 
transfers to the CICU 

Clinical data were 
compared using the 
Mann-Whitney U test 
and/or the chi-square 
test or Fisher’s exact 
test where it was 
appropriate. Of the 
1320 discharges from 
1082 patients, there 
were 130 unplanned 
readmissions. There 
was no significant 
reduction in unplanned 
readmission frequency 
(10.2% vs 9.2%, 
p=0.39). 

A secondary analysis 
was performed on the 
PEWS scoring 
demonstrating that 
cardiac scoring is a 
strong discriminator of 
those likely to 



CHILDREN’S HOSPITAL EARLY WARNING SCORE 

 

18  

experience an 
unplanned readmission, 
independent of other 
clinical predictors (OR 
1.78, 95% CI 1.17-2.71, 
P=0.007). A second 
multivariate logistic 
regression model using 
clinical predictors 
identified by univariate 
analysis and the 
pretransfer cardiac 
PEWS score was 
performed and for 
every 1-point increase 
in pretransfer cardiac 
PEWS, there was a 
70% increase in odds of 
unplanned readmission 
(AUC 0.77, 95% CI 
0.71-0.83, P<0.001). 
This multivariate model 
was assessed by the 
Hosmer and Lemeshow 
goodness-of-fit test.  

 
 

Citation: Mandell, I.M., Bynum, F., Marshall, L., Bart, R., Gold, J., Rubin, S. (2015). Pediatric early warning score and 
unplanned readmission to the pediatric intensive care unit. Journal of Critical Care, 30(5). doi:10.1016/j.jcrc.2015.06.019 
 
http://survey.hshsl.umaryland.edu/?url=http://search.ebscohost.com.proxy-
hs.researchport.umd.edu/login.aspx?direct=true&db=edselp&AN=S0883944115003615&site=eds-live 

Level  4 

Purpose/ 
Hypothesis 

Design Sample Intervention Outcomes Results 
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“Our primary objective 
was to evaluate the 
ability of PEWS to 
identify children at risk 
for unplanned PICU 
readmission. The 
secondary objective 
was to identify a 
cutoff score that could 
be used clinically at 
PICU discharge to 
identify low- risk vs 
high-risk populations. 
We hypothesized that 
higher PEWS at PICU 
discharge and first 
PEWS on the pediatric 
ward would be 
positively associated 
with early unplanned 
PICU readmission, 
defined as PICU 
readmission within 48 
hours of transfer to the 
pediatric ward. A third 
objective was to 
determine if the 
predictive model 
would be improved by 
the addition of 
complex chronic 
conditions.  

 

 

Single-center-case 
control study in a 
tertiary care, 
academic, free-
standing children's 
hospital.  

 

Sampling Technique: 
Convenience sampling: 
all patients 18 yo or 
younger transferred 
from PICU to pediatric 
ward from 1/1/2010-
3/31/2013 were 
screened. Patients who 
were discharged home 
or to another PICU 
were excluded. For 
patients readmitted to 
the PICU several times 
during study period 
were only used for their 
first admission.  

#Eligible: n=189 

#Accepted: n=189 

# Control: n=151 
# Intervention: n=38 
 
Power analysis:  not 
performed.  
                                                                                      
Group Homogeneity: 
The control group had 
an average age of 75.2 
months and 59% male 
versus in the 
intervention group with 
an average age of 98.9 
months and 55% male.  
  

Control: Scored, 
without readmission to 
PICU.  
 
 
Intervention: PEWS 
score done prior to 
transfer to pediatric 
ward and upon arrival 
to pediatric ward.   

Intervention fidelity: 
PEWS score was done 
within four hours of 
transfer to pediatric 
ward by PICU nurse 
and again upon arrival 
to pediatric ward by 
ward nurse.  

Outcome 1 (Primary): 
Unplanned PICU 
readmission within 48 
hours of transfer to 
pediatric ward.  
 
 

Outcome 1: 38 
unplanned PICU 
readmissions. 
 
Descriptive statistics 
were used to examine 
PEWS scores stratified 
by unplanned PICU 
admission. Wilcoxon 
rank sum test was used 
to show association of 
PEWS with unplanned 
PICU admission.  
Univariate analysis 
showed that higher 
PEWS scores prior to 
PICU transfer and on 
the pediatric ward were 
connected with 
increased risk of 
readmission (ORs[95% 
CI],1.75[1.26-2.45; 
P=0.001] and 1.98 
[1.43-2.74; P<0/001], 
respectively). 
 
 
Discrimination ability 
was determined by area 
under curve and 
receiver operating 
characteristic curves. 
Discrimination ability 
of first PEWS on the 
pediatric ward 
improved when at least 
2 chronic diagnoses 
were added to the 
multivariate analysis, 
but was not statistically 
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significant (AUC, 0.706 
VS 0.775; p=0.06).  
 
There was no 
significant change in 
PEWS from the time it 
was assigned in the 
PICU to the time it 
was assigned on the 
pediatric ward, 
discrimination ability 
of PEWS at PICU 
discharge significantly 
improved, with AUC 
increasing from 0.675 
to 0.768.  

Every 1-point increase 
in PEWS score was 
associated with a 
minimum 60% 
increase in risk of 
unplanned PICU 
readmission 1.6[1.12-
2.27; P=0.009] and 
1.89[1.33-
2.69;P<0.001] 

No threshold PEWS 
score had adequate 
sensitivity and 
specificity to 
definitively identify 
children requiring 
PICU readmission 
within 48 hours of 
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discharge.  

 
Outcome 2 (PEWS 
scores):PICU PEWS 
scores were higher for 
readmitted vs non-
readmitted children 
(p=0.003). Pediatric 
ward PEWS scores 
were higher for 
readmitted children vs 
non-readmitted 
(p<0.0001) 

Citation: McLellan, M.C., Gauvreau, K., & Connor, J.A. (2014). Validation of the cardiac children’s hospital early warning 
score: an early warning scoring tool to prevent cardiopulmonary arrests in children with heart disease. Congenital Heart 
Disease, 9(3), 194-202. doi: 10.1111/chd.12132 
 
http://survey.hshsl.umaryland.edu/?url=http://search.ebscohost.com.proxy-
hs.researchport.umd.edu/login.aspx?direct=true&db=asn&AN=96558253&site=eds-live 

Level 4 

Purpose/ 
Hypothesis 

Design Sample Intervention Outcomes Results 

“The objective of this 
study was to validate 
the Cardiac Children’s 
Hospital Early Warning 
Score (C-CHEWS) tool 
in inpatient pediatric 
cardiac patients.” 

 

Retrospective cohort 
study 

# Eligible: Patients 
admitted to 
cardiovascular unit in a 
freestanding quaternary 
academic hospital from 
09/2009-09/2010. 
 
#Accepted: n=312 
 
# Control: n=248 
patients admitted 
during eligible time 
period that did not 
experience an arrest or 
unplanned ICU transfer.  
 

Control: Patients scored 
using PEWS tool every 
four hours with vital 
signs.   
 
Intervention: Patients 
scored using C-
CHEWS every four 
hours with vital signs.  
 
Intervention fidelity: C-
CHEWS was in use for 
one year prior to the 
beginning of the study 
(all patients were being 
scored with C-
CHEWS). The highest 
documented C-CHEWS 

All data was analyzed 
using the STATA 
version 12. 
 
 Outcome 1: Statistical 
differences between 
PEWS and CHEWS 
using the Paired T test.  
 CHEWS and PEWS 
sensitivity and 
Specificity using a 95% 
confidence interval. 
 
Outcome 2: Positive 
Predictive value (PPV), 
probability that the 
patient will experience 
an arrest or unplanned 

Paired T-test was used 
to compare the highest 
C-CHEWS scores and 
associated PEWS, area 
under the receiver 
operating characteristic 
curve (AUROC) was 
generated for the PEWS 
and C-CHEWS.  
 
Outcome 1: 
Sensitivity: For a score 
³ to 3 sensitivity of 
PEWS was 54.7% 
(95% confidence 
interval [CI]) and 
CHEWS was 95.3% 
(95% CI). For a score 
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Patients receiving 
palliative care with 
anticipated mortality or 
patients with planned 
transfers to an ICU 
were excluded. These 
patients were scored 
with the PEWS tool.   
# Intervention: (n=64) 
patients that 
experienced a 
cardiopulmonary arrest 
or an unplanned ICU 
transfer during the 
study period were 
included in 
retrospective analysis. 
These patients were 
scored with the 
intervention tool, “C-
CHEWS”.  
 
Power analysis: not 
performed.  
 
Group Homogeneity: 
Intervention group 
patients were 
significantly younger 
than control patients 
(P=0.001). Median age 
of the intervention 
group was 0.5 years 
compared to 2.8 in the 
control group. 
Intervention group was 
approximately 69% 
male compared to 47% 

were extracted from 
each patient’s 
electronic health record. 
Based on 
documentation, trained 
nurse data collectors 
calculated the PEWS 
score for the same time 
point as the patient’s 
highest C-CHEWS 
score.  

transfer to an ICU 
given that the patient 
scored at or above a 
certain #) and Negative 
predictive value (NPV), 
probability that a 
patient will not 
experience an arrest or 
unplanned transfer 
given that their score is 
below a certain #.  
 
Outcome 3: Lead Time: 
time (minutes) of 
elevated C-CHEWS 
and PEWS scores prior 
to the event times.  
 
 
Inter-rater reliability 
was tested by having a 
nurse trained by the 
lead investigator as in 
expert in the use of C-
CHEWS score the 
patients within 30 
minutes of the assigned 
patient’s nurses C-
CHEWS assessments 
and score 
documentation for 37 
patients being cared by 
25 nurses with varying 
experience levels for 
two, 12-hour shifts. The 
two scores agreed 67% 
(Kappa statistic 0.50) of 
the time while the 
scores agreed 100% of 
the time when the score 

greater than or equal to 
5, PEWS sensitivity 
was 23.4% (95% CI) 
compared to CHEWS at 
67.2% (95% CI).  
 
Specificity: For a score 
of greater than or equal 
to 3, specificity of the 
PEWS was 86.3%  
(95% CI) compared to 
CHEWS at 76.2% 
(95% CI). For a score 
of greater than or equal 
to 5, specificity of 
PEWS was 97.6 
compared to CHEWS at 
93.6% (95% CI).  
 
Outcome 2: PPV/NPV 
PPV C-CHEWS with a 
95% CI: 50.8%, 58.6%, 
and 72.9% for ³2, 4, 
and 5 respectfully 
compared to PEWS 
50.7%, 64.9%, and 
71.4%. NPV of C-
CHEWS was 98.4%, 
94.2% and 91.7% for 
³3,4 and 5 respectfully 
compared to PEWS at 
88.1%, 85.5%, and 
83.2%.  
 
Outcome 3: 
Lead time of elevated 
C-CHEWS scores ³ 2 
was a median of 9.25 
hours prior to event vs. 
PEWS at 2.25 hours 
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male in the control 
group. 

was greater than 3 
(Kappa statistic 1.00). 
A score of greater than 
3 is the first point on 
the C-CHEWS 
algorithm that triggers 
an escalation action.   
 
 

(³5 was 2 for C-
CHEWS vs. 0 hours for 
PEWS [P<0.001]).  
 
AUROC curve for C-
CHEWS was 0.917 
compared to PEWS 
0.785 (p<0.001)  

Citation: McLellan, M.C., Gauvrea, K., Connor, J.A. (2017). Validation of the children’s hospital early warning system for 
critical deterioration recognition. Journal of Pediatric Nursing, 32, 52-58. 
  
http://survey.hshsl.umaryland.edu/?url=http://search.ebscohost.com.proxy-
hs.researchport.umd.edu/login.aspx?direct=true&db=edselp&AN=S0882596316303554&site=eds-live 

Level 4 

Purpose/ 
Hypothesis 

Design Sample Intervention Outcomes Results 

“The study objectives 
were to validate the 
CHEWS and to 
compare the CHEWS to 
the previously validated 
Brighton Pediatric 
Early Warning Score 
(PEWS) for early 
detection of critical 
deterioration in 
hospitalized-non-
cardiac patients at a 
pediatric hospital.” 

Retrospective cohort 
study 

Sampling Technique: 
All ‘non-cardiac’ 
patients admitted to 
pediatric medical and 
surgical units at a 
freestanding quaternary 
academic hospital 
between September 
2009-September 2010 
were eligible for 
inclusion. Inclusion 
criteria defined patients 
that experienced critical 
deterioration and 
excluded patients 
receiving end-of-life 
care (identified through 
already existing 
database maintained by 
the hospitals Program 
for Patient safety and 
Quality). Control 
patients were 
considered those who 

Control: Patients scored 
using PEWS tool every 
four hours with vital 
signs.   
  
Intervention: Patients 
scored using C-
CHEWS every four 
hours with vital signs.  
 
Intervention fidelity: C-
CHEWS was in use for 
one year prior to the 
beginning of the study 
(all patients were being 
scored with C-
CHEWS). The highest 
documented C-CHEWS 
were extracted from 
each patient’s 
electronic health record. 
Based on 
documentation, trained 
nurse data collectors 

Outcome 1: 
Sensitivity/Specificity 
were generated using 
95% binomial 
confidence intervals 
(CI)  
 
 
Outcome 2: Positive 
Predictive value (PPV), 
probability that the 
patient will experience 
an arrest or unplanned 
transfer to an ICU 
given that the patient 
scored at or above a 
certain #) and Negative 
predictive value (NPV), 
probability that a 
patient will not 
experience an arrest or 
unplanned transfer 
given that their score is 
below a certain #.  

Outcome 1: Sensitivity 
for ³3 was 91.4% for 
CHEWS and 73.6% for 
PEWS with specificity 
of 67.8% for CHEWS 
and 88.5% for PEWS. 
Sensitivity for ³5 was 
75.6% for CHEWS and 
38.9% for PEWS with 
specificity of 88.5% for 
CHEWS and 93.9% for 
PEWS.  
 
Outcome 2: PPV/NPV 
were estimated using 
Bayem’s theorem. PPV 
for an elevated CHEWS 
was 5.5% compared to 
5.3% for pews. PPV for 
critical CHEWS was 
11.7% with 11.4% for 
PEWS. NPV of an 
elevated CHEWS was 
99.7% compared to 
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met criteria but did not 
experience critical 
deterioration. Control 
patients were randomly 
sampled from 
comparable admitting 
locations of the case 
patients and matched 
2:1. Some patients were 
excluded after deemed 
eligible due to 
insufficient 
documentation.  
 
# Eligible: 1363 
# Accepted: 1136 
# Control: 776 
# Intervention: 360 
 
Power analysis: Not 
performed.  
                                                                                      
Group Homogeneity: 
Patients ranged from 3 
days old to 54.1 years 
with the median age of 
6.5 years. There was a 
significant difference of 
age between cases and 
controls (p=0,002) with 
older patients in the 
cases group but this 
was not reflected in 
sensitivity and 
specificity (in the 
AUROC curves) when 
adults were included 
and excluded from the 
sample. There was not a 
signficiant difference in 

calculated the PEWS 
score for the same time 
point as the patient’s 
highest C-CHEWS 
score. 

 
 
Outcome 3: “Times of 
elevated and critical 
PEWS and CHEWS” 
scores prior to critical 
deterioration were 
compared using the 
Wilcoxon signed-rank 
test.  
 
Inter-rater reliability 
was tested in the 
previous study 
(McLellan, Gauvreau, 
and Connor, 2014) and 
was not repeated as the 
data is from the same 
time point.  
 
 
 

99.3% with PEWS and 
NPV of critical 
CHEWS was 99.4% 
compared to 98.7% 
with PEWS.  
 
 
 
Outcome 3: Early 
warning time from 
critical score (³5) to 
deterioration was 3.8 
hours for CHEWS 
versus 0.6 hours for 
PEWS (p<0.001). 
These were compared 
using Wilcoxin signed-
Rank Test 
 
 
 
 
 
To demonstrate 
screening accuracy, 
AUROC curves were 
calculated, 0.902 for 
CHEWS and 0.789 for 
PEWS (P<0.001).  
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gender between cases 
and controls 
(cases=55% male, 
control=56% male).  
 

 
 

Citation: Simeone, S., Platone, N., Serra, N., Assanta, N., Guillari, A., Rea, T., Pucciarelli, G., Baratta, S., McLellan, M. 
(2019). Cardiac children’s hospital early warning score: Italian validation, Journal of Pediatric Nursing. doi: 
10.1016/j.pedn.2019.06.011 
http://survey.hshsl.umaryland.edu/?url=http://search.ebscohost.com.proxy-
hs.researchport.umd.edu/login.aspx?direct=true&db=edselp&AN=S0882596318305359&site=eds-live 

Level 4 

Purpose/ 
Hypothesis 

Design Sample Intervention Outcomes Results 

“The aims of this study 
were to translate/back-
translate and validate 
the Italian version of 
the C-CHEWS and its 
algorithm”.  

Prospective cohort 
study 

Sampling technique: 
convenience  
 
# Eligible: n=263 
 
# Accepted: n=263 
# Control: n=0 
# Intervention: 263 
 
Power analysis:  not 
performed. 
                                                                                      
Group Homogeneity: 
The sample consisted of 
52.1% males and an 
average age of 6.5 
years.  
 

Control: none 
  
Intervention: C-
CHEWS performed 
once per shift by a 
nurse with five years of 
experience.  
 
 

Outcome 1: Sensitivity 
and Specificity:  
 
Outcome 2:  PPV/NPV 
 
 

Outcome 1: Sensitivity: 
81.5% and specificity is 
99.6 %.  
 
Outcome 2: PPV: 
86.7%, NPV: 99.8 % 
 
Cohen’s Kappa statistic 
was calculated to 
evaluate the agreement 
between patient’s status 
described by 
C_CHEWS score of ³5: 
0.08275 (P<0.001). 
 
This tool proves to be 
sensitive, specific, and 
reliable in early 
detection of physical 
deterioration of 
hospitalized pediatric 
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cardiac surgical 
patients.  

 

Table 2.  

Evidence Synthesis 

Evidence Based Practice Question (PICO):  Why is there not a standard protocol for screening for deterioration in high-risk pediatric cardiac patients in 
the pediatric intensive care unit? 
 
Level of 
Evidence 

# of 
Studies Summary of Findings Overall Quality 

IV 
 

5 
 

Mandell et al. (2015) found that the PEWS scoring system was 
associated with risk of readmission to the pediatric intensive 
care unit and that discrimination ability of PEWS increases 
when including chronic diagnosis variables, suggesting further 
development of this tool to include baseline variabilities for 
chronic diseases.  
 
McLellan et al. (2014) found statistically significant higher 
sensitivity and specificity and PPV/NPV, for the CHEWS score 
over the PEWS score in pediatric cardiac patients and again in 
another study in non-cardiac patients (McLellan et al., 2017).  
They also found that the CHEWS score identified deterioration 
earlier at 9.25 hours than the PEWS at 2.25 hours (McLellan et 
al., 2014) in pediatric cardiac patients. Both of these studies 
demonstrated higher discrimination using CHEWS in 
comparison with PEWS using AUROC curves to identify 
children at risk for critical deterioration.  
 
Kroeger et al. (2019) found that the PEWS did not significantly 
decrease readmissions to the PICU, but found in their 
secondary multivariate analysis that cardiac scoring is a 

B: Moderate sample size, without randomization, however all available patients 
were utilized in the study. Single-unit, single-center study limits 
generalizability.   Measures and results were consistent and focused on the need 
for future research involving PEWS adapted with cardiac features.  
 
 
 
 
B: Moderate (McLellan 2014) and large (McLellan, 2017) sample sizes, without 
randomization. All eligible patients were included during study time period. 
Measures, results and recommendations were clear and consistent.  Single-unit, 
single-center study limits generalizability.  These studies used a control (PEWS) 
to compare the intervention too.  
 
 
 
 
 
 
B: Large sample size, without randomization. Results suggested further research 
with cardiac tools.  
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statistically significant, strong discriminator of those at risk of 
deterioration and should be used in PEWS screening.  
 
Simeone et al. (2019) found high discrimination with 
sensitivity, specificity, accuracy, PPV, and NPV for the 
CHEWS, concluding that CHEWS provides a strong, valid, and 
reliable risk index for detecting deterioration in hospitalized 
pediatric cardiac surgical patients. 

 
 
 
 
B: Results were clear and consistent. Moderate sample size without 
randomization, however 100% of available patients during study period were 
used in the study.  
 
 
 
 
All studies were rated B due to their retrospective, single-center qualities 
limiting generalizability. Additionally, randomization was not utilized however 
it may have proven more beneficial in a critically sensitive population to test all 
available participants. Sufficient sample sizes were used with some level of 
control and recommendations were clear.  
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Rating Scale for Quality of Evidence (Newhouse) 

High (A) 

Scientific 
Consistent results with sufficient sample size, adequate control, and definitive conclusions; 
consistent recommendations based on extensive literature review that includes thoughtful 
reference to scientific evidence  

Summative Review 
Well-defined, reproducible search strategies; consistent results with sufficient numbers of 
well-defined studies; criteria-based evaluation of overall scientific strength and quality of 
included studies; definitive conclusions  

Experiential Expertise is clearly evident 

Good (B) 

Scientific 
Reasonably consistent results, sufficient sample size, some control, with fairly definitive 
conclusions; reasonably consistent recommendations based on fairly comprehensive 
literature review that includes some reference to scientific evidence  

Summative Review 
Reasonably thorough and appropriate search; reasonably consistent results with sufficient 
numbers of well-defined studies; evaluation of strengths and limitations of included 
studies; fairly definitive conclusions. 

Experiential Expertise seems to be credible. 

Low Quality (C) 

Scientific Little evidence with inconsistent results, insufficient sample size, conclusions cannot be 
drawn 

Summative Review Undefined, poorly defined, or limited search strategies; insufficient evidence with 
inconsistent results; conclusions cannot be drawn  

Experiential Expertise is not discernable or is dubious  

 Newhouse, R. (2006). Examining the source for evidence based nursing practice. JONA.Volume 36, Number 7/8, pp 337-340 
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Rating System for Hierarchy of Evidence 

Level of 
Evidence Type of Evidence 

I (1) Evidence from systematic review, meta-analysis of randomized controlled trails (RCTs), or practice-guidelines 
based on systematic review of RCTs. 

II (2) Evidence obtained from well-designed RCT and/or reports of expert committees. 
III (3) Evidence obtained from well-designed controlled trials without randomization. 
IV (4) Evidence from well-designed case-control and cohort studies 
V (5) Evidence from systematic reviews of descriptive and qualitative study 
VI (6) Evidence from a single descriptive or qualitative study 
VII (7) Evidence from the opinion of authorities 
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Appendix A 

Table A1 

CHEWS Screening Adherence Audit Tool 

 
CHEWS Screening Adherence Audit Tool 

Audit Date # of CHEWS in 24 hours /#required 
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Table A2 

CHEWS Response Algorithm Audit Tool  

CHEWS Response Algorithm Audit Tool Part A 
Audit 
Date 

# of yellow 
CHEWS 
scores/month 

# of red 
CHEWS 
scores/month 

Interventions completed 

    
    
Total     

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CHILDREN’S HOSPITAL EARLY WARNING SCORE 

 

iii  

Table A3 

CHEWS Staff Education Tracker Tool 

CHEWS Staff Education Tracker Tool 
Date Staff name Received Training (yes/no) 
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Table A4 

Rapid Response, Code Blue and PICU Transfer Audit Tool 

Rapid Response and PICU Transfer Audit Tool 
Date # of Rapid 

Responses 
# Arrests  # of ICU 

Transfers  
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Appendix B 

Figure B1 

Laminated CHEWS Tool 
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Figure B2 

Laminated CHEWS Response Algorithm 

 

Figure B3 

Laminated CHEWS Vital Signs Reference Sheet  
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Figure B4 

Educational YouTube Video 
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Figure B5 

Educational Survey Monkey 
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Appendix D 
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