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ABSTRACT

Pediatric early warning scores (EWS) have been utilized to assist the identification of children at risk for clinicz

* decompensating, experiencing a cardiac or respiratory arrest, or requiring a transfer to a higher level of care.

though their use is widespread, little consistency exists between tools and research evaluating the effectivene
of these tools is lacking. This quasi-experimental project evaluated twenty-five medical-surgical staff nurses’
and perceptions as well as the inter-rater reliability of a newly modified pediatric EWS tool at a free standing,
ademic Midwestern pediatric hospital. The tool was modified utilizing existing literature and an interdiscipli
team's expertise. Five fictionalized patients, presented in case studies, were developed and nurses were asked
score these patients using the newly modified tool with rationale. Inter-rater reliability was assessed utilizs
Fleiss' Kappa and qualitative questionnaire data was analyzed for emerging themes. Overall, Fleiss' Kappa sho
that there was moderate agreement between the nurses' judgments and scoring, with scores primarily differs
due to the difficulty level of each case study. Nurses' responses to a questionnaire indicated differing levels
comfort identifying and managing children that present with mid-range total scores as opposed to those
scored in the lower or higher ranges. This project's findings highlight nurses' concerns that an objective t¢
may not accurately describe a subjective assessment. The results of this project indicated that use of this te
with some modifications to address nursing concerns, may help to identify clinically decompensating pediat

patients being treated on medical-surgical units.

© 2021 Elsevier Inc. All rights reserve

Background

Like adults, children need inpatient hospitalization to address a mul-
titude of acute and chronic illnesses. Approximately 5.9 million children
were hospitalized in the United States in 2012 (Witt et al,, 2014). While
the rate of pediatric admissions has declined over the past few years
(Bucholz et al., 2019; Witt et al., 2014), children that still require admis-
sion are more likely to have a chronic condition or require complex
management (Bucholz et al., 2019).

Despite an overall higher patient acuity, many children are success-
fully treated outside of pediatric intensive care units (PICUs). However,
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initial admission to a general medicine floor does not preclude a ¢
from unexpectedly decompensating, experiencing a cardiac or respi
tory arrest, or require a transfer to a higher level of care (Krmpotic
Lobos, 2013; Mansel et al., 2018). Unfortunately, this is not an uncon
mon occurrence and it may result from inappropriate admissie
triaging and clinical status changes (Mansel et al., 2018; Miles et z
2016; Nadeau et al., 2019). Ultimately, these events negatively impa
patients' quality of life, lengthen hospital stays, increase mortali
rates, and incur additional healthcare costs (Hussain et al., 2018
While the rate of these incidents may vary from institution to instit
tion, this problem is pervasive across most pediatric inpatient facilitie

It is estimated that there are approximately 15,200 incidents of i
hospital cardiac arrests in pediatric patients per year (Holmberg et 2
2019). Recent studies estimate that preliminary survival rate may &
close to 81.2% of children (Girotra et al., 2013). Unfortunately, surviv:
rates to hospital discharge are much lower, approximately 27-34.8
(Girotra et al., 2013; Nadkarni et al., 2006).
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The rate of unplanned PICU transfers may be as rare as cardiac
ests rates. Less than 1% of all pediatric admissions result in an un-
anned PICU transfer (Reese et al., 2015). Yet, researchers determined
at 36% of these events were preventable and likely a result of medical

ors (Miles et al,, 2016; Reese et al,, 2015). Interestingly, it is reported
at only 25% of these transfers occurred after a rapid response team
as activated. Additionally, mortality rates were much higher for
xse pediatric patients that were transferred to the PICU from a general

sdical unit (3.8%) as opposed to other patient care areas (1.4%)
fumphreys & Totapally, 2016).

Although these incidences are relatively uncommon, they have pro-

nd financial consequences. The financial burden that results after pe-
atric patients experience a clinical deterioration event, is
proximately $100,000 of additional healthcare services as compared
ath children who did not (Bonafide, Localio, Song, et al., 2014).

Due to the extensive nature of this problem, unplanned, emergent
sdiatric transfers and codes outside of the intensive care units are clas-

shed as a serious safety event (Brady et al., 2013; Hoppes et al., 2012).
s a result, numerous healthcare organizations, including Children's
sspitals' Solutions for Patient Safety, Children's Hospital Association,

d the Institute for Healthcare Improvement (IHI), have partnered to-
sther in order to reduce the rates of unplanned, emergent pediatric

ansfers and codes outside of the intensive care units (Children's
»spitals’ Solutions for Patient Safety, 2020a, 2020b; IHI, 2020).
As such, numerous initiatives, including the development and im-
entation of early warning scores (EWS) and rapid response
ms, have been created and utilized across multiple institutions. The
sught behind these interventions is to better and quickly identify chil-
who are decompensating and begin appropriate management
rategies to prevent them from deteriorating further, experiencing a
=ardiac or respiratory arrest, or require transfer to the PICU (Lambert
% al, 2017; Murray et al,, 2015). Fortunately, the implementation of
=se types of tools has shown to decrease rates of cardiac and respira-
arrests as well as improve mortality rates (Hayes et al., 2012;
2haraj et al,, 2015).

Although many children's hospitals utilize these systems, there s lit-

consistency between each institutions' early warning systems. Vari-
sons include differences in EWS as well as the presence, activation, and

se of rapid response teams. Additionally, unlike in their adult counter-
arts, evidential support for each pediatric EWS varies widely and may
contradictory (Lambert et al., 2017; Murray et al,, 2015). Differences

a hospital's culture as well as a lack of understanding of the system's
arpose and how to utilize it appropriately may negatively affect a pro-

ader's support and application of the selected EWS (Cassidy etal., 2019;
=nsen et al., 2018). Arguably, this makes it difficult to determine the
st evidence-based system and employ its subsequent components
ithin a pediatric hospital.

P purpose

The purpose of this project was to modify the current pediatric EWS
ing utilized at a free-standing, Midwestern children's hospital. The
ams of this project were to adjust the existing pediatric EWS' parame-
ers and language utilizing literature and interdisciplinary providers'
‘mput and expertise, evaluate the inter-rater reliability of the newly
adified tool, and provide recommendations for further research and
aplementation.

Literature synthesis

Although numerous differences exist between pediatric EWS, most
sesearchers agree that implementing and utilizing a formally validated,
sfective system within an institution has the potential to enhance pa-
Sent safety (Chapman et al., 2017; Lambert et al., 2017; Murray et al,,
015; Trubey et al., 2019). However, in order to be effective, each sys-
2em must incorporate both an assessment tool and rapid response
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team (Chapman et al., 2017). When used in conjunction with one an-
other, many systems have seen decreased unplanned transfers to the
PICU and positively impacted mortality rates as well as decreased inci-
dences of cardiac and respiratory arrests (Agulnik et al., 2016;
Bonafide, Localio, Roberts, et al., 2014; McLellan et al., 2014; McLellan
et al, 2017; Parshuram et al., 2009; Parshuram et al., 2018). Addition-
ally, changes in patient scores may help to improve a provider's ability
to recognize a deteriorating patient (Bonafide, Localio, Roberts, et al.,
2014). Further, they have the potential to increase the time providers
have to identify and intervene before a child clinically decompensates
and requires an escalation in their care (McLellan et al,, 2014). Improve-
ment in any or all of these areas may dramatically improve a child's clin-
ical outcomes.

Yet, the presence of an EWS is not enough to ensure its success. Or-
ganizations must be able to recognize and evaluate barriers that prevent
their universal adoption. Failure to do so may result in a previously val-
idated system becoming misused or underutilized. Therefore, efforts
should not only incorporate interventions to mitigate against these fac-
tors, but also promote the system's positive elements, or its enablers, in
order to ensure widespread acceptance and utilization (Cassidy et al.,
2019; Jensen et al., 2018).

EBP conceptual framework

The ACE Star Model of Knowledge Transformation is exceptionally
useful for individuals wishing to incorporate researchers' important
findings into process changes and quality improvement projects as it
seeks to simplify the breadth of research that is available. This simplifi-
cation allows those championing change to translate complex findings
into straightforward recommendations and interventions. This is ac-
complished through the completion of five steps, which are represented
by a point on a star. Stages include discovery, evidence summary, trans-
lation, integration, and evaluation (Stevens, 2013). As such, this frame-
work was selected and utilized to guide this project.

Methods
Design

This quality improvement project was a quasi-experimental mixed
methods design in which medical-surgical staff nurses' use and percep-
tions of a pediatric EWS at a Midwestern pediatric hospital were exam-
ined.This project was completed at a free-standing, academic
Midwestern children's hospital.

Sample

This project's participants included associate and bachelor's degree
prepared registered nurses (n = 25) who were either part-time or
full-time employees who provided direct patient care on medical-
surgical units. Participants were stratified based on their years of prac-
tice as a pediatric nurse. Nurses were recruited to complete the case
studies and subsequent questionnaire via emails and staff meetings.
Follow-up emails were sent by the unit managers to encourage contin-
ued participation in the study throughout the data collection phase.

Procedures

To begin, the institution's existing pediatric EWS was modified in ac-
cordance with best practices identified in the literature and clinical ex-
pertise by an interdisciplinary healthcare team, which included staff
nurses, clinical nurse educators, nurse practitioners, and physicians.
Once revised by the project lead utilizing literature, the new tool was
presented to an interdisciplinary panel to evaluate its content validity.
Once completed, the final version was presented to the same panel
members to receive final approval.
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Table 1
Nurse participant demographics.
N=25
Unit Frequency (%)
4 Med/Surg 6 (24%)
5 Med/Surg 2(8%)
6 Med/Surg 17 (68%)
Years of Experience
<1 Year 2 (8%)
1-5 Years 14 (56%)
6-10 Years 7(28%)
114+ 2(8%)
Table 2
Fleiss' Kappa.
Case Study Fleiss Multirater Kappa (95% Cl)

0.548 (0.547,0.550)
0.427 (0.426, 0.428)
0.768 (0.766, 0.769)
0.504 (0.503, 0.505)
0.075 (0.073, 0.076)

(5, I O UCRE R

Five scenarios were developed in conjunction with the clinical sim-
ulation director to be utilized as the case studies and designed to en-
compass the range of all possible scores, an answer key was
developed, and reviewed by the clinical simulation director and the fac-
ulty chair. Once approval from both parties was obtained, the case stud-
ies were presented to the interdisciplinary team members. Minor
modifications were made upon request of the interdisciplinary team
members to the case studies prior to commencing data collection.

Staff nurses were then instructed to examine each of these five cases
and independently score each fictionalized patient on the newly modified
pediatric EWS tool. Each case was evaluated 25 times and the tool was
provided for each nurse. At the conclusion of the scoring process for
each case, nurses were asked qualitative questions exploring their critical
thinking as it relates to the PEWS and detailing their responses to the pa-
tient's score. An operational definition of “critical thinking” utilized in this
project was the “process to collect, evaluate, and analyze objective and
subjective patient data to inform their decision making in patient care.”

Institutional review board approval

The project was deemed quality improvement, non-human subject
research, by both University of Nebraska Medical Center IRB and
Creighton University IRB. There were no conflicts of interested identi-
fied by the authors of this QI project.

Statistical analysis

After the conclusion of the data collection process, each case was in-
dependently evaluated for its score's consistency and range as well as
the nurses' critical thinking process in order to evaluate the inter-rater
reliability of the modified tool and its application to clinical practice.

Table 3
Percent of Correct Responses by Question and Case.
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Data were collected and coded in an excel spreadsheet by the researc
and a professional statistician was consulted to assist with the anal
of inter-rater reliability using Fleiss' kappa (Laerd Statistics, 201
Data from the qualitative questions on nurses' responses to the pati
scores were themed independently by the project lead and faculty
then reviewed together for consistency of emerging themes.

Findings

Twenty-five registered nurses with varying levels of experience
ployed across three medical-surgical units completed the case stu
and answered the subsequent questionnaire. Of these nurses, a majo
that completed the study indicated they had been a nurse for 1-5 y
(56%) and employed on a unit that primarily cared for children
medical-surgical diagnoses, hematologic-oncologic processes, me
health crises, and endocrine disorders.Demographic information is
sented in Table 1.

Inter-rater reliability

Overall, Fleiss' kappa showed that there was moderate agree
between the nurses' judgments for each scenario, excluding the hig
(Case Study 3, k = 0.768) and the lowest (Case Study 5, k = 0.0
(Laerd Statistics, 2019). Values of kappa ranged from 0.075 to 0.
(Table 2). Case 5 which reflected the lowest multirater agree
(Fleiss Kappa = 0.75) was a clinical scenario where a patient has ab
mal clinical findings as their baseline. This is likely reflective of n
not accounting for the baseline expectations of the patient and scors
off of a typical “normal”.

Score consistency

Additionally, participants' scores were analyzed and compared
the “correct” answers, as determined during the case studies' deve
ment by the interdisciplinary team. Results are presented below
Table 3. Most nurses agreed with the “answer key” created by the in
disciplinary team on whether or not they were concerned about a
tient's clinical status. There was however inconsistency with
answer key when looking at some of the PEWS subcategories
make up the total score. For example, with Case Study 2 only
third of the participants scored the patient's neurologic status
match the answer key. Similarly, only 24% scored the family con
for Case Study 4 in agreement with the answer key. Total PEWS s
agreement with the answer key was low for Case Study 1 with
28% in agreement with the interdisciplinary teams scoring of that

The fact that there is substantial variability around agreement
cases suggests that in addition to inter-rater variability there is sub,
tial variability with respect to the tool's use in different scenarios.

Questionnaire response data

While inter-rater reliability and scoring consistency varied, nu
responses to the questionnaire indicated a high level of agree
among the nurses' rationale for a concerning or non-concerning clini
presentation, necessary nursing interventions (i.e. increasing bed:
monitoring, notification of a healthcare provider, administration

Behavior/Neurologic Cardiovascular Respiratory Staff Concern Family Concern ‘Total’ Nurse Participant is Conce
Case Study 1 96% 100% 76% 28% 80% 28% 84%
Case Study 2 36% 68% 64% 100% 100% 44% 100%
Case Study 3 96% 80% 84% 100% 100% 72% 100%
Case Study 4 96% 88% 28% 84% 24% 56% 12%
Case Study 5 96% 72% 88% 100% 100% 72% 0%
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5. etc.), and expected clinical outcomes. Themes of the
=ponses from the questionnaire are summarized below in

one centered around a pre-school aged child with leuke-
i admitted to a medical-surgical unit after presenting the
oy department with a fever. A majority of nurses (84%) indi-
& they were concerned with the patient's clinical status. The
only recommended interventions included increasing pa-
woring, notification of a healthcare provider, administering
s and recommending further interventions.

2

study discussed the clinical status of a 4 month-old male
atory syncytial virus (RSV) being managed on heated high
" and worsening respiratory status. One-hundred percent of
apants agreed that this patient was at high risk for clinical
sation and exhibited concerning signs and symptoms. As a re-
W responses to the questionnaire indicated a need to notify a
d respiratory therapist (RT) as well as identified further
s and the need for increased monitoring.

3

. all participants concurred that the third fictionalized pa-
mager presenting to a medical-surgical unit in diabetic ketoac-
| with altered mental status, was at high risk for clinical
on. Responses to the questionnaire highlighted the need to
ider, increase bedside monitoring, and recommend and ini-
anal medical therapies as priority nursing interventions.

4

dy 4 discussed the current clinical presentation of a young,
%d child recovering from an asthma exacerbation being
B 2 medical-surgical unit. Eighty-eight percent of nurses stated
2re not concerned by this child's current status, Most re-
ated that nurses agreed that continuing the current treat-
@men, administering PRN medications (i.e. albuterol),
g care with a respiratory therapy, and addressing the
cational deficits were of highest priority.

5

#se study tasked nurses to examine the clinical presentation of
old male with a complex cardiac history being admitted for
%on prior to a corrective surgery the following day. All nurse
s agree that this child exhibited non-concerning clinical find-
twith the child's baseline. As such, most nurses recom-
wmtinuing the current treatment regimen without need for
Wcations at that time.

ality improvement project was designed to modify a Mid-
dren’s hospital existing pediatric EWS tool utilizing the lit-
# an interdisciplinary healthcare team's expertise to test the
= reliability of the newly modified tool and evaluate nurses'
snking abilities. Twenty-five nurses employed across three
zical units were recruited and completed scoring of five fic-
patients within case studies illustrating varying degrees of
and decompensation. The statistical analysis indicated
ol had moderate inter-rater reliability among nursing staff.
2y, inter-rater reliability was higher in Case Study 3 that ex-
atient who was clearly clinically decompensating as opposed
t that may be successfully managed on a medical-surgical
studies 1and 2). Inter-rater reliability was the lowest in Case
wch depicted a clinically stable, chronically ill patient that
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Questionnaire response themes.
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Case

Question

Response Themes (Frequency)

1

Nurse Concern

Interventions & Actions

Rationale for
Interventions

Expected Results

Nurse Concern

Interventions & Actions

Rationale for
Interventions

Expected Results

Nurse Concern

Interventions & Actions

Rationale for
Interventions
Expected Results

Nurse Concern

Interventions & Actions

Rationale for
Interventions

Expected Results
Nurse Concern

Interventions & Actions

Rationale for
Interventions
Expected Results

Potential for decompensation (29)
Stable clinical status (4)

Provider has evaluated patient (2)
Acceptable plan of care in place (2)
Increase monitoring (28)

Administer medications (17)
Recommend further interventions (20)
Notify provider (21)

Provide support to patient/family (1)
Patient status (7)

To promote/improve clinical status (12)
Provider presence needed (1)

Nurse's concern (1)

Update provider (2)

Clinical improvement (12)

Additional interventions prescribed/initiated (8)
Provider presence at bedside (3)
Transfer to a higher level of care (1)
Current clinical status/Potential for
decompensation (29)

Recommend further intervention (39)
Notify provider (26)

Notify RT (13)

Increase monitoring (13)

Transfer to higher level of care (5)
Administer medications (3)

Notify charge nurse (1)

Patient status (11)

To promote/improve clinical status (8)
Provider presence needed (3)

Clinical improvement (9)

Clinical decompensation (2)

Additional interventions prescribed/initiated (5)
Provider presence at bedside (4)

RT presence at bedside (2)

Transfer to a higher level of care (8)
Current clinical status/Potential for
decompensation (35)

Recommend further intervention (40)
Notify provider (23)

Notify charge nurse (1)

Increase monitoring (19)

Transfer to higher level of care (5)
Patient status (16)

To promote/improve clinical status (7)
Clinical improvement (7)

Clinical decompensation (4)

Additional interventions prescribed/initiated (4)
Provider presence at bedside (2)
Transfer to a higher level of care (7)
Current clinical status/Potential for
decompensation (3)

Stable clinical status (25)

Continue with current management plan (15)
No additional interventions required (1)
Notify provider (1)

Notify RT (7)

Educate patient/family (8)
Administer medications (4)

Patient status (6)
To promote/improve clinical status (2)
Identified educational needs (3)
Clinical improvement (8)
Family's concern addressed (4)
Stable clinical status (25)
Continue with current management plan (15)
No additional interventions required (10)
Review current management plan (2)
Patient status (13)

No clinical change (2)
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exhibited findings that would be concerning in an otherwise healthy pa-
tient. Although most nurses agreed that the patient was clinically stable
and additional nursing interventions were not required at that time, it
appeared that many participants struggled to appropriately score a pa-
tient's baseline status using this tool. Further, inconsistency in scoring
between nurses was greatest in the behavioral/neurological, cardiovas-
cular, and respiratory sections, with respiratory being the greatest
source of variability. This finding is inconsistent with what has been
found in previous literature examining the inter-rater reliability of the
CHEWS tool, which showed a 100% inter-rater reliability in pediatric pa-
tients whose total score was greater than or equal to 3 (McLellan et al,,
2014). Possible explanations for this discrepancy include lack of under-
standing of the terminology utilized within the tool and the appropriate
assignment of scores within allotted sections. For example, terms like
“irritable” and “drowsy,” which are utilized within the behavioral/neu-
rologic section, are subjective in nature and may be interpreted differ-
ently among nursing staff. Further, lack of understanding of when to
assign a score for a family's concern was evident. Additionally, lack of fa-
miliarity with the tool and time constraints may have resulted in
skewed scoring,

Although a statistical analysis indicated moderate inter-rater reli-
ability, an examination of the qualitative data indicated a greater con-
sensus among nurses regarding the patients' clinical status and their
degree of concern even among cases with low scoring consistency.
Most nurses agreed on which patients were clinically concerning and
were able to identify appropriate priority nursing interventions for
each case. For example, 28% and 44% of nurses correctly identified
Case Study 1 and 2's patients' total scores, respectively. In contrast,
84% and 100% of nurses in Case Study 1 and 2, respectively, indicated
that they were concerned about these patients' clinical status. This
may indicate that nurses may have valid concerns utilizing an objective
tool to accurately describe a subjective assessment as discussed by
Cassidy et al. (2019). Although the inconsistency between objective
scoring and a subjective assessment is a well appreciated weakness of
EWS tools, there is little literature detailing its causes or possible solu-
tions (Cassidy et al,, 2019; Jensen et al., 2018). As such, further explora-
tion is needed to identify methods (i.e. education, clarification of
terminology, etc.) to better synchronize EWS tools' numerical scores
with nurses' subjective assessments.

Interestingly, nurses disagreed with the interdisciplinary panel re-
garding the concerning nature of the patient in Case Study 1. The inter-
disciplinary panel determined that the patient in Case Study 1 did not
warrant a score in the nurse concern category. Rather, the interdisci-
plinary team concluded that appropriate nursing interventions, such
as administering acetaminophen, may address the patient's presenting
symptoms (i.e. fever, tachycardia, etc.). However, many nurses scored
this patient as clinically concerning and indicated this in the question-
naire. Yet, despite this disagreement, many nurses recommended per-
forming the same interventions as the interdisciplinary team.

Likewise, nurses identified the same interventions as, if not more
than, the interdisciplinary team in case studies 2, 3,4, and 5. This is sur-
prising considering the considerable discrepancies in scoring in many of
the categories as well as the total score in many of these cases. This fur-
ther bolsters the concern that an objective score may not adequately
represent the extent of a nurse's concern about a patient and the subse-
quent interventions needed.

Study limitations

Due to this study's nature, it is susceptible to notable limitations. A
primary limitation within this study was the relatively small sample
size (n = 25) utilized to examine the inter-rater reliability. In ideal cir-
cumstances, a larger sample size would have been recruited for more re-
liable results. However, recruiting participants was impacted by the
COVID-19 pandemic and its subsequent restrictions on direct access to
nursing staff. Additionally, the COVID-19 pandemic altered the original

»appropriately score each fictionalized patient, especially as this was ¢
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plans to educate the staff about the new tool, in person. Instead, this
searcher provided written instructions as opposed to the preferred, &
depth educational sessions originally intended.

Further, the length of and time required to complete all five ca
studies may have dissuaded nurses from completing the case studs
all-together or impacted their ability to devote adequate attention

signed to be completed throughout the course of a nurse's shift. Fina
results may be skewed as a majority of the participants were emplo
on one of the medical-surgical units. As each unit has different speci
izations (i.e. non-invasive mechanical ventilation trained staff, patie
diagnoses, etc.), scores could have been influenced by nurses' unfam:
iarity with certain conditions and treatment regimens.

Future work

The results of this study are promising and indicate a potential be
efit to utilization of this pediatric EWS tool on medical-surgical un
However, a more extensive evaluation of its effectiveness is warrante
Future steps to improve inter-rater reliability may include interventi
such as clarification of the tool's terminology, staff education, and ar
bust explanation of how to score patients may be beneficial. Practic
this new skill with high-fidelity simulation may also improve acce
tance and better utilization of this tool. Once a high level of inter-ra
reliability is achieved, testing on admitted pediatric patients treats
on medical-surgical units to ensure the tool's accuracy in identifying g
tients who are clinically decompensating and preventing unplanng
transfers to the PICU and cardiac and respiratory arrests outside of
ICU should commence.

Conclusion

Pediatric patients are often treated outside of the PICU. Howe
their initial admission to a medical-surgical unit does not rule out
possibility of clinical decompensation, an unplanned transfer to a hig
level of care, or a cardiac or respiratory arrest. As such, pediatric
have been implemented across pediatric healthcare facilities in o
to prevent these unintended outcomes. The results of this study, in co
bination with current literature, are promising, indicating that this
may serve to better identify these patients.
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