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ABSTRACT
Title of Study
Do the use of Early Warning Scores and Systems that assist staff recognise patient deterioration
have any effect on key outcomes in adult (non-pregnant) patients in the acute healthcare
setting? A systematic review.

Background/literature

Early warning scores (EWSs) and early warning systems (EWSS) have been in use within the
acute healthcare setting for over 25 years. However, research findings regarding their effect
on improving patient outcomes remain mixed.

Aim

This systematic review aimed to examine international research and update previous reviews
in the context of whether the use of early warning scores (and its modified forms) and early
warning systems that detect patient deterioration had any influence or effect on patient
outcomes such as in-hospital mortality, unplanned intensive care admission, length of hospital
stay, cardiac arrests and any other serious adverse events on general hospital wards and
Emergency Departments in the acute hospital setting.

Methods (databases searched, quality appraisal)

Seven databases including CINAHL, Scopus, Web of Science, Embase, Medline, and
Academic Search Complete (EBSCO) along with the Cochrane library and the Cochrane
Database of Systematic reviews were searched. A scoping search of the grey literature was
also reviewed with regards the Health Service Executive (2022), Google (2022), Google
Scholar (2022), National Institute for Healthcare and Clinical Excellence, and the Health
Information and Quality Authority (HIQA).

Results (Key findings)

13 studies were identified from 415; there was a cumulative number of 337,092 patients
included in the combined studies. Findings were mixed and the review must be interpreted
with caution given that the majority of studies did not meet all the quality appraisal criteria.
Several themes emerged from the review; however, the intervention outcomes could not be
evaluated cumulatively because of the clinical heterogeneity of the studies.

Conclusions/implications/recommendations for future research

Future research should focus on whether or not the EWSs and EWSS are being implemented
as planned, as ‘failure to rescue’ remains an issue in the acute healthcare setting nationally and
internationally.



CHAPTER 1:

1. Introduction/Background

This chapter presents the background to the review conducted and provides an overview on
warning scores (EWSs) and Early Warning Systems (EWSS), and the different versions of the
EWSs. The central terms used throughout the dissertation are defined. This chapter opens
with the context in which EWSs and EWSS are used is also detailed in terms of acute hospital
care. The concepts of clinical deterioration and “failure to rescue” (FTR) are also explained.
In addition, this chapter provides the rationale and justification for the systematic review and
the personal motivation for choosing this topic.

1.1.  Acute Hospital Care

Acute care is where a patient receives active, short-term treatment for a condition. This can
include treatment for a severe injury, period of illness, urgent medical condition, or to recover
from surgery (The Health Foundation, 2022). Hospitals complement and amplify the
effectiveness of many other parts of the health system, providing continuous availability of
services for acute and complex conditions (WHO, 2022). The Health Research Board
identified three populations that use acute hospitals: people with chronic diseases regardless of
age, older people, and those requiring surgical or medical treatment for an acute illness (Keane
et al. 2018). Patients referred to acute hospitals comprise all age groups, but the elderly have
a higher incidence of acute severe disease and are more frequently admitted to hospital
(Blinkenberg, 2022). Data shows that in 2019, there were over 36.2 million hospital
admissions in the United States (U.S) and that the elderly account for the largest share of
hospital admissions in the U.S. (Statista, 2022). This places a strain on the acute hospital
services and Murphy et al. (2018) suggest that the National Health Service budget in the United

Kingdom (UK) is running over by more than half a billion; with acute hospital providers



specifically reporting deficits of up to 81%. Hospital In-Patient Enquiry (HIPE) is a health
information system that collates data on discharges from, and deaths in, acute hospitals in
Ireland (HPO, 2020). The most recent figures available indicate that there were 1,278,283
Emergency Department (ED) presentations in 2020 (Health Services Executive, [HSE] 2020).
This report goes on to explain that of the patients who attend ED, 27.5% were admitted and
that of note, that 54.7% of patients aged over 75 years, who attended ED were admitted. It
further states that this is an increase from 53.3% from December 2019 and contends that the
impact of COVID is a clear factor in this trend. Data from the Economic and Social Research
Institute indicated that 595,340 patients were admitted as inpatients in acute hospitals in Ireland
in 2018 (ESRI, 2020).

1.2 Clinical Deterioration

Acute physiological deterioration is a time-critical medical emergency that affects millions of
people worldwide (Hegarty et al. 2016). Many types of patients can experience unexpected
clinical deterioration during hospitalisation, and this deterioration is associated with in-hospital
mortality (Lee et al. 2018). If changes in patient’s vital parameters are recognised early, excess
mortality and serious adverse events (SAES), such as cardiac arrest may be prevented (Alam et
al. 2014). Jones et al. (2013) cited in Grant and Crimmons (2018), suggested a universal
definition for deterioration as follows: ‘A deteriorating patient is one who moves from one
clinical state to a worse clinical state which increases their individual risk of morbidity,
including organ dysfunction, protracted hospital stay, disability or death’. Acute deterioration
in critically ill patients is often preceded by changes in physiological parameters such as pulse,
blood pressure (BP), temperature and respiratory rate (RR) (Alam et al. 2014). Patient’s
physiological observations are routinely recorded in acute settings (DOH, 2020). Patient

assessment and measuring vital signs are the main components of monitoring a patient, and are



typically performed by nurses, nursing students and healthcare support workers (Smith and
Aitken, 2016). Grant and Crimmons (2018) contend that it is widely understood that patient’s
vital signs provide essential information to assess their clinical state, and that therefore it could
be suggested that any acute change from a patients specific normal vital signs will increase the
risk of developing morbidity, organ dysfunction, disability and finally death.

1.3 “Failure to Rescue”

FTR is the failure to prevent a death resulting from a complication of medical care or from a
complication of underlying illness or surgery (Burke et al. 2022). In the context of an unstable
patient, early recognition of clinical deterioration may be the key to preventing FTR (Johnston
et al. 2015). In this paper, the authors found overall rates of FTR ranged between 0.03% and
16.9% and that the majority of studies reported an overall FTR rate between 8.0 and 16.9%.
The importance of an effective track and trigger system and staff education needed to decrease
the incidence of in-hospital cardiac arrest (IHCA) and especially, patients admitted to
unmonitored general wards being at risk of deterioration unnoticed by the ward staff is explored
in the literature (Soar et al. cited in Creutzburg et al. 2021).

1.4 Early Warning scores and Early Warning Systems

In 1997 Morgan et al. first developed the concept of the Early Warning Score (EWS), and
suggested that early intervention on detection of deterioration might improve patient outcomes
and proposed a score system aggregated from ratings of vital signs that could be used to trigger
intervention (Hodgson et al. 2022). EWS (also termed ‘Track and-trigger systems’) have been
established in acute care clinical settings to facilitate a timelier response to, and assessment of,
acutely ill patients by: classifying the severity of a patient’s illness, providing prompts and
structured communications tools to escalate care; following a definitive escalation plan

(Hegarty et al. 2016). EWS systems have been introduced in health services across Europe,



Australia and America to aid healthcare professionals to promptly recognise and respond to the
acutely ill deteriorating patient (Royal College of Physicians, 2017). The EWS is a guide used
to determine the degree of clinical acuity of a patient and involves a scoring system allocated
on pre-determined clinical parameters (Department of Health [DOH], 2015). Early Warning
Systems (EWSS) encompass the anticipation, early recognition, escalation, competent clinical
response and closed loop governance to assist clinicians and healthcare professionals in
preventing irrevocable deterioration and death (Kehoe et al. 2022). Healthcare assistants can
calculate EWSs and nursing staff can contact an appropriate medical team member depending
on the patients score with the view of treatment escalation as indicated (Jayasundera et al.
2018). Escalation of care is a process that can be defined as the recognition and communication
of patient deterioration to implement definitive management (Johnstown et al. 2015).

15 Versions of the Early Warning Score

EWSs are often used in the hospital setting to assess worsening or improvement in patients’
clinical status over time (Jayasundera et al. 2018). Different aggregate weighted Early
Warning Scores (EWSs) were developed to facilitate identification of at-risk patients in various
clinical settings, most are based on simple physiologic measurements and clinical observations,
typically including heart rate HR, RR, BP, level of consciousness (LOC), and other metrics
depending on the selected modification tool (Smith et al. 2008).

151 NEWS

The standardized National Early Warning Score (NEWS) was established by the Royal College
of Physicians of London and is currently used in several countries (Lee et al. 2018).
Internationally, NEWS provides a common language in communicating deterioration of
hospitalised patients’ (Pimentel et al. 2019). The National Early Warning Score (NEWS) is an

early warning system that predicts clinical deterioration. The impact of the NEWS on the



outcome of healthcare remains controversial (Wu et al. 2021). Data from Kivipuro et al. (2018)
indicates that the NEWS is associated with in- hospital mortality at 30-days. The NEWS is
intended to provide reliable, timely, and effective indications of the clinical responses of
acutely ill patients. By including seven simple physiological variables, the NEWS also
provides a useful and rapid bedside tool (Lee et al. 2018).

In the UK, the NEWS2 is the system for scoring the physiological measurements that are
routinely recorded at the patient's bedside. Its purpose is to identify acutely ill patients,
including those with sepsis, in hospitals in England (NICE, 2020). It was introduced in the UK
by the Royal college of Physicians in 2017. This was to take into account the fact that NEWS
1 parameters for oxygen saturations neglect to consider patients who have chronically low
oxygen saturation levels, thus leading to inappropriate and frequent triggering of an escalation
of care (Grant and Crimmons, 2018). In order to address this, the revised NEWS?2 introduced
peripheral capillary oxygen saturations (SpOz). With NEWS2, appropriate clinical responses
are given for threshold (trigger) levels, with a recommendation to review and agree these
locally: Low risk (aggregate score 1 to 4) — prompt assessment by ward nurse to decide on
change to frequency of monitoring or escalation of clinical care. Low to medium risk (score
of 3 in any single parameter) — urgent review by ward-based doctor to determine cause and to
decide on change to frequency of monitoring or escalation of clinical care. Medium risk
(aggregate score 5 to 6) — urgent review by ward-based doctor or acute team nurse to decide
on escalation to critical care team. High risk (aggregate score of 7 or over) — emergency
assessment by critical care team, usually leading to patient transfer to higher-dependency care
area (NICE, 2020). The recommendation for a NEWS2 aggregate score of zero (that is, no
change to any parameter) is a minimum 12-hourly review and to continue routine monitoring

(NICE 2020).



152 MEWS

The Modified Early Warning Score is an objective patient acuity scoring system to help the
nurse verify deterioration of patient’s condition and ascertain whether there is a need to activate
the rapid response team (RRT) (Brewer et al. 2015). It measures RR, HR, systolic BP (SBP),
urine output, temperature, and the patient’s neurological response in terms of Alert, Voice,
Pain, Unresponsive (AVPU). A score is attributed to each observation based on the degree of
physiological abnormality. All of the observation scores are added together to provide a total
MEWS (Australian Commission on Safety and Quality in Health Care 2010).

1.5.3 E-NEWS

The E-NEWS is an electronic version of the NEWS (Wu et al. 2021).

154 INEWS

With the Irish National Early Warning System (INEWS), each of seven physiological
parameters (RR, O saturations, supplemental oxygen, HR, SBP, LOC and temperature) is
allocated a numerical score from ‘0’ to ‘3’ on a color-coded observation chart. A score of ‘0’
represents the least risk while a score of ‘3’ represents the highest risk. Individual scores are
then summated to give the patient’s INEWS score (Kehoe et al. 2022). The INEWS score is
captured on the INEWS observations chart, a track and trigger tool, which is an adjunct to
clinical judgement for assisting the identification of the acutely unwell patient (DOH, 2020).
The frequency of monitoring of observations following admission has been increased to six
hourly from 12 hourly for the first 24 hours following admission in acknowledgement of the
vulnerability of patients in the ‘acute’ phase of illness in the 24 hours following admission.
The National Clinical Guideline (NCG) No 1 (DOH, 2020) goes on to clarify that for every
patient the frequency of monitoring of observations should be consistent with the clinical

situation and history of the patient (DOH, 2020).



Foley and Dowling (2018) explain that Ireland and Australia use EWS systems based on
VitalPac EWS (VIEWS) compared to the UK's NEWS. The authors go on to clarify that the
differences between the two variations can be found in the scoring of some parameters, for
example, the UK's NEWS scores a patient's oxygen requirements as a 2 whereas the VIEWS,
used by Ireland and Australia, scores it as a 3.

1.6 Rationale/Justification for the systematic Review

Much has been written previously and there are previous systematic reviews (referred to below)
completed in relation to EWSs and EWSS for recognising patient deterioration in hospitalised
patients. These studies indicate that early warning systems for the early recognition of clinical
deterioration in critically ill patients within 24 hours can reduce the incidence of in-hospital
patient deterioration and associated mortality in relation to reduced length of stay (LOS), if
transferred/admitted to ICU, rate of cardiac arrest or other escalations of care.

Therefore, this systematic review aimed to examine international research and update previous
reviews (McNeill and Bryden (2013), Alam et al. (2014), Smith et al. (2014), Hamilton et al.
(2018), Gerry et al. (2020), Jayasundera et al. (2018) and Credland et al. (2020)) on this topic.
This was in relation to the context of whether the use of early warning scores (and its modified
forms) and early warning systems that detect patient deterioration had any influence or effect
on patient outcomes such as in-hospital mortality, unplanned intensive care admission, LOS,
cardiac arrests and any other serious adverse events on general hospital wards and ED
departments in the acute hospital setting. Publication dates were set years from 2017 to 2022.
As part of that update, the author was also interested to establish if the emergence of COVID
had instigated a body of literature, which focused on using patient alert

notifications/instruments to investigate patient deterioration.



1.7  Personal Motivation

Positionality

The Patient Safety Strategy (2019 — 2024) (HSE, 2019) and the Framework for Improving
Quality in the Health Service (HSE, 2016) have referenced and identified improvement of care
of the clinically deteriorating patient as a key patient safety priority in the Irish Health Services
(Kehoe et al. 2022). The author of this dissertation was previously involved in the completion
a national audit of the NEWS in the Irish Healthcare setting in a representative sample of model
2, 3 and 4 hospitals acute hospitals. The audit found that limited assurance could be provided
that the hospitals were compliant with the National Clinical Guideline (NCG) on NEWS (HSE,
2018). Therefore, the author has a personal interest in seeking to review the latest literature in
relation to this topic.

The final number of studies selected for inclusion in the review was 13. Of interest, despite
the search limits including the years of COVID pandemic (2019 to time of writing) only one
study overtly examined the use of established instruments (NEWS, NEWS2) to investigate its
usefulness in determining patient deterioration in the context of Covid 19 (Kostakis et al.
2021).

Chapter 2 provides the Systematic Review, and includes the review aim, studies inclusion and
exclusion criteria, the systematic search strategy as well as the screening process used. It also
discusses how the data were extracted and their quality and risk of bias appraised.

In summary, this chapter has provided the reader with the background to the review conducted
and the central terms used throughout the dissertation were defined. The dissertation now

moves to the scientific paper section.



CHAPTER 2:

Do the use of Early Warning Scores and Systems that assist staff recognise patient
deterioration have any effect on key outcomes in adult (non-pregnant) patients in the
acute healthcare setting? A systematic review.

The purpose of this chapter is to provide a Systematic Review paper prepared using headings
that are broadly similar to those used in the British Journal of Nursing. A decision to select
this journal as the target journal for publication was taken as articles are double-blind peer
reviewed, and it has a range of inter-professional topics and would capture a larger multi
professional demographic. The link for reviewing article submission requirements is available
here. This journal has also previously published papers in relation to the topic of early warning
scores, e.g. (Grant and Crimmons, 2018) and therefore seems an appropriate journal to publish
within in regards this topic. It has an Impact Factor of 0.71.

2.1 Methods

The systematic review was conducted in conjunction with the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins et al. 2019) and reported using the Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) checklist (Page et al.
2021).

2.1.1 Eligibility criteria

The PICO question that is used is a ‘therapy/intervention question type’ as the review was
seeking to determine the effectiveness of an intervention (Davies, 2011).

The eligibility criteria for the review were guided by the PICOST framework to include ‘S’ for
setting and ‘T’ for timeframe.

Inclusion criteria: non-pregnant patients aged 15 years or older, who were inpatients in acute

hospitals.
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Intervention: The effect of early recognition of patient deterioration using early warning score
(EWS) or modified EWS (MEWS) or Early Warning Systems or ‘track and trigger’
scores/systems to recognise deterioration was reviewed/studied.

Outcome: The effect of interventions aimed at improved mortality, reduced LOS, if
transferred/admitted to ICU, rate of cardiac arrest or other escalations of care.

Study Design: randomised controlled trails (RCT), quasi-experimental studies, intervention
studies, quantitative studies.

Studies without interventions, comparisons and conducted in settings other than acute care
were excluded. Review papers, abstract only articles, pilot studies, editorial and conference
papers, literature reviews, pilot studies, and study protocols were also excluded.

Table 1: Review inclusion and exclusion criteria

PICOST framework | Inclusion criteria Exclusion criteria

Population Adult >15 years (non-pregnant) | Patients with a do not
patients in the acute hospital Resuscitate (DNR) in place,
setting palliative care patients,

paediatric patients <15years
and pregnant women
(maternity setting).
Intervention Early recognition of patient Studies without an intervention
deterioration using early
warning score (EWS) or
modified EWS (MEWS) or
track and trigger or Early
Warning Systems

Primary empirical, peer
reviewed research, including
RCT’s, cohort and case
controlled studies, pre and post
interventional studies

Comparison Usual standard of care Studies with no comparison
Outcomes Improved mortality, reduced Studies that do not include, are
LOS if transferred/admitted to | not relevant to or do not
ICU measure an effect on the

recognition of patient
deterioration

11



PICOST framework | Inclusion criteria Exclusion criteria

Settings Acute hospital healthcare All other healthcare settings
setting, including care of the elderly
settings, primary care,
maternity care settings.
Timeframe January 2017-April 2022 Outside of this timeframe

2.1.2. Search strategy
All major electronic sources of information relevant to the topic including CINAHL and the

Cochrane library including the Cochrane Database of Systematic reviews, Scopus, Web of
Science, Embase, Medline, and Academic Search Complete (EBSCO) were searched to
identify published and unpublished studies and previous work in the field (See Appendix I).
The search was conducted based on title and abstract using truncation, the explode feature and
phrase searching. Truncation, also called stemming, a technique that broadens your search to
include various word endings and spellings was used. Concepts were combined using Boolean

operators ‘OR’ and ‘AND’ as follows:

Mesh heading: "Early Warning Score"

"Early warning scor*" OR "early warning system" OR "track and Trigger*" OR EWS OR
"Early Warning System*””) OR TI (“early warning scor*" OR "early warning system" OR
"track and Trigger*" OR EWS OR "Early Warning System*”’)

OR Mesh heading: ‘Clinical Deterioration’

Abstract (“patient deterioration" OR "clinical deterioration””) OR TI (“patient deterioration"
OR “clinical deterioration”

OR Abstract (outcome* OR mortality) OR TI (outcome* OR mortality)

AND "randomised controlled trial*" AND RCT OR "interventional Stud* AND hospitalisation
OR inpatient*

Similar search terms and search strings were used across all databases to ensure a
comprehensive search and in an effort to maintain consistency across the databases.

Grey literature including conference notes, dissertations, government documents and reports
were also searched. Hand searching of relevant journals also took place to ensure all relevant
publications were captured. Search results were saved by creating accounts in all the databases,

e.g. CINAHL, PubMed etc.
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A scoping search of the grey literature was reviewed in the following areas: Health Service
Executive (2022), Google (2022), Google Scholar (2022), National Institute for Healthcare and
Clinical Excellence, Health Information and Quality Authority (HIQA) to determine the key
words and synonyms. ‘Grey literature’ is the information not controlled by traditional
academic publishers and can include conference abstracts, theses, government reports, patents,
and clinical practice guidelines, (Aromataris & Riitano, 2014).

The searches took place in April 2022 and was limited to peer-reviewed studies published in
English within a five-year timeframe (between January 2017 and April 2022). A five-year
period was chosen due to the plethora of literature on the topic and the limitation on word count
for this dissertation.

Inclusion criteria

Date published was in the period January 2017 to April 2022 in the English language. The
participants were non-pregnant adults over the age of 15 in the acute hospital setting. The type
of studies were quantitative empirical studies. The study designs included the assessment
interventions in controlled studies, and randomised controlled trials. Outcome measures were
the effect that early warning scores/systems have on the recognition of patient clinical
deterioration in the acute hospital setting. Outcome measures related to mortality rate (MR),
LOS, rate of cardiac arrest and rate of admission to intensive care/similar acuity locations, rate
of death and other escalations of care.

Exclusion criteria

Papers with all other study designs other than those referenced and those studies that are prior
to 2017 and that were not peer reviewed. Systematic reviews and meta-analysis were not
included as this systematic review focused on primary research only. Other interventions to

recognise patient deterioration were not included.
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2.1.3 Study selection

Database searches were conducted in April 2022. Identified records were uploaded to Endnote,
which is a type of reference management software (University of Limerick, 2022). Records
were then transferred to Covidence (N=415). This a web-based software platform that
streamlines the production of systematic reviews and other research reviews that require
screening citations and full text, assessing risk of bias, or extracting study characteristics and
outcomes (Covidence, 2022). Covidence software identified the duplicates (N=193). As
critical appraisal is about judgment making, it is advised to have at least two reviewers
independently involved in the appraisal process (Hong, 2018). Therefore, the aims and
objectives, inclusion and exclusion criteria of the systematic review were shared with the
second reviewer (KH) and 221 studies were screened. Discrepancies as to whether a paper met
the inclusion criteria were discussed with (KH) until a consensus was agreed. In instances
where there were conflicts, a third reviewer (AS) was consulted to resolve so that a final
consensus could be agreed. This resulted in 129 studies being deemed irrelevant, 92 full text
studies were screened via titles and abstracts. Of those, 79 were excluded for various reasons,
50 were excluded primarily due to the wrong study design (see figure 1). This yielded 13

papers. See Figure 1 flow diagram of the study selection process clearly described.

14



2.1.4 Diagram of the study selection process
Figure 1: Study identification, screening, and selection process.
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2.2  Study characteristics

There were 13 studies reviewed (See Table 5). The countries that the studies were conducted
in reflected the Credland et al. review (2020) and included, USA (N=5), Europe (N=4),
[comprised of Denmark (N=2), Belgium (N=1), Germany (N=1)], Egypt (N=1) South Korea
(N=1), UK (N=1) and Taiwan (N=1). Studies were carried out between 2017 (Imperato et al
2017) and 2022 (Wu et al. 2022). Interventions ranged from the implementation of protocols
on EWS and NEWS/MEWS/ENEWS, and of education and training programmes on the
EWS/EWSS and their effect on clinician behaviour and consequently patient outcomes. All
13 studies were conducted in the acute hospital setting including ED units (N=3) and various
wards (N=10). Sample sizes ranged from 263 (Kumar et al, 2020) to 85,322 (Bedoya et al.
2019). The study designs were 10 quasi-experimental studies; one randomised controlled trial
and two cross sectional studies.

Data collection tools included flow charts and healthcare records (HCRs), pen and paper,
electronic health records (EHRS), routine databases, measurement logs of the deployed system,
civil registration number, an E-NEWS dashboard on a Hospital Information System (HIS) and

a Nurse Information Systems (NIS).

2.2.1 Data extraction

Before applying the criteria to the list of potentially relevant studies, a pilot of the screening
and selection tools took place (Boland et al. 2014). Data collection tools were used to ensure
all relevant data is collected, to minimise the risk of transmission errors, to allow the accuracy
of the data to be checked, and to serve as a record of the data collected (Pearson et. al 2007).
The tool that was used was based on Finehout-Overholt et al. (2010). The table was based on

the study characteristics and included the following headings: author/year, purpose of the
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study, design/methods, sample/setting, major variables studied and their definitions,
measurement, data analysis, findings and appraisal worth to practice. Findings from individual
studies are presented in Table 5. This process facilitated assessing the risk of bias, as well as
the findings and the overall worth to practice headings that enabled synthesis. Strong
methodological approaches to systematic review improve the transparency, consistency, and

scientific rigor of these reports (Viswanathan et al. 2017)

2.2.2 Quality appraisal

Tables 2, 3, and 4 represent the critical appraisal of the studies. The major aim of critical
appraisal of any type of evidence is to establish the validity of the evidence for practice.
Validity refers to the soundness of the evidence, in other words it is about the degree to which
we can accept the evidence as trustworthy and believable (Pearson et al. 2007). The
methodological quality of the studies was assessed using the following tools from the Joanna
Briggs Institute (2020): Critical Appraisal Checklist for randomised controlled trials (Tufanaru
et al. 2020), checklist for quasi-experimental studies (non-randomised experimental studies),
and the critical appraisal checklist for analytical cross sectional studies (Moola et al. 2020).

The key elements reviewed included, sampling, randomisation, blinding, validity and
reliability of outcome measure and appropriateness of analysis. Questions were answered as
‘yes’, ‘no’, ‘unclear’ or ‘not applicable’. Quality appraisal was conducted by the first author
and crosschecked by KH. Conflicts in quality appraisal were discussed until a consensus was
agreed. For quantitative evidence, it is important to identify the risk of bias in the published
research in order to decrease the possibility of including biased or misleading results. The

assessment of internal validity of quantitative studies involves determining whether the

methods used in the study can be trusted to provide a genuine, accurate account of the
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intervention (Porritt et al. 2014). The quality of the studies reviewed was variable with the
RCT study not meeting all the methodological criteria. Nine of the quasi-experimental studies

met all of the criteria.

Randomised controlled trial

A randomised controlled trial (RCT) is considered to provide the most reliable evidence on the
effectiveness of interventions (Akobeng, 2005). The methodological quality of the RCT
(Haegdorens, 2019) was reviewed. It appeared to have randomisation but the concealment of
allocation to treatment groups appears not to have occurred. Hospital management were
blinded for a month before they were included in the intervention group and ward staff were
only made aware of their inclusion two weeks in advance of the commencement of their
intervention. Blinding participants to a treatment or intervention is of importance to reduce the
risk of performance or ascertainment bias. If participants are not blinded, knowledge of group
assignment may affect their behaviour in the trial and their responses to subjective outcome
measures (Karanicolas et al. 2010).

Groups were measured in the same manner using reliable measurements. Reliability can be

measured multiple ways depending on the type of instrument (Polit & Beck, 2012).

Quasi-Experimental Studies

For all the quasi-experimental studies (N=10), it was clear what the cause and effect were, the
participants were included in similar comparisons and there were multiple measurements of
the outcomes pre- and post- test. Thiese (2014) suggests that the outcomes observed in pre and
post intervention studies cannot be reliably attributed to the specific intervention, making this

a weaker design than the RCT. Six studies including Bedoya et al. (2019), Creutzburg et al.

18



(2021), Escobar et al. (2020), Hwang and Kim (2022), Imperato et al. (2017), and Ursolino
(2019) did not mention that they had a control group, but on closer inspection, they all had pre
intervention data that served as a control when measured against the post intervention data.
Nine of the studies were of a good methodological quality. However, it has been suggested
that the lack of randomisation in a non-randomised controlled trials, which potentially leads to
differences between treatment groups in outcome owing to differences between treatment
groups in baseline characteristics, results in the study design having limited value (Sedgwick,

2014).

Cross Sectional Studies

The cross sectional studies (Kostakis et al. 2021) and Kumar et al. (2020) did not meet all the
quality appraisal criteria. The identification of confounding factors was unclear in Kumar et
al. (2020) and the strategies to deal with confounding factors were not clear in either study.

In conclusion, findings from this review must be interpreted with caution given that none of
the studies met all of the quality appraisal criteria as identified by JBI.

Following the data extraction tables (2-4) the paper moves on to a review of the findings.
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Table 2: Quality appraisal of the included randomised controlled trials using the JBI checklists (n=1)

JBI items

Haegdorens et al. (2019)

Was true randomization used for assignment of participants to treatment groups?

Yes

Was allocation to treatment groups concealed? No
Were treatment groups similar at the baseline? Unclear
Were participants blind to treatment assignment? No
Were those delivering treatment blind to treatment assignment? Yes
Were outcomes assessors blind to treatment assignment? No
Were treatment groups treated identically other than the intervention of interest? Yes
Was follow up complete and if not, were differences between groups in terms of their follow up adequately  [Yes
described and analysed?

Were participants analysed in the groups to which they were randomised? Yes
Were outcomes measured in the same way for treatment groups? Yes
Were outcomes measured in a reliable way? Yes
Was appropriate statistical analysis used? Yes
Was the trial design appropriate and any deviations from the standard RCT design (individual randomization, [Yes
parallel groups) accounted for in the conduct and analysis of the trial?

Total Quality Score 3
Percentage 62%

(Tufanaru et al. 2020)

20




Table 3: JBI checklists for Quasi-Experimental Studies (non- randomized experimental studies) (n=10)

JBI Items Isitclearin Were the Were the Was Were there Was follow up Were the Were Was Total Percentage

the study participant | participants there a multiple complete and if | outcomes of outcomes appropriat | Quality

what is the s included included in any control measurements not, were participants measured e statistical | Score

‘cause’ and in any comparisons group? of the outcome differences included in ina analysis

what is the compariso receiving similar both pre and between any reliable used?

‘effect’ (i.e. ns similar? | treatment /care, post the groups in comparisons | way?

there is no other than the intervention/exp | terms of their measured in

confusion exposure or osure follow up the same

about which intervention of adequately way?

variable interest? described and

comes first)? analyzed?
Badr et al. o
(2021) Yes Yes Yes Yes Yes Yes Yes Yes Yes 9 100%
I(Bzeodlc;);a etal. Yes Yes Yes Yes* Yes Yes Yes Yes Yes 9 100%
Creutzburg et * 9
al, (2021) Yes Yes No Yes Yes Yes Yes Yes Yes 8 89%
Escobar et * 0
al (2020) Yes Yes Yes Yes Yes Yes Yes Yes Yes 9 100%
'{;Bg%r) etal. Yes Yes Yes Yes Yes Yes Yes Yes Yes 9 100%
Hwang & - 0
Kim (2022) Yes Yes Yes Yes Yes Yes Yes Yes Yes 9 100%
Imperato et
al. Yes Yes Yes Yes* Yes Yes Yes Yes Yes 9 100%
(2017)
2-2?2615)6 netal. Yes Yes Yes Yes Yes Yes Yes Yes Yes 9 100%
thrgil;)no Yes Yes Yes Yes* Yes Yes Yes Yes Yes 9 100%
\(/;/(l)Jzelt)al. Yes Yes Yes Yes Yes Yes Yes Yes Yes 9 100%

*No specific reference to a control group, however, there was pre interventional data that served as a control to the post interventional data

(Tufanaru et. al. 2020)
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Table 4 JBI Critical Appraisal Checklist for Analytical Cross Sectional Studies (n=2)

JBI Items Kostakis et al. (2021) | Kumar et al. (2020)
Were the criteria for inclusion in the sample clearly defined? Yes Yes
Were the study subjects and the setting described in detail? Yes Yes
Was the exposure measured in a valid and reliable way Yes Yes
Were objective, standard criteria used for measurement of the condition? Yes Yes
Were confounding factors identified? Yes Unclear
Were strategies to deal with confounding factors stated? No No
Were the outcomes measured in a valid and reliable way? Yes Yes
Was appropriate statistical analysis used? Yes Yes
Total Quality Score 7 6
Percentage 88% 75%

(Moola et al. 2020)
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2.3 Results/Review of the findings

This synthesis involved the juxtaposition of findings from multiple studies, with some
analysis of the common themes or findings across studies (Popay et al. 2006). Given
the methodological and clinical heterogeneity of studies, a meta-analysis was not
possible. It was not possible to conduct a statistical comparison between the studies
using the mean differences and the standard deviations. Therefore, a narrative
approach guided by Popay et al. (2006) was used to develop the review.

In regards to the studies that were selected the common factor in the population is that
they were all adults and in acute hospitals. They differ in terms of age, diagnosis,
morbidity and location in the hospitals i.e. some are in the ED and some in ward areas.
Therefore, the population was heterogeneous.

Results from this systematic review were synthesised and it was found that the
literature produced some common themes: (i) Five studies included the theme of
education and training programmes and their effect on clinician behaviour and
consequently patient outcomes, (ii) the effect of various versions of early warning
scores and systems on mortality and morbidity of patients was studied in three papers
(iii) the predictive nature of the EWS for early detection of patient deterioration was
reviewed in one study (iv) One study looked at the reliability of NEWS as an
instrument for predicting patient deterioration (V) and the effectiveness of electronic
or automated versions of EWS was a theme in three studies. Similarly, measured

outcomes were combined where appropriate.

23



2.3.1 Education and the EWSs/EWSS

The theme of education and training programmes in relation to the EWSs and EWSS
and its impact on outcomes was evident in five of the studies reviewed.

Badr et al. (2021) evaluated the effect of the NEWS implementation in the
identification of patients at risk of deterioration at an Emergency Hospital following a
two-month education programme. The study found that the intervention had a
statistically significant effect on cardiopulmonary arrest (p=0.03) total acute kidney
injury (P=0.03) escalation plan (<0.001) and vital signs measurement (P<0.001). The
quasi-experimental design can be used to answer implementation science questions in
the absence of randomization. However, a limitation of this design is that it is
especially vulnerable to threats to internal validity (Shadish et al., 2002 cited in Miller
2020). Also, the majority of the consented patients were surgical and based in one
geographical area of Egypt, therefore results may not be generalizable.

In Haegdorens et al. (2019), the implementation of an observation protocol using
NEWS in combination with a pragmatic medical response strategy and the provision
of education to ward nurses was investigated. There was no statistical difference in
the percentage of patients without observations when comparing the control and
intervention group, although there was an increase in the documentation of the vital
signs. This study also performed post hoc analysis of data from another RCT. This
type of analysis has been described as ‘data dredging’ or ‘fishing’ and is the weakest
type of trial analysis (Friedman et al.1996 cited in Barnett and Pihlstrom (2012)).
Computerised randomisation procedure and stepped wedges were used and these are
studies in which all participants receive the intervention, but in a staggered fashion

(Miller et al. 2020). This may affect the internal validity of the study i.e. how well a
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causal relationship between intervention and outcome can be inferred from the
findings (Juni et al. 2001 cited in Porritt et al. 2014). Also, stepped wedge cluster
RCT take longer than similarly sized parallel group RCTs. This increases the chances
that secular trends, policy changes, or other external forces impact study results. In
addition, imbalanced site assignment can confound results (Miller et al. 2020). The
resulting confounding between site assignment and time can threaten the internal
validity of the study (Miller et al. 2020). The implementation of an ED Clinical
Triggers program including a comprehensive education process for physicians and
nurses and its effect on clinical outcomes was studied in Imperato et al. (2017). There
was no statistically significant difference in median LOS 3.8 vs 4.0 (p=0.21) or time
spent in the special care unit (5.0 vs 5.6 days, p= 0.42) or in-hospital mortality within
30 days of admission (6% v 5.6%, p= 0.66). However, this was a single site study,
which limits generalisability, samples were underpowered and patient mortality was
only tracked if patient death occurred within the facility. This could have led to an
underestimation of the mortality data.

Pre and post intervention self-report questionnaires were completed by nursing
respondents following the provision of a short- time nurse education on NEWS2 to
facilitate nurse’s use of it and the use of a checklist for score calculation in Hwang and
Kim (2022). A pragmatic sample was used and such samples are designed to evaluate
the effectiveness of interventions in real life routine practice conditions and show real
world effectiveness with broader patient groups. Pragmatic trials produce results that
can be generalised and applied in routine practice settings (Patsopoulos, 2011). There
was a significant (< p=0.05) increase in handover quality, teamwork, safety climate,
frequency of vital signs recordings and documentation of clinical concerns after

NEWS?2 use. There was no significant (>p=0.05) change: in nurses’ patient safety
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competency scores, length of stay, clinical deterioration or adverse events. Strengths
of this study include the reliable instruments used, samples were powered, patient data
was non-subjective, and there was a high response rate. The limitations included that
the study was completed at a single site, and the self-report surveys may be subject to
recall bias and social desirability bias. Recall bias is a systematic error that occurs
when participants do not remember previous events or experiences accurately or omit
details: the accuracy and volume of memories may be influenced by subsequent events
and experiences (CEBM, 2017). Social desirability bias is the tendency to under report
socially undesirable attitudes and behaviours and to over report more desirable
attributes (Latkin et al. 2017). Also, the post intervention survey was completed
directly after the intervention. In addition, there was a high respondent burden and
funding was provided in the form of a voucher for each respondent, which might limit
the replicability elsewhere.

Wu et al. (2021) looked at the effectiveness of the implementation of an electronic
version of the NEWS (E-NEWS) including the provision of an education programme
(ward by ward) on reducing unexpected clinical deterioration. This study found a
significant decrease in adverse events (AEs) from 6.06% to 5.51% (p=0.001), a
reduction in cardiac arrests at ward level (0.52% to 0.34% p=0.012) and a reduction
in ICU patient transfers (3.63% to 3.49%, p=0.035). However, this data was collected
immediately after the intervention period and the education continued during the
intensive period, therefore a time series design may have been better for validity. Also,
the majority of patients in this study had a diagnosis of cancer and this might limit

generalisability.
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2.3.2 Effects of the use of various versions of EWS on patient outcomes

The aim of Creutzburg et al. (2021) was to assess the incidence of IHCA before and
after the implementation of the NEWS system in general hospital wards. This study
found that NEWS did not decrease the incidence of IHCA. A strength of this study
was that non-subjective patient data was used and missing data was minimised as it
was obtained from DANARREST. A limitation was that the study was completed at
a single site.

An investigation of the effect on clinical deterioration of the implementation of a
regional EWS combined with skin observation, clinical concern and patients and
relatives concern, pain, dyspnoea, and team risk assessment was the aim of Tygesen
et al. (2021). Physicians and nurses were also given a one and half -hour introduction
to the model in this study. The findings indicate that there was no statistically
significant impact on mortality, ICU, readmissions, or in either 7 to 30 day MR
(>p=0.05). Strengths of the study included the fact that the sample was powered with
a significance level of 80%. It had two control and two interventional groups that
strengthen generalisability and no patients were lost to follow up.

Ursolino (2019) sought to determine if the MEWS implementation would reduce the
number of adverse outcomes. Although the results were not significant statistically,
MEWS demonstrated a reduction in unplanned ICU admissions and unplanned
surgery. The proportion of patients requiring a code blue activation significantly
increased post the implementation of MEWS (0.98% vs 8.9%). Convenience
sampling was used in this study, which limits external validity; however, it can be used
when the research does not aim to generate results that will be used to create

generalizations pertaining to the entire population (Etikan et al. 2016).
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2.3.3 Predictive ability of the EWSs

Bedoya et al. (2019) determined the effectiveness of NEWS implementation on
predicting and preventing patient deterioration in a clinical setting. The study found
that NEWS made no difference to the outcomes measured, and that ‘Best Practice
Alerts’ (BPAs) were ignored by nurses. A limitation was that the study population
contained a large cohort of transplant patients that may impact on validity. In addition,
the study was a retrospective cohort design and these studies lack the rigour of an
RCT, however Black (1996) makes the argument that recognition needs to be given to
observational quantitative, epidemiological research methods such as cohort and case

control studies.

2.3.4 Reliability of NEWS as an instrument

Kostakis et al. (2021) looked at the ability of the NEWS or NEWS 2 to discriminate
the outcomes of death or ICU admission within 24 hours of vital signs in COVID 19
positive patients. While NEWS2 is now recommended for use, there was no difference
in how either one performs. The study investigated the instruments using Area Under
the Receiver Operating Characteristic (AUROC) found that both versions performed
well as AUROC values ranged between >0.842 to 0.894. A strength of this study was
that the sample of patients were recruited consecutively and Blain et al. (2019)
contends that these samples have the advantage of evaluating a real-world practice.
The large dataset of subjective patient data (electronic data collection system) and the
fact that all (Vital Pac) data was prospectively collected in a standardised manner were
also strengths. Further, there was the use of the control groups for comparison

purposes.
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2.3.5 Electronic/Automated systems

Remote monitoring by nurses of the records of patients who had been identified as
high risk via an automated early warning system, and who then communicated the
findings to the RRTs within the hospital was the intervention studied in Escobar et al.
(2020). Results indicated that in the intervention versus the comparison cohort that
ICU admission percentage was 17.7% v 20.9%. The LOS (6.5 days vs. 7.2 days) and
MR associated with 30 days after the event reaching the alert threshold was 15.8%
versus 20.4%.and this was statistically significant (p< 0.001). A strength of this study
was the large sample size drawn from 19 hospitals and that data collection was from
an electronic health record (EHR), making it a non-subjective data source.

Heller et al. (2020) evaluated the effect of deploying an automated MEWS-based early
warning system with paging functionality, including telemetry on an at risk population
post complex surgical interventions recovering in wards outside the ICU. The results
were statistically significant (p<0.0001) for the rate of cardiac arrests dropping from
5.3 vs 2.1 per 1000 admissions. In addition, unplanned ICU admissions reduced from
3.6% to 3% (p< 0.001). There was no changes found in the MRs between the groups.
However, the study used retrospective databases and these are designed to analyse pre-
existing data, and are subject to numerous biases as a result(Nickson, 2020).
Therefore, these studies are an inferior level of evidence compared with prospective
studies (Nickson, 2020).

Kumar et al. (2020) studied the effect of an electronic warning system available via
electronic medical records, and the introduction of the MEWS system on the early
detection of patients who present with acute deterioration. This study indicated a

misclassification rate of 0.29 (CI 0.24 to 0.35) with this association. The high
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misclassification rate indicates MEWS did not provide discriminatory support for
patients at risk for mortality. The results indicated that increasing MEWS were
clinically, but not statistically associated with prognosis (p =0.0107). Also, the
misclassification rate of 29 suggested poor calibration using MEWS as a tool to predict
mortality. A limitation of the study was that it was a single site using consecutive
sample of patients, which may impact on generalisability.

This dissertation now moves onto the conclusion on the reviewed studies, relevance

to quality improvement and implications for practice.
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Chapter 3 Discussion /Summary of the findings

The purpose of this chapter is to provide the reader with a conclusion on the reviewed
studies as well as discussing their relevance to quality improvement.
Recommendations and application to practice are discussed as well as strengths and
limitations of the review. It also points to where future work is required.

This systematic review aimed to synthesise evidence from 13 studies that assessed the
effect of the interventions used to assist staff recognise patient deterioration in
wards/ED units of acute hospital settings. The results of the review may be varied but
in the main, there is a positive correlation with improved outcomes and the use of
EWS/MEWS/NEWS/NEWS2. Since previous systematic reviews were completed,
and after the first cases were identified in Wuhan (China) in December 2019, the novel
coronavirus SARS-CoV-2 caused a pandemic of respiratory illness named COVID-19
(Covino et al. 2020). The pandemic has challenged and had an impact on healthcare
settings worldwide. Globally, as of 17 June 2022, there have been 535,863,950
confirmed cases of COVID-19, including 6,314,972 deaths, reported to the World
Health Organisation (WHO) (WHO, 2022). In this review, it was found that one study
(Kostakis et al. 2021) had focused on the effectiveness of NEWS and NEWS2 in
identifying patient deterioration in COVID Positive patients. The study investigated
the instruments using AUROC found that both versions performed well in predicting
patient deterioration.

Failure to recognise physiological deterioration, undertake prompt clinical assessment,
and instigate timely intervention results in increased rates of cardiac arrest and
unplanned intensive care admissions (Smith et al. cited in Credland et al. 2021). Early

warning systems (EWSS) were developed, adopted and widely mandated to assist in
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the detection of acute deterioration (Gerry et al. 2020). It has been demonstrated that
high scores of NEWS/NEWS2 at admission are associated with deterioration of
patients and poor clinical outcomes (Gidari et al. 2020). However, following decades
of research on recognition and response to clinical deterioration, raised international
awareness and implementation of new models of response, the problem of failure to
rescue remains (Bucknall et al. 2022).

The overall benefit of EWS in these studies was mixed and in some instances
conflicting. A number of studies found that NEWS did not have an effect on patient
outcomes, e.g., Badr et al (2021), Creutzburg et al. (2021), Bedoya et al. (2019),
Kumar et al. (2020), and Imperato et al. (2017). Further studies found that the
implementation of EWSs did have a statistically significant effect on patient outcomes,
e.g. Escobar et al. (2020), Heller et al. (2020) and Wu et al. (2021). The remaining
studies showed mixed findings, e.g., Haegdorens et al. (2019), (Hwang and Kim
2022), and Tygesen et al. (2021) and Ursolino (2019).

Much of the studies had similar findings; all NEWS instruments/versions in the main
did the same thing i.e. improved survival rates. Therefore, although the results of the
studies were mixed, (as in McNeill and Bryden (2013), Alam et al. (2014), Smith et
al. (2014), Jayasundera et al. (2018), Gerry et al. (2020), and Credland et al. (2020))
the majority of the studies indicated that there was a positive trend towards better
clinical outcomes.

This systematic review concurs with previous literature that failure to recognise and
respond to patient deterioration and escalate care led to an increased risk of adverse
events (AEs) in hospitalized patients that may have been avoided if patient
deterioration had been recognized and responded to earlier (Massey et al. 2014, cited

in Massey et al. (2017). Recent research also suggests that early identification and
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management of critically ill adult patients admitted to general hospital wards may
prevent in-hospital mortality, unplanned intensive care unit (ICU) admission and
decrease hospital length of stay (LOS) (Gielen et al. 2021). Rosero et al. (2021)
contend that early recognition through bedside and remote monitoring is the first step
toward prevention of “failure to rescue” followed by rapid response initiatives and

timely escalation of care.

3.1  Strengths

This systematic review updates previous systematic reviews such as (McNeill and
Bryden (2013), Alam et al. (2014), Smith et al. (2014), Jayasundera et al. (2018),
Gerry et al. (2020), and Credland et al. (2020)). It comprehensively identifies
methodological issues that may contribute to biases using the JBI Critical Appraisal

checklist tool.

3.2 Limitations

This review is restricted by the limitation on language, which could potentially bias
its publication. The fact that all studies were in the main performed in single sites and
often-involved specific patient subgroups, means that the application of the findings
may not be generalizable to the other acute care sectors or to the Irish acute hospital
settings. Bedoya et al. (2019) Escobar et al. (2020) and Haegdorens et al. (2019) were
performed at multiple sites and therefore may have better external validity. In addition,
the potential contribution that the included non-randomised studies can make to the
evaluation of the effectiveness of healthcare interventions has generated considerable

debate as discussed in (Sedgwick, 2014). However, based on the results from the
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individual studies, the use of EWSs and EWSS on clinical and safety grounds for

improving responses to patient deterioration may be appropriate.

3.3 Recommendations

Future research may need to stop focusing on which EWS version is more effective,
but focus more on how to educate future health professionals on using EWS or to
establish why it is not proving effective in some instances/clinical settings. This
research should capture whether the various EWSs and EWSS are being implemented
as per the guidance protocols and that appropriate responses are being triggered.
When this data is gathered, a review of reasons why non-adherence occurred should
also be explored. The move towards electronic implementation of EWSs presents an
opportunity to introduce better scoring systems, particularly with the increasing
interest in modern model building approaches, such as machine learning and artificial
intelligence (Gerry et al. 2020). Three of the studies in this systematic review
described electronic monitoring systems with mixed results.

When this author completed an audit in the Irish Healthcare setting (HSE, 2018), a
finding of non-compliance was found in relation to the ‘recording, scoring and
totalling of the seven patient observations on the NEWS chart in three of the eight
hospitals audited’. This would point to the fact that the EWS was not being
implemented as planned. This possibility of a difference between policy and practice
is also alluded to in Credland et al. (2019). The literature indicates that although
guidelines may be seen as important tools that support decision-making, in
conjunction with clinical judgement and patient preference, that there is still a lack of

adherence to guidelines worldwide across different conditions and levels of care
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(Pereira et al. 2022). Furthermore, as unexpected cardiac pulmonary arrest is the
ultimate deterioration, research on what has happened in the hours or period prior to
the arrest as regards to adherence to EWSs and the EWSS guidance/protocols should
be studied. Rapid response systems (RRS) consist of an afferent limb with a track-
and-trigger system based on vital signs to identify deteriorating patients early and
trigger a call to the efferent limb, usually a Medical Emergency Team (MET)(
Serensen and Petersen, 2015). Data on whether the EWSs were totalled accurately
and completed within the agreed time frames for the patients acuity and where the
scores are increasing, whether the patient care is being escalated appropriately and in
a timely manner should be explored. Identification of the deteriorating patient,
communication with a senior, and an adequate management plan are all elements on
the chain of escalation that, if broken could lead to delays in the patient receiving
appropriate care (Johnston et al. 2015). Further RCTs in this area might shed light on
the nature of the lack of an optimal clinical response. While this review provides areas
for improvement, this failure to respond to deterioration remains topical and future
research should capture if EWSs and EWSS guidance and protocols are being adhered
to as care of the deteriorating patient remains sub optimal.

In addition, the value of clinical audit of the deteriorating patient should be considered.
Clinical audit is a clinically led quality improvement process that seeks to improve
patient care and outcomes through systematic review of care against explicit criteria
and acting to improve when standards are not met (NOCA, 2022). A recent
deteriorating patient audit feasibility report (Kehoe et al. 2022) points out that the
international literature recognises in-hospital cardiopulmonary arrest and unplanned
admission to ICU as measures suitable for clinical audit for capturing and improving

the clinically deteriorating patient pathway. It also clarifies that the UK and Northern
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Ireland have national audits of in-hospital cardiac arrest. However, this data is not
currently captured in the Irish healthcare setting. This represents an opportunity to
adequately capture the scale of this issue in the acute healthcare setting in Ireland. As
part of IHI’s 100,000 Lives Campaign, some 1,500 hospitals are now actively using
and/or implementing RRTs. Cardiac arrest rates, MRs, and lengths of stay in the
intensive care unit (ICU) are dropping, and hospitals with RRTs are moving their
cultures toward a team-based approach to clinically challenging situations (IHI, 2019).
Therefore, research data of challenges and opportunities that might arise within team
cultures when implementing EWSs and EWSS would also provide an opportunity to

establish if this area can be improved.

3.4 Conclusion

The results of this review will help build on previous research and offer up to date
evidence for policy development and healthcare professionals using and implementing
EWSSs/EWSS in the acute hospital setting. For improvements to be achieved in
clinical practice, a continued need to support and educate healthcare staff on these
systems remains a priority. This review indicated that there is conflicting evidence in
relation to the use of EWSs and EWSS in assisting healthcare professionals in the early

recognition of patient deterioration with the aim of improving patient outcomes.

This chapter provided the reader with a conclusion on the reviewed studies as well as
discussing its relevance to quality improvement. Recommendations and application
to practice were discussed as well as strengths and limitations of the review. It also

points to where future work is required.

36



References

Akobeng, A.K., Understanding randomised controlled trials. Archives of Disease in
Childhood 2005; 90:840-844. Available from
https://adc.bmj.com/content/90/8/840.citation-tools [accessed 26/06/2022].

Alam, E.L. Hobbelink, A.J. van Tienhoven, P.M. van de Ven, E.P. Jansma, P.W.B.
Nanayakkara (2014). The impact of the use of the Early Warning Score (EWS) on
patient outcomes: A systematic review, Resuscitation, Volume 85, Issue 5, Pages 587-
594, ISSN 0300-9572, Available from
https://doi.org/10.1016/j.resuscitation.2014.01.013 [accessed 19/06/2022].

Aromataris, E, Riitano, D, (2014). Systematic Reviews, AJN, American Journal of
Nursing: May 2014 - Volume 114 - Issue 5 - p 49-56. Available from
https://journals.lww.com/ajnonline/Fulltext/2014/05000/Systematic_Reviews__Cons
tructing_a_Search_Strategy.27.aspx [Accessed 15/06/2022].

Australian Commission on Safety and Quality in Health Care (2010). National
consensus statement: Essential elements for recognizing & responding to clinical
deterioration. Modified Early Warning Score (MEWS), Escalation and ISBAR, The
Prince  Charles  Hospital  Procedure = TPCHS10085  Available  from
https://www.safetyandquality.gov.au/sites/default/files/migrated/Prince-Charles-
Hospital-procedure-MEWS-escalation-and-ISBAR.pdf [accessed 15/07/2022].

Badr, M.N., Khalil, N.S. and Mukhtar, A.M. (2021). Effect of National Early Warning
Scoring System Implementation on Cardiopulmonary Arrest, Unplanned ICU
Admission, Emergency Surgery, and Acute Kidney Injury in an Emergency Hospital,
Egypt. Journal of Multidisciplinary Healthcare, 14, p.1431. Available from
https://pubmed.ncbi.nlm.nih.qov/34163171/ [accessed 26/06/2022].

Barnett ML, Pihlstrom BL. (2012): A practitioner's guide to developing critical
appraisal skills: interventional studies. J Am Dent Assoc. Oct; 143(10):1114-9.
Available from https://pubmed.ncbi.nlm.nih.gov/23024309/ [accessed 15/06/2022].

Bedoya, A, D., Clement, E.M., Phelan, M., Steorts, R.C., O’Brien and Goldstein, B.A.
(2019).”Minimal impact of implemented early warning score and best practice alert
for patient deterioration.” Critical care medicine 47, no. 1 (2019): 49. Available from
https://pubmed.ncbi.nlm.nih.gov/30247239/ [accessed 26/06/2022].

Black, N., (1996). Why we need observational studies to evaluate the effectiveness of
health care. BMJ, 312(7040), pp.1215-1218. Available from
https://www.bmj.com/content/312/7040/1215.full.pdf+html [accessed 1/07/22].

Blinkenberg, J., Hetlevik, @., Sandvik, H. et al. (2022). Reasons for acute referrals to
hospital from general practitioners and out-of-hours doctors in Norway: a registry-
based observational study. BMC Health Serv Res 22, 78. Available from
https://doi.org/10.1186/s12913-021-07444-7 [accessed 09/07/2022].

37


https://adc.bmj.com/content/90/8/840.citation-tools
https://doi.org/10.1016/j.resuscitation.2014.01.013
https://journals.lww.com/ajnonline/Fulltext/2014/05000/Systematic_Reviews__Constructing_a_Search_Strategy.27.aspx
https://journals.lww.com/ajnonline/Fulltext/2014/05000/Systematic_Reviews__Constructing_a_Search_Strategy.27.aspx
https://www.safetyandquality.gov.au/sites/default/files/migrated/Prince-Charles-Hospital-procedure-MEWS-escalation-and-ISBAR.pdf
https://www.safetyandquality.gov.au/sites/default/files/migrated/Prince-Charles-Hospital-procedure-MEWS-escalation-and-ISBAR.pdf
https://pubmed.ncbi.nlm.nih.gov/34163171/
https://pubmed.ncbi.nlm.nih.gov/23024309/
https://pubmed.ncbi.nlm.nih.gov/30247239/
https://www.bmj.com/content/312/7040/1215.full.pdf+html
https://doi.org/10.1186/s12913-021-07444-7

Boland, A., Cherry, C. and Dickson, R. (2014). Doing a systematic Review, A
Student’s Guide, Sage, London.

Brewer, C., Hanna, A., Lockhart, L. and Davis, C., (2015). The news about MEWS.
Nursing made Incredibly Easy, 13(5), pp.13-16. Available from
https://journals.lww.com/nursingmadeincrediblyeasy/Citation/2015/09000/The_new
s_about MEWS.4.aspx [accessed 15/07/22].

Bucknall, T.K., Harvey, G., and Considine, J. et al. (2017) .Prioritising Responses of
Nurses to deteriorating patient Observations (PRONTO) protocol: testing the
effectiveness of a facilitation intervention in a pragmatic, cluster-randomised trial with
an embedded process evaluation and cost analysis. Implementation Sci 12, 85 (2017).
Available from https://doi.org/10.1186/s13012-017-0617-5 [Accessed 18/06/2022].

Burke, J.R., Downey, C. and Almoudaris, A.M., (2022). Failure to rescue deteriorating
patients: a systematic review of root causes and improvement strategies. Journal of
patient safety, 18(1), pp.e140-e155. Available from
https://pubmed.ncbi.nlm.nih.gov/32453105/ [accessed 18/06/2022].

Centre for Evidenced Based Medicine (CEBM), (2017). Catalogue of Bias
Collaboration, Spencer EA, Brassey J, Mahtani K. Recall bias. In: Catalogue Of Bias
2017. Available from https://www.catalogueofbiases.org/biases/recall-bias [accessed
20/07/22].

Covidence (2022). Systematic Reviews and Other Syntheses. Available from
https://quides.library.queensu.ca’/knowledge-syntheses/covidence. [accessed
31.05.2022]

Covino, M., Sandroni, C., Santoro, M., Sabia, L., Simeoni, B., Bocci, M.G., Ojetti, V.,
Candelli, M., Antonelli, M., Gasbarrini, A. and Franceschi, F., (2020). Predicting
intensive care unit admission and death for COVID-19 patients in the emergency
department using early warning scores. Resuscitation, 156, pp.84-91. Available from
https://pubmed.ncbi.nlm.nih.qov/32918985/ [accessed 26/06/2022].

Credland N, Dyson J, Johnson MJ. (2021). Do early warning track and trigger tools
improve patient outcomes? A systematic synthesis without meta-analysis. J Adv.
Nurs. 2021 Feb; 77(2):622-634. doi: 10.1111/jan.14619 Epub 2020 Oct 30. PMID:
33128308. Awvailable from https://pubmed.ncbi.nim.nih.gov/33128308/ [accessed
26/06/2022].

Creutzburg, A., Isbye, D. & Rasmussen, L.S. (2021) Incidence of in-hospital cardiac
arrest at general wards before and after implementation of an early warning score.
BMC Emerg Med 21, 79 (2021). https://doi.org/10.1186/s12873-021-00469-5

Davies, S. (2011) Formulating the Evidenced Based Practice Question: A Review of
the Frameworks, Evidence Based Library and Information Practice, 6.2. Available
from https://journals.library.ualberta.ca/eblip/index.php/EBLIP/article/view/9741
[accessed 29/07/2022].

38


https://journals.lww.com/nursingmadeincrediblyeasy/Citation/2015/09000/The_news_about_MEWS.4.aspx
https://journals.lww.com/nursingmadeincrediblyeasy/Citation/2015/09000/The_news_about_MEWS.4.aspx
https://doi.org/10.1186/s13012-017-0617-5
https://pubmed.ncbi.nlm.nih.gov/32453105/
https://www.catalogueofbiases.org/biases/recall-bias
https://guides.library.queensu.ca/knowledge-syntheses/covidence
https://pubmed.ncbi.nlm.nih.gov/32918985/
https://pubmed.ncbi.nlm.nih.gov/33128308/
https://doi.org/10.1186/s12873-021-00469-5
https://journals.library.ualberta.ca/eblip/index.php/EBLIP/article/view/9741

Department of Health (2015). Communication (Clinical Handover) in Acute and
Children’s Hospital Services. National Clinical Guideline No. 1. Summary. Available
from https://assets.gov.ie/11588/48b91100bd2f483bbe4b88elal3ae7b0b.pdf
[accessed 19/06/2022].

Department of Health (2020). Irish National Early Warning System V2 (NCEC
National Clinical Guideline No. 1. Available at: https://www.gov.ie/en/collecti
on/c9fa9a-national-clinical-guidelines/ [accessed 19/06/2022].

Escobar GJ, Liu VX, Schuler A, Lawson B, Greene JD, Kipnis, P. (2020). Automated
identification of adults at risk for in-hospital clinical deterioration. New England
Journal of Medicine. Nov 12; 383(20):1951-60. Available  from
https://pubmed.ncbi.nlm.nih.qov/33176085/ [accessed 26/06/2022].

Economic and Social Research Institute (ESRI), (2020). Utilisation of Public Acute
Hospital Services in Ireland-Baseline Analysis for the Hippocrates Model. Available
from DOI: https://doi.org/10.26504/sustat100 [accessed 09/07/2022].

Etikan, 1., Musa, S.A. and Alkassim, R.S., (2016). Comparison of convenience
sampling and purposive sampling. American journal of theoretical and applied
statistics, 5(1), pp.1-4. Available from
https://www.researchgate.net/publication/304339244 Comparison_of Convenience
Sampling_and_Purposive_Sampling [accessed 17/07/2022].

Foley, C. and Dowling, M., (2019). How do nurses use the early warning score in their
practice? A case study from an acute medical unit. Journal of clinical nursing, 28(7-
8), pp.1183-1192. Available from
https://onlinelibrary.wiley.com/doi/full/10.1111/jocn.14713 [accessed 02/07/2022].

Finehout-Overholt, E.Mazurek, M., Stillwell, S.B., and Williamson, K.M. (2010)
Am J Nurs 2010 Jul; 110(7):47-52. Critical Appraisal of the Evidence, part 1.
Available from https://pubmed.ncbi.nlm.nih.gov/20574204/ [accessed 22/07/2022].

Gerry, S., Bonnici, T., Birks, J., Kirtley, S., Virdee, P.S., Watkinson, P.J. and Collins,
G.S., (2020). Early warning scores for detecting deterioration in adult hospital
patients: systematic review and critical appraisal of methodology. Bmj, 369.
Available from https://www.bmj.com/content/369/bmj.m1501 [accessed 26/06/2022].

Gidari, A., De Socio, G.V., Sabbatini, S. and Francisci, D., (2020). Predictive value
of National Early Warning Score 2 (NEWS2) for intensive care unit admission in
patients with SARS-CoV-2 infection. Infectious Diseases, 52(10), pp.698-704.
Available from
https://www.tandfonline.com/doi/epub/10.1080/23744235.2020.1784457?needAcces
s=true [accessed 26/06/2022].

Gielen, A., Koekkoek, K., van der Steen, M. and van Zanten, A.R., (2021). Evaluation
of the initial general ward early warning score and ICU admission, hospital length of
stay and mortality. Western Journal of Emergency Medicine, 22(5), p.1131.

39


https://assets.gov.ie/11588/48b91100bd2f483bbe4b88e1a3ae7b0b.pdf
https://www.gov.ie/en/collecti%20on/c9fa9a-national-clinical-guidelines/
https://www.gov.ie/en/collecti%20on/c9fa9a-national-clinical-guidelines/
https://pubmed.ncbi.nlm.nih.gov/33176085/
https://doi.org/10.26504/sustat100
https://www.researchgate.net/publication/304339244_Comparison_of_Convenience_Sampling_and_Purposive_Sampling
https://www.researchgate.net/publication/304339244_Comparison_of_Convenience_Sampling_and_Purposive_Sampling
https://onlinelibrary.wiley.com/doi/full/10.1111/jocn.14713
https://pubmed.ncbi.nlm.nih.gov/20574204/
https://www.bmj.com/content/369/bmj.m1501
https://www.tandfonline.com/doi/epub/10.1080/23744235.2020.1784457?needAccess=true
https://www.tandfonline.com/doi/epub/10.1080/23744235.2020.1784457?needAccess=true

Available from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8463061/ [accessed
18/06/2022].

Grant, S. and Crimmons, K., (2018). Limitations of track and trigger systems and the
National Early Warning Score. Part 2: sensitivity versus specificity. British Journal of
Nursing, 27(12), pp.705-710. Available at
https://www.magonlinelibrary.com/doi/full/10.12968/bjon.2018.27.12.705 [accessed
15/07/2022].

Haegdorens, F., Monsieurs, K.G., De Meester, K. and Van Bogaert, P., (2019). An
intervention including the national early warning score improves patient monitoring
practice and reduces mortality: A cluster randomised controlled trial. Journal of
advanced nursing, 75(9), pp.1996-2005. Available from
https://onlinelibrary.wiley.com/doi/full/10.1111/jan.14034 [accessed 26/06/2022].

Hamilton, F., Arnold, D., Baird, A., Albur, M. and Whiting, P., (2018) Early Warning
Scores do not accurately predict mortality in sepsis: A meta-analysis and systematic
review of the literature. Journal of Infection, 76(3), pp.241-248 Awvailable from
https://www.sciencedirect.com/science/article/abs/pii/S0163445318300021
[accessed 18/06/2022].

Hegarty, J., Drummond, F.J., Murphy, A., Andrews, T., Walshe, N., McCarthy, B.,
Saab, M., Forde, M., Breen, D., Henn, P., Cronin, J., Whelan, R., Drennan, J., Savage,
E., (2016). A systematic review of the clinical & economic literature and a budget
impact analysis of any new guideline recommendations to inform the planned update
of National Clinical Guideline No. 1 - National Early Warning Score (NEWS)for the
Irish health system. National Clinical effectiveness Committee, Department of Health:
Dublin. Available from http://health.gov.ie/patient-safety/ncec/national-clinical-
guidelines-2/ [accessed 2/07/2022].

Health Services Executive (2016). Framework for Improving Quality in our Health
Service. Available from
https://www.hse.ie/eng/about/who/gid/nationalsafetyprogrammes/decontamination/q
uality-improvement-framework.pdf [accessed 19/06/2022].

Health Services Executive (2018). Audit of Compliance of Selected
Recommendations from the National Clinical Guideline on the National Early
Warning Score (NEWS) (2013). Available from:
https://www.hse.ie/eng/about/who/audit-service/quality-assurance-and-verification-

healthcare-audit-summary-report-2017.pdf [Accessed 19/06/2022].

Health Services Executive (2019). Patient Safety Strategy 2019-2024. Available from
https://www.hse.ie/eng/about/who/ngpsd/patient-safety-strateqy-2019-2024.pdf
[accessed 19/06/2022].

Health Service Executive (2020) Performance Profile October —December 2020.
Available from
https://www.hse.ie/eng/services/publications/performancereports/performance-
profile-october-to-december-2020.pdf [accessed 09/07/2022].

40


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8463061/
https://www.magonlinelibrary.com/doi/full/10.12968/bjon.2018.27.12.705
https://onlinelibrary.wiley.com/doi/full/10.1111/jan.14034
https://www.sciencedirect.com/science/article/abs/pii/S0163445318300021
http://health.gov.ie/patient-safety/ncec/national-clinical-guidelines-2/
http://health.gov.ie/patient-safety/ncec/national-clinical-guidelines-2/
https://www.hse.ie/eng/about/who/qid/nationalsafetyprogrammes/decontamination/quality-improvement-framework.pdf
https://www.hse.ie/eng/about/who/qid/nationalsafetyprogrammes/decontamination/quality-improvement-framework.pdf
https://www.hse.ie/eng/about/who/audit-service/quality-assurance-and-verification-healthcare-audit-summary-report-2017.pdf
https://www.hse.ie/eng/about/who/audit-service/quality-assurance-and-verification-healthcare-audit-summary-report-2017.pdf
https://www.hse.ie/eng/about/who/nqpsd/patient-safety-strategy-2019-2024.pdf
https://www.hse.ie/eng/services/publications/performancereports/performance-profile-october-to-december-2020.pdf
https://www.hse.ie/eng/services/publications/performancereports/performance-profile-october-to-december-2020.pdf

Heller, A.,R., MD, Mees, S.T., Lauterwald, B.,; Reeps, C.T., Koch, T; Weitz, J.,
(2020)Detection of Deteriorating Patients on Surgical Wards Outside the ICU by an
Automated MEWS-Based Early Warning System With Paging Functionality, Annals
of Surgery: January - Volume 271 - lIssue 1 - p 100-105. Available from
https://pubmed.ncbi.nlm.nih.qov/29771722/ [accessed 26/06/2022].

Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA
(editors)(2022). Cochrane Handbook for Systematic Reviews of Interventions version
6.3 (updated February 2022): Cochrane. Available from
www.training.cochrane.org/handbook. [accessed 15/06/2022].

Hodgson P, Greaves J, Cook G, Fraser A, Bainbridge L., (2022). A study to introduce
National Early Warning Scores (NEWS) in care homes: Influence on decision-making
and referral processes. Nurs Open. 2022 Jan; 9(1):519-526. Available from
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8685833/ [accessed 25/06/22].

Hong, N.A., Pluye, P, Fabregues, S., Bartlett, G., Boardman, F., Cargo, M., Dagenais,
P., Gagnon, M.P., Griffiths, F., Nicolau, B., O’ Cathain, A., Rousseau, M.C., and
Vedel, 1. (2018). Mixed Method Appraisal Tool (MMAT), Available from:
http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/MMA
T 2018 criteria-manual_2018-08-01 ENG.pdf [accessed 31.05.2022].

Hospital Pricing Office (HPO) Available from (2020)
https://www.hpo.ie/latest_hipe _nprs_reports/HIPE_2020/HIPE_Report 2020.pdf.
[accessed 02/07/2020].

Hwang, J.I. and Kim, S.W., (2022). Using an Early Warning Score for Nurse Shift
Patient Handover: Before-and-after Study. Asian Nursing Research, 16(1), pp.18-24.
Available from https://pubmed.ncbi.nlm.nih.gov/34974179/ [accessed 26/06/2022].

Institute for Health Care Improvement. (IHI, 2019). Early Warning Systems:
Scorecards That Save Lives. Available from
https://www.ihi.org/resources/Pages/ImprovementStories/EarlyWarningSystemsScor
ecardsThatSaveL ives.aspx [accessed 22/07/22].

Imperato, J., Mehegan, T., Henning, D. J., Patrick, J., Bushey, C., Setnik, G. and
Sanchez, L. D. (2017) “Can an emergency department clinical ‘triggers’ program
based on abnormal vital signs improve patient outcomes? — CORRIGENDUM,,”
CJEM. Cambridge University Press, 19(1), pp. 80-80. Available from doi:
10.1017/cem.2016.365.

Jayasundera, R, Neilly, M, Smith, T., and P.K., Myint. ((2018) "Are early warning
scores useful predictors for mortality and morbidity in hospitalised acutely unwell
older patients? A systematic review." Journal of clinical medicine 7, no. 10: 309.
Available from https://www.mdpi.com/2077-0383/7/10/309 [accessed 18/06/2022].

Johnston, M.J., Arora, S., King, D., Bouras, G., Almoudaris, A.M., Davis, R. and
Darzi, A., (2015). A systematic review to identify the factors that affect failure to
rescue and escalation of care in surgery. Surgery, 157(4), pp.752-763.

41


https://pubmed.ncbi.nlm.nih.gov/29771722/
http://www.training.cochrane.org/handbook
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8685833/
http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/MMAT_2018_criteria-manual_2018-08-01_ENG.pdf
http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/MMAT_2018_criteria-manual_2018-08-01_ENG.pdf
https://www.hpo.ie/latest_hipe_nprs_reports/HIPE_2020/HIPE_Report_2020.pdf
https://pubmed.ncbi.nlm.nih.gov/34974179/
https://www.ihi.org/resources/Pages/ImprovementStories/EarlyWarningSystemsScorecardsThatSaveLives.aspx
https://www.ihi.org/resources/Pages/ImprovementStories/EarlyWarningSystemsScorecardsThatSaveLives.aspx
https://www.mdpi.com/2077-0383/7/10/309

Karanicolas, P.J., Farrokhyar, F. and Bhandari, M., (2010). Blinding: who, what,
when, why, how? Canadian journal of surgery, 53(5), p.345. Available from
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2947122/ [accessed 19/07/2022].

Kehoe, M; Cronin, M; Donnelly, M; Salter, N; Casey, A; Bell, M; et al. (2022):
Deteriorating patient audit feasibility study report. Royal College of Surgeons in
Ireland. Report. Available from https://doi.org/10.25419/rcsi.18790058.v1 [accessed
19/06/2022).

Kivipuro, M., Tirkkonen, J., Kontula, T., Solin, J., Kalliomé&ki, J., Pauniaho, S.L.,
Huhtala, H., Yli-Hankala, A. and Hoppu, S., (2018). National early warning score
(NEWS) in a Finnish multidisciplinary emergency department and direct vs. late
admission to intensive care. Resuscitation, 128, pp.164-169. Available from
https://www.sciencedirect.com/science/article/abs/pii/S0300957218302314
[accessed 26/06/2022].

Kostakis, I., Smith, G.B., Prytherch, D., Meredith, P., Price, C., Chauhan, A,
Mortlock, A., Schmidt, P., Spice, C., Fox, L. and Fleming, D., (2021). The
performance of the National Early Warning Score and National Early Warning Score
2 in hospitalised patients infected by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Resuscitation, 159, pp.150-157. Available from
https://www.ncbi.nlm.nih.gov/pmc/articlessPMC7648887/ [accessed 26/06/2022].

Kumar, A., Ghabra, H., Winterbottom, F., Townsend, M., Boysen, P., & Nossaman,
B. D. (2020). The modified early warning score as a predictive tool during unplanned
surgical intensive care unit admission. Ochsner Journal, 20(2), 176-181. Available
from https://pubmed.ncbi.nlm.nih.gov/32612472/ [accessed 26/06/2022].

Latkin, C. A., Edwards, C., Davey-Rothwell, M. A., & Tobin, K. E. (2017). The
relationship between social desirability bias and self-reports of health, substance use,
and social network factors among urban substance users in Baltimore, Maryland.
Addictive behaviours, 73, 133-136. Available from
https://doi.org/10.1016/j.addbeh.2017.05.005 [accessed 20/07/2022].

Lee, Y., Choi, J., Park, Y., Chung, C., Park, D., Lee, J., Lee, H., & Moon, J. (2018).
Evaluation of the efficacy of the national early warning score in predicting in-hospital
mortality via the risk stratification. Journal of Critical Care, 47, 222-226.

Mann, C.J., (2003). Observational research methods. Research design 11: cohort, cross
sectional and case-control studies. Emergency medicine journal, 20(1), pp.54-60.
Available from https://emj.bmj.com/content/20/1/54.short [accessed 19/07/2022].

Massey, D., Chaboyer, W., & Anderson, V. (2016). What factors influence ward
nurses' recognition of and response to patient deterioration? An integrative review of
the literature. Nursing open, 4(2), 6-23. Available from
https://doi.org/10.1002/nop2.53 [accessed 09/07/2022].

McNeill, G. and Bryden, D., (2013). Do either early warning systems or emergency
response teams improve hospital patient survival? A systematic review. Resuscitation,

42


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2947122/
https://doi.org/10.25419/rcsi.18790058.v1
https://www.sciencedirect.com/science/article/abs/pii/S0300957218302314
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7648887/
https://pubmed.ncbi.nlm.nih.gov/32612472/
https://doi.org/10.1016/j.addbeh.2017.05.005
https://emj.bmj.com/content/20/1/54.short
https://doi.org/10.1002/nop2.53

84(12), pp.1652-1667. Available from
https://www.sciencedirect.com/science/article/abs/pii/S0300957213004218
[accessed 26/07/2022].

Miller, C.J., Smith, SN and Pugatch, M., (2020) Experimental and quasi-experimental
designs in implementation research, Psychiatry Research. VVolume 283, 2020,112452,
ISSN 0165-1781, Available from
https://www.sciencedirect.com/science/article/pii/S0165178119306833 [accessed
26/06/2022].

Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R, Currie M, Qureshi
R, Mattis P, Lisy K, Mu P-F.(2020) Chapter 7: Systematic reviews of etiology and
risk . In: Aromataris E, Munn Z (Editors). JBI Manual for Evidence Synthesis. JBI,
Available from https://synthesismanual.jbi.global [accessed 16/07/2022].

Morgan, R.J.M., Williams, F. and Wright, M.M., (1997). An early warning scoring
system for detecting developing critical illness. Clin Intensive Care, 8(2), p.100.

Murphy, A., Cronin, J., Whelan, R. et al. (2018) Economics of Early Warning Scores
for identifying clinical deterioration—a systematic review. Ir J Med Sci 187, 193-205.
Available from https://doi.org/10.1007/s11845-017-1631-y [accessed 09/07/2022].

National Institute for Health and Care Excellence (NICE) (2020). National Early
Warning Score systems that alert to deteriorating adult patients in hospital. Available

from  https://www.nice.org.uk/advice/mib205/chapter/The-technology  [accessed
18/06/2022].

National Office of Clinical Audit (NOCA) (2022). What is a NOCA Clinical Audit?
Available from https://www.noca.ie/about-noca/what-we-do/what-is-clinical-audit
[accessed 26/07/2022].

Nickson, C, (2020) Retrospective Studies and Chart Reviews. Available from
https://litfl.com/retrospective-studies-and-chart-reviews/ [accessed 26/06/2022].
Page, M.J., McKenzie, J.E., Bossuyt, P.M. et al. (2020). The PRISMA statement: an
updated guideline for reporting systematic reviews. Syst Rev 10, 89 (2021). Available
from: https://doi.org/10.1186/s13643-021-01626- [accessed 15/06/2022].

Patsopoulos N. A. (2011). A pragmatic view on pragmatic trials. Dialogues in clinical
neuroscience, 13(2), 217-224. Available from
https://doi.org/10.31887/DCNS.2011.13.2/npatsopoulos [acccessed19/06/2022].

Pearson, A., Field, J. and Jordan, Z. (2007) Evidence-Based Clinical Practice in
Nursing and Health Care: Assimilating Research, Experience and Expertise, John
Wiley & Sons, Incorporated.

Pereira, V.C., Silva, S.N., Carvalho, V.K.S. et al. (2022). Strategies for the
implementation of clinical practice guidelines in public health: an overview of
systematic reviews. Health Res Policy Sys 20, 13. Available from
https://doi.org/10.1186/s12961-022-00815-4 [accessed 21/07/22].

43


https://www.sciencedirect.com/science/article/abs/pii/S0300957213004218
https://www.sciencedirect.com/science/article/pii/S0165178119306833
https://synthesismanual.jbi.global/
https://doi.org/10.1007/s11845-017-1631-y
https://www.nice.org.uk/advice/mib205/chapter/The-technology
https://www.noca.ie/about-noca/what-we-do/what-is-clinical-audit
https://litfl.com/retrospective-studies-and-chart-reviews/
https://doi.org/10.1186/s13643-021-01626-
https://doi.org/10.31887/DCNS.2011.13.2/npatsopoulos.%5baccessed
https://doi.org/10.1186/s12961-022-00815-4

Pimentel, M. A., Redfern, O. C., Gerry, S., Collins, G. S., Malycha, J., Prytherch, D.,
Schmidt, P.E., Smith, G. B., & Watkinson, P. J. (2019). A comparison of the ability
of the national early warning score and the national early warning score 2 to identify
patients at risk of in-hospital mortality: A multi-centre database study. Resuscitation,
134, 147-156. Available from https://www-sciencedirect-
com.ucc.idm.oclc.org/science/article/pii/S0300957218309456?via%3Dihub
[accessed 25/06/2022].

Polit, D.F., & Beck, C.T. (2012). Nursing research: Generating and assessing evidence
for nursing practice (9th Ed.). Philadelphia. PA: Lippincott Williams and Wilkins.

Popay, J., Roberts, H., Sowden, A., Petticrew, M., Arai, L., Rodgers, M., Britten, N.,
Roen, K. and Duffy, S., (2006). Guidance on the conduct of narrative synthesis in
systematic reviews. A product from the ESRC methods programme Version, 1(1),
p.b92. Available from https://www.lancaster.ac.uk/media/lancaster-
university/content-assets/documents/fhm/dhr/chir/NSsynthesisguidanceVersion1-
April2006.pdf [accessed 29/07/2022].

Porritt, K.,Gomersall, J. and; Lockwood, C.,(2014) JBI's Systematic Reviews, AJN,

American Journal of Nursing: - Volume 114 - Issue 6 - p 47-52. Available from

https://journals.lww.com/ajnonline/Fulltext/2014/06000/JBI1_s_Systematic_Reviews
Study_Selection_and.25.aspx [accessed 26/06/2022].

Rosero, E.B., Romito, B.T. and Joshi, G.P., (2021). Failure to rescue: A quality
indicator for postoperative care. Best Practice & Research Clinical Anaesthesiology,
35(4), pp.575-589. Available from https://pubmed.ncbi.nlm.nih.qov/34801219/
[accessed 02/07/2022].

Royal College of Physicians (RCP) (2017). National Early Warning Score (NEWS) 2
standardising the assessment of acute illness severity in the NHS, London, UK: Royal
College of Physicians. Available from
https://www.rcplondon.ac.uk/projects/outputs/national-early-warning-score-news-2
[accessed 19/06/2022].

Sedgwick, P., (2014). What is a non-randomised controlled trial? Bmj, 348. Available
from https://www.bmj.com/content/348/bmj.g4115.short [accessed 31/07/2022].

Smith, D.J., and Aitken, L.M., (2016). Use of a single parameter track and trigger chart
and the perceived barriers and facilitators to escalation of a deteriorating ward patient:
a mixed methods study. J Clin Nurs. Jan; 25(1-2):175-85. Doi: 10.1111/jocn.13104.
PMID: 26769205. Available from https://pubmed.ncbi.nlm.nih.gov/26769205/
[accessed 02/07/2022].

Smith GB, Prytherch DR, Schmidt PE, Featherstone PIl., (2008). Review and
performance evaluation of aggregate weighted ‘track and trigger' systems.
Resuscitation. May; 77(2):170-9. doi: 10.1016/j.resuscitation.2007.12.004. Epub
2008 Feb 4. PMID: 18249483. Available from
https://pubmed.ncbi.nlm.nih.gov/18249483/ [accessed 15/07/2022].

44


https://www-sciencedirect-com.ucc.idm.oclc.org/science/article/pii/S0300957218309456?via%3Dihub
https://www-sciencedirect-com.ucc.idm.oclc.org/science/article/pii/S0300957218309456?via%3Dihub
https://www.lancaster.ac.uk/media/lancaster-university/content-assets/documents/fhm/dhr/chir/NSsynthesisguidanceVersion1-April2006.pdf
https://www.lancaster.ac.uk/media/lancaster-university/content-assets/documents/fhm/dhr/chir/NSsynthesisguidanceVersion1-April2006.pdf
https://www.lancaster.ac.uk/media/lancaster-university/content-assets/documents/fhm/dhr/chir/NSsynthesisguidanceVersion1-April2006.pdf
https://journals.lww.com/ajnonline/Fulltext/2014/06000/JBI_s_Systematic_Reviews__Study_Selection_and.25.aspx
https://journals.lww.com/ajnonline/Fulltext/2014/06000/JBI_s_Systematic_Reviews__Study_Selection_and.25.aspx
https://pubmed.ncbi.nlm.nih.gov/34801219/
https://www.rcplondon.ac.uk/projects/outputs/national-early-warning-score-news-2
https://www.bmj.com/content/348/bmj.g4115.short
https://pubmed.ncbi.nlm.nih.gov/26769205/
https://pubmed.ncbi.nlm.nih.gov/18249483/

Smith, M.B., Chiovaro, J.C., O’Neil, M., Kansagara, D., Quifiones, A.R., Freeman,
M., Motu’apuaka, M.L. and Slatore, C.G., (2014). Early warning system scores for
clinical deterioration in hospitalized patients: a systematic review. Annals of the
American Thoracic Society, 11(9), pp.1454-1465. Available from
https://www.atsjournals.org/doi/full/10.1513/AnnalsATS.201403-1020C [accessed
02/07/2022].

Sarensen, E.M., Petersen, J.A. (2015). Performance of the efferent limb of a rapid
response system: an observational study of medical emergency team calls. Scand J
Trauma Resusc Emerg Med 23, 69. Available from https://doi.org/10.1186/513049-
015-0153-8 [accessed 21/07/2022].

Statista (2022). Total hospital admissions in the United States 1946-2019. Available
from https://www.statista.com/statistics/459718/total-hospital-admission-number-in-
the-us/ [accessed 09/07/2022].

The  Health  Foundation  (2022).  Acute care.  Available  from
https://www.health.org.uk/topics/acute-care [accessed 02/07/2022].

Thiese M. S. (2014). Observational and interventional study design types; an
overview. Biochemia medica, 24(2), 199-210. Available  from
https://hrcak.srce.hr/125364 [accessed 26/06/2022].

Tufanaru C, Munn Z, Aromataris E, Campbell J, Hopp L.(2020) Chapter 3:
Systematic reviews of effectiveness. In: Aromataris E, Munn Z (Editors). JBI Manual
for Evidence Synthesis. JBI, Available from https://synthesismanual.jbi.global
[accessed 03/07/2022].

Tygesen GB, Lisby M, Raaber N, Rask MT, Kirkegaard H. (2021). A new situation
awareness model decreases clinical deterioration in the emergency departments—A
controlled intervention study. Acta Anaesthesiol Scand. 2021; 65:1337— 1344.
Available from https://pubmed.ncbi.nlm.nih.gov/34028009/ [accessed 26/06/2022].

University of Limerick (2022). Referencing & EndNote: Available from
https://libguides.ul.ie/referencing-endnote. [accessed 31.05.2022].

Ursolino, G., (2019). The Association of Modified Early Warning Score on Patient
Outcomes in Medical-Surgical Units in an Academic Medical Center. Available from
https://hsrc.himmelfarb.gwu.edu/son_dnp/53/ [accessed 26/06/2022].

Viswanathan, M., Patnode, C.D., Berkman, N.D., Bass, E.B., Chang, S., Hartling, L.,
Murad, M.H., Treadwell, J.R. and Kane, R.L., (2017). Assessing the risk of bias in
systematic reviews of health care interventions. Methods guide for effectiveness and
comparative effectiveness reviews. Available from
https://www.ncbi.nlm.nih.gov/sites/books/NBK519366/ [accessed 29/07/2022].

World Health Organisation (WHOQO) (2022), Hospitals Overview, Available from
https://www.who.int/health-topics/hospitals#tab=tab_1 [accessed 09/07/2022].

45


https://www.atsjournals.org/doi/full/10.1513/AnnalsATS.201403-102OC
https://doi.org/10.1186/s13049-015-0153-8
https://doi.org/10.1186/s13049-015-0153-8
https://www.statista.com/statistics/459718/total-hospital-admission-number-in-the-us/
https://www.statista.com/statistics/459718/total-hospital-admission-number-in-the-us/
https://www.health.org.uk/topics/acute-care
https://hrcak.srce.hr/125364
https://synthesismanual.jbi.global/
https://pubmed.ncbi.nlm.nih.gov/34028009/
https://libguides.ul.ie/referencing-endnote
https://hsrc.himmelfarb.gwu.edu/son_dnp/53/
https://www.ncbi.nlm.nih.gov/sites/books/NBK519366/
https://www.who.int/health-topics/hospitals#tab=tab_1

World Health Organisation (WHO) (2022) Coronavirus (COVID-19) Dashboard,
Available from: https://covid19.who.int/ [accessed 18/06/2022].

Wu, C. L., Kuo, C. T., Shih, S. J., Chen, J. C., Lo, Y. C., Yu, H. H., Huang, M. D.,
Sheu, W. H., & Liu, S. A. (2021). Implementation of an Electronic National Early
Warning System to Decrease Clinical Deterioration in Hospitalized Patients at a
Tertiary Medical Center. International journal of environmental research and public
health, 18(9), 4550. https://doi.org/10.3390/ijerph18094550  Available from
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8123282/ [accessed 26/06/2022].

46


https://covid19.who.int/
https://doi.org/10.3390/ijerph18094550
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8123282/

Appendix I: Literature Searches

CINAHL Search
Completed 19/04/22

15 S8 AND S10

S14 S8 AND S10

S13 S8 AND S10

S12 S8 AND S9

S11 S8 AND S10

Limiters - Full Text; Published Date:
20170101-20221231; English
Language; Peer Reviewed; Exclude
Pre-CINAHL; Exclude MEDLINE
records; Evidence-Based Practice; Age
Related: All Adult:

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Limiters - Full Text; Published Date:
20170101-20221231; English
Language; Peer Reviewed; Exclude
MEDLINE records; Evidence-Based
Practice

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Limiters - Published Date: 20170101-
;20221231 English Language; Peer
Reviewed; Exclude MEDLINE
records; Evidence-Based Practice
Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

47

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - CINAHL Plus with Full
Text;MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - CINAHL Plus with Full
Text;MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - CINAHL Plus with Full
Text;MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - CINAHL Plus with Full
Text;MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

32

68

71

119



S10

S9

S8

S7

S6

S5

S4

hospitalisation OR inpatient*

"randomised controlled trial*" OR RCT OR
"interventional Stud*"

S5 AND S6 AND S7

S10R S2

S30OR S4

AB ( outcome* OR mortality ) OR TI (
outcome* OR mortality )

AB ( "patient deterioration”" OR "clinical
deterioration" ) OR TI ( "patient
deterioration" OR "clinical deterioration™ )

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

48

Database - CINAHL Plus with Full
Text;MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - CINAHL Plus with Full
Text;MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - CINAHL Plus with Full
Text;MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - CINAHL Plus with Full
Text;MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - CINAHL Plus with Full

Text; MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - CINAHL Plus with Full
Text;MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - CINAHL Plus with Full
Text;MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - CINAHL Plus with Full
Text;MEDLINE

562,851

103,947

343

7,054

8,325

3,500,831

7,778



S3

S2

S1

(MH "Clinical Deterioration™)

AB ( "early warning scor*" OR "early

warning system" OR "track and Trigger*"
OR EWS OR "Early Warning System*")
OR TI ( "early warning scor*" OR "early
warning system" OR "track and Trigger*"
OR EWS OR "Early Warning System*" )

(MH "Early Warning Score")

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

49

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - CINAHL Plus with Full
Text;MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - CINAHL Plus with Full
Text;MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - CINAHL Plus with Full
Text;MEDLINE

1,028

6,997

411



Medline Search

Completed 19.04.2022

S18

S17

S16

S15

S14

S13

S12

S11

S10

S130RS14

S130R S14

S130R S14

S130RS14

S8 AND S11

S7 AND S12

S6 AND S11

S50R S9 OR S10

S30OR S4

Limiters - Scholarly (Peer Reviewed) Journals; Date
of Publication: 20170101-20221231

Expanders - Apply equivalent subjects

Search modes - Boolean/Phrase

Limiters - Date of Publication: 20170101-20221231
Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Limiters - Date of Publication: 20170101-20221231
Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

50

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - MEDLINE

69

70

70

82

28

54

249

4,693

1,805



S9

S8

S7

S6

S5

sS4

S3

S2

Sl

S10R S2

(MH "Mortality™)

(MH "Heart Arrest”) OR Tl
( ICU admission OR
intensive care admission )
OR AB ( ICU admission
OR intensive care admission

)

(MH "Treatment Outcome")
OR "patient outcomes"

AB ( Early warning scor*
OREWS ) OR Tl ( Early
warning scor* OR EWS)

"early warning system"

"track and trigger"

"early warning score"

(MH "Early Warning
Score™)

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

51

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - MEDLINE

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - MEDLINE

1,295

48,759

62,135

1,176,541

3,062

1,682

138

1,295

308



Cochrane Library Search

Search Name: EWS Cochrane search to April 2022

Date Run: 19/04/2022 13:22:49

Comment:

ID Search Hits

#1 (*early warning score):ti,ab,kw (Word variations have been searched) 273

Embase Search
#1('early warning scor*' OR ‘early warning system*' OR ‘track and trigger' OR ews OR ‘patient deterioration':ti OR ‘clinical
deterioration':ab,ti) AND [2017-2022]/py 210

Web of Science (n=6)

Clear History
Type Search Query and Results Database Results Actions
Curren t session ~
Search eb 6 @ J [ ]
"Early Warning Scor*" OR "early Warning System" OR "Track and Trigger" OR EWS (Topic, o 4 " a
and "Clinical Deterioration" OR "patient Deteriorat*" (All Fields) and "Outcome*" OR ;
"mortality” (All Fields) and RCT OR "interventional Stud*" (Al Fields =hov

22-04-19 {Index D

Scopus
Search performed on 19" April 2022.

Both these searches identified papers that were added to Covidence as with the other databases.

52



Appendix Il

(Study Characteristics)

Table 5: (n=13)

N First Author,
year
1 Badr et al.
2021

Purpose of the
study

ITo evaluate the
effect of the
NEWS
implementation in
patients at risk of
deterioration.

Design/Method

Prospective,
control/intervention
groups, with quasi-
lexperimental design.
Randomisation of
[patient’s to either group.
Implementation of a
nursing EWS.

Data collected Socio-
demographic, medical
datasheet, observational
checklist for patient
outcomes & vital signs.

Control group July 2018
lto February 2019.

Intervention between
December 2018 and
February 2019.

|All study patients
followed to either
discharge or death.
Evidence of medical
review by nurses
following clinical

stay (LOS).

deterioration and length of

Sample/Setting

One study site:
Inpatient unit in
Emergency hospital
in Egypt

Sample 300
required by power
analysis.

N=364 adult.
Randomly assigned
to intervention
group (N=174) and
control group
(N=190)

Inclusion:
consented adults;
not a readmission,
nurse patient ratio:
3/1.

Major Variables
Studied (and their
Definitions)
Dependent Variables:
Cardiopulmonary

arrest,
Unplanned ICU
ladmissions

Emergency surgery
Unexpected death
lAcute Kidney injury

Escalation plan.

Measurement

Patient’s
demographic and
medical data sheet.
INEWS scale per
parameter.
Respiratory rate
(RR).

Oxygen saturation.
(O, Sats)

ITemperature (Temp).
Systolic BP (SBP)
Heart Rate (HR)
Level of
lconsciousness (LOC)
Rated 0-3.

Scores summed, used
as a parameter of
clinical risk for each
patient

Low risk 0-4.

Medium risk >5 or 3
in one parameter.

High risk >7,
lescalation protocol

activated.

Data Analysis

Descriptive
analysis:

Standard
deviations,
independent t-
test, chi Square
test.

Significance was
set at the 5%
level (P = 0.05).

5.

2.
3.

Findings

Comparison between the
control and study groups
1.

Cardiopulmonary
arrest (4.7% vs 1.1%,
p = 0.046).
Emergency surgery
(6.3% vs 0%,
p=0.001).

Unplanned ICU
admission (5.3% vs
1.7%, p= 0.049).

Acute kidney injury
(6.8% vs 1.1%, p=
0.006).

Escalation Plan (3.2%
Vs 26.4%, p = <0.001).

Logistic regression -
intervention statistically
significant effect on
1.

Cardiopulmonary
arrest (p=0.03),
Total AKI (p=0.03),
Escalation
plan(<0.001),

Vital sign
measurement
(P<0.001).

Appraisal: Worth to
Practice

Generalisability of the
findings:
Strengths:

Reliable instruments
used (tested for
reliability utilizing inter
rater-reliability with
IKrippendorff’s alpha.
Design

g-experimental design

Limitations

Sampling: The majority
of the consented
patients were surgical
and based in one
geographical area of
Egypt, therefore results
may not be
generalizable.

Usefulness to practice:

Could be replicated in
an ED unit in similar
hospital as tools could
be used in other
settings.
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First Author,
year

Bedoya et al.
2019

Purpose of the
study

ITo determine the
effectiveness of
NEWS on
predicting and
preventing patient
deterioration in a
clinical setting.

Design/Method

Retrospective cohort
study (quasi-experimental
study design).

Intervention:
Implementation of the
NEWS with Electronic
Health Record (EHR) and
lautomated Best Practice
|Alert (BPA).

Data collection: via the
EHR at both sites. Both
groups were followed to
discharge/ICU transfer/
death.

Timelines: pre-
implementation of NEWS
March 1, 2014 to
February 28 2015.

Implementation of
NEWS period:

lAugust 1 2015 to July 31
2016.

Sample/Setting

ITwo sites USA

1) Academic
hospital (2/3 of the
study population)
2) Community
hospital.

N=85,322

Pre
implementation of
NEWS - control
N=42,402.
Implementation of
NEWS - study
group N=42,920.

[Patient’s records
reviewed using the
EHR.

Inclusion: Patients’
> 18 years
hospitalised during
the periods above.

Major Variables
Studied (and their
Definitions)
Dependent variables:

In-patient mortality

Unanticipated transfer
from ward to ICU
before and after
implementation of
BPA

Nurse response to the
BPA

Predictive
performance of NEWS

IAssociation between
NEWS and patient
outcomes.

Measurement

NEWS parameters:
SBP

RR

HR

[Temperature,

02 Sats
Supplemental oxygen
LOC.

IA BPA when NEWS
reached 7 threshold.

Fine and Gray
method to estimate
sub distribution
hazard ratio (HR).

Predictive value of
NEWS determined
using the c statistic &
calculated at discrete
time periods, i.e.
INEWS over 12 hour
increments from
admission to 7-day
stay.

Presence of an event
over 48 hours was
assessed and over
discrete 4-hour
increments.

Data Analysis

R version 3.2.1.

Stratified by
hospital facility.

Logistic
regression model
to test goodness
of fit.

HR - 95% CI,

Chi square tests
and Wilcoxon
Rank Sum test
used to calculate
the differences
between the
patient
characteristics
during the
pre/post periods.

Unadjusted
incident rates per
100 hospital
days.

Findings

Stratified by hospital:
NEWS made no difference
lto outcomes measured and
BPASs ignored by nurses.
1. ICU transfer & death
adjusted HRs of 0.94
(0.84, 1.05) 0.90
(0.77, 1.05) based on
95% ClI.

177,352 BPAs were
made. BPAs were
ignored 86% of the
time & performed
better at community
hospital predicting an
event within 12 hours.
Patients at the
academic centre more
likely to have an event
within 12 hours once
nurses had accepted
the BPA compared to
when they were
ignored with an odds
ratio of 1.23.

NEWS predictive
performance ranged
072-0.80 and 0.74 and
0.90 for the academic
and community
facility (based on ¢

statistic).

Appraisal: Worth to
Practice

Generalisability of the
findings:

Strengths:

Large sample from two
hospitals.

Performed as part of
EHR data collection, so
non-subjective.

Limitations:

Retrospective cohort
study lacked the rigour
of an RCT.

Population contained a
large cohort of
transplant patients that
may impact on validity.

Usefulness to practice:
Study carried out using

an EHR and could limit
repetition.
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First Author,
year

Creutzburg et
al. 2021

Purpose of the
study

ITo assess the
incidence of in-
hospital cardiac
arrest (IHCA)
before and after
the implementation
of NEWS.

Design/Method

Pre and post study
conducted as a
retrospective quality
lassurance study based on
IHCA data pre 2017.

2012 IHCA data excluded
lto avoid bias.

Intervention:
implementation of NEWS
and impact of CA.

Sample/Setting

One acute hospital
in Denmark.

Patients >18y
N=938 patients

Pre EWS 2006-
2011 (N=444).

Post EWS 2013-
2018 (N=494).

Followed up to
death/discharge.

Major Variables
Studied (and their
Definitions)
Implementation of the
NEWS on general

ard

Primary outcome
Incidence rate of
IHCA

Secondary outcome:
Return of spontaneous
circulation (ROSC).

Measurement

Descriptive statistics:
P-values at <0.05.

Pre and post EWS
compared by
incidence rate ratio
(IRR), reported as
IHCA per 1000
ladmissions,

95% ClI.

NEWS vital signs:
RR

arterial O, saturation,
HR

SBP

IAVPU

;Temp.

Data Analysis

R version 3.6.2
and Rstudio
\version 1.2.5033.

Incidence rate
ratio (IRR)

Significance set
at p-value <0.05.

Findings

INEWS did not decrease the
incidence of IHCA in
general wards

1.

Rate of IHCA 1.13 vs
1.11. IR between two
groups 0.98 (95% ClI
[0.86 1.11], p=0.71)
ROSC 1.14(95% ClI
[0.88, 1.47], p=0.32).
30 day MR 1.30 (95%
CI[0.96, 1.75] P
=0.09).

Appraisal: Worth to
Practice

Generalisability of the
findings.

Strengths:

Non-subjective patient
data. Missing data
minimised (4% of the
registered IHCA had
missing data).

Limitations:

One hospital site used
limiting
generalisability.
Usefulness to practice:
Study replication

challenging unless
hospitals had access to

an IHCA registry.
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First Author,
year

Escobar et al.
2020

Purpose of the
study

ITo establish
whether the
outcomes of
patients who
reached an alert
threshold were
improved by the
implementation,
involving remote
monitoring
(Advance Alert
Monitor) (AAM)
by nurses who
communicated
findings to rapid
response teams.

Design/Method

IAn interventional study:
outcomes at sites with
program operational
(intervention population)
lwas compared with
loutcomes at sites with no
program.

Intervention:

Remote monitoring by
nurses who reviewed
patients identified as
being at high risk via an
automated EWS.

Data collection via the
EHR at all sites. Both
igroups followed up to
ICU transfer, discharge or
death.

Sample/Setting

N=37,071- 19
hospitals in the
USA using the
EPIC EHR system

Interventional
cohort

N= 13, 274 patients
>18y.
Comparison
cohort

n=23,797
Included patients
admitted to any of
the study hospitals
in the year
preceding the
introduction of the
intervention
(historical
controls).

548, 838 patients
admitted to a ward
or step down area,
and 43,949 (7.1%)
reached the alert
threshold.

Study period
1/08/2015 to

28/02/2019.

Major Variables
Studied (and their
Definitions)
Dependent Variable:
mortality within 30
days following an
IAAM at ward level.
Secondary outcomes
included, LOS, ICU
admission, &

in hospital, and not
having been
hospitalised) was
analysed post hoc.

favourable status at 30
days (patient alive, not

Measurement

Rate of deaths
expressed per 1000
patients.

Cl 95%.

Binary outcomes:
mortality, ICU
admission &
favourable status
within 30 days using
a Poisson
distribution.

ICompeting- risk Cox
proportional hazards
model to assess effect
on LOS.

Hazard rate refers to
intervention
instantaneous rate of
discharge divided by
the instantaneous rate
of discharge in the
comparison group.

Models applied to
1000 bootstrap
samples

Data Analysis

R software,
\Version 3.5.2,
and SAS
software Version
9.4 (SAS
Institute)

Two sided P
value

95% CI used

Findings

Intervention VV comparison

cohort:

1 ICU admission (17.7%
v 20.9%).

2  LOS (6.5daysvs. 7.2
days).

3 MR associated with 30

days after event
reaching alert
threshold (15.8%vs
20.4%) (P< 0.001) &
an absolute difference
of 3.8 percentage
points.

Appraisal: Worth to
Practice

Generalisability of the
findings:

Strengths:

Large sample size
drawn from 19
hospitals.

Data collection from
EHR non-subjective &
analysis adjusted for
severity of illness.

Limitations:

Generalisability of
cohort as the sample
lwas insured patients
only and may not be
representative of
general population.

Usefulness to practice
Large study involving
19 hospitals, plus two
pilot sites and grant aid
supported.

Similar resources
required to replicate
study.
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First Author,
year

Haegdorens
et al. 2019

Purpose of the
study

ITo investigate the
impact of the
INEWS on the
frequency and
quality of vital
sign recording and
the association
between nursing
compliance with
NEWS and patient
mortality

Design/Method

Post hoc analysis of data
from a stepped wedge
cluster RCT in 6
hospitals.

5 periods (each period 4
months, October 2013-
May 2015).

Phased introduction of the
intervention —

Standardised observation
protocol based on NICE
Guidelines using NEWS
combined with a medical
response strategy from the
Royal College of
Physicians.

Observation protocol
using NEWS in
combination with a
pragmatic medical
response strategy at ward
level.

Hospitals integrated the
NEWS into patient record

Hospital management
blinded for the
intervention date.

\Ward staff made aware of
inclusion 2 weeks prior to
commencement of the
intervention.

Sample/Setting

6 acute hospitals,
Belgium.

Inclusion: non-
pregnant & >17
lyears admitted to
24 wards from
October 2013 to
May 2015

N =60, 956,

N= 32, 722 were in
the intervention
group.

Cross sectional
isample of patients
sampled every 4
months for
comorbidity scores
(n=3,600) and vital
signs (n=2951).

Block
randomisation
method.

Cross sectional
sample

N=2,951.
Control, N=1361.
Cases N=1590
Up to 24 hr
before SAE —

Control N=266
ICases N=402.

Major Variables
Studied (and their
Definitions)
Dependent variables:

Unexpected death,
CA with CPR,

Unplanned ICU
IAdmissions,

Registered vital signs,
Comorbidity scores,
Mean

comorbidity index
(CCl).

Measurement

CCl,
[Temperature,
SBP,

HR,

02

RR,

LOC

NEWS score,
Supplemental
oxygen.

Data Analysis

SPSS Version 24

Patient outcome
measure
presented per
1000 patient
admissions.

Pearson’s Chi
squared test used
to test all
proportions
between two or
more groups.

Linear regression
used to show
association
between protocol
compliance MR
per 1000
admissions

Findings

Unexpected cardiac
death rates 0.6 per
1000 admissions
(0.451, p=0.027).

Unexpected CA with
CPR rate 1.0 per 1000
admissions (P=
0.469).

Unplanned ICU
admissions: rate 10.7
per 1000 admissions.

LOS: In the cross
sectional, sample
significantly shorter
than intervention
group 11.2 vs 14.4
days. Increase in LOS
in patients in the
intervention group up
to 24h before SAE,
SAE occurred more
frequently in
interventional group.
Significant negative
association between
percentage protocol
compliance &
combined MR, was
2.1 per 1000
admissions (p=0.080).
No statistical
difference in patients
without observations
when comparing the
control and
intervention groups.
Increase in registration
of all 6 vital signs and
supplemental oxygen.

Appraisal: Worth to
Practice

Generalisability of the
findings:

Strengths:

Sample
Computerised
randomisation
procedure used,
ltreatment groups, and
control groups chosen
entirely by chance,
therefore, good for
generalisability.

Data collection: non-
subjective patient data
used via the
Standardised electronic
checklist used to collect
data.

Limitations:

Design: stepped wedge
cluster RCT can take
longer than similarly
sized parallel group
RCTSs.

Intervention patients
lyounger than control
group.

Usefulness to practice

Post hoc analysis of
data and outcome
measures limited
applicability

Study took considerable
time.
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First Author,
year

Heller et al.
2020

Purpose of the
study

ITo evaluate the
effect of deploying
an automated
MEWS with
paging
functionality,
including

risk population
post complex
surgical
interventions.

telemetry on an at |

Design/Method

Interventional study:
retrospective 12 month
data review using 4
routine databases and
measurement logs of the
deployed system
(intervention phase only)

Intervention:
1/07/2016 to 30/06/2017.

Control: patients on the 4
databases before the
deployment of the system

Data from 01/01/2015 to
31/12/2015 followed to
death/discharge.

Sample/Setting

One site Germany
University
[Teaching Hospital.

N=3827 patients
from 2 surgical
ards comprised
of: N=1896 in
control setting and
N=1931 in
interventional
cohorts
ITwo 12 month

observation periods

Major Variables
Studied (and their
Definitions)

Independent
\Variables: automated
MEWS with paging
functionality.

Dependent Variable:
rate of cardiac arrests
per 100 admissions.
Percentage of
unplanned ICU
admissions.

Rate of notification of
critical conditions to
the ward surgeon.

Measurement

RR,

02 sats,
Supplemental
oxygen,
Temp,

SBP

HR,

LOC

[Team concern.

MEWS scoring
Sheet:

MEWS 1-4 nurses
informed and next set
of observations
measurement
scheduled for
between 4-6 hours.

MEWS 5 or 6: ward
physician and nurse
informed.

MEWS >7 ward
physician
automatically paged
lto assess the patient.

Data Analysis

SPSS version 24
used.

P significance set
at P<0.05.

2 tailed unpaired
t tests performed
for comparisons
of interval scaled
\variables between
the two
observation
periods.

Mann-Whitney U
test applied to
non-parametric
group testing

Fisher exact test
to nominal scaled
data.

X2 test to
nominal scaled
data.

Statistical
comparison
between the 2
observation
periods was
completed.

Findings

Rate of cardiac
arrests dropped:
5.3 vs 2.1 per
1000
admissions,
(p<0.0001).

Unplanned ICU
admissions 3.6%
vs 3% (p<
0.001).

No changes
found in the
MRs between
the groups.

German
diagnosis related
groups (DRG)
case weight
intervention
were higher in
the intervention
period. Increase
in notifications
of critical
conditions to
surgeons
(N=118).

Appraisal: Worth to
Practice

Generalisability of the
findings:
Strengths:

Non-subjective patient
data used.

Limitations:

One site and
retrospective data used.
Patient characteristics
differed between the
two observation phases,
\which may threaten
internal validity.

Usefulness to practice:

Data on LOS, ICU
admissions, age, sex,
survival G-DRG-codes
and case weight from
ORBIS hospital
information system.
Data on comorbidities
extracted from
anaesthesia information
system. ICG database
provided data on
MEWS and
physiological
parameters. Study
could be replicated
elsewhere if similar

databases in use.
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First Author,| Purpose of the Design/Method Sample/Setting Major Variables Measurement Data Analysis Findings Appraisal: Worth to
year study Studied (and their Practice
Definitions)
Hwang, and [To examine the  |A before and after study. [One site: Seoul, Patient safety Health Professional [SAS Version 9.4. Significant (< |Generalisability of
Kim, (2022) |impact of using an (Intervention: provision ofi{South Korea. competency Education in Patient |used. p=0.05) increaselfindings
EWS for patient  [a short- time nurse Safety Survey (H- in handover
handover. leducation on NEWS2 to (128 patients needed [Handover quality PEPSS): 16 items: 5 [Statistical quality, Strengths:
facilitate nurse use and  [to attain 80.0% point Likert scale.  [significance set af] teamwork,
use of a checklist for power at a 5.0%  [Teamwork (structure, P<.05. safety climate, [Reliable instruments
score calculation (June 4, |level of leadership, Patient handoff frequency of  |used, samples were
2019 to June 30 2019).  [significance. communication, quality assessment  (Independent t- vital signs powered, non-

Pre-intervention: self-
report questionnaire
survey conducted
09/05/2019-22/05/2019.

Post intervention
questionnaire conducted
25/06/2019-5/07/2019.

Medical record randomly
selected for review for the
pre and post sample

N = 388 patients
enrolled from 3
general wards (188
before EWS and
200 after EWS.

Nurses pre
IN=90/post N=89.

mutual support,
situation monitoring),

Safety climate
Clinical judgment

Patient deterioration
NEWS?2 score 2 at 24
hours post admission,
INEWS2 score of 0 or
1 at admission,
increased NEWS?2 risk
category of 1 at 24
hours after admission,

IAdverse events
In-hospital mortality,
Unplanned admission
to ICU
cardiopulmonary
resuscitation (CPR).

tool: 12 items, 4 point
scale.

[Teamwork
Perceptions
Questionnaire: 35
items, 5-point Likert
scale.

Safety Attitudes
Questionnaire
5-point Likert scale.

Clinical judgement
scores based on
ichanges in breathing,
changes in
circulation, rigors,
changes in mentation,
agitation, pain, no
[progress, patients’
comments, subjective
nurse observation.
Clinical deterioration
LOS,

Discharge status,
|Adverse events.

tests to identify
differences in
frequencies of
vital signs
recording,
clinical concerns
and LOS.

Chi-square tests
for identification
of differences in
clinical
deterioration,
discharge status
and adverse
events.

recordings and
documentation
of clinical
concerns after
NEWS?2 use.

No significant
(>p=0.05)
change: in
nurses’ patient
safety
competency
scores, LOS,
clinical
deterioration or
adverse events.

subjective patient data
and a high response
rate.

Limitations:

One hospital site, self-
report surveys may be
subject to recall and
social desirability bias.
Post intervention
survey completed after
the intervention (time
series design may have
been stronger).

Usefulness to practice:
High respondent
burden, funding for
Ivoucher for each
respondent, similar
resources may be
required if replicating.
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First Author,
year

Imperato et al
2017

Purpose of the
study

ITo determine if a
clinical triggers
program with
predetermined
abnormal signs to
activate a rapid
lassessment team
had a measurable
effect on clinical
outcomes.

Design/Method

Retrospective pre and post|
intervention study.

Intervention:
implementation of an ED
clinical triggers program
including comprehensive
leducation process for
physicians & nurses

(10/07/2011-10/07/2012)
(pre-intervention period)

10/07/2012-9/07/2013
(post intervention period)

|All patients followed up
lto death or discharge

Sample/Setting

Powered sample.
One site:
N=73,965.

Community
teaching hospital,
USA.

IPatients >18y
presenting to the
ED.

N= 37,740 pre
intervention —

N=36,225 post
intervention.

Patients included
major trauma,
cardiac arrest,
stroke, acute ST
elevation.

Major Variables
Studied (and their
Definitions)
Dependent Variable:
inpatient days before
and after
implementation of the
triggers programme.

Secondary outcomes:
days spent in special
care unit. 30 day in
hospital mortality

Frequency of upgrade
in level of care once
admitted.

Measurement

[Trigger patients met

HR<40 or>130
beats/minute,

RR <8 or>30/minute
SBP <90mmHg,

02 sats <90% on
room air.

IAlert occurred if any
patient met the
specified vital sign
criteria.

the following criteria:

Data Analysis

Descriptive
analysis:

Median inpatient
days for all, unit
& ward
admissions
compared before
and after the
intervention.

Significance at
the 5% level
(p=0.05).

Chi square test
used to compare
pre and post
groups.

Fishers exact test
to measure the
frequency of
trigger criteria
and patient
\variables

The differences
in MR

Upgrades in
levels of care
compared with t-
test.

Findings

No difference in:
1. Median LOS 3.8 vs
4.0 (P=0.21),

2. Median days spent in
special care unit (5.0
vs 5.6 days, p=0.42)

3. In-hospital mortality

within 30 days of
admission 96% v
5.6%, p= 0.66).

There was a decreased rate
of upgrade in level of care
from the Step Down Unit to
ICU within 24 hours of
ladmission (4.9% vs. 4.5,
p=0.52) or anytime during
admission (10.1 % vs 6.2%,
p =0.16), but this was not
significant.

Patients less frequently met
ltrigger criteria in the post
intervention period 3.1% vs.
3.7%).

Appraisal: Worth to
Practice

Generalisability of the
findings:

Strengths:

Non-subjective data
used, patient data
retrieved from hospitals
health care analytic
isystem so all patients
captured.

Limitations:

Single site, samples
lwere under powered,
patient mortality only
tracked if patient death
occurred at site could
lead to underestimation
of the mortality data.

Usefulness to practice:

Data extracted from
hospitals analytic
system, similar
resources may be
required to replicate
study.
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First Author,
year

Kostakis et
al. 2020

Purpose of the
study

ITo evaluate the
ability of the
NEWS or NEWS2
to discriminate the
outcomes of either
death or ICU
admission within
24 hrs of a vital
sign setin 5
different patient
cohorts including a
COVID 19
positive cohort & 4|
control cohorts.

Design/Method

|Area under the receiver
operating characteristic
(AUROC) used to
determine if there was a
difference in how both
instruments (NEWS and
NEWS?2) performed.

Intervention:
Implementation of
NEWS?2 in context of
Covid

NEWS2 implemented on
5 February 2019.

|All patients followed up
lto ICU admission/death.

Sample/Setting

One study site:
lAcute hospital,
United Kingdom.

N= 60, 436

IPatients’ >16y
consecutively
admitted between
01/01/2018 &
04/05/2020.

ICOVID 19 positive
cohort & 4 control
cohorts (1 from
2018, 1 from 2019
land 2 from 2020).

Major Variables
Studied (and their
Definitions)
Dependent Variable:

IAdmission to ICU and
mortality within 24h
of a vital sign set,
identified from the
hospitals
administration system
& ICU admission
database.

Measurement

HR

RR

SBP

Temp,
Neurological status
using either the
IAVPU

S,02,

Data Analysis

R v 3.6.0
statistical
computing.
Descriptive
statistics: means,
medians (IQR,
Q1-Q3) and

proportions.

Proportions
compared using
chi squared test.

Mean values
compared using
one way
IANOVA &

Scheffe’s tests
and median
\values compared
using
Kruskall_Wallis
& Dunn'’s test.

Findings

No discernible difference

between NEWS & NEWS2

and no rationale for
changing to NEWS2.

1.

Both versions
performed well
(ranged between
>0.842 to 0.894).
Significantly lower
AUROC value of
0.842 (0.829-0.855)
between Control 2019
& Covid not tested
group. Difference was
attributed to the
influence of differing
pressures on clinical
services & possibility
of change from NEWS
to NEWS2 from
06/02/2019.

Appraisal: Worth to
Practice

Generalisability of the
findings:

Strengths:

Large dataset of
subjective patient data
prospectively collected
in a standardised
manner.

Use of the control
groups for comparison

Limitations:

Control group from
2019 may have had
COVID 19 positive
patients as uncertainty
regarding the location
and date of the index
case of Covid.

Usefulness to Practice

Implementation of
NEWS2 in context of
Covid. Study could be
completed/replicated at
other sites with similar
electronic vital sign

data.
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First Author,
year

Kumar et al.
2020

Purpose of the
study

Evaluation of the
MEWS scoring
following the
System wide
implementation of
the electronic
warning system
available via the
Epic electronic
medical record.

Design/Method

Retrospective study.

Intervention:

Evaluation of the MEWS
scoring system used as
part of a bedside
levaluation for unplanned
lescalation of care in
surgical patients using an
EWS via the Epic

electronic medical record.

Sample/Setting

Single site, Acute
hospital, USA.

N=263,
Consecutive
ladmissions from

ard to the surgical
intensive care unit
(SICU)

Inclusion: > 18 y
unplanned surgical
ladmissions to the
SICU 2016.

Complete dataset as
records electronic.

Major Variables
Studied (and their
Definitions)
Dependent Variable:
mortality following
unplanned escalation
of care in surgical
patients.

Measurement

Data set from the
Epic electronic health
record.

Extraction of
calculated MEWS
\values during bedside
evaluation before
unplanned SICU
ladmission.

Data Analysis

Descriptive
analysis: JIMP
13.2 SAS.

Statistical
program
calculated that
the optimum cut
off point of the
MEWS was 3.

Logistic
regression used
for association of
MEWS and
mortality.

Discriminatory
ability was
analysed with C-
statistics.

Predictive
accuracy was
analysed with
misclassification
rates.

Cls of 95%.

Significance set
at P< 0.01.
Chi squared tests

Internal
\validation with
bootstrapping to
determine
probable
population
\values.

Findings

Increasing MEWS
were clinically but not
statistically associated
with prognosis (P
=0.0107)

Incidence of mortality
was 29.3% (C1 24.1%
to 35%)

Unadjusted odds ratio
per unit of change of
1.2(Cl1.1to15) &a
satisfactory C-index
value of 0.60 (C10.54
to 0.66).

Probability for MRs
for the MEWS ranged
from 22% to 57%.
Misclassification rate
of 29 (C1 0.24 t0 0.35)
suggesting poor
calibration using
MEWS as a tool to
predict mortality
Model sensitivity
0.984 (C10.97 to
0.996) specificity of
0.052 (C10.019 to
0.080).

Kappa Value 0.049
(C1-0.015 to 0.103).
Youden J value 0.036
(C10.01 to 0.08)

Appraisal: Worth to
Practice

Generalisability of the
study

Strengths:

Non-subjective
electronic patient data
\with a 100% dataset.
Use of misclassification
rates. Measures of
effect size and C-
statistic to indicate
discriminative ability.
Bootstrapping to
determine probable
population values.

Limitations: single site
using consecutive
sample of patients may
impact on
generalisability.

Usefulness to Practice:

Similar study could be
replicated if hospitals
have access to a similar
electronic record and
dataset for EWS.
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First Author,
year

Tygesen et al.
2021

Purpose of the
study

ITo investigate the
effect of a
situational
awareness (SA)
model on clinical
deterioration in ED|
patients including
EWS with
objective and
subjective
parameters.

Design/Method

Controlled pre and post
study.

Intervention: regional
EWS combined with skin
lobservation, clinical,
patients and relatives
concern, pain dyspnoea,
land team risk assessment.

Prior to the start nurses

ere given a 1 %-hour
introduction to the SA
model, including the team
risk assessment
underpinning the process
of deterioration.

Physicians were given a
2-hour introduction.

Data collection:
retrospective data via the
EHR. Prospective data
collection completed
using the Danish civil
registration number.
Mortality data from the
Danish Civil Registration
System.

Sample/Setting

One site, ED
department, acute
hospital, Denmark.

34,556 patients:

N=16,392 patients
in the pre period
and 18,164 in the
post period.

N=4891 in each of
the EDs (pre and
post periods in the
intervention &
control groups).

Inclusion: patient’s
>18 years with
medical or surgical
complaints
admitted to the
short stay unit at 4
regional EDs.

July-December
2016 (pre-
intervention
period/control)

November 2017-
IApril 2018 (post

Major Variables
Studied (and their
Definitions)

Primary outcome:
Clinical deterioration
(CD) defined as a
change in vital signs
that required an
increase in
observations, i.e.,
increase in warning
scores from 0 to 1 to
score >2 or increase
from score >2 and
above.
Composite CD:
combination with
death or ICU
ladmission directly
from ED.

proportion of 7 day &
30-day mortality, ICU
admissions and
readmissions.

Secondary outcomes:

Measurement

RR,

O, sats,

SBP,

Pulse,

Temp

LOC.

Each parameter
assigned 0-3 points,
higher score
indicating more
severe deterioration.

Score of

0-1 low risk (re-
lassess within 8
hours), 2 (re-assess
within 1 hour).

Score of 3-4 or single
parameter score of 2
(physician
lassessment), >5
(senior physician
assessment).

Data Analysis

STATA Software
\Version 15.1.
Descriptive
statistics:
difference in
regression (the
mean difference
within groups
compared with
the groups
intervention and
control).

Significance level
set at 5% with a
95% ClI.

Logistic
regression
analysis used to
adjust EWS for
gender,
admission and
age.

Findings

CD: occurrence
increased from
the pre-group to
the post-group
(22%, C10.69;
0.89). There
were
significantly
reduced odds of
CD (p<0.001).
No significant
impact on
mortality, ICU
or readmissions
(>p=0.05).

No significant
change in either
7 (p=0.967) or
30 (p=0.170)
day MRs. ICU
admission (p=
0.049).
Readmission rate
(P =0.202).

Appraisal: Worth to
Practice

Generalisability of the
findings:

Strengths:

Sample was powered
lwith a significance
level of 80%.

[Two control and two
interventional groups
strengthen
generalisability.

No persons were lost to
follow up.

Limitations:

For patients with no
registered EWS, (285
patients) all vital signs
\were registered except
ltemperature.

[The data collection
periods could be
influenced by seasonal
variations.

Usefulness to Practice
Study a collaboration

between a research
centre so

intervention period.
ITwo EDs to the
intervention group
and two to the
control group.

support/collaboration of
a similar source may be
required to complete a
study of this scale.
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First Author,
year

Ursolino
2019

Purpose of the
study

ITo determine if
MEWS
implementation
reduced the
number of adverse
patient outcomes

Design/Method

Quasi-experimental study
and retrospective chart
review.

Intervention:
implementation of the
MEWS online education
program mandatory for
surgical Nurses. Scoring
system integrated into
hospitals EMR and
provided a total score
hen all vitals entered.

Data collection: EHR and
excel for analysis.

Timelines:
01/06/2016-30/10/2016
(pre MEWS) and 01/06
2018-20/10/2018 (post
MEWS).

IAll cases followed up

Sample/Setting

One site: acute
hospital, USA.

Sample was
powered

N= 281 - 102 (pre
NEWS), 179 (Post
MEWS).

Convenience
isample of adult
patients who had a
code blue/rapid
response team
(RRT) activation.

Inclusion: patients
> 18y admitted in
medical surgical
units who had RRT
& code blue
activation.

Major Variables
Studied (and their
Definitions)

Dependent variable:
RRT and code blue
activations.
IAdverse events: CA,
unexpected ICU
admission &
unplanned surgery.

Measurement

Increasing number

points awarded when
measurements deviate

outside established
normal vital sign
\values for

RR

HR,

SBP

LOC

Temp,

0, sats
Supplementary O,

Data Analysis

Excel used -
statistical
software not
specified.

Bio statistical
consultation to
inform
appropriate data
analysis.

Findings

No significance

1.

RRT activations
increased 8.9 %(
p=0.0074).

RRT upgraded
to code blue
(11%) (>p=
0.05).

Unexpected ICU
admissions
47.06% vs.
37.43% (p=
0.1150).

CA 0.98% vs.
8.94 %(
p=0.0072)
designated as a
“failure to
rescue’.

Unplanned
surgery 0.985 vs.
0.56%
p=0.6878).

Proportion of
patients who
remained in
medical surgical
units 50.98% vs
53.07% (p =
0.7363).

Appraisal: Worth to
Practice

Generalisability to
practice;

Strengths:

Non-subjective patient
data used, all cases
followed up and no
missing data as EHR
used.

Limitations:

One site, convenience
sample.

Usefulness to practice:

EHR used for this
study, researcher and
assistant completed
study so similar
resources required to
replicate.
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First Author,
year

Wu et al.
2021

Purpose of the
study

ITo evaluate the
effectiveness of
implementing an
electronic-NEWS
(E-NEWS) in
reducing
unexpected clinical
deterioration

Design/Method

Intervention: E-NEWS
introduced to clinical
practice in 3 phases:

(1) baseline 1/10/2018 to
28/02/2019 (N=23,543);

(2) implementation phase
01/03/2019 to 31/08/2019
(N=30,035), consisted of
leducational program;

(3) Intensive period
01/09/2019 to
31/12/2019(N=20,096),

Education program
continued, E- NEWS >7
text notification sent to
mobile attending
physicians.

Nurses asked to check E-
NEWS scores during shift
land if score had increased
or patient unstable, nurses
required to inform the
physicians on the ward
land routine handover of
documentation.

Sample/Setting

Medical tertiary
centre, Taiwan,
N=39,161.

Inclusion: patients
hospitalised in
wards > 24h &
>20yrs.

Prospective study
of patients without
an adverse event
(AE) and with a
scheduled
ladmission to ICU
following surgery
& cardiac
catheterisation
allocated to control
group also.

Data collection:

E-NEWS updated
hourly in Health
Information System
(HIS) and Nurse
Information System
(NIS).

Major Variables
Studied (and their
Definitions)
Dependent Variable:

Rate of AEs, defined
as patients who had
received CPR,
transferred to ICU due
lto unexpected
deterioration or died.

Number of CPRs at
ard level.

Number of patients
transferred to ICU
[from wards with
scores of E-NEWS >7
and a deterioration
trend in E-NEWS.

Measurement

Temp,
RR, BP.

Study did not have
precise data on all
patients SPO,,
alertness, confusion,
\voice, pain and
unresponsiveness

Patients were defined
as alert if they had no
Glasgow coma scale
data or a motor
response score of 6
(from the nursing
notes).

Oxygen therapy
determined by
presence of
therapeutic orders
(e.g., nasal cannula,
mask, non-invasive
positive pressure
\ventilation).

Framework of E-
NEWS dashboard -
HIS for physicians
and NIS for nursing

staff.

Data Analysis

SPSS version 22
and R software
\version 3.4.1.
Statistical
significance set at
p< 0.05 two-
tailed
significance
level.

Multivariate
analysis used to
adjust
confounding
factors of
demographic
\variables to
examine
effectiveness of
intervention.
Kruskal-Wallis
test for
continuous
\variables, chi
square test for
categorical data

Findings

Significant:
decrease in AEs
from 6.06% to
5.51%
(p=0.001).

Reduction in
CPRs at ward
level (0.52% to
0.34% p=0.012).

Reduction in
ICU patient
transfers (3.63%
to 3.49%,
p=0.035). Using
multivariate
analysis,
intensive period
showed reduced
AEs (p=0.019).

Appraisal: Worth to
Practice

Generalisability of the
findings:

Strengths:

Non-subjective patient
data.

Limitations:

One site, post
intervention data
collected immediately
after the intervention,
land education
continued during the
intensive period, (time
iseries design may be
stronger).

Majority of patients had
la diagnosis of cancer
land this might limit
generalisability.

Usefulness to practice:

Electronic expertise
required to convert to
E-NEWS. Education
program resource
intensive.
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