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National Clinical Effectiveness Committee (NCEC)

Clinical effectiveness is a key component of patient safety and quality. The integration of best evidence
in service provision, through clinical effectiveness processes, promotes healthcare that is up to date,
effective and consistent.

The National Clinical Effectiveness Committee (NCEC) is a Ministerial committee established in 2010 as
part of the Patient Safety First Initiative. The NCEC is supported by the Clinical Effectiveness Unit (CEU),
Department of Health. The NCEC is a partnership between key stakeholders in patient safety and its
mission is to provide a framework for national endorsement of clinical guidelines and audit to optimise
patient and service user care.

In December 2013, the first National Clinical Guideline (NCG) was published. This was NCEC National
Clinical Guideline No. 1 National Early Warning Score (NEWS). It relates to the situation in an acute
hospital setting where an adult patient’s physiological condition is deteriorating. It was updated in
August 2014 to ensure alignment with NCG No. 6 Sepsis Management.

Invitations to tender were issued in July 2015 and a public procurement competition held for the
provision of systematic literature reviews and budget impact analysis to support the development of
National Clinical Guidelines. Subsequently, a series of reports were commissioned by the CEU/NCEC
Department of Health. This report is the first published under this contract. It supports the development
of a National Clinical Guideline on Emergency Medicine Early Warning System (EMEWS). A guideline
proposal was submitted to the NCEC by the HSE National Clinical Programme for Emergency Medicine
and was prioritised for development as a National Clinical Guideline in September 2015.

The Emergency Medicine Early Warning System (EMEWS) is part of a suite of National Clinical Guidelines
on Clinical Deterioration. The suite currently consists of:

(PEWS)

NCG No Title Date
NCG No.1 | National Early Warning Score (NEWS) February 2013
with clinical update August 2014
Currently being updated.
NCG No. 4 | Maternity Early Warning Score (IMEWS) November 2014
NCG No. 6 | Sepsis Management November 2014
with NICE accreditation Mar 2015
NCG No. 12 | Paediatric Early Warning Score system | November 2015

Emergency Medicine Early Warning
System (EMEWS)

(Note this was previously known as
“Emergency Department Monitoring and

Clinical Escalation tool for adults”)

Prioritised by the NCEC in September
2015 and development supported by this
report.

Further information on the NCEC and National Clinical Guidelines is available at www.health.gov.ie/
patient-safety/ncec
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Abstract

Background

Changes to physiological parameters precede deterioration of ill patients. Early warning and track and
trigger systems (TTS) use routine physiological measurements with pre-specified thresholds to identify
deteriorating patients and trigger appropriate and timely escalation of care. Patients presenting to
the emergency department (ED) are undiagnosed, undifferentiated and of varying acuity, yet the
effectiveness and cost-effectiveness of using early warning systems and TTS in this setting is unclear.

Aim

To provide a rapid systematic review of the evidence of the clinical and cost-effectiveness of
physiologically based early warning systems and TTS for the detection of deterioration (post-triage) in
adult patients presenting to ED.

Search methods

A comprehensive search of published and unpublished literature, including scientific databases and
grey literature resources was carried out. No time filter was used but a filter to include adult patients
was applied. No language filter was used, but only information available in English was included.

Selection criteria

Participants were ED adult patients, post-triage. Only early warning systems and TTS that included
routine physiological parameters were included. Studies were classified as: (1) Descriptive studies — type
and extent of use; (2) Descriptive studies — educational programmes; (3) Guidelines; (4) Effectiveness
studies; (5) Development and/or validation studies; and (6) Health economics studies.

Data collection, analysis and quality assessment

Two reviewers independently screened search results by title/abstract and full-text. Data extraction was
done by one reviewer with independent verification checks of 50% of records by a second reviewer. Two
reviewers conducted quality assessment independently. Data are presented in evidence tables.

Main results

A total of 6397 citations were identified, of which 47 studies, 3 guidelines and 1 clinical trial registration
form were included. Although early warning systems are increasingly used in ED, compliance
varies. One effectiveness study provided very low quality evidence (assessed using the Grading of
Recommendations Assessment, Development and Evaluation (GRADE)) that the use of an early warning
system in the ED may lead to a change in patient management but does not reduce the number of
adverse events; however this is uncertain, considering the quality of evidence. A total of 27 different
early warning systems were developed/validated in 35 studies. There is relatively good evidence on the
predictive ability of certain early warning systems on mortality and ICU/hospital admission. No health
economic studies of health economic data in clinical studies were identified.

Conclusion

Early warning systems seem to be able to predict adverse outcomes in adult patients of varying acuity
presenting to the ED, but there is a lack of high quality comparative studies to examine the effect of
using early warning systems on patient outcomes. This should include a health economics assessment.
Strategies for ensuring compliance should be developed and tested.
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List of abbreviations
*Note the difference in the abbreviations for MEWS and I-MEWS

+LR Positive Likelihood Ratio

Aa gradient Alveolar to arterial oxygen gradient

AAEM American Academy of Emergency Medicine

ACDN Alert and orientated, Confused, Drowsy, Not responsive or only to nail pressure
ACEM Australasian College of Emergency Medicine

ACEP American College of Emergency Physicians

ACT Australian Capital Territory

AGREE Il Appraisal of Guidelines for Research & Evaluation

AHRQ Agency for Healthcare Research and Quality

AMSTAR Assessing the Methodological quality of Systematic Reviews
APACHE II Acute Physiology and Chronic Health Evaluation score
ASEM Australasian Society for Emergency Medicine

ASSIST Assessment Score for Sick patient Identification and Step-up in Treatment
AUROC Area Under the Receiver Operating Curve

AVPU Alert, Voice, Pain, Unresponsive

BP Blood Pressure

BEWS Bispebjerg Early Warning Score

CBA Controlled Before-and-After studies

CCl Charlson comorbidity index

CD Cannot be Determined

CEM College of Emergency Medicine

CENNZ-NZNO College of Emergency Nurses (New Zealand)

Cl Confidence Interval

CINAHL Cumulative Index to Nursing and Allied Health Literature
CURB-65 Confusion, Urea, Respiratory rate, Blood pressure, Age 65 or older
DIST An Euclidean Distance-based Scoring System

EC Emergency Call

ECG Electrocardiogram

ED Emergency Department

EDWIN Emergency Department Work INdex

ED CIC ED Critical Instability Criteria

EPOC Effective Practice and Organisation of Care

ESI Emergency severity index

ESS Proposed Ensemble-Based Scoring System

eTTS Electronically calculated Track & Trigger Score

EuSEM European Society for Emergency Medicine

EWS Early Warning Score

FO, Fraction of inspired oxygen

GCS Glasgow Coma Scale

GIN Guidelines International Network

GRADE Grading of Recommendations Assessment, Development and Evaluation
HDU High Dependency Unit

HEED Health Economic Evaluation Database

HIQA Health Information and Quality Authority

HR Heart Rate

HRV Heart Rate Variability

HSE Health Services Executive

IAEM Irish Association for Emergency Medicine

ICER Incremental Cost-Effectiveness Ratios (ICERs)

ICTRP International Clinical Trials Registry Platform

ICU Intensive Care Unit

IFEM International Federation of Emergency Medicine




IHCA In-Hospital Cardiac Arrest
IMEWS* Irish Maternity Early Warning System
IQR Interquartile Range

NEWS (Ireland)

Irish National Early Warning Score

ISBAR

Identify, Situation, Background, Assessment and Recommendation

ITS Interrupted Time Series designs

LOC Loss Of Consciousness

LODS Logistic Organ Dysfunction System

MT Medical Team

MEES Mainz Emergency Evaluation Score

MeSH Medical Subject Headings

MET Medical Emergency Team

MEWS* Modified Early Warning Score

MEWS plus Modified Early Warming Score plus

mi Myocardial Infarction

ML Machine Learning

MEDS Mortality in emergency department sepsis
MPMO 11 Morbidity Probability Model at admission
mREMS Modified Rapid Emergency Medicine Score

MTS Manchester Triage System

NCCHTA National Coordinating Centre for Health Technology Assessment
NEDS Nationwide Emergency Department Sample
NEWS National Early Warning Score

NEWS-L National Early Warning Score + Lactate

NHS National Health Service

NHSEED NHS Economic Evaluation Database

NICE National Institute for Health and Care Excellence
NIHR-HTA National Institute for Health Research — Health Technology Assessment
NPT Near-Patient-Test

NPV Negative Predictive Value

NRCT Non-Randomised Controlled Trial

OR Odds Ratio

oTC Over-The-Counter

PACS Patient Acuity Category Scale

PARS Patient At Risk Score

PEDS Prince of Wales ED Score

PEWS Paediatric Early Warning System

pH Acidic/basic measure

PIRO Predisposition, Insult/Infection, Response, and Organ dysfunction
POTTS Physiological Observation Track and Trigger System
PPV Positive Predictive Value

PSI Patient Status Index

QALYs Quality Adjusted Life Years

RAPS Rapid Acute Physiology Score

RCEM Royal College of Emergency Medicine

RCN Royal College of Nursing

RCoP Royal College Of Physicians

RCT Randomised Controlled Trial

REMS Rapid Emergency Medicine Score

ROB Risk Of Bias

ROC Receiver Operating Curve

RR Risk Ratio

RTS Revised Trauma Score

SAEM Society for Academic Emergency Medicine




SAPS Il New Simplified Acute Physiology Score
SBP Systolic Blood Pressure

SCS Simple Clinical Score

SD Standard Deviation

SIGN Scottish Intercollegiate Guidelines Network
SIRS Systemic Inflammatory Response Syndrome
SOFA Sequential Organ Failure Assessment
SOS Sepsis in Obstetrics Score

SS Septic Shock

SSSS Severe Sepsis and Septic Shock score
TC Trauma Call

Temp Temperature

TEWS Triage Early Warning Score

THERM The Resuscitation Management score
TIMI Thrombolysis In Myocardial Infarction
TRISS Trauma — Injury Severity Score

TTS Track and Trigger System

UK United Kingdom

VIEWS VitalPAC Early Warning Score

VIEWS-L VitalPAC Early Warning Score-Lactate
WBC White Blood Cell count

WHO World Health Organisation
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Background

Serious clinical adverse events are related to physiological abnormalities and changes in physiological
parameters such as blood pressure, pulse rate, temperature, respiratory rate, level of consciousness,
often precede the deterioration of patients. Early intervention may improve patient outcomes and
failure to recognise acute deterioration in patients may lead to increased morbidity and mortality.> ©
Early warning systems and track and trigger systems (TTS) use routine physiological measurements,
which are totalled to generate a score with pre-specified alert thresholds. Their aim is to identify
patients at risk of deterioration early and trigger appropriate and timely responses, known as escalation
of care.

Early warning systems are used increasingly in acute care settings and several countries have developed
National Early Warning Scores (NEWS). In Ireland, the National Clinical Guideline on the use of NEWS
for adult patients came into effect in 2013.7 In the UK, The Royal College of Physicians (RCoP) published
a National Early Warning Score in 2012,% and the National Institute for Health and Care Excellence
(NICE) recommends the use of a TTS to monitor hospital patients.® In Australia, the Early Recognition of
Deteriorating Patient Program introduced a TTS and corresponding educational programme.® Similarly,
in the USA, Rapid Response Systems with fixed “Calling Criteria” are recommended to trigger adequate
medical response.* Early warning systems have also been adapted to several specific contexts such as
maternity care!”'* and paediatric care; for example, the Irish Maternity (I-MEWS) and Paediatric Early
Warning Systems (PEWS).1>

Many acutely ill patients first present to the emergency department (ED). The ED is a unique and
complex environment, distinctly different from other hospital departments in many ways. Visits are
unscheduled and patients attend with undiagnosed, undifferentiated conditions of varying acuity.
Medical staff must care for several patients simultaneously, deal with constantly shifting priorities and
respond to multiple demands due to the unpredictable nature of the ED environment.'® '’ |nitial triage
determines the priority of patients’ treatments based on the severity of their condition, but, following
triage, continuous monitoring and prompt recognition of deteriorating patients is crucial to escalate
care and transfer patients appropriately, particularly as there is a high prevalence of acute illness in
the ED. Early warning systems are sometimes used as an adjunct to triage for early identification of
deterioration in the ED, particularly in situations of crowding.®* Common early warning systems such
as the Modified Early Warning Score (MEWS)® are used frequently and validated against specific
subgroups of patients (e.g. acute renal failure)®® but may not be directly transferable to an ED setting*®
where patients present with a variety of unspecified conditions. There is, therefore, a need to review
the use, effectiveness and cost-effectiveness of early warning systems specifically in an ED context to
guide practice, future research and early warning system development.
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n Aim and objectives

The aim of this review is to provide a rapid synthesis® of the evidence of the clinical effectiveness
and cost-effectiveness of physiologically based early warning systems and TTS for the detection of
deterioration (post-triage) in adult patients presenting to ED.

The project addressed five main objectives:
1. To describe the use internationally, including the level of use and the variety of systems in use,
of physiologically based early warning systems or TTS or scoring systems for the detection of
deterioration in adult patients presenting to the ED;

2. To evaluate the clinical effectiveness of physiologically based early warning systems or TTS or
scoring systems in adult patients presenting to the ED;

3. To describe the development and validation of such systems;

4. To evaluate the cost effectiveness, cost impact and resources involved in physiologically based
early warning systems or TTS or scoring systems for the detection of deterioration in adult patients
presenting to the ED;

5. To describe the education programmes, including the evaluation of such programmes that have
been established to train healthcare professionals, and other non-professional staff, in the delivery
of such systems.

a A rapid review has been defined as a systematic review that is limited in time and/or scope; however, there is no single definition of
this capacity and large variation exists (31). This systematic review took place in a 12 week period with only minor restrictions to the
methods used. The methods applied in this review are described fully in Section 3.
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n Methods

3.1 Selection criteria

3.1.1 Population, Intervention, Comparison, Outcome (PICO)

The PICO format was used to inform the search strategy according to the five objectives:

a . To describe the use internationally, including the level of use and the variety of systems in use,
of physiologically based early warning systems or TTS or scoring systems for the detection of
deterioration in adult patients presenting to Emergency Departments

P Adult patients presenting to the ED following initial triage. (Studies/reports that focussed on
triaging patients or that were not set in the ED, were excluded.)

| Early warning systems or TTS or scoring systems, relying on periodic observation of selected,
routinely recorded, physiological parameters, to promptly recognise deteriorating patients and
trigger escalation of care based on present response criteria.

C N/A

Extent of use of early warning systems or TTS or scoring systems
e Types of early warning systems or TTS or scoring systems in use
e Number and type of clinical guidelines (regional, national, international)

b. To evaluate the clinical effectiveness of physiologically based early warning systems or TTS or
scoring systems in adult patients presenting to the ED

P | Adult patients presenting to the ED following initial triage.

I Early warning systems or TTS or scoring systems, relying on periodic observation of selected,
routinely recorded, physiological parameters, to promptly recognise deteriorating patients and
trigger escalation of care based on pre-set response criteria.

C Non-use of the systems or the use of alternative systems of physiological monitoring.

Clinical outcomes

e Death

e Critical illness (collapse — cardiac or respiratory arrest, haemorrhage, sepsis etc.)
e Admission to intensive care unit (ICU)

Length of hospital stay (days)
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Q)

To describe the development and validation of such systems

P | Adult patients presenting to the ED following initial triage.
| Early warning systems or TTS or scoring systems, relying on periodic observation of selected,
routinely recorded, physiological parameters, to promptly recognise deteriorating patients and
trigger escalation of care based on pre-set response criteria.
C N/A
O | Clinical outcomes
e Death
e C(ritical illness (collapse — cardiac or respiratory arrest, haemorrhage, sepsis etc.)
e Admission to intensive care unit (ICU)
e Length of hospital stay (days)
e Sensitivity of early warning systems or TTS or scoring systems for adverse outcome/critical
illness criterion
e Specificity of early warning systems or TTS or scoring systems for adverse outcome/critical
illness criterion
e Positive predictive value of early warning systems or TTS or scoring systems for adverse
outcome/critical illness criterion
e Negative predictive value of early warning systems or TTS or scoring systems for adverse
outcome/critical illness criterion
d. To evaluate the cost effectiveness, cost impact and resources involved in physiologically based

early warning systems or TTS or scoring systems for the detection of deterioration in adult
patients presenting to the ED

P | Adult patients presenting to the ED following initial triage.

| Early warning systems or TTS or scoring systems, relying on periodic observation of selected,
routinely recorded, physiological parameters, to promptly recognise deteriorating patients and
trigger escalation of care based on pre-set response criteria.

o Non-use of the systems or the use of alternative systems of physiological monitoring.

O | Economic measures of healthcare:

e Use of healthcare resources associated with early warning systems or TTS or scoring systems
use including direct medical resource costs (staff time, education time and cost, additional
referrals), indirect costs (associated with loss of productivity) and other non-medical costs
(e.g. patient out of pocket expenses)

e Cost savings, cost effectiveness measures such as Incremental Cost-Effectiveness Ratios
(ICERs), Quality Adjusted Life Years (QALYs).
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e.

To describe the education programmes, including their evaluation that have been established to
train healthcare professionals, and other non-professional staff, in the delivery of such systems

Healthcare professionals using physiologically based early warning systems or TTS or scoring
systems and associated escalation protocols or communication tools in ED settings.
Non-healthcare professional staff involved in the delivery of such systems.

Educational programmes for healthcare professionals concerning such early warning systems or
TTS or scoring systems

Comparators included non-use or use of alternative educational programmes concerning early
warning systems or TTS or scoring systems

e Types of education programmes
e Strategies and methods to evaluate education programmes of early warning systems or TTS
or scoring systems

3.1.2 Types of studies/reports

The following six types of studies or reports were included:

a.

Descriptive studies — types and use of systems: Studies that described types or variety of early
warning systems or TTS or scoring systems used and the extent to which they were used in clinical
practice.

Descriptive studies — education programmes: Studies that described education programmes to
train healthcare professionals in delivering early warning systems or TTS or scoring systems.

Guidelines: Regional, national and international guidelines that described early warning systems or
TTS or scoring systems.

Effectiveness studies: Studies that examined the effectiveness of an early warning system or TTS
or scoring system on outcomes for adults admitted to the ED following triage, and that had a
controlled design (i.e., randomised controlled trials [RCTs], non-randomised controlled trials [NRCT],
controlled before-and-after studies [CBA], interrupted time series designs [ITS] and cohort studies
with historical controls). Studies that evaluated the effects of the system on relevant outcomes
without control (e.g. case series, cohort studies without historical control), were included in the
descriptive category.

Development and validation studies: Development studies were defined as studies that focused
on the development of early warning systems or TTS or scoring systems while validation studies
assessed the predictive ability of such systems. Studies in this category needed to include adult
patients both with and without the reference outcome (such as admission to intensive care or
mortality) or were otherwise considered a descriptive study. For the purpose of classification, we
regarded studies as ‘development’ studies if reference ranges, parameters, and/or design of scoring
systems were identified based on the outcomes of the study sample (for example, through the use
of receiver operating characteristics [ROC] curves). In validation studies, such reference criteria
were already determined and their predictive ability was evaluated in a new sample of patients.

Health economics: Full economic evaluation studies (cost-effectiveness analysis, cost-utility analysis
and cost-benefit analysis), cost analysis and comparative resource use studies comparing early
warning systems or TTS or scoring systems to one or more standard treatments. These may have
included any study that met the eligibility criteria for the review of effectiveness; hence studies in
other categories might have been also been included here.
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3.2 Search methods

A comprehensive search was conducted for evidence on early warning systems, TTS or scoring system in
ED, and included both database and grey literature searches. Individual search strategies were developed
for four major electronic databases: the Cochrane Library (all databases therein), Ovid Medline, Embase
and CINAHL. Additional resources that were searched included: specific cost-effectiveness resources
(n=4), guidance resources (n=6), professional bodies resources (n=22), grey literature resources (n=3),
and clinical trial registries (n=4). No language restrictions were applied, but considering this was a rapid
review, no translation could take place. No filter was applied to the time of publication of resources. A
filter (free text terms) was applied to limit retrieval to the adult population where available. Full details
of individual search strategies, including the search dates, are provided in Appendix 1. Details of the
search results are presented in a PRISMA flow diagram (Figure 1),%* produced in RevMan.?*

3.3 Screening for inclusion

Three reviewers (FW, PM and SD) screened the titles/abstracts from the database searches so that each
citation was screened by at least two reviewers independently. For additional resources, the information
specialist (AC) sifted the search results for potentially eligible studies (see Appendix 1). Full text reports
from databases and from additional resources were assessed for inclusion, based on the selection
criteria (section 3.1) by two reviewers independently (FW and PM) and discrepancies were resolved by
discussion and, where necessary, by involving a third person (DD).

3.4 Risk of bias/methodological quality assessment

Two reviewers (from FW and/or VS and/or DD) independently assessed the Risk of Bias (ROB) and/or
methodological quality of the included reports, using the critical appraisal instruments listed in Table 1.

Table 1. Risk of Bias and quality of evidence critical appraisal instruments

Study design Risk of bias (ROB)/quality assessment tool

Descriptive studies Adapted from National Institute of Health checklist?®

Descriptive studies — Adapted from National Institute of Health checklist®

educational programmes

Guidelines AGREE Il tool**

Effectiveness studies — Cochrane ROB tool* and GRADE quality of evidence assessment?®

RCTs

Effectiveness studies — EPOC quality assessment for quantitative studies®*” and GRADE

non-RCTs quality of evidence assessment?®

Systematic reviews AMSTAR

Economic evaluations British Medical Journal Checklist for authors and peer-reviewers of
economic submission?; Checklist for quality assessment in economic
decision-analytic models?

Development and Quality Assessment Tool adapted from Kansagara et al (2011)*

validation studies
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3.5 Data extraction

Separate data extraction forms were designed for each of the six types of studies included in this review
(section 3.1.4). Data extraction was completed by two reviewers (FW and PW). Each reviewer extracted
data from half of the included reports and 50% of entries were checked by a second reviewer. The data
elements that were extracted are presented in Table 2 below.

Table 2. Data extracted from included reports

Descriptive studies — types and use of systems

Authors, time and country of study

Study aim and design

Number of participants and characteristics

Method(s) of data collection and analysis

Content (parameters) of the early warning system or TTS or scoring system, and escalation criteria
Findings on the use of early warning or track and trigger system(s)

Descriptive studies — education programmes

Authors, time and country of study

Study aim and design

Number of participants and characteristics

Method(s) of data collection and analysis

Content (parameters) of the early warning system or TTS or scoring system, and escalation criteria
Information on the educational programme or communication tool

Findings on the use of educational programme or communication tool concerning an early warning
system or TTS or scoring system

Guidelines

Guideline team (including qualifications), time and country of guideline
Guideline development strategy

Scope

Key recommendations

Implementation strategy

Audit strategy

Effectiveness studies

Authors, time and country of study

Study aim and design

Number of participants and characteristics

Method(s) of data collection and analysis

Intervention (content (parameters) of the early warning system or TTS or scoring system, and
escalation criteria) and control

Outcomes

Findings, including effect estimates

Development and validation studies

Authors, time and country of study

Study aim and design

Number of participants and characteristics

Method(s) of data collection and analysis

Content (parameters) of the early warning system or TTS or scoring system, and escalation criteria
Reference criteria (outcomes)

Findings, including predictive ability measures
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Health economics

Authors, time and country of study

Study aim and design

Number of participants and characteristics
Method(s) of data collection and analysis
Measures of cost

Outcomes

3.6 Data analysis and synthesis

Data were collated in evidence tables for each of the six types of studies included in this review. In
addition, we provide a concise narrative synthesis of the findings of descriptive studies, descriptive
studies of educational programmes, guidelines, and development and validation studies related to
early warning systems or TTS or scoring systems in ED. For effectiveness studies, a meta-analysis
was planned but was not performed due to the limited number of studies (n=1), hence, a narrative
summary is provided. For health economics studies, we planned to examine the cost-effectiveness of
using early warning systems or TTS or scoring systems in ED, but no such studies were identified in the
comprehensive search for this review.

3.7 Reporting of the review

No reporting guidelines for rapid systematic reviews exist at present although one is currently in
development (personal communication with D. Moher, Ottawa). The reporting checklist for brief reviews
by Abrami et al*! was completed to ensure adequate reporting (Appendix 2).
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n Results

4.1 Search results

A total of 6397 citations were identified (1307 from databases and 5090 from additional resources).
After duplicate removal, 1147 database citations were screened against the selection criteria by title/
abstract. Full texts of 83 reports were assessed of which 44 reports (43 studies) were finally included.
The most common reason for exclusion was ‘non ED setting’ (n=24). One study in Chinese was identified
and only data from the abstract (in English) was included.?> Nineteen of the 56 screened additional
resources were included, of these 14 reports related to three clinical guidelines and one to a registered
trial. The results of the complete search strategy are presented in Figure 1.
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The number of included studies/reports by type of study/report (as specified in section 3.1) is presented
in Table 3 below.

Table 3. Number and types of studies included in the review

Type of study/report n

Descriptive studies — type, extent of use and compliance and use of systems 10
(Note: 2 study sub-types (extent of use and compliance) emerged and are
presented separately in tables 4 and 5 below)

Descriptive studies — educational programmes 0
Guidelines (and related documents) 3
Effectiveness studies 1
Validation & Development studies 35 (+1 review)
Health economics studies 0

4.2 Risk of bias and methodological quality of included reports

The risk of bias and quality assessment of the included reports is presented in Appendix 3. Details of the
critical appraisal instruments used are outlined in table 1 above.

We examined the quality of six descriptive studies that examined the extent of early warning system(s)
use. One report was a conference abstract and was rated of poor quality because only limited
information was reported for quality assessment.3® The remaining five studies were of fair quality.3*%’

The four descriptive studies assessing compliance with using early warning systems were of good3%4°
and fair quality.*

One effectiveness study in the review was rated as high risk of bias overall. Shuk-Ngor et al ** included
a non-random sample and did not provide sufficient information to assess allocation bias and similarity
in baseline characteristics between the two groups. Using the GRADE system for grading evidence,
the quality of evidence of this study was very low for the effect of using MEWS compared to clinical
judgement on a change in ED patient management and adverse events. This was because the study had
a high risk of bias and considered a low number of few events.

Eight studies that developed and validated a system (in the same sample) were rated as having low
(n=6) and unclear (n=2) risk of bias. The 27 studies that validated an existing system in a new cohort
of people were judged as having low (n=16), unclear (n=8) and high risk of bias (n=3).4**> Studies with
unclear risk of bias generally did not specify the methods of sampling (n=9), did not state cut-off values
used (n=12) or did not pre-specify the outcomes clearly (n=1). One scoping review of predictive ability
of early warning systems*® was rated of good quality.

The three included guidelines were assessed using the AGREE Il tool and scores given by the two
reviewers independently were averaged for each domain. The Irish National Early Warning Score
Guideline and the guideline of the National Institute for Health and Care Excellence were rated of high
quality with the percentage scores for the six domains varying between 91.7 - 97.2% and 87.5 -100%
respectively, and the overall quality score given by the reviewers was 91.7% for both guidelines.”® The
guideline produced by the Royal College of Physicians was rated lower in quality (range 62.5-100%;
overall quality 66.7%) mainly because of limited information available about their search strategy and
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no clear statement of how recommendations were derived from evidence. They cite a systematic review
as source of their evidence but the scope of the guideline was broader than that addressed in this
review.®

4.3 Findings
The findings of this review are structured by type of study.

4.3.1 Descriptive studies — Type, extent of use, and compliance

Ten descriptive studies were included of which six examined the extent of using early warning
systems®*37 47 and four examined compliance with such systems®®**! One report was a conference
abstract in which an early warning system was described but limited data were available.*

Extent of use

Six reports published in the last six years described the use of early warning systems within the ED (See
Table 4 Evidence table below). The reports collected data from medical records,?* 3> a survey,*® a web-
survey,*” a prospective observational cohort study *’, and through participatory action research.?® One
report was a conference abstract in which the authors refer to a new monitoring system to identify
the need for escalation of care, but the system was not described fully in the abstract.** Considine et
al 3* described a pilot study in a hospital in Australia examining the use of an early warning system that
considered criteria related to a patients’ airway, circulation, disability and any sudden deterioration. The
escalation protocol consisted of a review of the patient by an emergency physician within five minutes if
any of the criteria were met, followed with additional interventions, if appropriate. A national survey in
seven jurisdictions in Australia, found that 20 of 220 hospitals had a formal rapid response system in the
ED, but the prevalence of early warning systems in EDs was not reported.*” We did not find any other
studies reporting any aspects of the escalation protocols.

Wilson et al *” included the parameters heart rate (HR), blood pressure, respiratory rate, peripheral
oxygen saturation, temperature and the Glasgow Coma Scale (GCS) in their TTS hospital chart. They
compared the TTS scores recorded in the charts with scores calculated retrospectively and found
that 20.6% (n=211) were incorrect. This was mainly because of incorrect assignment of the score to
an individual vital sign, which led to underscoring of the total TTS and reduced escalation activation.
Correia et al * did not provide details on the content of the early warning system they used in a small
study (n=69) in Portugal, but found that a threshold of a score > 3 would have increased early medical
attention by 40% compared to clinical judgement alone. A survey in 2012 of 145 (57% response rate)
clinical leads of EDs in the UK showed that 71% used an early warning system, with the Modified Early
Warning Score (MEWS) being the most common system used (80%).

In summary, multiple early warning systems are available and the extent of their use in the ED may vary
geographically but limited data precludes comparisons between countries. Some evidence suggests that
incorrect calculation or recording of scores may lead to inappropriate escalation activation or a lack of
such activation, drawing attention to the importance of adequate implementation of such systems.

Compliance
Three retrospective studies®®*° and one audit® conducted in the UK, Denmark, the USA and New

Zealand in the last five years examined compliance with recording early warning system parameters
and escalation of care (See Table 5 Evidence table below). The vital sign parameters included in the
early warning system were respiratory rate, HR, systolic blood pressure (SBP), temperature and level of
consciousness (LOC) for one study by Christensen et al *8. Another study by Hudson et al *! also included
urinary output, pain scores and the presence of recurrent/prolonged seizures or uncontrollable/
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new pain, in addition to the vital sign parameters. Austen et al % included urine output and oxygen
saturations as well as the vital sign parameters. Christensen et al *® reported a rate of 7% (22/300) of
calculated scores in the clinical notes; however, 16% of records included all five vital signs, and HR, SBP,
and LOC were reported in 90-95% of records. Compliance with escalation of care varied; all nine patients
that met the trauma call activation criteria (immediately life-threatening signs/symptoms or BEWS >5)
had triggered a trauma call, but only 24 of the 48 emergency call activation criteria (immediately life-
threatening signs/symptoms or BEWS >5) had been responded to by an emergency call. Austen et al
4 found a much higher compliance with 66% of records containing an aggregate score, although only
72.6% of these were accurate. In an audit, the pre-implementation rate (30%) of abnormal vital sign
identification was significantly lower than the post-implementation (53.5%) rate (p=0.007) and patients
were less likely to receive medication (p=0.001), but no details of the implementation strategy they
used were described.*

In summary, four studies examined compliance and the factors affecting monitoring vital signs in an ED
setting. Compliance with recording and responding to early warning systems appeared relatively low
although this varied across the included studies. The rate of vital sign monitoring for some but not all
individual vital signs was high. The frequency of recording of HR and BP were particularly high, but the
frequency of recording of temperature (65.0%-96.8%) and respiratory rate (18.0%-98.9%) varied across
the included studies. While certain factors, including patients’ triage category, age, and number of
medications seem to increase frequency of vital sign monitoring, it also appears that crowding at the
ED, increased length of time in the ED and a decreased number of routes of medication administration
may lead to reduced monitoring.*
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4.3.2 Descriptive studies — Educational programmes

We did not identify any studies that described educational programmes related to early warning
systems or TTS, although the three guidelines included in the review contain an educational tool (see
section 4.2.3).

4.3.3 Guidelines

Three clinical guidelines were identified; one from Ireland 7 and two from the UK,®° published between
2007 and 2013 (See Table 6 Evidence table below). None were specific to an ED setting; all three apply
to all acutely ill adult patients, but do not specifically exclude ED. The Irish National Early Warning
Score (lrish NCG No. 1 NEWS)” and the NEWS guideline of the UK Royal College of Physicians (RCoP)®
both include appended observation charts using a colour system to trigger escalation of care when
appropriate, whereas the UK National Institute for Health and Care Excellence guideline (NICE CG50)
recommend the use of a TTS but do not provide an exemplar chart.’

All three guidelines recommend the same six parameters to be measured: respiratory rate, heart rate,
systolic blood pressure, temperature, oxygen saturations, and level of consciousness. The Irish NCG No.
1 NEWS also takes into account if a patient is on inspired oxygen (F.0,) and the NICE guideline includes a
statement on additional parameters such as urine output in certain circumstances.

Each guideline is accompanied by an educational tool. The Irish NCG No. 1 NEWS guideline adapted the
COMPASS educational program (Health Directorate ACT Government, Australia) for Irish use, and the
NICE and RCoP guidelines developed online learning tools. Only the Irish NCG No. 1 NEWS and NICE
guidelines provide a clear audit strategy for implementation of the guideline.

In summary, current guidelines on early warning systems for monitoring acute patients are not specific
to the ED context. Common parameters across existing guidelines include respiratory rate, heart rate,
systolic blood pressure, temperature, oxygen saturations, and level of consciousness.
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4.3.4 Effectiveness studies

Only one study examined the effectiveness of early warning systems and TTS (see Table 7 Evidence table
below). A non-randomised controlled design compared the effect of the Modified Early Warning Score
(MEWS) with clinical judgment on changes in the management and adverse events of patients who are
waiting for in-patient beds in ED of a large hospital in Hong Kong.*> The authors concluded that the
MEWS might improve the rate of activating a critical pathway but might make little or no difference to
the detection of deterioration or adverse events; however, we are very uncertain since the evidence
was of very low quality (GRADE) due to serious imprecision and high risk of bias (Appendix 3).

In summary, there is limited evidence regarding the effectiveness of using early warning systems in the
ED and available evidence from one study is of very low quality, making conclusions uncertain.
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4.3.5 Development and validation studies

Challen and Goodacre “® reported the results of a scoping review (See Table 9 evidence table below),
which identified 119 tools related to outcome prediction in ED; however, the majority were condition-
specific tools (n=94). They found the APACHE Il score to have the highest reported area under the
receiver operating characteristic (AUROC) curve® (0.984) in patients with peritonitis.

In addition, 35 development and/or validation primary study reports were identified (see Table 10, Table
11 and Table 12 Evidence tables below). Studies were conducted between 2003 and 2016 in the UK
(n=5),% %952 the USA (n=5),>**” Turkey (n=4),°®%° Hong Kong (n=3),%%3 Singapore (n=3),%*% South Africa
(n=2),%* % Sweden (n=2),%” ¢ Denmark (n=1),*® Germany (n=2),’%"* China (n=1),*> South Korea (n=2),”*
3 Thailand (n=1),”* Taiwan (n=1),”> the Netherlands (n=1)’® and Australia (n=2).””7® Twelve studies were
retrospective, 22 were prospective cohort studies and one was a secondary analysis of a RCT.>® Eight
studies developed and validated (in the same sample) an early warning system, while 27 validated an
existing system in a different sample. All 35 studies examined the use of early warning systems in an ED
population. Three studies included a random sample>* % 78 and participants in the remaining studies
were recruited consecutively or the sampling strategy was not stated clearly.

A total of 27 early warning systems were developed and/or validated. Condition-specific systems;
for example, the Mortality in Emergency Department Sepsis (MEDS) score, Sepsis in Obstetrics Score
(S0S), CURB-65, and Trauma and Injury Severity Score (TRISS) were excluded from this review. Tools
included were: the Modified Early Warning Score (MEWS),3% 45 51-54,58:66,70, 71,74, 75,79 the Rapid Emergency
Medicine Score (REMS),53 5% 61.62.67.68 the Prince of Wales ED Score (PEDS),®* ¢ the Revised Trauma Score
(RTS),%* the Acute Physiology and Chronic Health Evaluation score (APACHE I1),>”-¢% %77 The Resuscitation
Management score (THERM),®? the Simple Clinical Score (SCS),%> the Mainz Emergency Evaluation
Score (MEES),% National Early Warning Score (NEWS),% %062 72,76 the Bispebjerg EWS (BEWS),* the
Charlson comorbidity index (CCl),%% 7 7> the Emergency severity index (ESI),”* MEWS plus,** modified
REMS (mREMS),* National Early Warning Score including Lactate (NEWS-L),”> the New Simplified Acute
Physiology Score (SAPS) 11,°¢ 77 the Morbidity Probability Model at admission (MPMO I1),°¢ the Logistic
Organ Dysfunction System (LODS),*® the Triage Early Warning Score (TEWS),* the Predisposition, Insult/
Infection, Response, and Organ dysfunction (PIRO) model,*” the Rapid Acute Physiology Score (RAPS),5”- €8
the Assessment Score for Sick patient Identification and Step-up in Treatment (ASSIST),*! the Sequential
Organ Failure Assessment (SOFA),”” the Patient Status Index (PSI),** the VitalPAC Early Warning Score
(VIEWS),” the VitalPAC Early Warning Score-Lactate (VIEWS-L)”® and the ED Critical Instability Criteria
(ED CIC).”8

Churpek et al & classified early warning systems into single-parameter systems, multiple-parameter
systems and aggregate weighted scores. A single-parameter system consists of a list of individual
physiologic criteria that, if reached by a patient, triggers a response. Multi-parameter systems use
combinations of physiologic criteria without calculation of a score to activate a response, while
aggregate systems categorise vital signs and sometimes other variables into different degrees of
physiologic abnormality and then assign point values for each category. The early warning systems
examined in the studies included in this review primarily developed/validated aggregate weighted
scores (Table 8).

b The Receiver Operating Curve (ROC) plots the true positive rate against the false positive rate at certain thresholds. The
AUROC of a classifier is equivalent to the probability that the classifier will rank a randomly chosen positive instance higher
than a randomly chosen negative instance.48. Fawcett T. An introduction to ROC analysis. Pattern Recognition Letters.
2006;27: 861-74.
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Table 8. Early warning systems included in the review by type of system

Types of systems®®

Single-parameter systems Multiple-parameter systems Aggregate weighted scores

ESI None identified MEWS
ED CIC REMS
MmREMS
PEDS
RTS
APACHE Il
THERM
SCS
MEES
NEWS
BEWS
Ccl
MEWS plus
NEWS-L
SAPS I
LODS
MPMO I
TEWS
PIRO
RAPS
ASSIST
VIEWS
VIEWS-L
PSI
SOFA

The most common outcomes examined were in-hospital mortality (n=21), admission to Intensive Care
Unit (ICU) (n=12), mortality (not specified where or during a specific follow up time frame possibly
beyond hospital discharge) (n=10), hospital admission (n=7), and length of hospital stay (n=4).

Overall, the APACHE Il score, PEDS, VIEWS-L, and THERM scores appeared relatively better at predicting
mortality and ICU admission compared to other tools assessed in the included studies. The MEWS was
the most commonly assessed tool and the cut-off value used was 4 or 5, with the exception of Dundar
et al ”° who found an optimal cut-off of 4 for in-hospital mortality but 3 for predicting hospitalisation.
For predicting ICU admissions, the AUROC of MEWS varied from 0.49 to 0.73 across studies. For the
outcome in-hospital mortality, the AUROC ranged from 0.61 to 0.89. The BEWS contained the same
parameters as the MEWS (respiratory rate, HR, SBP, temperature, LOC) and reported a 20% increase
in risk of death within 48 hours and a 4% increase in risk for ICU admission with a BEWS score of five
or more compared to a lower score.®® The NEWS had a similar AUROC (0.70), predicting in-hospital
mortality,”? which is not surprising considering NEWS includes most of the same parameters as the
MEWS. The MEWS plus score, which added the parameters age, race, gender, ED length of stay, method
of arrival, and antibiotics given prior to or during ED visit, had a slightly greater AUROC (0.76) than
MEWS.>* The AUROC for the REMS ranged from 0.59 to 0.70 for ICU admission and 0.71 to 0.91 for in-
hospital mortality.> % ¢7- ¢ The modified REM score had an AUROC of 0.80°° and VIEWS had an AUROC
of 0.90”° when predicting in-hospital mortality. The AUROC for predicting mortality was 0.64 for the
CCl,%° 0.71 for the PIRO score,®” 0.71-0.90 for the APACHE Il score,*” ¢’ 0.65-0.87 for the RAPS,®” % 0.69
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for the MPMO Il score, 0.72 for the SAPS Il score, 0.60 for the LODS score,*® and 0.83 for VIEWS-L.”3
The PEDS score had a higher AUROC for the prediction of death or admission to ICU (0.75-0.90) than
the MEWS (0.73-0.76), the REMS (0.70), the APACHE Il score (0.73), the RTS (0.75), the MEES (0.75),
the NEWS (0.71) and the SCS (0.70).%% ¢2 Cattermole et al ®* refined the PEDS score and developed the
THERM score, which had an even higher AUROC (0.84) for prediction death or ICU admission.

Studies were subsequently categorised into three evidence tables according to the degree of
differentiation of the ED patient group: a patient group with a certain (suspected) condition (Table 10),
a patient group in a specific triage category(ies) (Table 11), or an undifferentiated patient group (Table
12).

Twelve of the 35 validation studies only included participants in (a) specific triage category(ies) (see
Table 10 Evidence table below). Triage systems used varied across these studies, but included categories
of patients that were critically ill and had to be seen with relative urgency (e.g. Manchester triage
system I-1ll, Patient acuity category scale 1 or 2) or were admitted to the resuscitation room. Looking at
the findings of this subgroup of studies in predicting mortality, the AUROC for the MEWS ranged from
0.63 to 0.75,> %% it was 0.70-0.77 for REMS,>* 61 0.77-0.87 for NEWS,’® 0.90 for PEDS, 0.83 for APACHE
II, and 0.77 for RTS.®! Predicting ICU admission, the AUROC were 0.54°° and 0.49% for MEWS and 0.59
for REMS®, while to predict hospital admission the AUROC of NEWS was 0.66-0.70.7° Cattermole et al
®1 and Cattermole et al ®> used a combined outcome of death and ICU admission and found an AUROC
of 0.76 and 0.73 for MEWS, 0.90 and 0.75 for PEDS, 0.73 for APACHE II, 0.75 for RTS, 0.70 and 0.70
for REMS, 0.75 for MEES, 0.71 for NEWS, 0.70 for SCS, and 0.84 for THERM. One study assessed the
prediction of septic shock by NEWS (AUROC 0.89).°°

Eleven other studies (12 records) included a differentiated patient group with a specific (suspected)
condition (see Table 11 Evidence table below). Five studies only included patients with (suspected)
sepsis.* 5253 57, 60, 71 Other study populations were restricted to patients with trauma,”® suspected
infection,>> ”” pneumonia’® or who had signs of shock.>® Assessing the predictive ability of systems to
predict mortality, MEWS had an AUROC of 0.61%° and 0.72°2, CCI of 0.65,°° mREMS of 0.80,>> NEWS of
0.70,”2 NEWS-L of 0.73,2 VIEWS-L of 0.83,”® SAPS Il of 0.72°¢ and 0.90,”” MPMO Il of 0.69,°® LODS of
0.60,°¢ PIRO of 0.71,°” APACHE Il of 0.71°” and 0.90,”” and SOFA of 0.86.””

The remaining 12 studies assessed early warning systems in an undifferentiated ED population (see
Table 12 Evidence table below). The AUROC to predict mortality was 0.71,7° 0.73,°* and 0.897° for MEWS,
0.76 for MEWS plus,>* 0.91%” and 0.85°% for REMS, 0.87°” and 0.65°% for RAPS, and 0.90 for APACHE 11.’

In summary, many different systems have been developed and evaluated to predict adverse outcomes
in either differentiated or undifferentiated ED populations. The parameters most commonly included
were HR, respiratory rate, blood pressure, temperature, oxygen saturations and level of consciousness.
The MEWS was the most commonly assessed system and was better at predicting mortality than
ICU admission, but the APACHE Il score, PEDS, VIEWS-L, and THERM scores were relatively better at
predicting mortality and ICU admission, although differences in study characteristics, the parameters
measured and the weight given to individual parameters, may account for part of the observed
differences in predictive ability.
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4.3.6 Health economics

We did not identify any formal evaluations that examine the cost effectiveness of early warning systems
or TTS or other scoring systems in hospital Emergency Departments. While it is clear that implementing
early warning systems requires a healthcare resource investment, the degree to which such systems
may or may not result in cost savings elsewhere in the healthcare system, or in improved patient
outcomes, remains unclear. As described earlier in this report, the limited evidence base suggests that
early warning systems are effective in, for example, identifying deteriorating patients, reducing cardiac
arrests and reducing intensive care unit admissions. Should these effects exist, the potential healthcare
cost savings could go to fund, at least to some degree, the implementation of early warning systems in
ED clinical practice. While this theory is open to question, it does go to highlight the need for primary
research studies to be conducted to directly evaluate the cost effectiveness of early warning systems.
Such studies should focus on the monitoring of resource use, costs and patient outcomes in order to
determine whether early warning systems are likely to deliver good value for money.
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Conclusion

Implications for practice

Five objectives were addressed in this review. The first objective was to describe the use of early
warning systems in the ED. Multiple early warning systems were identified but the extent to which they
are used in the ED seems to vary in different countries from which data was available (UK and Australia).
Ten descriptive studies included in this review demonstrated that the use of early warning systems
in ED was linked with an increase in escalation protocol activation, but incorrect calculation of scores
was common. Compliance with recording early warning system scores was relatively low, although
the vital signs HR and BP were usually recorded. This finding emphasises the importance of effective
implementation strategies. However, we did not identify any studies examining educational programmes
for early warning systems (objective 5). Existing guidelines regarding the use of early warning systems
to monitor acute patients in hospital did include educational tools, but were not specific to the ED. The
three guidelines we identified all recommend inclusion of the following six parameters: respiratory rate,
heart rate, systolic blood pressure, temperature, oxygen saturations, and level of consciousness.

Evidence from 35 validation and development studies, assessing 27 different systems, demonstrated
that early warning systems used in ED settings seem to be able to predict adverse outcomes including
mortality, admission to hospital or ICU, and length of hospital stay, but there is variability between
studies (objective 3). All but two early warning systems were aggregated scores. This limited the ability
to compare comprehensively between single, multiple parameter and aggregated scores. The APACHE Il
score, PEDS, VIEWS-L, and THERM scores were relatively best at predicting mortality and ICU admission,
providing excellent discrimination ability (AUROC > 0.8),%® but differences between studies may, in
part, account for this. The MEWS was the most commonly used and assessed system, but findings
of this review suggest a relatively lower ability to predict mortality and ICU admissions compared to
the four scores mentioned above, with only some studies indicating acceptable discriminatory ability
of the MEWS (AUROC > 0.7) and other studies indicating a lack of discriminatory ability (AUROC <
0.7),® especially for the outcome ICU admission. The exception was one study that found excellent
discriminatory ability of MEWS for the outcome in-hospital mortality (AUROC 0.89).” However,
the ability of early warning systems to predict adverse outcomes does not mean that early warning
systems are effective at preventing adverse outcomes. Only one study was identified that addressed this
question and it found that the introduction of an early warning system may have little or no difference
in detecting deterioration or adverse events however the evidence was of very low quality making
it impossible to draw any strong conclusions (objective 2). In addition, we did not find any studies
examining the cost-effectiveness of early warning systems and TTS (objective 4).

Implications for research

There is a clear need for high quality effectiveness studies to test the impact of using early warning
systems or TTS in the ED on patient outcomes. The cost-effectiveness of such interventions, the
effectiveness of related educational programmes, and barriers and facilitators to implementation also
need to be examined, as there is a clear lack of such evidence.

Limitations

This was a rapid review; however, current literature suggests that putting some restrictions in place
in the review process does not significantly impact on the quality and conclusions of a review.?* The
restrictions for this review included no translation of reports, although only one non-English study was
identified. Data extraction was initially done by only one reviewer, but 50% of records where checked
for accuracy by a second reviewer. Strengths of the review lie in its thorough search strategy, its scope
and inclusion of different studies and reports to address the research objectives, and in its rigorous
methodology with dual independent screening and quality assessment.
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Appendix 1: Search strategies

Cochrane Library Search Strategy

Platform: John Wiley and Sons

Date of search: 04/03/2016

ID Search Hits
#1 MeSH descriptor: [Emergency Service, Hospital] explode all trees 2078
Emergency near/1 (care or ward or wards or department or departments
# or unit or units or room or room or medic* or health or healthcare or 12379
hospital or service or services or centre or centres or center or centers or
treatment or treatments or outpatient or outpatients)
Casualty near/2 (care or ward or wards or department or departments or
#3 unit or units or room or room or service or services or centre or centres 68
or center or centers or outpatient or outpatients)
Trauma near/2 (care or ward or wards or department or departments or
#a unit or units or room or room or medic* or hospital or service or services 1505
or centre or centres or center or centers or outpatient or outpatients)
Triage near/2 (care or ward or wards or department or departments or
#5 unit or units or room or room or medic* or hospital or service or services 98
or centre or centres or center or centers or outpatient or outpatients)
“accident and emergency” or “accident & emergency” or A&E or “A & E”
#6 P ” 1431
or “Aand E
#7 {or #1-#6} 14493
#8 Warning near/2 (early or system or systems or score or scores) 168
#9 Trigger near/2 track 6
#10 Trigger near/4 (score or scores or scoring) 20
#11 Escalation near/2 (protocol or protocols or policy or policies or procedure 55
or procedures or guideline or guidelines or guidance)
#12 EWS or MEWS 75
#13 POTTS 177
#14 {or #8-#13} 443
#15 adult or adults or adulthood 402614
#16 #7 and #14 and #15 38
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Medline Search Strategy

Platform: Ovid MEDLINE In-Process & Other Non-Indexed Citations and Ovid MEDLINE
1946 to Present

Date of Search: 04/03/2016

ID Search Hits
#1 emergency service, hospital.sh. 48807
(Emergency adj (care or ward or wards or department or departments
4 or unit or units or room or room or medic* or health or healthcare or 197858
hospital or service or services or centre or centres or center or centers
or treatment or treatments or outpatient or outpatients)).af.
(Casualty adj2 (care or ward or wards or department or departments or
#3 unit or units or room or room or service or services or centre or centres 1309
or center or centers or outpatient or outpatients)).af.
(Trauma adj2 (care or ward or wards or department or departments
44 or unit or units or room or room or medic* or hospital or service 47447
or services or centre or centres or center or centers or outpatient or
outpatients)).af.
(Triage adj2 (care or ward or wards or department or departments
4 or unit or units or room or room or medic* or hospital or service 1679
or services or centre or centres or center or centers or outpatient or
outpatients)).af.
46 (”acu?ent ancfl’ emergency” or “accident & emergency” or A&E or “A & 1886693
E” or “A and E”).af.
#7 lor2or3ord4or5or6 2093553
#8 (Warning adj2 (early or system or systems or score or scores)).af. 4296
#9 (Trigger adj2 track).af. 67
#10 (Trigger adj4 (score or scores or scoring)).af. 56
(Escalation adj2 (protocol or protocols or policy or policies or procedure
#11 Ly S . 168
or procedures or guideline or guidelines or guidance)).af.
#12 (EWS or MEWS).af. 2180
#13 POTTS.af. 5046
#14 8or9o0rl0orllorl2ori3 11541
#15 (adult or adults or adulthood).af. 4789831
#16 7 and 14 and 15 362
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Embase Search Strategy

Platform: Elsevier

Date of Search: 22/02/2016

ID Search Hits
#1 ‘emergency ward’/exp 82019
emergency NEAR/1 (care OR ward OR wards OR department OR
departments OR unit OR units OR room OR rooms OR medic* OR health
#2 OR healthcare OR hospital OR service OR services OR center OR centers 317266
OR centre OR centres OR treatment OR treatments OR outpatient OR
outpatients)
casualty NEAR/2 (care OR ward OR wards OR department OR departments
#3 OR unit OR units OR room OR room OR service OR services OR centre OR 1741
centres OR center OR centers OR outpatient OR outpatients)
trauma NEAR/2 (care OR ward OR wards OR department OR departments
44 OR unit OR units OR room OR room OR medic* OR hospital OR service 51937
OR services OR centre OR centres OR center OR centers OR outpatient
OR outpatients)
triage NEAR/2 (care OR ward OR wards OR department OR departments
45 OR unit OR units OR room OR room OR medic* OR hospital OR service 1827
OR services OR centre OR centres OR center OR centers OR outpatient
OR outpatients)
46 acc1ldent an’d emergency’ OR ‘accident & emergency’ OR a&e OR a & e 168515
OR‘aande
#7 #1 OR #2 OR #3 OR #4 OR #5 OR #6 512537
#8 warning NEAR/2 (early OR system OR systems OR score OR scores) 5852
#9 trigger NEAR/2 track 110
#10 trigger NEAR/4 (score OR scores OR scoring) 116
#11 escalation NEAR/2 (protocol OR protocols OR policy OR policies OR 341
procedure OR procedures OR guideline OR guidelines OR guidance)
#12 ews OR mews 4360
#13 potts 4486
#14 #8 OR #9 OR #10 OR #11 OR #12 OR #13 14723
#15 adult OR adults OR ‘adulthood’ 5624653
#16 #7 AND #14 AND #15 254
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CINAHL Complete Search Strategy

Platform: EBSCOhost

Date of Search: 04/03/2016

ID Search Hits
S1 (MH “Emergency Service”) 34352
Emergency N1 (care OR ward or wards OR department or departments
$2 OR unit or units OR room or rooms OR medic* OR health OR healthcare 99485
OR hospital OR service or services OR center or centers OR centre or
centres OR treatment or treatments OR outpatient or outpatients)
Casualty N2 (care OR ward or wards OR department or departments
S3 OR unit or units OR room or rooms OR service or services OR center or 402
centers OR centre or centres OR outpatient or outpatients)
Trauma N2 (care or ward or wards or department or departments or unit
sS4 or units or room or room or medic* or hospital or service or services or 9842
centre or centres or center or centers or outpatient or outpatients)
Triage N2 (care or ward or wards or department or departments or unit
S5 or units or room or room or medic* or hospital or service or services or 978
centre or centres or center or centers or outpatient or outpatients)
S6 ac”adent az\d emergency” or “accident & emergency” or A&E or “A & E 52174
or “AandE
S7 S1 OR S2 OR S3 OR S5 OR S6 149039
S8 Warning N2 (early or system or systems or score or scores) 1131
S9 Trigger N2 track 44
S10 Trigger N4 (score or scores or scoring) 26006
Escalation N2 (protocol or protocols or policy or policies or procedure or
S11 . o . 37
procedures or guideline or guidelines or guidance)
S12 ews OR mews 196
S13 potts 184
S14 S8 ORS9 OR S10 OR S11 ORS12 ORS13 27422
S15 adult OR adults OR adulthood 892275
S16 S7 AND S14 AND S15 653
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Cost Effectiveness Resources

Date of Search: 11/03/2016 (except * searched 04/03/2016)

Website/Database

URL

Search Terms

Hits

Health Technology
Assessment Database,
NHS Economic
Evaluation Database
(NHSEED) & Health
Economic Evaluation
Database (HEED) via
The Cochrane Library*

www.cochranelibrary.

com

See Cochrane Library
tab

n/a

NHS Service Delivery
and Organisation
(SDO) Research

and Development
Programme

www.nets.nihr.ac.uk/
programmes/hsdr

patient deterioration
emergency department

patient deterioration
emergency

4. After sifting=0

patient deterioration

46. After sifting=0

early warning

13. After sifting =1

track and trigger

5. After sifting=0

National Coordinating
Centre for Health
Technology
Assessment (NCCHTA)

www.nets.nihr.ac.uk/
programmes/hta

patient deterioration
emergency department

0

patient deterioration
emergency

4. After sifting=0

patient deterioration

46. After sifting=0

early warning

13. After sifting = 1.
Same as result for
website above, hence
discarded

track and trigger

5. After sifting=0

NIHR-HTA Database

http://www.crd.york.
ac.uk/CRDWeb/

patient deterioration.
Filters: HTA published
and HTA in progress

2



http://www.cochranelibrary.com/
http://www.cochranelibrary.com/
http://www.nets.nihr.ac.uk/programmes/hsdr
http://www.nets.nihr.ac.uk/programmes/hsdr
http://www.nets.nihr.ac.uk/programmes/hta
http://www.nets.nihr.ac.uk/programmes/hta
http://www.crd.york.ac.uk/CRDWeb/
http://www.crd.york.ac.uk/CRDWeb/
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Guidance Resources

Date of Search: 13/03/2016 (except * searched 11/03/2016)

Website/ Database

URL

Search Terms

Hits

Department of Health
(including National
Clinical Guidelines)*

via Google Advanced

Search https://
www.google.com/
advanced search

emergency adult* warning
OR OR OR triage OR OR OR
care OR OR OR trauma OR
OR OR trigger OR OR OR
esclat* OR OR OR EWS OR
OR OR MEWS OR OR OR
POTTS . Site filter:health.gov.
ie Region filter: Ireland

495. After sifting
first 200 hits =4 .
Plus 2 added from
brief manual search.

Health Service
Executive (HSE)*

via Google Advanced

Search https://
www.google.com/
advanced search

emergency adult* warning
OR OR OR triage OR OR
OR care OR OR OR trauma
OR OR OR trigger OR OR
OR esclat* OR OR OR EWS
OR OR OR MEWS OR OR
OR POTTS. Site filter:hse.ie
Region filter: Ireland

1880. After sifting
first 200 hits = 4.

Health Information
and Quality Authority
(HIQA)

www.higa.ie

“emergency department
patient deterioration” in
keyword box

92. After sifting =0

National Institute
for Health and Care
Excellence (NICE)

https://www.nice.
org.uk/guidance

patient deterioration
emergency department

55. After sifting =4

“early warning” or “track
and trigger” or ews or mews
or potts

38. After sifting =5

NHS Evidence
(incorporating Scottish
Intercollegiate
Guidelines Network
(SIGN) & Guidelines
International Network
(GIN))

https://www.
evidence.nhs.uk

"patient deterioration" and
"emergency department”
and ("early warning" or
"track and trigger" or ews or
mews or potts)

17. After sifting =1

emergency department and
("early warning" or "track
and trigger" or ews or mews
or potts)

419. After sifting = 3

Agency for Healthcare
Research and

Quality (AHRQ)
National Guideline
Clearinghouse

http://www.
guideline.gov

(triage or casualty or

trauma or "emergency
department")' and '("early
warning" or trigger or ews or
mews or potts)'

Filters: Adult (19 to 44 years)
Aged (65 to 79 years)

Aged, 80 and over

76. after sifting =0

Patient deterioration

187. After sifting =0



https://www.google.com/advanced_search
https://www.google.com/advanced_search
https://www.google.com/advanced_search
https://www.google.com/advanced_search
https://www.google.com/advanced_search
https://www.google.com/advanced_search
http://www.hiqa.ie/
https://www.nice.org.uk/guidance
https://www.nice.org.uk/guidance
https://www.evidence.nhs.uk
https://www.evidence.nhs.uk
http://www.guideline.gov
http://www.guideline.gov
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Professional Bodies

Date of Search: 09-11/03/2016

(AAEM)

(care OR ward OR wards OR
department OR departments
OR unit OR units OR room

OR rooms OR health OR
healthcare OR hospital OR
service) AND (warning OR
trigger OR EWS OR MEWS OR
POTTS) AND (deteriorate OR
deterioration OR deteriorated
OR deteriorates OR worse

OR worsen OR worsening

OR adverse OR weaken OR
weakened OR weakens OR
weaker OR “acute illness”)
AND (Monitor or monitors

or monitored or monitoring
OR escalate OR escalates OR
escalated OR escalation OR
escalating OR reassess OR
reassesses or reassessed or
reassessment OR reassessing)
AND (adult OR adults OR
adulthood)

Website/ Database URL Search Terms Hits
Irish Association for www.iaem.ie Single search box, no 0
Emergency Medicine instructions. Boolean
(IAEM) operators are accepted but

only with certain search terms

the more options added,

the less it seems to work.

Therefore, a manual search

was performed.
Royal College for www.rcem.ac.uk Single search box, no 3
Emergency Medicine instructions. Boolean
(UK) operators are accepted but

only with certain search terms

the more options added,

the less it seems to work.

Therefore, a manual search

was performed.
European Society for www.eusem.org No results for simple 0
Emergency Medicine searches such as: “patient
(EuSEM) deterioration”, “track and

trigger” or “early warning”.
American Academy of | www.aaem.org (emergency OR trauma OR 67 Hits. After
Emergency Medicine casualty OR triage) AND sifting=0



http://www.iaem.ie/
http://www.rcem.ac.uk/
http://www.eusem.org/
http://www.aaem.org/
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American College of
Emergency Physicians
(ACEP)

WWwWw.acep.org

Single search box, no
instructions. Boolean
operators not accepted.

Society for Academic
Emergency Medicine
(SAEM)

WWW.SaemM.org

(emergency OR trauma OR
casualty OR triage) AND (care
OR ward* OR department®* OR
unit* OR room* OR health*
OR hospital OR service) AND
(warning OR trigger OR EWS
OR MEWS OR POTTS) AND
(deteriorat™ OR worse* OR
adverse OR weaken* OR
weaker OR “acute illness”)
(Monitor* OR escalate* OR
reassess®) AND (adult*)

4. After sifting=0

Canadian Association
of Emergency
Physicians

wWww.Caep.ca

(emergency OR trauma OR
casualty OR triage) AND
(escalate* OR trigger OR
warning OR ews OR potts)

110. After sifting
=0

Australasian Society WwWw.asem.org.au Manual? 0
for Emergency

Medicine (ASEM)

Australasian College of | www.acem.org.au Manual 1
Emergency Medicine

(ACEM)

International http://www.ifem.cc Manual 2
Federation for

Emergency Medicine

(IFEM)

Faculty of Emergency | www.fen.uk.com Manual 0
Nursing

RCN Emergency Care www.rcn.org.uk Manual 0
Association

Emergency Nurses www.ena.org Manual 0
Association

Canadian Emergency www.nena.ca Access to this site not allowed
Nurses for security reasons

European Society for WWW.eusen.org Manual 0

Emergency Nursing

Emergency Nursing
weblinks

www.enw.org

(emergency OR trauma OR
casualty OR triage) AND
(escalate OR trigger OR
warning OR ews OR potts)

5. After sifting =0



http://www.acep.org/
http://www.saem.org/
http://www.caep.ca/
http://www.asem.org.au/
http://www.acem.org.au/
http://www.ifem.cc/
http://www.fen.uk.com/
http://www.rcn.org.uk/
http://www.ena.org/
http://www.nena.ca/
http://www.eusen.org/
http://www.enw.org/
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Nursing

Philippine Society www.philippine Manual 3. After sifting=0
of Emergency Care nursingdirectory.
Nurses com/associations/

philippine-society-

of-emergency-care-

nurses-psecn/
Emergency Nursing http://emssa.org.za/ | Manual 0
Society of South Africa | enssa/
Australian College of www.acen.com.au Manual 0
Emergency Nursing
College of Emergency | www.cena.org.au Manual 0
Nursing Australia
College of Emergency | www.nzno.org.nz/ Manual 0
Nurses (New colleges/college_of
Zealand) CENNZ - emergency_nurses
NZNO
Hong Kong Emergency | www.hkena.org Manual 0

!Manual searches were performed on websites where regular electronic searching attempts were not
useful. This is caused by reduced searching functionality such as search boxes that can only search one
word, or a lack of search box. Manual searching involves exploring clickable webpage content e.g., tabs,

buttons, hyperlinks etc. in an iterative way to identify relevant resources.


http://www.philippinenursingdirectory.com/associations/philippine-society-of-emergency-care-nurses-psecn/
http://www.philippinenursingdirectory.com/associations/philippine-society-of-emergency-care-nurses-psecn/
http://www.philippinenursingdirectory.com/associations/philippine-society-of-emergency-care-nurses-psecn/
http://www.philippinenursingdirectory.com/associations/philippine-society-of-emergency-care-nurses-psecn/
http://www.philippinenursingdirectory.com/associations/philippine-society-of-emergency-care-nurses-psecn/
http://www.philippinenursingdirectory.com/associations/philippine-society-of-emergency-care-nurses-psecn/
http://emssa.org.za/enssa/
http://emssa.org.za/enssa/
http://www.acen.com.au/
http://www.cena.org.au/
http://www.nzno.org.nz/colleges/college_of_emergency_nurses
http://www.nzno.org.nz/colleges/college_of_emergency_nurses
http://www.nzno.org.nz/colleges/college_of_emergency_nurses
http://www.hkena.org/
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Grey Literature

Date of Search: 12-13/03/2016

Website/Database

URL

Search Terms

Hits

RIAN

http://rian.ie/en/
static/User#search

All of ‘patient’, ‘deterioration’,
‘emergency’ and ‘department’
in all fields; with any of “"track
and trigger”’, “’early warning”’,

“ ‘OR’, ‘/EWS’, ‘OR’, ‘MEWS’, ‘OR’
or ‘POTTS’ in all fields

All of ‘patient’, ‘deterioration’,
‘emergency’ and ‘department’
in all fields

All of ‘early’, ‘warning’,
‘emergency’ and ‘department’
in all fields

All of ‘early’ and ‘warning’ in all
fields

37. After sifting =4

All of ‘track’, ‘and’ and ‘trigger’
in all fields

2. After sifting = 1

Proquest Dissertations
and Theses UK &
Ireland

www.library.
nuigalway.ie

ab(emergency OR trauma OR
casualty OR triage) AND (care
OR ward* OR department* OR
unit* OR room* OR health*
OR hospital OR service) AND
(warning OR trigger OR EWS
OR MEWS OR POTTS) AND
(deteriorate* OR worse*

OR adverse OR weaken* OR
weaker OR “acute illness” OR
Monitor* OR escalate* OR
reassess*) AND adult*

24 after sifting =0

Proquest Dissertations
and Theses A & |

www.library.
nuigalway.ie

ab(warning OR trigger OR EWS
OR MEWS OR POTTS) AND
ab(deteriorate* OR worse*

OR adverse OR weaken* OR
weaker OR “acute illness” OR
Monitor* OR escalate* OR
reassess*) AND adult*

23. After sifting =0

ab(emergency OR trauma OR
casualty OR triage) AND ab(care
OR ward* OR department* OR
unit* OR room* OR health*
OR hospital OR service) AND
ab(warning OR trigger OR

EWS OR MEWS OR POTTS)
AND (deteriorate* OR worse*
OR adverse OR weaken* OR
weaker OR “acute illness” OR
Monitor* OR escalate* OR
reassess*) AND adult*

88. After sifting=0



http://rian.ie/en/static/User#search
http://rian.ie/en/static/User#search
http://www.library.nuigalway.ie/
http://www.library.nuigalway.ie/
http://www.library.nuigalway.ie/
http://www.library.nuigalway.ie/
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Clinical Trials Registries

Date of Search: 12-13/03/2016

Website/ Database

URL

Search Terms

Hits

CENTRAL

www.cochranelibrary.

com

See Cochrane Library tab

n/a

Prospero

www.crd.york.ac.uk/
PROSPERO

Track and trigger

3. After sifting=0

Early warning

12. After sifting = 2

Patient deterioration
emergency department

0

Patient deterioration 0

emergency

Patient deterioration 5. After sifting=0

EWS 3. 1 relevant but
already picked up
in early warning
search. 0

MEWS 6. 1 relevant but
already picked up
in early warning
search. 0

POTTS 4. After sifting 0

ClinicalTrials.gov

https://clinicaltrials.
gov/ct2/search/
advanced

“patient deterioration” AND
(emergency OR trauma OR
casualty OR triage) AND
(warning OR trigger OR
escalation OR EWS OR MEWS
OR POTTS) Filters used: Adult
(18—65) & Senior (66+)

0

patient deterioration AND
(emergency OR trauma OR
casualty OR triage) AND
(warning OR trigger OR
escalation OR EWS OR MEWS
OR POTTS) Filters used: Adult
(18—65) & Senior (66+)

9. After sifting =1

(emergency department OR
trauma OR casualty OR triage)
AND (early warning OR track
and trigger OR escalation OR
EWS OR MEWS OR POTTS)
Filters used: Adult (18-65) &
Senior (66+)

107. After sifting = 2



http://www.cochranelibrary.com/
http://www.cochranelibrary.com/
http://www.crd.york.ac.uk/PROSPERO
http://www.crd.york.ac.uk/PROSPERO
https://clinicaltrials.gov/ct2/search/advanced
https://clinicaltrials.gov/ct2/search/advanced
https://clinicaltrials.gov/ct2/search/advanced
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World Health
Organization (WHO)
International Clinical

Trials Registry Platform

(ICTRP)

http://apps.who.

int/trialsearch/

AdvSearch.aspx

Advanced search strategy. Only
options to limit to 1) title 2)
condition or 3) intervention.
Tried using following in
intervention field: early warning
or track and trigger or ews or
mews or potts.

1138 results. Skim
through shows low
specificity therefore
strategy abandoned.

Advanced search option

not useful. Basic search :
(emergency OR trauma OR
casualty OR triage) AND (care
OR ward* OR department* OR
unit* OR room* OR health*
OR hospital OR service)

AND (warning OR trigger OR
escalate* OR EWS OR MEWS
OR POTTS) AND (deteriorate*
OR worse™ OR adverse OR
weaken* OR weaker OR
“acute illness”) (Monitor* OR
escalate* OR reassess*) AND
(adult*)

Site unable to
handle this strategy
and kept crashing

Basic option used again: patient
deterioration AND emergency
department OR Triage AND
early warning OR track and
trigger OR EWS OR MEWS OR
POTTS

29. After sifting
9 were useful
but overlap with
Clinicaltrials.gov
results. 6 kept



http://apps.who.int/trialsearch/AdvSearch.aspx
http://apps.who.int/trialsearch/AdvSearch.aspx
http://apps.who.int/trialsearch/AdvSearch.aspx
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