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Abstract
Most hospitalized pediatric patients receive care outside of the intensive care units. However, initial admission to a general medical-surgical floor does not prevent a child from clinically decompensating, experiencing a cardiac or respiratory arrest, or require a transfer to a higher level of care. As such, pediatric EWS have been utilized to assist the identification of children at risk for experiencing an adverse outcome. Although their use is widespread, little consistency exists between tools and extensive research evaluating the effectiveness of these tools is lacking.  The purpose of this project was to modify the current pediatric EWS that is currently utilized at a free-standing, midwestern children’s hospital and evaluate the inter-rater reliability of the newly modified tool. Overall, Fleiss’ Kappa showed that there was moderate agreement between the nurses’ judgements and scoring, differing substantially due to the difficulty of each case study. Nurses’ responses to a questionnaire indicated differing levels of comfort identifying and managing children that present with mid-range total scores as opposed to those who scored in the lower or higher ranges. The results of this project indicated that use of this tool, with some modifications may help to identify clinically decompensating pediatric patients being treated on medical-surgical units.
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Background
Like adults, children may occasionally or routinely need inpatient hospitalization to address a multitude 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 admission 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 successfully treated outside of pediatric intensive care units (PICUs). However, initial admission to a general medicine floor does not preclude a child from unexpectedly decompensating, experiencing a cardiac or respiratory arrest, or require a transfer to a higher level of care (Krmpotic & Lobos, 2013; Mansel et al., 2018). The presence of pre-existing conditions or a high acuity level may increase this likelihood (Krmpotic & Lobos, 2013). Unfortunately, this is not an uncommon occurrence and it may result from inappropriate admission triaging and clinical status changes (Mansel et al., 2018; Miles et al., 2016; Nadeau et al., 2019). Ultimately, these events negatively impact patients’ quality of life, lengthen hospital stays, increase mortality rates, and incur additional healthcare costs (Hussain et al., 2019).  While the rate of these incidents may vary from institution to institution, this problem is pervasive across most pediatric inpatient facilities.
Despite institutional variabilities, some researchers have been able to quantify these outcomes. For example, it is estimated that there are approximately 15,200 incidents of in-hospital cardiac arrests in pediatric patients per year (Holmberg et al., 2019). Of these children who experience these events on a general medical-surgical unit, only 50-67% will survive 24 hours after initial resuscitation efforts began (Nadkarni et al., 2006). However, more recent studies estimate that this preliminary survival rate may be closer to 81.2% of children (Girotra et al., 2013). Unfortunately, survival rates to hospital discharge are much lower, approximately 27-34.8% (Girotra et al., 2013; Nadkarni et al., 2006). 
However, the rate of unplanned PICU transfers may be as rare as cardiac arrests rates. One study estimated that the rates of unplanned transfers was less than 1% of all pediatric admissions at their institution (Reese et al., 2015). More specifically, rates did not differ significantly between general medical wards and the emergency room. Yet, researchers determined that 36% of these events were preventable and likely a result of medical errors (Rees et al., 2015). Similar results were experienced at another children’s hospital, which found that 35% of unplanned PICU transfers were avoidable (Miles et al., 2016). Interestingly, two other researchers found that only 25% of these transfers occurred after a rapid response team was activated. Additionally, mortality rates were much higher for those pediatric patients that were transferred to the PICU from a general medical unit (3.8%) as opposed to other patient care areas (1.4%) (Humphreys & Totapally, 2016). 
Although these incidences are relatively uncommon, they have profound financial consequences. One study evaluated the financial burden that results after pediatric patients experience a clinical deterioration event, an instance where a child requires an unplanned PICU transfer and receives mechanical ventilation or vasopressor administration within the first 12 hours after admission to the PICU. These children incurred approximately 100,000 dollars’ worth of additional healthcare services as compared with children who did not (Bonafide et al., 2014b). 
Significance
	Due to the extensive nature of this problem, unplanned, emergent pediatric transfers and codes outside of the intensive care units are classified as a serious safety event (Brady et al., 2013; Hoppes et al., 2012). A serious safety event is defined as a negative patient outcome due to a preventable deviation in standardized practices or processes that results in moderate to severe harm or death befalling a patient (Hoppes et al., 2012; McClead & Brady, 2016). As a result, numerous healthcare organizations, including Children’s Hospitals’ Solutions for Patient Safety, Children’s Hospital Association, and the Institute for Healthcare Improvement (IHI), have partnered together in order to reduce the rates of unplanned, emergent pediatric transfers and codes outside of the intensive care units (Children’s Hospitals’ Solutions for Patient Safety, 2020a; Children’s Hospitals’ Solutions for Patient Safety, 2020b; IHI, 2020). 
	As such, numerous initiatives, including the development and implementation of early warning scores (EWS) and rapid response teams, have been created and utilized across multiple institutions. The thought behind these interventions are to better and quickly identify children who are decompensating and begin appropriate management strategies to prevent them from deteriorating further, experiencing a cardiac or respiratory arrest, or require transfer to the PICU (Lambert et al., 2017; Murray et al., 2015). Fortunately, the implementation of these types of tools has shown to decrease rates of cardiac and respiratory arrests as well as improve mortality rates (Hayes et al., 2012; Maharaj et al., 2015). 
Although many children’s hospitals utilize these systems, there is little consistency between each institutions’ early warning systems. Variations include differences in EWS as well as the presence, activation, and use of rapid response teams. Additionally, unlike in their adult counterparts, evidential support for each pediatric EWS varies widely and may be contradictory (Lambert et al., 2017; Murray et al., 2015). Likewise, there have been few studies that have extensively validated these EWS. Most research is confined to one institution’s creation or modification and use of a tool (Chapman et al., 2017). Further, differences in a hospital’s culture as well as a lack of understanding of the system’s purpose and how to utilize it appropriately may negatively affect a provider’s support and application of the selected EWS (Cassidy et al., 2019; Jensen et al., 2018). Arguably, this makes it difficult to determine the best evidence-based system and employ its subsequent components within a pediatric hospital.
Clinical Problem Statement
	Despite many initiatives like early warning systems and the development of rapid response teams, pediatric patients are still decompensating on general medical-surgical units. Due to the discrepancies in the available evidence and clinical practice as well as the lack of universal adoption, implementation, and application of pediatric EWS, further research and development of effective systems is warranted.
Review of the Literature
This literature review was conducted in order to analyze the current, recommended pediatric early warning systems (EWS). As such, studies that examined essential components and assessed their effectiveness were selected, where possible. The initial search was conducted on Creighton University’s Health Sciences Library’s databases, including CINAHL, PubMed, and EBSCO Host, utilizing the phrases, “pediatric early warning systems,” “early warning systems,” “early warning scores,” and “rapid response teams.”  Search results were filtered using key words (i.e. “pediatrics,” “critically-ill,” “decompensating,” “deteriorating,” etc.). and linked with Boolean operators. Queries were further refined by utilizing the functions that included peer-reviewed articles published within the last ten years and eliminated other sources. Finally, additional literature was obtained from Children’s Hospital & Medical Center’s PEWs Charter Team, to supplement these findings.
Once collected, articles were then examined for their utility and reliability, and preference was given to primary sources. Additional searches were conducted for specific articles, such as the Children’s Hospital Early Warning System (CHEWS) initial development and validation studies, when they were referenced by two or more sources. Once analyzed and reviewed, the literature was compiled into this document to detail the proposed and the most common, effective, and currently utilized EWS as well as to identify deficiencies and inconsistencies in the current knowledge and practices in pediatric EWS. 
Pediatric Early Warning Systems (EWS)
	Pediatric EWS is an umbrella term used to describe the various tools designed to identify decompensating patients and prevent unintended, negative outcomes. All involve a formalized, brief evaluation of easily obtainable assessments (i.e. vital signs, level of consciousness, etc.) that are usually completed and documented in an electronic medical record by the nurse (Chapman et al., 2017; Lambert et al., 2017; Trubey, et al., 2019). Generally, there are two types of systems: score-based or trigger-based. Score-based systems assign numerical values to categories, which are then totaled, and represent a continuum of normal and abnormal clinical statuses. Trigger-based systems utilize a minimum threshold approach that define specific parameters which prompt providers to perform and order additional assessments and interventions (Chapman et al., 2017). Both systems are designed to be utilized concurrently with some form of rapid response team (RRT) (Chapman et al., 2017; Lambert et al., 2017; Trubey, et al., 2019). 
Typically, an RRT is composed of multidisciplinary members employed in various departments, including pediatric intensive care units (PICUs). Normally, any employee can activate this system, for any reason, if they have a concern about a patient. Once initiated, the patient receives a formal evaluation within an allotted time-frame. During this time, these concerns as well as the need for escalation of care and further interventions are discussed and prescribed, if indicated (Bonafide et al., 2014a; Parshuram et al., 2018). 
Numerous EWS and RRT systems have been implemented and utilized across the United States as well as internationally (Chapman et al., 2017; Lambert et al., 2017; Murray et al., 2015; Trubey, et al., 2019). Although each system seeks to improve patient safety, there are many differences and discrepancies between each one. Differences include the use of various parameters within scoring or trigger systems, lack of standardized terminology, and who composes and what constitutes a rapid response team. These differences are not only present from country to country, but also from institution to institution (Chapman et al., 2017; Lambert et al., 2017; Murray et al., 2015; Trubey, et al., 2019). Interestingly, these differences may not be overtly obvious. Some institutions utilize the same nomenclature to described to vastly distinct tools. For example, three institutions may refer to their tool as ‘PEWS.’ However, their tools may consist of the original or modified versions of the Brighton or Bedside PEWS tools (Murray et al., 2015). Unfortunately, this vague nomenclature prohibits widespread evaluation and validation of every system. As a result, there is little consensus on the best EWS (Chapman et al., 2017; Lambert et al., 2017; Murray et al., 2015; Trubey, et al., 2019). 
Tools, Modification, and Validation of Commonly Utilized, Effective Systems
Bedside Paediatric Early Warning System (Bedside PEWS)
	The Bedside Paediatric Early Warning System (Bedside PEWS) was developed in Canada and is one of the most extensively tested, international pediatric EWS (Chapman et al., 2017; Parshuram et al., 2018). Initially, eleven commonly assessed factors were included in the system. Each was evaluated for its effectiveness in identifying clinically decompensating pediatric patients. Ultimately, four were eliminated from the final tool, leaving seven categories. Those remaining were heart rate, systolic blood pressure, capillary refill time, respiratory rate, respiratory effort, oxygen saturation, and the presence of oxygen therapy. Different values are assigned for each category, depending on the child’s age and clinical status. Total scores range from 0 to 26, with 26 being the most concerning indicator of an impending status deterioration, cardiac or respiratory arrest, or need for an urgent PICU transfer (Parshuram et al., 2009). 
	Upon initial testing, results revealed that the Bedside PEWS has an 80% success rate in identifying critically ill, hospitalized pediatric patients if the minimal alerting score was considered an 8 or higher. Additionally, Bedside PEWS scores changed as children declined. Increased scores could be appreciated as much as 24 hours prior to a critical deterioration event but were highest within the 12 hours proceeding the incident. This additional lead time allowed children requiring a formal ICU evaluation to receive these consultations faster. Furthermore, results suggested that the Bedside PEWS was found to be as effective, if not more than, nurses’ intuitions and interpretations of a child’s clinical status. Ultimately, these findings illustrated that Bedside PEWS was a reliable tool that may be used to identify decompensating hospitalized pediatric patients (Parshuram et al., 2009). 
	Further studies sought to validate the effectiveness of this tool. Two studies, a multinational, randomized clinical trial and a quasi-experimental study performed by The Children’s Hospital of Philadelphia, were conducted (Bonafide et al., 2014a; Parshuram et al., 2018). The multinational study was performed in 21 hospitals in seven countries and indicated that implementation of the Bedside PEWS did not result in statistically significant differences in mortality rates and cardiac arrests among hospitalized pediatric patients (Parshuram et al., 2018). However, statistically significant reductions were appreciated in late, unexpected PICU transfers. Late transfers were defined as the escalation of care requiring the relocation of a patient, without a do not resuscitate order, to an intensive care unit who met one or more of the following conditions: death prior to transfer or within the first hour of admission, need for cardiopulmonary resuscitation (CPR), tracheal intubation, administration of vasopressors or fluid bolus greater totaling 60 ml/kg or greater within the last twelve hours before transfer or the initiation of extra-corporeal membrane oxygenation (Parshuram et al., 2018). 
	Interestingly, The Children’s Hospital of Philadelphia (CHOP) experienced similar results when it implemented Bedside PEWS alongside a rapid response team and evaluation protocol (Bonafide et al., 2014a). Although no statistically significant differences were appreciated in reductions in mortality rates and cardiac or respiratory arrests outside of the PICUs, researchers noted decreased rates of unplanned PICU transfers requiring noninvasive or invasive mechanical ventilation or vasopressor administration within the first 12 hours after transfer. However, the lack of impact on mortality rates and incidences of cardiac or respiratory arrests was attributed to their rarity (Bonafide et al., 2014a). Interestingly, Bonafide and his team believe that although morality rates were not affected, patients who transferred to the PICU were at a decreased mortality risk due to the EWS’ induced improvement in providers’ ability to recognize and initiate treatment on clinically deteriorating patients (2014a). These findings led the researchers of this study to conclude that utilization of  Bedside PEWs with a rapid response team may positively impact patient safety (Bonafide et al., 2014a). 
	Although statistically significant improvements were not routinely appreciated across numerous institutions, more extensive research is needed before Bedside PEWS’ usefulness can be determined. Despite its implementation in seven countries, a standardized rapid response team and the teams’ activation requirements differed among institutions (Parshuram et al., 2018). In contrast, CHOP appreciated reductions in unexpected PICU transfers and clinicians’ improved ability to identify and treat a critically ill child after the concurrent implementation of Bedside PEWS and a rapid response team (Bonafide et al., 2014a). Thus, given Bedside PEWS strengths, it is reasonable to consider its further use in hospitalized pediatric patients. 
Brighton Pediatric Early Warning Score (Brighton PEWS)
	The Brighton PEWS was one of the first pediatric EWS to be developed (Monaghan, 2005). Initially, it was developed in the United Kingdom and its components were adapted from EWS utilized in the adult patient population. Monaghan and his team developed five elements that required the bedside nurse to assign a numerical value to each category (2005). Categories included behavior, cardiovascular, respiratory, persistent post-operative vomiting, and use of nebulizers. Scores ranged from 0 to 3 in the behavior, cardiovascular, and respiratory categories whereas pediatric patient were assigned a 0 if they did not have persistent post-operative vomiting or require nebulized treatments every 15 minutes. If children did experience persistent post-operative vomiting or require nebulized treatments four times an hour, they were assigned a 2. Scores were then totaled and ranged from 0-13, with higher scores indicating a high likelihood of clinical deterioration. Scores of four or greater were considered the threshold necessitating further interventions, which could include notifying the charge nurse, increasing the frequency of assessments, or the notification some or all of the interdisciplinary medical team (Monaghan, 2005). 
The Brighton PEWS was then trialed in inpatient pediatric patients on medical-surgical units and was found to be a valuable tool assisting the identification of clinically deteriorating children within this institution (Monaghan, 2005). Its evidence was so compelling that it prompted Quist-Therson and his group at England’s Hertfordshire Partnership NHS Trust Children’s Services to color-code and develop guidelines for the Brighton PEWS to simplify its use (Akre et al., 2010). Likewise, Monaghan and his team’s study incited Cincinnati Children’s Hospital Medical Center and Children’s Hospitals and Clinics of Minnesota to further evaluate its effectiveness (Akre et al., 2010; Tucker et al., 2009). 
Researchers at Cincinnati Children’s Hospital Medical Center requested permission to use and further modify the Brighton PEWS tool (Tucker et al., 2009). An algorithm detailing the minimally expected response for corresponding scores was included among these modifications. Once adapted, researchers evaluated its ability to identify critically ill pediatric patients and prevent unplanned PICU transfers over a one year period on a 24-bed medical-surgical unit. Initially, two nurses were required to independently score a patient to ensure inter-rater reliability. However, this was stopped after 55 assessments due to the high inter-rater reliability. Upon the study’s completion, researchers found that there was a statistically significant relationship between the child’s score and the likelihood of a PICU transfer. More specifically, for every one-point increase, children were twice as likely to require a PICU transfer. This led researchers to conclude that the modified Brighton PEWS was a reliable and valid tool to identify critically ill pediatric patients (Tucker et al., 2009). 
Similar results were appreciated at Children’s Hospitals and Clinics of Minnesota (Akre et al., 2010). Researchers noted high levels of inter-relator reliability after the scoring requirements and the threshold requiring further assessments and interventions were refined. However, researchers evaluated the modified Brighton PEWS’ ability to identify a critically-ill pediatric patient prior to a rapid response team activation or cardiac or respiratory arrest. Interestingly, the modified Brighton PEWS’ had an 85.5% sensitivity level at identifying decompensating pediatric patients who scored a three or greater. Changes in scores resulted in an increased window of time (up to 11 hours) for providers to recognize and respond to these patients. As such, the modified Brighton PEWS was deemed a potentially beneficial at identifying decompensating patients, ranking the severity of the deterioration, and improving pediatric patients’ safety and clinical outcomes (Akre et al., 2010). 
	 Although elevated PEWS scores have been correlated with the likelihood of unplanned PICU transfers, activation of an RRT, and cardiac or respiratory arrests, when the modified Brighton PEWS, a score-based system, was combined with a trigger-based system, minimal improvements in clinical outcomes were appreciated (Panesar et al., 2014). Researchers at Stony Brook Long Island Children’s Hospital mandated the activation of an RRT when medical-surgical, hematology, and oncology patients’ modified Brighton PEWS scores equaled a five or greater. While researchers appreciated a downward trend of PICU transfers, these did not approach statistical significance. This trend could not be easily explained, especially as researchers found that fewer interventions were ordered after a mandated RRT was initiated despite an increase in RRT activation at night. Thus, adapting the modified Brighton PEWS to include a mandatory RRT activation threshold may be an ineffective intervention that could result in alarm fatigue (Panesar et al., 2014). 
	Furthermore, alarm fatigue could also be appreciated if other contributing factors, which could elevate a child’s modified Brighton PEWS score, are not taken into consideration (Lockwood et al., 2019). Researchers at Children’s Hospital Colorado found that fevers, defined as a temperature above 38.0 degrees Celsius, had the potential to elevate children’s scores but did not necessarily indicate an increased likelihood of a clinical deterioration event. A clinical deterioration event (CDE) was defined as an unplanned PICU transfer requiring the initiation of life-saving or sustaining interventions within the first twelve hours of admission to the PICU. In fact, children with a fever at the time of a score elevation were 32% less likely to experience a CDE. Although these results were marginally statistically significant, they call into question the need for further modifications of the Brighton PEWS (Lockwood et al., 2019). 
	As one of the original pediatric EWS, the Brighton PEWS and its modifications have been found to improve hospitalized pediatric patients’ safety (Akre et al., 2010; Monaghan, 2005; Tucker et al., 2009). Reductions in unplanned PICU transfers, RRT activations, and cardiac and respiratory arrests have been appreciated after the Brighton PEWS or an adapted version were implemented and utilized within a children’s hospital. However, further evaluation is needed to assess whether further modifications are needed to improve its effectiveness (Lockwood et al., 2019; Panesar et al., 2014). 
Children’s Hospital Early Warning System (CHEWS)
	The Children’s Hospital Early Warning System (CHEWS) is a relatively new EWS and it was developed and validated initially at Children’s Hospital Boston (McLellan & Connor, 2013; McLellan et al., 2014). Three elements, behavior/neurological, cardiovascular, and respiratory status, were derived from the Brighton Pediatric Early Warning Score. Each category requires a nurse to score a patient from 0 to 3, similar to the manner the Brighton PEWS is scored, with 3 representing the highest and most concerning indicator of the child’s clinical status. Parameters in the cardiovascular and respiratory categories were based on normal pediatric vital signs. Further, two additional categories were added: staff and familial concern. These two categories were scored from 0 to 1, with 0 indicating that no concern is present. Scores are then totaled and can range from 0 to 11. The score is then referenced with the escalation of care, color-coded algorithm, which provides management guidance and recommendations for the interdisciplinary team (McLellan & Connor, 2013; McLellan et al., 2014). 
	CHEWS was initially trialed on a 42-bed cardiac unit and underwent two pilot studies and subsequent revisions. Information detailing how to differentiate mild, moderate, and severe elevations in heart and respiratory rates, which are based on child’s age, was included among the revisions. Additionally, the developers clarified what qualified as a baseline status and exempted a patient from being scored in certain circumstances, to prevent a falsely elevated total (McLellan & Connor, 2013). After its modifications, the tool was rebranded as the Cardiac Children’s Hospital Early Warning Score (C-CHEWS). C-CHEWS was included within the institution’s electronic medical record and each member of the pediatric cardiovascular interdisciplinary team completed education about its operation prior to its official go-live date (McLellan & Connor, 2013; McLellan et al., 2014). 
After its development, pilot, and unit-wide implementation, C-CHEWS’ inter-relator reliability was assessed and found to have a 100% match when the scores were greater than or equal to 3 (McLellan et al., 2014). A respective cohort study was then conducted to evaluate the effectiveness of both the C-CHEWS and its companion algorithm as compared with the Brighton PEWS. In the study, researchers analyzed 919 previously documented, elevated C-CHEWS scores. To ensure data reliability, C-CHEWS was then retrospectively and independently re-scored by a researcher. The child’s PEWS score, at that moment in time, was retrospectively scored. All information necessary for accurate scoring was obtained from the patient’s electronic medical record (McLellan et al., 2014). 
Results indicated that C-CHEWS had a statistically significant greater ability to discern cardiac patients who were clinically decompensating and at an increased risk for a cardiac or respiratory arrest or unplanned transfer to the intensive care unit. Additionally, C-CHEWS scores were elevated longer than PEWS scores, allowing more time to for the healthcare team to intervene (McLellan et al., 2014). These results were further bolstered upon completion of a subsequent study, which evaluated the impact of CHEWS, the final re-branded version of C-CHEWS, within all non-cardiac, medical-surgical patients in a pediatric hospital (McLellan et al., 2017). Upon the completion of both studies, CHEWS was validated as an effective pediatric EWS in both cardiac and medical-surgical patients (McLellan et al., 2014; McLellan et al., 2017).
	CHEWS validation was extended to oncology and hematopoietic stem cell transplant patients after a retrospective match case-control study was completed examining 110 oncology and hematopoietic stem cell transplant patients and 220 matched controls (Agulnik et al., 2016). These patients were hospitalized in a large, academic children’s hospital and underwent an unplanned PICU transfer between September 2011 and December 2013. Researchers concluded that CHEWS scores were highly indicative of clinical deterioration and the need for unplanned PICU transfers. Furthermore, researchers appreciated that the addition of the two categories, family and staff concern, were strongly associated with the identification of a clinically decompensating patient (Agulnik et al., 2016). 
	Although it is a fairly recent addition to pediatric EWS, CHEWS has been proven to be an effective tool in identifying clinically deteriorating patients in a variety of settings (Agulnik et al., 2016; McLellan et al., 2014; McLellan et al., 2017). Moreover, it has been found to have excellent inter-relator reliability as well as extending the amount of lead time providers appreciate prior to a critical event or unplanned PICU transfer (McLellan et al., 2014). Interestingly, the inclusion of two new categories: family and staff concern were some of the most useful and indicative elements (Agulnik et al., 2016).
Tools, Modification, and Validation of Less Common or Less Effective Systems
	Although many pediatric EWS have been implemented both within the United States and throughout various countries, there lacks thorough, formal evaluations and validations of many available tools. Interestingly, many tools have modified one of the original four systems: Brighton PEWS, Bedside PEWS, Bristol PEWS, and the Melbourne Activation Criteria (MAC) (Trubey et al., 2019). However, the origin of each tool does not predict the effectiveness of its derivatives. More specifically, many score-based systems are modified versions of a trigger-based systems. Yet, researchers found that trigger-based systems often perform worse than score-based systems (Chapman et al., 2017). 
Trigger-based systems include the THSC MET Calling Criteria, Medical Emergency Team (MET) Activation Criteria I and II, Paediatric Medical Emergency Team (PMET), MAC, Modified MAC, Modified Bristol PEWS, and Bristol PEWS (Chapman et al., 2017; Trubey et al., 2019). Of the evaluated trigger-based systems, the Bristol PEWS and the Modified Bristol PEWS are two of the least reliable tools (Chapman et al., 2017). However, systems like the MAC, Modified MAC, and PMET have not received any formalized validation, calling into question their reliability and effectiveness (Trubey et al., 2019). 
Less popular tools, such as the Modified Pews I, II, and III, PEWS, NHS Institute for Innovation and Improvement PEWS, and Inpatient Triage, Assessment, and Treatment (ITAT) are classified as scoring-systems. However, data evaluating the effectiveness of each is limited (Chapman et al., 2017; Trubey et al., 2019). Of the less popular tools that have been formally examined, the Modified PEWS I and ITAT are not as successful as some of their counterparts (Chapman et al., 2017). Nevertheless, it is difficult to rank these systems without the proper assessments. As a result, a potentially effective tool may be currently underutilized (Chapman et al., 2017; Trubey et al., 2019). 
Barriers to Successful Implementation
	Despite evidence that early warning systems (EWS) are effective in identifying children at risk of clinically decompensating, preventing unplanned transfers to the pediatric intensive care units (PICUs), and reducing incidences of cardiac or respiratory arrests on general medicine wards, there are many factors that impede successful implementation, utilization, and success of EWS. Two studies were conducted to pinpoint and describe these barriers. Interestingly, multiple EWS were evaluated and comparable themes were appreciated (Cassidy et al., 2019; Jensen et al., 2018). 
	One study, conducted in five Danish hospitals that treated pediatric patients, examined nurses’ perceptions of the EWS utilized in their institutions (Jensen et al., 2018). Depending on the organization, either the Bedside PEWs or the Central Denmark Region PEWS model were used. Both systems were implemented at least one year prior this study’s onset. To obtain data, five focus groups, one for each hospital, were conducted with three to seven nurses from each institution present. The discussion groups were led by the researchers, and nurses were asked to discuss a case study, express their opinions, and answer a pre-developed list of questions. Transcripts were then analyzed and seven common themes emerged (Jensen et al., 2018). 
	Among these themes, four highlighted inadequacies in the EWS. One of the most challenging barriers was the lack of interdisciplinary awareness and appreciation for the EWS. Nurses expressed frustration at some physicians’ failure to understand the scoring system. As a result, it appeared to the nurses that the EWS was not fully appreciated, utilized, and integrated into multidisciplinary practice. Furthermore, some providers had a rigid view of the EWS’ scores and were reluctant to modify their practices based on a child’s baseline status, even if the child was clinically stable. For example, these providers failed to utilize the EWS as intended: a clinical tool to prompt critical thinking. Consequently, when confronted with a patient with a high score, such providers jumped to the unlikely conclusion that their patient was deteriorating and implemented unnecessary interventions when all other signs pointed to a stable, baseline status. Ultimately, the providers’ responses to the nurses’ opinions made nurses feel that their work and clinical judgement was disrespected and undervalued (Jensen et al., 2018). 
	Likewise, opinions on how an EWS should be utilized differed among nurses. Some nurses viewed the EWS as a method that superseded their clinical decision-making abilities rather than as a supplement to their skills. As a result, nurses felt that there were high numbers of false negatives, patients with a low score, but exhibiting clinically concerning features, and false positives, patients with a high score, but eliciting minimal concerning status changes or whose status changes were as a result of a medical intervention (i.e. medication, etc.). Both could be affected by the nurse’s ability to accurately measure the patient’s vital signs, making it essential to obtain true values. This may or may not be possible given a child’s developmental status, cognition level, and desire to cooperate (Jensen et al., 2018).
	Another study, conducted on a twenty-eight bed unit in a Canadian pediatric hospital in 2017, reached similar conclusions (Cassidy et al., 2019). Nurses’ perceptions were evaluated in small, semi-structured, recorded focus groups and individual interviews before and after the unit implemented the Children’s Hospital Early Warning System (CHEWS) and an accompanying escalation of care algorithm. Transcripts were then analyzed for commonalities, which were in turn stratified into appropriate themes: compatibility with nursing practice, influence on clinical decision-making, interprofessional relations, unit context, influence of emotions, and quality of care and patient safety (Cassidy et al., 2019). 
Prior to CHEWS’ implementation, nurses expressed dissatisfaction with several elements of the process change. Initially, some nurses voiced concern that utilization of a repetitive tool would be an unnecessary, time-consuming process for certain patient populations. Additionally, nurses expressed confusion regarding CHEWS’ unclear definition of the elements of a patient’s baseline and when, specifically, it indicated a clinical status change and need for further intervention. Nurses worried that this lack of clarity could be a source of inappropriate use, harm, and false positives. Finally, nurses feared that CHEWS and its algorithm would lack buy-in from other healthcare providers, which would create additional challenges and even delay the identification and treatment of a critically ill child (Cassidy et al., 2019).
After CHEWS and its algorithm were employed, nurses identified additional barriers to its success. Many nurses believe that the use of a standardized tool led to “cookie-cutter” or “cook-book” medicine, overriding their clinical judgment and expertise (Cassidy et al., 2019). Moreover, some nurses believed that their expertise and intuition prompted faster identification, better care, and more timely interventions. The perception of the tool’s uselessness was compounded if nurses noted a lack of understanding or buy-in from providers. As a result, completion of the CHEWS tool and consultation of the algorithm was performed after their actions were guided and initiated by their clinical knowledge. Further, these experiences led to some nurses to feeling that their role and expertise were irrelevant and unappreciated (Cassidy et al., 2019). 
Many barriers exist to a successful implementation and utilization of an EWS within an organization. Success requires all providers to fully appreciate the tool’s purpose and rationale, support its use, reinforce its importance, understand how to utilize the tool appropriately, and communicate findings. An organization’s failure to identify and address each factor may contribute to the tools being perceived as an unhelpful, useless practice and remain underutilized (Cassidy et al., 2019; Jensen et al., 2018).
Enablers to Successful Implementation
	Although the two previously mentioned studies, conducted by Cassidy et al. (2019) and Jensen et al. (2018), found barriers to an EWS implementation and success, they also identified factors that promoted its adoption and use. Clinically, nurses were able to recognize the potential benefit an EWS has on the quality and safety of healthcare services as well as its ability to assist in prioritizing assigned patients and prescribed interventions, especially if its documentation process was easy, quick, and streamlined (Cassidy et al., 2019; Jensen et al., 2018). Likewise, nurses in both studies stated that having an EWS validated their clinical abilities and concerns. Additionally, its presence helped to provide supporting evidence and standardize terminology, which, in turn, encouraged or promoted communication between the nurse and provider. In some circumstances, this increased interdisciplinary collaboration enhanced the team’s ability to identify and treat a decompensating child (Cassidy et al., 2019; Jensen et al., 2018). Similarly, an EWS was helpful for nurses to communicate with families and facilitated better explanations of the child’s ’ condition to their caregivers (Cassidy et al., 2019). 
	That said, emphasizing the potential, tangible benefits of an EWS may assist with its acceptance and utilization among healthcare providers. Without buy-in from all providers, the advantages of its implementation may not be appreciated. As a result, organizations wishing to implement a new EWS or improve their existing EWS must address these factors and support initiatives designed to positively affect its perception and use (Cassidy et al., 2019; Jensen et al., 2018). 
Summary of Recommendations
	Although numerous differences exist between pediatric EWS, most researchers agree that implementing and utilizing a formally validated, effective system within an institution has the potential to enhance patient safety (Chapman et al., 2017; Lambert et al., 2017; Murray et al., 2015; Trubey et al., 2019). However, in order to be effective, each system must incorporate both an assessment tool and rapid response team (Chapman et al., 2017). When used in conjunction with one another, many systems have found to decrease unplanned transfers to the PICU and positively impact mortality rates as well as incidences of cardiac and respiratory arrests (Agulnik et al., 2016; Bonafide et al., 2014a; McLellan et al., 2014; McLellan et al., 2017; Parshuram et al., 2018; Parshuram et al., 2009). Additionally, changes in patient scores may help to improve a provider’s ability to recognize a deteriorating patient (Bonafide et al., 2014a). 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). Improvement in any of all of these areas may dramatically improve a child’s clinical outcomes. 
	Yet, the presence of an EWS is not enough to ensure its success. Organizations must be able to recognize and evaluate barriers that prevent their universal adoption. Failure to do so may result in a previously validated system becoming misused or underutilized. Therefore, efforts should not only incorporate interventions to mitigate against these factors, 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). 
Gaps in the Literature
	Despite the overall appreciated benefits, the extent of a system’s effectiveness depends on its type, elements, included parameters, clarity, standardized terminology, inter-relator reliability, and organizational culture. Yet, there is a lack of evidence comparing one system to another. If this literature exists, many studies only evaluated their EWS internally. Few studies have compared multiple systems across many organizations. As such, implementation processes and components, education, culture, and outcome identification and measurement vary widely, making it difficult for an institution to evaluate, select, or modify a pediatric EWS. Therefore, further research examining each aspect necessary for successful implementation is warranted and necessary. 
Rationale
	Without implementation into practice, research cannot positively impact patient safety and improve clinical outcomes. Stevens recognized the need to assist the translation of research’s recommendations into tangible interventions to transform the healthcare industry. As a result, the Academic Center for Evidence-Based Practice (ACE) Star Model of Knowledge Transformation was developed (Stevens, 2013). 
	The process of searching for, identifying, and interpreting relevant research as well as developing, implementing, and evaluating evidence-based practice recommendations and interventions can be an arduous and daunting task. 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 simplification allows those championing change to translate complex findings into straightforward recommendations and interventions. This is accomplished through the completion of five steps, which are represented by a point on a star. Stages, which are examined below, include discovery, evidence summary, translation, integration, and evaluation (Stevens, 2013).  
Discovery
	The first step that must be completed when utilizing the ACE Star Model of Knowledge Transformation is discovery. It involves the generation of new research through traditional methods (Stevens, 2013). However, it is important to note that this step does not necessarily have to be completed by the same individuals seeking to translate these conclusions into practice recommendations. 
Evidence Summary
	The next step, evidence summary, is one of the most unique elements of this framework. It requires individuals serving as advocates for change to consolidate the available literature and formulate conclusions. These are then encompassed in a statement or statements that accurately summarizes the state of the current knowledge and practices. This summary allows for smoother transition of important conclusions into an intervention (Stevens, 2013).
Translation
	During translation researchers develop or modify clinical practice guidelines, standards of care, procedural changes, or protocols. These resources need to clear, concise, and user-friendly. This design is intended to assist in the interventions’ adoption and utilization by multiple healthcare providers (Stevens, 2013).
Integration
	Integration is where the newly developed tool or guideline is deployed within a healthcare organization. It involves all technical and logistic aspects required for its implementation (Stevens, 2013).  
Evaluation
	As the final step of this framework, evaluation seeks to examine the success and sustainability of the recently implemented intervention by analyzing pertinent outcomes (Stevens, 2013).
Applicability 
	The ACE Star Model of Knowledge Transformation will be beneficial to this project. As multiple pediatric EWS are available and utilized, both across the United States and internationally, simplifying and summarizing the available knowledge will be essential to identify the most effective systems or elements within them. The steps outlined in the ACE Star Model of Knowledge Transformation will help to guide the development and implementation of this project by providing a framework in which existing literature can be compiled and analyzed so that clear, concise modifications recommendation can be made, implemented, and evaluated. 
Purpose
	The purpose of this quality improvement project was to modify the current pediatric EWS being utilized at a free-standing, midwestern children’s hospital. The aims of this project were to adjust the existing pediatric EWS’ parameters and language utilizing literature and multidisciplinary providers’ input and expertise, evaluate the inter-rater reliability of the newly modified tool, and provide recommendations for further research and implementation. The anticipated outcome were that this new tool would be clearer and incorporate other essential parameters that improves perception and consistent utilization among staff nurses as well as to effectively identify children at risk for clinical decompensation. Ultimately, the long-term goal of this project, which was not be measured in this timeframe, is to better recognize critically-ill children who are at risk of an unplanned PICU transfer or cardiac or respiratory arrest on general medical-surgical wards.  
Methods
Design
	This quality improvement project was a quasi-experimental design in which medical-surgical staff nurses’ use and perceptions of a pediatric EWS at a Midwestern pediatric hospital were examined. 
Setting 
	This project was completed at a free-standing, academic Midwestern children’s hospital. 
Sample
	This project participants included associate and bachelor’s degree prepared registered nurses (n = 25) who are either part-time or full-time employees who provide direct patient care on medical-surgical units. Participants were stratified based on their years of practice as a pediatric nurse. Nurses were recruited to complete the case studies and subsequent questionnaire via emails (Appendix A) and staff meetings. Follow-up emails were sent by the unit managers’ to encourage continued participation in the study throughout the data collection phase.  Institutional Review Board (IRB) approval was obtained before conducting this study.
Procedures
	To begin, the institution’ existing pediatric EWS (Appendix B) was modified in accordance with best practices identified in the literature and clinical expertise 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 a multidisciplinary panel to evaluate its content validity. Meetings were conducted to discuss any and all changes to the tool that the project lead needed to make. Once completed, the final version was presented to the same panel members to receive final approval (Appendix C).	
After the development of the new tool, the project lead met with the children’s hospital’s clinical simulation director and discussed the need to develop case studies so that the newly modified pediatric EWS scoring tool’s inter-rater reliability can be tested. Five scenarios were developed and designed to encompass the range of all possible scores, an answer key was developed, and reviewed by the clinical simulation director and the faculty chair. Once approval from both parties was obtained, the case studies (Appendix D) were presented to the same interdisciplinary team members, who were asked to score the case studies using the newly modified tool. 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 five of these 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 questions evaluating their critical thinking abilities and detailing their responses to the patient’s score (Appendix D). 
Ethical Approval
	This project was submitted for Institutional Review Board (IRB) 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 identified by the authors of this QI project. 
Statistical Analysis
	After the conclusion of the data collection process, each case was independently 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. Data was collected and coded in an excel spreadsheet by the researcher and a professional statistician was consulted to assist with the analysis of inter-rater reliability using Fleiss’ kappa. Data from the qualitative questions on nurses’ responses to the patient scores were themed independently by the project lead and faculty chair and then reviewed together for consistency of emerging themes. 
Results
	Twenty-five registered nurses with varying levels of experience employed across three medical-surgical units completed the case studies and answered the subsequent questionnaire. Of these nurses, a majority that completed the study indicated they had been a nurse for 1-5 years (56%) and employed on a unit that primarily cared for older children with medical-surgical diagnoses, hematologic-oncologic processes, mental health crises, and endocrine disorders (68%). Demographic information is presented in Table 1. 
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%)

	11+
	2 (8%)



Inter-rater Reliability
Overall, Fleiss’ kappa showed that there was moderate agreement between the nurses’ judgements for each scenario, excluding the highest (Case Study 3, k=.768) and the lowest (Case Study 5, k=.075). Values of kappa ranged from .427 to .548 (Table 2). 
Table 2: Fleiss’ Kappa
	Case Study
	Fleiss Multirater Kappa (95% CI)

	1
	.548 (.547, .550)

	2
	.427 (.426, .428)

	3
	.768 (.766, .769)

	4
	.504 (.503, .505)

	5
	.075 (.073, .076)



Score Consistency	
Additionally, each participants’ scores were analyzed and compared with the “correct” answers, as determined during the case studies’ development by the interdisciplinary team. Results are presented below in Table 3. Although most nurses agreed on whether or not they were concerned about a patient’s clinical status, little consensus regarding a fictionalized patient’s sub-categorical (i.e. behavior/neurologic, cardiovascular, respiratory, staff concern, and family concern) and total scores were evident. 
Table 3: Correctness of Participants’ Responses
	
	Behavior/
Neurologic
	Cardiovascular
	Respiratory
	Staff Concern
	

Family Concern
	


‘Total’
	Nurse Participant is
Concerned

	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%



The fact that there is substantial variability around agreement for cases suggests that in addition to inter-rater variability there is substantial variability with respect to the tool’s use in different scenarios.
Questionnaire Response Data
	While inter-rater reliability and scoring consistency varied, nurses’ responses to the questionnaire indicated a high level of agreement among the nurses’ rationale for a concerning or non-concerning clinical presentation, necessary nursing interventions (i.e. increasing bedside monitoring, notification of a healthcare provider, administration of medications, etc.), and expected clinical outcomes. Themes of the nurses’ responses from the questionnaire are summarized below in Table 4. 
Case Study 1
	Case study one centered around a pre-school aged child with leukemia being admitted to a medical-surgical unit after presenting the emergency department with a fever. A majority of nurses (84%) indicated that they were concerned with the patient’s clinical status. Twenty-nine responses were recorded that highlighted nursing concerns for the potential for clinical decompensation. The most commonly recommended interventions included increasing patient monitoring, notification of a healthcare provider, administering medications, and recommending further interventions. 
Case Study 2
	This case study discussed the clinical status of a 4 month-old male with respiratory syncytial virus (RSV) being managed on heated high flow (HHF) and worsening respiratory status. One-hundred percent of nurse participants agreed that this patient was at high risk for clinical decompensation and exhibited concerning signs and symptoms. As a result, many responses to the questionnaire indicated a need to notify a provider and respiratory therapist (RT) as well as identified further interventions and the need for increased monitoring. 
Case Study 3
	Similarly, all participants concurred that the third fictionalized patient, a teenager presenting to a medical-surgical unit in diabetic ketoacidosis (DKA) with altered mental status, was at high risk for clinical deterioration. Responses to the questionnaire highlighted the need to notify a provider, increase bedside monitoring, and recommend and initiate additional medical therapies as priority nursing interventions. 
Case Study 4
	Case study 4 discussed the current clinical presentation of a young, school-aged child recovering from an asthma exacerbation being treated on a medical-surgical unit. Eighty-eight percent of nurses stated that they were not concerned by this child’s current status. Most responses indicated that nurses agreed that continuing the current treatment regimen, administering PRN medications (i.e. albuterol), coordinating care with a respiratory therapy, and addressing the family’s educational deficits were of highest priority. 
Case Study 5
	This case study tasked nurses to examine the clinical presentation of a 6 month-old male with a complex cardiac history being admitted for pre-hydration prior to a corrective surgery the following day. All nurse participants agree that this child exhibited non-concerning clinical findings consistent with the child’s baseline. As such, most nurses recommended continuing the current treatment regimen without need for any modifications at that time. 
Table 4: Questionnaire Response Themes
	Case  
	Question
	Response Themes (Frequency)

	1
	Nurse Concern
	Potential for decompensation (29)

	 
	 
	Stable clinical status (4)

	 
	 
	Provider has evaluated patient (2)

	 
	 
	Acceptable plan of care in place (2)

	 
	 
	 

	 
	Interventions & Actions
	Increase monitoring (28)

	 
	 
	Administer medications (17)

	 
	 
	Recommend further interventions (20)

	 
	 
	Notify provider (21)

	 
	 
	Provide support to patient/family (1)

	 
	 
	 

	 
	Rationale for Interventions
	Patient status (7)

	 
	 
	To promote/improve clinical status (12)

	 
	 
	Provider presence needed (1)

	 
	 
	Nurse's concern (1)

	 
	 
	Update provider (2)

	 
	 
	 

	 
	Expected Results
	Clinical improvement (12)

	 
	 
	Additional interventions prescribed/initiated (8)

	 
	 
	Provider presence at bedside (3)

	 
	 
	Transfer to a higher level of care (1)

	 
	 
	 

	2
	Nurse Concern
	Current clinical status/Potential for decompensation (29)

	 
	
	 

	 
	Interventions & Actions
	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)

	 
	
	 

	 
	Rationale for Interventions
	Patient status (11)

	 
	
	To promote/improve clinical status (8)

	 
	
	Provider presence needed (3)

	 
	
	 

	 
	Expected Results
	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)

	 
	
	 

	3
	Nurse Concern
	Current clinical status/Potential for decompensation (35)

	 
	 
	 

	 
	Interventions & Actions
	Recommend further intervention (40) 

	 
	 
	Notify provider (23)

	 
	 
	Notify charge nurse (1)

	 
	 
	Increase monitoring (19)

	 
	 
	Transfer to higher level of care (5)

	 
	 
	 

	 
	Rationale for Interventions
	Patient status (16)

	 
	 
	To promote/improve clinical status (7)

	 
	 
	 

	 
	Expected Results
	Clinical improvement (7)

	 
	 
	Clinical decompensation (4)

	 
	 
	Additional interventions prescribed/initiated (4)

	 
	 
	Provider presence at bedside (2)

	 
	 
	Transfer to a higher level of care (7)

	 
	 
	 

	4
	Nurse Concern
	Current clinical status/Potential for decompensation (3)

	 
	
	Stable clinical status (25)

	 
	
	 

	 
	Interventions & Actions
	Continue with current management plan (15)

	 
	
	No additional interventions required (1)

	 
	
	Notify provider (1)

	 
	
	Notify RT (7)

	 
	
	Educate patient/family (8)

	 
	
	Administer medications (4)

	 
	
	 

	 
	Rationale for Interventions
	Patient status (6)

	 
	
	To promote/improve clinical status (2)

	 
	
	Identified educational needs (3)

	 
	
	 

	 
	Expected Results
	Clinical improvement (8)

	 
	
	Family's concern addressed (4)

	 
	
	 

	5
	Nurse Concern
	Stable clinical status (25)

	 
	 
	 

	 
	Interventions & Actions
	Continue with current management plan (15)

	 
	 
	No additional interventions required (10)

	 
	 
	Review current management plan (2)

	 
	 
	 

	 
	Rationale for Interventions
	Patient status (13)

	 
	 
	 

	 
	Expected Results
	No clinical change (2)



Discussion
	This quality improvement project was designed to modify a Midwestern children’s hospital existing pediatric EWS tool utilizing the literature and a multidisciplinary healthcare team’s expertise to test the inter-rater reliability of the newly modified tool and evaluate nurses’ critical thinking abilities. Twenty-five nurses employed across three medical-surgical units were recruited and completed scoring of five fictionalized patients within case studies illustrating varying degrees of clinical stability and decompensation. The statistical analysis indicated that the tool had moderate inter-rater reliability among nursing staff. Interestingly, inter-rater reliability was higher in cases (Case Studies 3 and 5) that exhibited a patient who was clearly stable or clinically decompensating as opposed to an ill patient that may be successfully managed on a medical-surgical unit (Case Studies 1 and 2). Further, inconsistency in scoring between nurses was greatest in the behavioral/neurological, cardiovascular, 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 patients whose total score was greater than or equal to 3 (McLellan et al., 2014). Possible explanations for this discrepancy include lack of understanding 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/neurologic section, are subjective in nature and may be interpreted differently among nursing staff. Further, lack of understanding of when to assign a score for a family’s concern was evident. Additionally, lack of familiarity with the tool and time constraints may have resulted in skewed scoring. 
Although a statistical analysis indicated moderate inter-rater reliability, an examination of the qualitative data indicated a greater consensus between 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 solutions (Cassidy et al., 2019; Jensen et al., 2018). As such, further exploration 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 regarding the concerning nature of the patient in Case Study 1. The interdisciplinary panel determined that the patient in Case Study 1 did not warrant a score in the nurse concern category. Rather, the interdisciplinary 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 questionnaire. Yet, despite this disagreement, many nurses recommended performing 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 surprising considering the considerable discrepancies in scoring in many of the categories as well as the total score in many of these cases. This further bolsters the concern that an objective score may not adequately represent the extent of a nurse’s concern about a patient and the subsequent 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 circumstances, a larger sample size would have been recruited for more reliable results. However, the ability of this researcher to recruit participants was impacted by the COVID-19 pandemic and its subsequent restrictions on direct access to nursing staff. Additionally, the COVID-19 pandemic altered this researcher’s original plans to educate the staff about the new tool, in person. Instead, this researcher provided written instructions as opposed to the preferred, in-depth educational sessions originally intended. 
Further, the length of and time required to complete all five case studies may have dissuaded nurses from completing the case studies all-together or impacted their ability to devote adequate attention to appropriately score each fictionalized patient, especially as this was designed to be completed throughout the course of a nurse’s shift. Finally, results may be skewed as a majority of the participants were employed on one of the medical-surgical units. As each unit has different specializations (i.e. non-invasive mechanical ventilation trained staff, patient diagnoses and ages, etc.), scores could have been influenced by nurses’ unfamiliarity with certain conditions and treatment regimens. 
Future Work
	The results of this study are promising and indicate a potential benefit to utilization of this pediatric EWS tool on medical-surgical units. However, a more extensive evaluation of its effectiveness is warranted. Future steps to improve inter-rater reliability may include interventions such as clarification of the tool’s terminology, staff education, and a robust explanation of how to score patients may be beneficial. Practicing this new skill with high-fidelity simulation may also improve acceptance and better utilization of this tool. Once a high level of inter-rater reliability is achieved, testing on admitted pediatric patients treated on medical-surgical units to ensure the tool’s accuracy in identifying patients who are clinical decompensating and preventing unplanned transfers to the PICU and cardiac and respiratory arrests outside of the ICU should commence. 
Conclusion
	Pediatric patients are often treated outside of the PICU. However, their initial admission to a medical-surgical unit does not rule out the possibility of clinical decompensation, an unplanned transfer to a higher level of care, or a cardiac or respiratory arrest. As such, pediatric EWS have been implemented across pediatric healthcare facilities in order to prevent these unintended outcomes. The results of this study, in combination with current literature, are promising, indicating that this tool may serve to better identify these patients. 
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Appendix A
Dear Nurses,
Hello! My name is Adrienne and I am a nurse on 6 Med/Surg as well as a DNP-PNP student at Creighton University. Currently, I am working on improving Children’s PEWs tool for my DNP project.
I have worked with an interdisciplinary team to modify our existing PEWs tool and need to ensure that it can be used consistently among nurses before testing it on our pediatric patients. However, in order to do so, I need your help! I have developed five case studies as well as some questions following each case study to test the new tool’s effectiveness. Could you please take some time to score these fictional patients using the new tool and answer the subsequent questions?
The case studies will be available on Monday, December 14th and will be in green folders located on Lolli Pops 2 and 3. I estimate that it should take no more than 10-15 minutes of your time.
Thank you all, in advance, for your assistance! Please do not hesitate to reach out if you have any questions or concerns!
All the best,
Adrienne Schleisman, BSN, RN, CPN
Pediatric AC/PC Nurse Practitioner, Doctor of Nursing Practice Candidate
College of Nursing | Creighton University
adrienneschleisman@creighton.edu
(402) 657-8315
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Appendix C

	Modified PEWs Tool

	 
	0
	1
	2
	3
	Score

	Behavior/Neurologic
	· Playing/Sleeping appropriately
· Alert (at patient's baseline)
	· Sleepy, but easily arousable
· Consolable when fussy
	· Inconsolable
· Increase in patient's baseline
seizure activity
	· Lethargic, confused, floppy tone (new onset)
· Reduced response to pain
· Prolonged or frequent seizures from baseline
· Pupils asymmetric or sluggish
	 

	Cardiovascular
	· Skin tone appropriate for patient 
or cyanotic at baseline
· Capillary refill <2 seconds
· HR normal for age
	· Pale
· Capillary refill 3-4 seconds
· Mild* tachycardia
· Intermittent arrhythmia or irregular HR (not new)
	· Grey
· Capillary refill 4-5 seconds
· Moderate* tachycardia
	· Grey and mottled 
· Capillary refill >5 seconds
· Severe* tachycardia
· New onset bradycardia
· New onset or increased frequency of arrhythmia, irregular HR, or heart block 
	 

	Respiratory
	· Within normal parameters for age
· No retractions
· At baseline O2 requirement
	· Mild* tachypnea/increased WOB (retracting in 1 muscle group)
· Intermittent apnea, self-resolving
· A new FiO2 requirement up to 39% or up to a 10% point increase from baseline needs
· Up to 1L O2 via NC > than patient's baseline need or 3-5L O2 via mask 
· Desaturizations >80% or 5-9% points below patient's baseline 
	· Moderate* tachypnea/increased 
WOB (nasal flaring, retracting in 
1-2 muscle groups, use of
accessory muscles)
· Apnea requiring repositioning or stimulation
· A new FiO2 requirement between 40-49% or between an 11-29% point increase from baseline needs
· 1-2L O2 via NC > than patient's baseline need or 6-8L O2 via mask
· Desaturatizations between 70-79% or 10-14% points below the patient's baseline
· Requiring Nebulizers/MDIs q 1-2 hours
	· Severe* tachypnea or bradypnea
· Severe increased WOB (head bobbing, grunting, paradoxiacal breathing)
· Apnea requiring interventions other than repositioning or stimulation.
· A new FiO2 requirement >50% or >30% point increase from baseline needs
· >2L O2 via NC > than patient's baseline need or >9L O2 via mask
· Desaturizations <69% or >15% points below a patient's baseline
· Requiring Nebulizers/MDIs > q 1 hour
	 

	Staff Concern
	 
	Nurse believes an evaluation by a provider is necessary (+1 point).
	 
	 
	 

	Family Concern
	 
	Concerned (+1 point)
	 
	 
	 

	
	
	
	
	Total
	 




	Mild, Moderate, and Severe Classification Guide*

	Heart Rate
	Normal
	Mild
	Moderate
	Severe

	Neonate
	100-205 (awake); 90-160 (asleep)
	225-234 (awake);  176-183 (asleep)
	235-254 (awake); 184-198 (asleep)
	>255 (awake); >199 (asleep)

	Infant
	100-180 (awake); 90-160 (asleep)
	198-206 (awake); 176-183 (asleep)
	207-223 (awake); 184-198 (asleep)
	>224 (awake); >199 (asleep)

	Toddler
	98-140 (awake); 80-120 (asleep)
	154-174 (awake); 132-149 (asleep)
	175-209 (awake); 150-179 (asleep)
	>210 (awake); >180 (asleep)

	Pre-Schooler
	80-120 (awake); 65-100 (asleep)
	132-149 (awake); 110-124 (asleep)
	150-179 (awake); 125-149 (asleep)
	>180 (awake); >150 (asleep)

	School-aged
	75-118 (awake); 58-90 (asleep)
	130-146 (awake); 99-112 (asleep)
	147-176 (awake); 113-134 (asleep)
	>177 (awake); >135 (asleep)

	Adolescent
	60-100 (awake); 50-90 (asleep)
	110-124 (awake); 99-112 (asleep)
	125-149 (awake); 113-134 (asleep)
	>150 (awake); >135 (asleep)

	Respiratory Rate
	Normal
	Mild
	Moderate
	Severe

	Infant
	30-53
	63-71
	72-78
	>79

	Toddler
	22-37
	41-46
	47-55
	>56

	Pre-Schooler
	20-28
	31-35
	36-42
	>43

	School-aged
	18-25
	28-31
	32-37
	>38

	Adolescent
	12-20
	22-25
	26-29
	>30

	*All values based on PALS' normal vital sign parameters





Appendix D

Case Study 1

You are the nurse caring for a 4 year-old female with a history of acute lymphoblastic leukemia (ALL). She was admitted to the floor from the ER after presenting with a temperature of 38.5 C and symptoms of an upper respiratory infection. In the ER, blood cultures and labs were obtained and a fluid bolus was started and antibiotics were administered. Additionally, the oncologist examined her and placed admission orders, including one for acetaminophen. On your exam, she is pale, tachycardic, and her capillary refill is between 3-4 seconds. Her feet and hands are cool to the touch. You notice that she is tachypneic and has subcostal and substernal retractions. She cries throughout your examination, but calms when her mother picks her up and holds her. Your CNA is then able to obtain the child’s vital signs and reports them to you. They are as follows: 

Temperature: 38.3 C
HR: 140
RR: 34
BP: 110/65
SpO2: 95% on room air

1. How would you score this patient?
	Category
	Score

	Behavior/Neurologic
	

	Cardiovascular
	

	Respiratory
	

	Staff Concern
	

	Family Concern
	

	Total:
	



2. Are you concerned about this patient’s clinical status? Why or why not?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3. Based on this information and your score, what interventions or actions (if any) would you take (i.e. administer medications, call a provider, increase monitoring frequency, etc.)? Please list. 
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4. Why did you choose these interventions? What do you expect to happen?
________________________________________________________________________________________________________________________________________________________________________________________________________________________
Case Study 2
You are the nurse caring for a 4 month-old, 8 kg male with a 3 day history of a cough, runny nose, and low grade fevers. He was brought to the ER earlier this morning by her mother due to increased work of breathing, tachypnea, and an increased runny nose. While in the ER, he tested positive for RSV, started on 8L of heated high flow (HHF) with 30% FiO2 and placed on cardio-respiratory monitors and continuous pulse oximetry. He was admitted to a medical-surgical unit. He has been your patient for 4 hours. 
You get called into the room because his mother states that she’s worried that her son is “breathing funny again,” and his alarms are going off more frequently. On your exam, you notice that his pulse oximetry is 82% on 8L of heated high flow (HHF) and 30% FiO2. He is tachypneic with moderate subcostal, substernal, intercostal retractions, and grunting. He is sleeping but responds appropriately when stimulated. Another nurse enters the room to assist you and obtains his vital signs. 
Temperature: 37.7 C
HR: 180
RR: 65
BP: 85/59
SpO2: 82% on 8L of heated high flow (HHF) and 30% FiO2	

1. How would you score this patient?
	Category
	Score

	Behavior/Neurologic
	

	Cardiovascular
	

	Respiratory
	

	Staff Concern
	

	Family Concern
	

	Total:
	



2. Are you concerned about this patient’s clinical status? Why or why not?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3. Based on this information and your score, what interventions or actions (if any) would you take (i.e. administer medications, call a provider, increase monitoring frequency, etc.)? Please list. 
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4. Why did you choose these interventions? What do you expect to happen?
________________________________________________________________________________________________________________________________________________________________________________________________________________________
Case Study 3
You are the medical-surgical nurse assigned to care for a 16 year-old male being transferred to Children’s from an outside hospital via EMS in diabetic ketoacidosis. He received a 500 mL NS bolus and 20 units of Humalog subcutaneously at the outside hospital. As he arrives to his room, you ask him his name. He responds with, “My name?” and does not answer your question. You notice that he appears out of it. His father is with him and frantically states, “This is not my son! What’s happening?” 
On exam, his pupils are equal and round, but react sluggishly to light. You notice that he is tachycardic and has deep, rapid respirations. His extremities are cool and his capillary refill is 4 seconds. Your CNA obtains his vital signs and reports them to you. They are: 
Temperature: 36.8 C
HR: 130
RR: 32
BP: 84/50
SpO2: 97% on RA

5. How would you score this patient?
	Category
	Score

	Behavior/Neurologic
	

	Cardiovascular
	

	Respiratory
	

	Staff Concern
	

	Family Concern
	

	Total:
	



6. Are you concerned about this patient’s clinical status? Why or why not?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

7. Based on this information and your score, what interventions or actions (if any) would you take (i.e. administer medications, call a provider, increase monitoring frequency, etc.)? Please list. 
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

8. Why did you choose these interventions? What do you expect to happen?
________________________________________________________________________________________________________________________________________________________________________________________________________________________
________________________________________________________________________
Case Study 4
You are the nurse caring for a 10 year-old female patient who presented to the ER last night with an acute asthma exacerbation. She was initially started on continuous albuterol but was transitioned to the moderate pathway (8 puffs of albuterol via MDI every 2 hours with 8 puffs of albuterol via MDI every hour PRN) an hour ago. You enter her room to perform a repeat assessment and to obtain 1200 vital signs. 
You notice that she is alert and engaged in a television show. She is able to speak in 5-6 word sentences and tells you she is “starving,” and is “feeling much better.” You appreciate mild subcostal retractions and scattered expiratory wheezing throughout all lung fields. Her mother expresses concern about the severity of this exacerbation and what it means for her daughter’s long-term management plan. Her vital signs are as follows: 
Temperature: 37 C
HR: 144
RR: 28
BP: 112/67
SpO2: 99% on RA
9. How would you score this patient?
	Category
	Score

	Behavior/Neurologic
	

	Cardiovascular
	

	Respiratory
	

	Staff Concern
	

	Family Concern
	

	Total:
	



10. Are you concerned about this patient’s clinical status? Why or why not?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

11. Based on this information and your score, what interventions or actions (if any) would you take (i.e. administer medications, call a provider, increase monitoring frequency, etc.)? Please list. 
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

12. Why did you choose these interventions? What do you expect to happen?
________________________________________________________________________________________________________________________________________________________________________________________________________________________
________________________________________________________________________
Case Study 5
You are the night nurse caring for a 6 month-old child with tetralogy of fallot. He was admitted to the hospital this evening for hydration in preparation for his surgery to repair this defect tomorrow. He currently has a saline locked PIV in his right antecubital and has fluid orders to start at midnight when his NPO orders begin. You are completing your shift assessment and obtaining 2000 vitals. 
On exam, you notice a happy, smiling infant playing with a rattle. His skin is mottled, but his father reports that it has looked this way since he was born. His father also states that he typically has oxygen saturations “in the 80s,” but doesn’t require oxygen unless he has a spell. He has a noticeable murmur and clear lung sounds in all lobes. You obtain his vital signs. They are as follows: 
Temperature: 37 C
HR: 120
RR: 40
BP: 96/58
SpO2:  85% on RA
1. How would you score this patient?
	Category
	Score

	Behavior/Neurologic
	

	Cardiovascular
	

	Respiratory
	

	Staff Concern
	

	Family Concern
	

	Total:
	



2. Are you concerned about this patient’s clinical status? Why or why not?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3. Based on this information and your score, what interventions or actions (if any) would you take (i.e. administer medications, call a provider, increase monitoring frequency, etc.)? Please list. 
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4. Why did you choose these interventions? What do you expect to happen?
________________________________________________________________________________________________________________________________________________________________________________________________________________________
________________________________________________________________________
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