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ABSTRACT 

Aims: This review aims to determine the effect of adult Early Warning Systems education on 

nurses’ knowledge, confidence and clinical performance. 

Background: Early Warning Systems support timely identification of clinical deterioration 

and prevention of avoidable deaths. Several educational programmes have been designed to 

help nurses recognise and manage deteriorating patients. Little is known as to the 

effectiveness of these programmes. 

Design: Systematic review 

Data sources: Academic Search Complete, CINAHL, MEDLINE, PsycINFO, 

PsycARTICLES, Psychology and Behavioral Science Collection, SocINDEX and the UK & 

Ireland Reference Centre, EMBASE, the Turning Research Into Practice database, the 

Cochrane Central Register of Controlled Trials (CENTRAL) and Grey Literature sources 

were searched between October - November 2015.  

mailto:J.hegarty@ucc.ie
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Review methods: This is a quantitative systematic review using Cochrane methods. Studies 

published between January 2011 - November 2015 in English were sought. The risk of bias, 

level of evidence and the quality of evidence per outcome were assessed.  

Results: Eleven articles with ten studies were included. Nine studies addressed clinical 

performance, four addressed knowledge and two addressed confidence. Knowledge, vital 

signs recording and Early Warning Score calculation were improved in the short-term. Two 

interventions had no effect on nurses’ response to clinical deterioration and use of 

communication tools.  

Conclusion: This review highlights the importance of measuring outcomes using 

standardised tools and valid and reliable instruments. Using longitudinal designs, researchers 

are encouraged to investigate the effect of Early Warning Systems educational programmes. 

These can include: interactive e-learning, on-site interdisciplinary Early Warning Scoring 

systems training sessions and simulated scenarios.  

 

Keywords: Resuscitation; knowledge; confidence; clinical performance; clinical 

deterioration; education; nursing; systematic review; literature review.  

 

SUMMARY STATEMENT 

Why is this research or review needed? 

 Acutely ill patients are at risk of developing adverse events leading to clinical 

deterioration, transfer to intensive care units and avoidable death. 

 Well-established programmes exist to educate nurses about the use of Early Warning 

Systems in the recognition of clinical deterioration.  
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 There has been little attempt to systematically review recent evidence on the 

effectiveness of adult Early Warning Systems education in enhancing nurses’ 

knowledge, confidence and clinical performance.  

What are the key findings? 

 There is a wide variation in the programmes used to educate nurses about Early 

Warning Systems. 

 Results from this review indicate that Early Warning Systems education is effective in 

enhancing nurses’ knowledge and confidence and clinical performance in the short-

term.  

 Several non-validated, researcher-designed tools were used to measure outcomes. 

How should the findings be used to influence policy/practice/research/education? 

 This review provides researchers with valuable information to select and/or develop 

outcome-based training programmes aimed at enhancing knowledge, confidence and 

clinical performance in relation to Early Warning Systems. 

 Future studies must be interdisciplinary, delivered frequently and measured 

longitudinally. 

 

 

INTRODUCTION 

Acutely ill patients with complex health needs are increasingly being cared for on 

general wards and hence are at risk of clinical deterioration leading to adverse events such as 

cardiac arrest, transfer to intensive care units (ICU) and unexpected and avoidable death 

(Taenzer et al. 2011).
 
In most cases, these adverse events are preceded by clinical signs of 

deterioration (Harrison et al. 2005, Jamieson et al. 2008, Fagan et al. 2012). 
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Timely detection and appropriate interventions are critical to providing safe and 

effective care to a clinically deteriorating patient (Alam et al. 2015). This involves 

identifying and classifying the severity of illness, providing prompts and structured 

communication tools to escalate care and following a definite escalation plan (National 

Clinical Effectiveness Committee [NCEC] 2013).   

 

Failure to detect early signs of deterioration in the acutely ill patient is considered a 

major cause of avoidable morbidity and mortality (Alam et al. 2015). Attempts to achieve 

earlier identification of the clinically deteriorating patient led to the introduction of Early 

Warning Systems (EWS) in acute care settings (NCEC 2013).  

 

 

Background 

EWS, also known as track and trigger systems, are designed to facilitate early 

detection and communication of clinical deterioration by categorising the severity of illness 

and prompting timely review by the appropriately trained personnel at specific trigger points 

(Mitchell et al. 2010). EWS are based on an aggregate scoring system, where a score is 

allocated to key physiological parameters, including respiratory rate, oxygen saturation, 

temperature, systolic blood pressure, pulse rate and level of consciousness (Urban et al. 

2015). The score allocated to each of the parameters is considered as a trigger point. For 

example, using the Irish National Early Warning Scoring (NEWS) system, a score of 3 on 

any of the aforementioned parameters serves as a trigger point, which requires healthcare 
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professionals to escalate care (NCEC 2013). Other examples of widely used track and trigger 

systems include the Modified Early Warning Scoring system (MEWS) (Urban et al. 2015) 

and the Bispebjerg Early Warning Scoring system (BEWS) (Christensen et al. 2011). 

 

The introduction of EWS to adult general wards is complex (Robb & Seddon 2010).
 

In addition, the effectiveness of EWS initiatives depends on the availability of adequate 

resources, leadership and healthcare professionals’ knowledge and ability to recognise 

clinical deterioration. Several barriers to timely recognition and response to clinical 

deterioration exist. These include: lack of understanding of physiological deterioration and 

triggering criteria (De meester et al. 2013); failure to undertake complete and reliable vital 

sign measurement; incorrect calculation of aggregate scores (Ludikhuize et al. 2012); 

ineffective communication (Rabol et al. 2011); poor clinical reasoning skills (Levett-Jone et 

al. 2010); and inter-professional hierarchical factors such as the power relationships that exist 

between nurses and physicians (Shearer et al. 2012).  

 

Several educational programmes have been designed to help nurses recognise and 

manage deteriorating patients, including Acute Life Threatening Events Recognition and 

Treatment (ALERT); Multi-professional Full-scale Simulation (MFS); COMPASS (Mitchell 

et al. 2010); and Acute Illness Management (AIM) (Liaw et al. 2011). Although there is a 

growth of educational programmes on various EWS, there has been little attempt to date to 

systematically review the recent evidence on their effect on nurses’ knowledge, confidence 

and clinical performance. 
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THE REVIEW 

Aims  

The aim of this systematic review was to determine the effect of adult EWS education 

on nurses’ knowledge, confidence and clinical performance. The search was conducted based 

on three pre-specified questions developed using the PICO (population, intervention, 

comparison, outcome) framework outlined in the Cochrane Handbook for Systematic 

Reviews of Interventions (Higgins & Green 2011). These include:  

 (i) What is the effect of EWS educational programmes on nurses’ level of knowledge, 

compared with baseline and/or control conditions? 

(ii) What is the effect of EWS educational programmes on nurses’ level of confidence 

compared with baseline and/or control conditions?  

(iii) What is the effect of EWS educational programmes on nurses’ clinical performance in 

terms of vital sign recording, EWS calculation and/or escalation of care compared with 

baseline and/or control conditions? 

 

Design 

A systematic review of educational interventions aimed at enhancing nurses’ 

knowledge, confidence and clinical performance regarding EWS was undertaken. This 

review was guided by the Cochrane Handbook for Systematic Reviews of Interventions 

(Higgins & Green 2011) and reported in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis (PRISMA) statement (Moher et al. 2009).   
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Search methods 

Eligibility criteria 

The PICOS (S for study design) framework was used to determine the study 

eligibility criteria (Moher et al. 2009). Randomised controlled trials (RCTs), non-RCTs and 

pre- and post-test studies considered for inclusion met the following criteria: (i) involved 

adult patients (i.e. over 18 years of age); (ii) comprised programmes relating to the education 

and/or training of nurses about the use of EWS/track and trigger systems; (iii) compared the 

effect of educational programmes to baseline and/or control conditions; (iv) addressed 

nurses’ knowledge, confidence, an clinical performance in terms of vital sign recording, early 

warning score calculation and/or response to clinical deterioration; (v) published between 

January 2011 and November 2015; and (vi) published in English. 

 

Studies with paediatric patients (i.e. aged less than 18 years) and/or pregnant patients 

were excluded as the scoring systems used in these patient populations are different. Opinion 

papers, policy reports, abstract-only articles, economic papers relating to budget impact 

analysis of EWS, studies evaluating the implementation of EWS and papers on the clinical 

effectiveness and validation of EWS were not deemed eligible for inclusion.  

 

Search strategy 

A systematic search of several electronic databases and the Grey Literature was 

conducted between October and November 2015. The databases searched were: Academic 

Search Complete; CINAHL; MEDLINE; PsycINFO; PsycARTICLES; Psychology and 

Behavioral Science Collection; SocINDEX; the UK & Ireland Reference Centre; EMBASE; 
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the Turning Research Into Practice (TRIP) database; and the Cochrane Central Register of 

Controlled Trials (CENTRAL). The Grey Literature searched included several guideline 

websites and repositories namely: Open Grey (2015); New York Academy of Medicine 

(2015); OpenDoar (2015); National Institutes of Health (2015); Health Service Executive 

(2015); Health Information and Quality Authority (2015); Health Research Board (2015); 

Lenus (2015); World Health Organization (2015); National Institute for Health and Care 

Excellence (2015); Department of Health (2015); National Health Service England (2015); 

Public Health Agency of Canada (2015); Google Scholar (2015); and Google (2015). The 

search was limited to studies published in English between January 1
st
, 2011 and November 

30
th

, 2015. The reference lists of included studies were also searched for potentially eligible 

studies. The reason for limiting the search to five years was to capture the latest evidence, 

especially that new EWS are emerging and guidelines regarding staff education on the use of 

these systems are being continuously updated.  

 

The PICOS framework was used to select and combine the search terms in a way that 

addressed the aim of this systematic review (Higgins & Green 2011). Keywords were 

searched on title and abstract and combined using Boolean operators ‘AND’ and ‘OR’ as well 

as Medical Subject Headings (MeSH). The full search strategy and eligibility criteria are 

presented in Table S1 in the online version of the article. 

Risk of bias and level of evidence assessment 

The risk of bias for each study, the quality of evidence for each review outcome and 

the level of evidence for each study were assessed. The risk of bias for RCTs and non-RCTs 

was assessed using the nine criteria of the Effective Practice and Organisation of Care (EPOC 

2015) tool included in the Cochrane Handbook (Higgins & Green 2011). This tool addresses 
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participant allocation sequence; concealment of allocation; baseline outcome measurement; 

baseline participant characteristics; incomplete data reporting; blinding; data contamination; 

selective outcome reporting; and other biases. Furthermore, the risk of bias for pre- and post-

test studies was assessed using seven criteria in relation to confounding variables; shape of 

the intervention; consistency in data collection at pre- and post-test; blinding; incomplete 

and/or selective outcome reporting; and other biases (EPOC 2015).  

 

The quality of evidence for each review outcome (i.e. knowledge, confidence and 

clinical performance) was then assessed using the Grading of Recommendations Assessment, 

Development and Evaluation (GRADE) tool (Guyatt et al. 2008). This is a key step in 

systematic reviews of interventions, as failure to do so poses a threat to the accuracy of 

recommendations (Higgins & Green 2011, Saab et al. 2016b). The quality of evidence for 

each outcome was assessed in terms of limitations in the design and implementation; 

indirectness of evidence; heterogeneity or inconsistency of results; imprecision of results; and 

likelihood of publication bias (Guyatt et al. 2008). Accordingly, the overall quality (i.e. 

GRADE) of each outcome was rated as either high, moderate, low, or very low (Higgins & 

Green 2011).  

 

Finally, the Scottish Intercollegiate Guidelines Network (SIGN 2014) level of 

evidence criteria were used to determine the level of evidence for each study in terms of 

internal validity (i.e. selection of subjects, assessment of outcomes, confounding and 

statistical analysis) and overall assessment. The level of evidence was graded between 1 and 

4, with 1 being the highest score (SIGN 2014). 
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Data abstraction 

Records identified from the search were exported to a software package for reference 

management (Endnote X7) and duplicates were deleted. All records were independently 

screened on title and abstract by the research team (in pairs) to determine whether they 

merited full-text review. Following the exclusion of ineligible articles based on title and 

abstract screening, the full-texts of potentially eligible papers were obtained and evaluated 

independently by two reviewers. Screening conflicts between two reviewers were resolved by 

consensus and if necessary involved a third reviewer. 

 

Data from the included studies were extracted by two researchers using a standardised 

extraction table that was used in previous systematic reviews (Saab et al. 2016a; Saab et al. 

2016b). The table was then cross-checked by two other reviewers for accuracy. The extracted 

data included: author(s) and year; aim(s); country and setting; population; study design; 

description of the intervention; outcomes measured; and findings. The level of evidence for 

each study using the SIGN (2014) criteria was also included in the data extraction table.  

 

 

Synthesis 

This review is reported using the items of the PRISMA checklist (Moher et al. 2009). 

Data extracted from the reviewed studies are tabulated (Table 1). The study selection process 

is then discussed in detail in terms of study identification, screening and inclusion. A 

synthesis of the key study characteristics (i.e. country and setting, population, design and 

outcomes measured) is then presented in-text and in a table format (Table 2). Findings from 
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individual studies are presented in the data extraction table. Narrative summaries of data were 

produced and grouped for each of the review outcomes (i.e. knowledge, confidence and 

clinical performance). 

 

A meta-analysis was not attempted for several reasons. According to Higgins and 

Green (2011), a meta-analysis is not possible when the outcomes are varied and the studies 

are clinically diverse which is the case in this review. Moreover, studies in the present review 

differed in terms of methodology, educational programmes, modes of delivery, duration of 

programmes, instruments used to measure programme effectiveness, clinical settings where 

programmes were tested and length of follow-up. 

 

The review outcomes were synthesized and mapped using a harvest plot (Figure 1) 

(Turley et al. 2013). Outcomes were plotted on the vertical axis. The direction of effects was 

plotted on the horizontal axis using three categories: ‘favours control’, ‘no difference’ and 

‘favours intervention’. Each of the reviewed studies was represented using a bar with the first 

three letters of the first author’s last name. Shading of the bars corresponded to the statistical 

confidence in point estimate, height of the bar indicated the appropriateness of study design 

and the symbol over each bar indicated the risk of bias suing the EPOC (2015) criteria 

(Turley et al. 2013). 
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RESULTS 

Study selection 

The search strategy yielded 3,598 titles and abstracts. Duplicates were deleted 

(n=294) and irrelevant records were excluded based on title and abstract screening (n=3,304). 

Following a full-text review of 267 articles, 256 full-text papers were excluded as they 

focused on budget impact analyses of EWS, evaluations of the implementation of EWS and 

effectiveness and validation of EWS systems. Reference list checks did not yield any new 

articles. Therefore, a total of 10 studies in 11 papers met the review eligibility criteria and 

were included in this review. Findings from the searches at each stage of the review process 

are illustrated using the PRISMA flowchart (Moher et al. 2009) (Figure 2).  

 

Study characteristics 

The study characteristics are presented in Table 2. The same study was reported in 

Liaw et al. (2015a) and Liaw et al. (2015b). Six countries were represented across the 

reviewed studies with the greater numbers conducted in USA (n=3),
 
(Lindsey & Jenkins, 

2013; Ozekcin et al. 2015; Rose et al. 2015), Singapore (n=2) (Liaw et al. 2014, Liaw et al. 

2015a, Liaw et al. 2015b), in hospitals (n=7) (Cahill et al. 2011, Ludikhuize et al. 2011, 

Shaddel et al. 2014, Kyriacos et al. 2015, Merriel et al. 2015, Ozekcin et al. 2015, Rose et al. 

2015) and simulation settings (n=3) (Lindsey & Jenkins 2013, Liaw et al. 2014, Liaw et al. 

2015a, Liaw et al. 2015b). Sample size varied between 19
 
(Shaddel et al. 2014) and 147

 

(Cahill et al. 2011) participants. Five studies used a pre- and post-test design (Cahill et al. 

2011, Shaddel et al. 2014, Merriel et al. 2015, Ozekcin et al. 2015, Rose et al. 2015), four 

studies were RCTs (Lindsey & Jenkins 2013, Liaw et al. 2014, Liaw et al. 2015a, Liaw et al. 
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2015b, Kyriacos et al. 2015) and one study was quasi-experimental (Ludikhuize et al. 2011). 

As for the educational interventions used in the reviewed studies, they included: interactive 

programmes, namely Rescuing a Patient in Deteriorating Situations (RAPIDS) (Liaw et al. 

2014)
 
and e-RAPIDS (Liaw et al. 2015a, Liaw et al. 2015b);

 
fully automated virtual patient 

simulation and facilitator-led mannequin-based simulation (Liaw et al. 2014); MEWS charts 

and the Cape Town MEWS training programme and manual (Kyriacos et al. 2015); 

educational sessions about a new observation chart (Cahill et al. 2011);
 
code blue simulation 

and rapid response education (Lindsey & Jenkins 2013); a fictional deteriorating patient 

(Ludikhuize et al. 2011); an EWS training session (Merriel et al. 2015); an e-learning module 

and simulation (Ozekcin et al. 2015); and one-on-one and small group education about e-

MEWS (Rose et al. 2015) and MEWS (Shaddel et al. 2014).  

 

The effectiveness of the interventions was assessed using several researcher designed 

instruments namely: a knowledge questionnaire and performance tool (Liaw et al. 2015a, 

Liaw et al. 2015b); written tests (Kyriacos et al. 2015); multiple choice questionnaires 

(Lindsey & Jenkins 2013, Ozekcin et al. 2015);
 
clinical observations (Ludikhuize et al. 

2011); and chart reviews and audits (Merriel et al. 2015, Rose et al. 2015). 

 

Risk of bias and level of evidence assessment 

Nurses in the reviewed controlled trials were adequately allocated to control and 

experimental groups and their allocation was adequately concealed with the exception of one 

quasi-experimental study (Ludikhuize et al. 2011). As for baseline outcome measures, the 

risk of bias was low in two studies (Kyriacos et al. 2015, Liaw et al. 2015a, 2015b) and 
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unclear in the remaining studies (Ludikhuize et al. 2011, Lindsey & Jenkins 2013, Liaw et al. 

2014). Participant characteristics were similar at baseline in all but one RCT (Linsey & 

Jenkins 2013). Incomplete outcomes were not addressed in the majority of the controlled 

trials. Blinding was reported in all but one RCT (Lindsey & Jenkins 2013) and the risk for 

data contamination was low in all controlled trials with the exception of one RCT (Lindsey & 

Jenkins 2013). All the reviewed controlled trials were free from selective outcome reporting, 

two studies were free from other risks of bias (Ludikhuize et al. 2011, Kyriakos et al. 2015) 

and estimates of precision were reported in only one RCT (Kyriakos et al. 2015). The full 

risk of bias assessment for RCTs and non-RCTs is available as a supplementary file (See 

supporting information Table S2 in the online version of the article). 

 

As for the pre- and post-test studies, all but one intervention (Rose et al. 2015) were 

free from confounders. The shape of the intervention effect was pre-specified in all but one 

study (Shaddel et al. 2014). The data collected before and after the intervention were the 

same for all the reviewed pre- post-test studies. Blinding was addressed in two studies 

(Merriel et al. 2015, Rose et al. 2015) and omitted in the remaining three studies (Cahill et al. 

2011, Shaddel et al. 2014, Ozekcin et al. 2015). The risk for incomplete outcome reporting 

was unclear in all five pre- and post-test studies. The risk for selective outcomes reporting 

was found to be low in all pre- and post-test studies. Yet, they had a high risk for other biases 

including data contamination. Moreover, only Merriel et al. (2015) reported on estimates of 

precision. The full risk of bias assessment for pre- and post-test studies is available as a 

supplementary file (See supporting information Table S3 in the online version of the article). 
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The overall quality of evidence rating for each outcome was found to be moderate for 

knowledge and low for performance and confidence. This was attributed to several 

methodological limitations and biases. For instance, not all the reviewed studies addressed 

blinding of the outcome assessor and only four studies had a robust design (i.e. RCT). In 

addition, the effectiveness of the reviewed educational interventions was often assessed using 

researcher-designed instruments with no details as to their validity or reliability. As for 

imprecision, most of the reviewed interventions had a small sample size that was selected 

purposely rather than randomly. Differences in baseline outcome measures and reporting on 

incomplete outcome data were unclear in the majority of the reviewed interventions. The 

quality of evidence assessment per review outcome is presented in Table 3.  

 

In relation to the level of evidence for each study, all but one
 
(Kyriacos et al. 2015) 

scored 2- on the SIGN tool which indicates a high risk of confounding, bias, as well as a 

significant risk that the relationship between the variables is not causal (SIGN 2014). The 

scores per study reviewed are presented in Table 1.  

 

Synthesis of results 

Knowledge  

Knowledge was assessed in four studies (Lindsey & Jenkins 2013, Kyriacos et al. 

2015, Liaw et al. 2015a, Liaw et al. 2015b, Ozekcin et al. 2015). Overall, the knowledge and 

competence of healthcare professionals improved immediately following various educational 

programmes. For instance, knowledge of the key elements of EWS significantly increased 

among nurses who attended an interactive web-based programme (e-RAPIDS) in comparison 
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to those who did not (21.29% vs. 18.89%; P<0.001) (Liaw et al. 2015a, Liaw et al. 2015b). 

Similar findings were reported by Lindsey and Jenkins (2013) whereby a novel rapid 

response education intervention succeeded in enhancing nursing students’ understandings of 

rapid response systems compared with those who did not receive the education (Mean=90.91 

SD 8.73 vs. 64.8 SD 19.69 respectively; P<0.001). In another study, Kyriacos et al. (2015) 

introduced a novel MEWS chart and associated training which was found to increase nurses’ 

knowledge scores from a mean of 4/23 (19.5%) at pre-test to 14/23 (61.4%) (t3.8; 95%CI -

30.0t, 8.9; P=0.001) two weeks following the intervention.  

 

Confidence  

Two of the reviewed studies measured the nurses’ level of confidence (Shaddel et al. 

2014, Ozekcin et al. 2015). For instance, Ozekcin et al. (2015) investigated the effectiveness 

of a four-week e-learning module on nurses’ knowledge of signs and symptoms of 

deterioration and confidence in recognising clinical deterioration. It was found that, following 

the module, nurses’ confidence increased significantly in recognising deterioration 

(Mean=4.06/5 SD 0.44 at pre-test vs. 4.45/5 SD 0.51 at post-test; P=0.001) and in responding 

to an unstable patient (Mean=4/5 SD 0.52 at pre-test vs. 4.48/5±0.51 at post-test; P<0.0001). 

Shaddel et al. (2014) also explored nurses’ confidence following the introduction of the 

MEWS tool and associated training. It was found that confidence significantly improved 

from a mean of 3.73/5 at pre-test to 4.63/5 at post-test (Z=3.81; P=0.0001). The long-term 

effects of both interventions were not reported (Shaddel et al. 2014, Ozekcin et al. 2015).  
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Clinical performance 

Clinical performance was assessed in all but one study (Lindsey & Jenkins 2013)
 
and 

was judged in terms of accurate documentation of vital signs, accurate calculation of EWS 

and appropriate response to clinical deterioration.  

 

Generally, nurses in the reviewed studies correctly calculated early warning scores 

(i.e. recorded a full set of vital signs and computed the corresponding EWS) following 

exposure to the educational programmes (Ludikhuize et al. 2011, Liaw et al. 2014, Shaddel et 

al. 2014, Liaw et al. 2015a, Liaw et al. 2015b, Merriel et al. 2015, Ozekcin et al. 2015). 

Merriel et al. (2015) evaluated the effectiveness of multidisciplinary training on intervention 

and recognition of the deteriorating patient. It was found that nurses were more likely to 

calculate early warning scores correctly post-test in comparison to pre-test (68.02% vs. 

55.12%; Risk Ratio=1.24, 95% CI 1.07,1.44; P<0.01). In addition, observations were more 

likely to be performed at the correct frequency compared with pre-test (78.57% vs. 68.09%; 

Risk Ratio=1.20, 95% CI 1.09, 1.32). Another example is the study by Liaw et al. (2014) 

whereby nursing students’ performance improved significantly immediately and 2.5 months 

following a fully automated virtual patient simulation (P<0.001) and a facilitator-led 

mannequin-based simulation (P<0.05).  

 

Recording of vital signs improved in four studies (Cahill et al. 2011, Kyriacos et al. 

2015, Ludikhuize et al. 2011, Liaw et al. 2014). For instance, following the introduction of a 

new observation chart and associated education, documentation of a full set of vital signs 

improved significantly (47.6% at pre-rest vs. 96.3% two weeks post-test vs. 96.4% three 
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months post-test; P<0.001) (Cahill et al. 2011). Similarly, documentation of respiratory rate 

(48.2% vs. 25%; P<0.05) and heart rate (74.3% vs. 37.5%; P<0.01) improved significantly 

among nurses who undertook an EWS web-based programme (RAPIDS) in comparison to 

those who did not (Liaw et al. 2015a, Liaw et al. 2015b).  

 

MEWS training did not lead to an increase in appropriate response to clinical 

deterioration in several studies.
 
For instance, although MEWS-trained nurses were able to 

identify and review a deteriorating patient more often than untrained nurses (77% vs. 58%; 

P=0.05), 67% of trained nurses and 43% of non-trained nurses notified the physician which 

was not statistically significant (Ludikhuize et al. 2011). In addition, only 11% of trained 

nurses calculated MEWS correctly and only 1 of 47 trained nurses used SBAR (situation, 

background, assessment and recommendation) (Ludikhuize et al. 2011). Similarly, Kyriacos 

et al. (2015) found that MEWS training was not associated with a significant change in 

response to deterioration among trained nurses (Odds Ratio=2.63; 95% CI 0.53, 12.97).  

DISCUSSION  

Evidence from this review suggests that EWS educational programmes succeeded in 

increasing nurses’ knowledge, confidence and clinical performance with regards to 

calculation of EWS and documentation of vital signs, at least in the short-term (i.e. 

immediately following exposure to the programme). Several interventions had little or no 

effect on nurses’ detection of clinical deterioration, appropriate escalation and use of 

communication tools such as SBAR. Examples include a study using MEWS chart, Cape 

Town MEWS training programme and manual (Kyriacos et al. 2015) and an observational 

study whereby MEWS trained nurses’ responses to a fictional deteriorating patient was 

assessed (Ludikhuize et al. 2011). 
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This review confirms that there is lack of high quality evidence to evaluate the effect 

of EWS educational programmes on nurses’ knowledge, confidence and clinical 

performance. This was thought to be due to several factors including the small sample size, 

lack of evidence of sample size calculation, lack of blinding of the outcome assessors and 

biases. Several publications relating to researcher-designed programmes lacked details as to 

the contents of the educational interventions. In addition, a variety of outcomes were 

measured using various tools and studies were heterogeneous in terms of methodology and 

clinical setting. This made it impossible to group the review outcomes into a meta-analysis 

(Higgins & Green 2011). 

 

Time of delivery of the educational sessions varied enormously, from 15 minutes in 

one study
 
(Shaddel et al. 2015) to 8 months in another (Liaw et al. 2014) with no study using 

well-established educational programmes such as AIM, ALERT, COMPASS and MFS (Liaw 

et al. 2011). For example, COMPASS is known to be effective in the categorisation of 

patients’ severity of illness, early detection of patient deterioration, use of communication 

tools such as SBAR and the identification of triggers points that should prompt early medical 

review and use of an escalation plan (Health Service Executive 2011). However, the use of 

COMPASS alone does not guarantee that appropriate escalation of care is going to take 

place.  

 

Although the key assessment parameters addressed in EWS were addressed in the 

reviewed educational programmes, other parameters that have shown to predict clinical 

deterioration and adverse outcomes were not accounted for. These include patient age 

(Churpek et al. 2015), urinary output (Martin et al. 2015), emotional state (Bian et al. 2015), 
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frailty (Romero-Brufau et al. 2014), diastolic blood pressure (Christofidis et al. 2013), pulse 

pressure index (Churpek et al. 2012), prior admission to ICU (Churpek et al. 2014) and pre-

existing comorbidities (Huggan et al. 2015, Hegarty et al. 2016).  

 

Measurements of knowledge, confidence and clinical performance varied across the 

reviewed studies. For instance, performance was judged on the basis of the frequency of vital 

signs monitoring; escalation and MEWS calculation; time to application of critical 

interventions; number of code blue and rapid response team calls; and the appropriateness of 

decisions regarding the management of deteriorating patients. As for knowledge and 

confidence, both outcomes were measured using clinical observations; researcher-designed 

tools; multiple choice questionnaires; and written tests with limited information as to their 

reliability and validity. It is worth noting that only Cahill et al.
 
(2011) and Liaw et al.

 
(2014) 

explored the longitudinal effect of the educational interventions (3 and 2.5 months post-

education respectively). Therefore, the effectiveness of the reviewed interventions in 

increasing knowledge, confidence and clinical performance in the long-term remains 

unknown.  

 

In relation to participants and data collection settings, the educational interventions 

were tested amongst nurses and nursing students with limited representation of other 

healthcare professionals. This undermines the important role of the healthcare team in the 

detection and management of clinical deterioration, given that there is evidence that 

interdisciplinary and multimodal educational programmes are effective in enhancing the use 

of EWS (Liaw et al. 2014, Hegarty et al. 2016). The majority of the reviewed studies were 

conducted either in simulation settings or in hospitals using fictitious patients which makes 
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their applicability to real-life scenarios questionable (Oberleitner et al. 2011). It is worth 

noting that all but one study (Kyriacos et al. 2015) were conducted in countries with very 

high human development index. Moreover, some studies comprised sample sizes as small as 

19
 
(Shaddel et al. 2014), which hinders precision. 

 

Findings from the reviewed studies demonstrated improved knowledge and 

confidence but only in the short-term. While there was some improvement in performance in 

relation to vital signs recording and EWS calculation, it remains unknown if this 

improvement is maintained over time and what effect is has on patient outcomes. Finally, the 

review highlights that education in isolation from other factors is not enough to enhance 

knowledge, confidence and clinical performance. This was evident in EWS trained nurses’ 

failure to correctly respond to clinical deterioration on several occasions (Kyriacos et al. 

2015; Ludikhuize et al. 2011).  

 

Rigour was sought throughout the systematic review process by using the PRISMA 

checklist
 
(Moher et al. 2009) in the reporting of this review and thoroughly describing study 

identification, screening, selection and data extraction. However, the search was limited to 

studies published in or translated to English between the years 2011 and 2015, thus 

increasing the risk of study selection bias. Furthermore, only findings that were in line with 

the review outcomes (i.e. knowledge, confidence and clinical performance) were extracted 

and discussed which increases the risk of reporting bias and could have contributed to the 

omission of potentially important findings (Cochrane Bias Methods Group 2013). 
 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Future research is needed to address the limitations highlighted in this systematic 

review. Researchers are encouraged to explore, in-depth, the reason why several interventions 

did not have an effect on nurses’ detection of clinical deterioration and escalation of care. In 

addition, researchers ought to conduct studies with larger sample sizes and use measures to 

minimise bias including blinding the outcome assessor, random sampling and controlling for 

possible confounders (e.g. level of nurses’ autonomy and power relationships between nurses 

and physicians). Researchers are also encouraged to provide more details as to the content of 

the educational programmes and to test well-established programmes such as AIM, ALERT, 

COMPASS and MFS. It is also worth accounting for other assessment parameters which can 

influence clinical judgment, including patient age, urinary output, emotional state, frailty, 

diastolic blood pressure, pulse pressure index, prior admission to ICU and pre-existing 

comorbidities.  

 

Longitudinal studies are needed to explore the long-term effect of the educational 

interventions on nurses’ knowledge, confidence and clinical performance while using valid 

and reliable instruments. Finally, researchers are encouraged to systematically review the 

evidence on the effect of EWS educational programmes on patient outcomes including 

mortality, ICU transfers and length of hospital stay.  

CONCLUSION 

There is lack of high quality evidence to evaluate the effect of EWS educational 

programmes on nurses’ knowledge, confidence and clinical performance. Given that EWS 

themselves represent a complex intervention this can only be achieved by using techniques 

that go beyond enhancing knowledge, confidence and move towards consistent clinical 

performance in the real world. This mandates the need for valid and reliable outcome-based 
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training programmes, which deploy several approaches including interactive e-learning, 

workshops and practice in the clinical setting. Finally, it is likely that effectiveness will be 

enhanced if educational interventions are interdisciplinary, delivered frequently and measured 

longitudinally. 
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Table 1 

Study characteristics, findings, and level of evidence assessment (Saab et al. 2016a, Saab et al. 2016b). 

Author(s) 

(Year) 

Aim(s) Country & 

Setting 

Population
 

Design Intervention Outcomes 

Measured 

Findings
 

SIGN
a  

Cahill et al. 

(2011) 

To evaluate the 

impact of a new 

observation chart 

and education on 

vital sign recording 

Australia 

Hospital (3 

medical/ 

surgical 

wards)   

n=104 (T1) 

n=147 (T2) 

n=119 (T3) 

Patients 

Prospective 

pre- and post-

test 

New observation chart 

and educational 

programme 

Performance 

(vital sign 

recording) 

Documentation of full vital signs 

increased significantly (47.6% at T1 vs. 

96.3% at T2 vs. 96.4% at T3; P<0.001)  

2- 

Kyriacos et 

al. (2015) 

To test the impact of 

a new MEWS 

chart and training on 

nurses’ responses to 

clinical deterioration  

South Africa 

Hospital (6 

surgical 

wards)  

n=50 

Nurses 

 

Pragmatic, 

parallel-group, 

cluster RCT 

EG: MEWS charts and 

Cape Town MEWS 

training programme 

and manual 

CG: standard care 

 

Knowledge 

(signs of 

deterioration) 

 

 

 Performance 

(vital sign 

recording; 

response to 

deterioration) 

 

Increased significantly among EG 

between T1 (Mean=4/23; 19.5%) and T2 

(Mean=14/23; 61.4%) (t3.8; 95%CI -

30.0t, 8.9; P=0.001); Increase was not 

significant among CG  

Vital signs recorded among EG > CG  

Unrecorded responses to MEWS triggers: 

94.5% for EG and 97.8% for CG 

(OR=2.63; 95%CI 0.53, 2.97) 

No significant change in response to 

deterioration among EG 

2+ 

Liaw et al. 

(2014) 

To assess the impact 

of a new automated 

virtual patient 

simulation versus 

mannequin-based 

Singapore 

Simulation 

n=57 

(EG=31; 

CG=26) 

Nursing 

RCT; pre- and 

post-test  

EG and CG: RAPIDSb 

simulation course 

eight months earlier 

EG: automated virtual 

Performance 

(assessment; 

management; 

reporting of 

deterioration)  

Increased significantly among EG 

(P<0.001) and CG (P<0.05) from T1 to 

T2 and T3  

No significant difference between T2 and 

2- 
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simulation students patient simulation  

CG: mannequin-based 

simulation  

T3 for EG and CG 

 

Liaw et al. 

(2015a; 

2015b)c 

To evaluate the 

impact of web-based 

simulation on the 

recognition of and 

response to patient 

deterioration 

Singapore 

Simulation  

 

n=67 

(EG=32; 

CG=32)   

Nurses  

RCT; pre-and 

post-test 

EG: interactive web-

based programme (e-

RAPIDSd) 

CG: no intervention 

 

Knowledge 

(assessment; 

management; 

communicati

on of 

deterioration 

Performance 

(vital-sign 

recording;  

assessment; 

management; 

reporting of 

deterioration) 

Significantly higher among EG at T2 

compared to T1 (21.29% vs. 18.89%; 

P<0.001)  

Significantly higher among EG compared 

to CG (F=25.26; P<0.001) 

 

RR (48.2% vs. 25%; P<0.05) and HR 

measurements (74.3% vs. 37.5%; P<0.01) 

significantly higher among EG compared 

to CG; Positive correlation between 

assessment and clinical judgment (r=0.6, 

P<0.001) and reporting and assessment 

(r=0.56, P<0.001) among EG at T2  

2- 

Lindsey & 

Jenkins 

(2013) 

To explore the 

impact of an 

intervention on 

students’ clinical 

judgment in relation 

to managing patient 

deterioration 

USA 

Simulation  

n=79 

(EG=40; 

CG=39)   

Nursing 

students 

 

RCT; pre- and 

post-test  

EG and CG: code blue 

simulation 

EG: rapid response 

education   

 

Knowledge 

(RRS) 

 

EG had significantly higher scores than 

CG (Mean=90.91±8.73 vs. 64.8±19.69; 

P<0.001) at T2 

 

2- 

Ludikhuize 

et al. 

To evaluate whether 

MEWS trained 

Netherlands n=95  Quasi- Observation of 

assessments and 

Performance 

(vital-sign 

More trained (77%) than untrained nurses 

(58%) reviewed the patient immediately 

2- 
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(2011) nurses were more 

likely to recognize  

patient deterioration 

than untrained 

nurses 

Hospital (3 

medical and 

3 surgical 

wards) 

MEWS 

trained 

nurses 

(n=47) and 

untrained 

nurses 

(n=48) 

experimental responses of nurses to 

a fictional 

deteriorating patient 

recording; 

response; 

communicati

on of 

deterioration) 

(P=0.05)  

Trained nurses recorded RR more often 

than untrained nurses (53% vs. 25%; 

χ2=5.038; P=0.025) 

No differences between the two groups in 

the measurement of other parameters  

11% of trained nurses calculated MEWS 

correctly and only one nurse used SBAR  

Merriel et 

al. (2015) 

To assess whether 

an EWS training 

intervention can 

improve the 

recognition of 

patient deterioration  

UK 

Hospital (3 

surgical 

wards) 

 

n=102  

Nursing 

staff (n=83) 

and junior 

doctors 

(n=19)  

 

 

Observational; 

pre- and post-

test   

EWS training session 

using real-life 

scenarios, simple 

tools, and debriefing 

250 patient charts 

randomly assessed  

Performance 

(vital-sign 

recording; 

EWS 

calculation) 

Participants were more likely to calculate 

EWS correctly at T2 compared to T1 

(68.02% vs. 55.12%; Risk Ratio=1.24; 

95%CI 1.07, 1.44; P<0.01) 

Observations at T2 were more likely to be 

performed at the correct frequency 

compared to T1 (78.57% vs. 68.09%; 

Risk Ratio=1.20; 95%CI 1.09, 1.32) 

2+ 

Ozekcin et 

al. (2015) 

 

To improve nurses’ 

ability to assess 

deteriorating 

patients, recognize 

signs of 

deterioration, and 

escalate care  

 

USA 

Hospital 

(cardiac 

surgery unit) 

n=35  

Nurses 

Observational; 

pre- and post-

test  

E-learning module and 

simulation over 4 

weeks 

  

Knowledge 

(signs; 

communicati

on) 

Confidence 

(recognition; 

escalation of 

care) 

Increased significantly at T2 (84.6%) 

compared to T1 (56.9%) (P<0.0001) 

 

 

Increased significantly in recognising 

deterioration (Mean=4.06±0.44 at T1 vs. 

4.45±0.51 at T2; P=0.001) and responding 

2- 
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Performance 

(time to 

intervention) 

to an unstable patient (Mean=4±0.52 at 

T1 vs. 4.48±0.51 at T2; P<0.0001)  

Time to application of first correct critical 

intervention was faster, decreasing from 

37% to 25% between scenarios  

Rose et al. 

(2015) 

 

To re-educate 

clinical caregivers in 

the use of eMEWS 

and engagement of 

the RRT 

USA 

Hospital (3 

community 

units) 

n=108  

Nurses (87 

RNs; 9 

nurse 

technologis

ts; 8 nurse 

assistants; 3 

practical 

nurses; 1 

respiratory 

therapist) 

Observational; 

pre- and post-

test 

One-on-one or small 

group education on 

eMEWS, recording 

and engaging RRT 

Self-evaluation of 

knowledge 

Retrospective audit of 

RRT and code blue 

during 90-day pre- and 

post- education 

Performance 

(eMEWS 

documentatio

n; RRT calls; 

code blue 

calls) 

 

RRT calls decreased at T2 (17/90 days) 

compared to T1 (23/90 days; 0 deaths) 

23 RRT calls (11 events) had 

undocumented eMEWS scores at T1 vs. 

no undocumented eMEWS at T2  

Code blue calls decreased at T2 (1/90 

days) compared to T1 (6/90 days; 1 death)  

eMEWS score range increased at T2 

(Mean=3.2±1.79; range 1-6) compared to 

T1 (Mean=2.3±1.79; range 0-6) 

2- 

Shaddel et 

al. (2014) 

To explore nurses’ 

confidence and 

ability to make 

correct clinical 

decisions regarding 

patient deterioration  

UK 

Hospital (1 

learning 

disability 

unit and 2 

forensic 

units) 

n=19  

Nurses 

 

Survey; pre- 

and post-test 

Education on MEWS 

via case studies and 

training  

Confidence measured  

Confidence 

(soundness 

of judgment) 

Performance 

(management 

of 

deterioration) 

Improved between T1 (Mean=3.73/5) and 

T2 (Mean=4.63/5; Z=3.81; P=0.0001) 

 

Correct decision regarding  patient 

management increased significantly  from 

42.1% at T1 to 92.1% at T2 (P<0.00001) 

2- 

a Empirical literature characterised according to the SIGN level of evidence criteria (SIGN 2014) 

b Mannequin-based simulation programme with two areas: assessing ABCDE and using SBAR. 
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c Same study reported in two papers.  

d Interactive web-based programme with three areas: detecting changes in vital signs, assessing ABCDE, and using ISBAR to report clinical deterioration. 

Abbreviations: ABCDE: airway, breathing, circulation, disability, exposure; BP: blood pressure; CG: control group; CI: confidence interval; EG: experimental group; EWS: 

Early Warning Score; HR: heart rate; ISBAR: identify, situation, background, assessment, recommendation; MEWS: Modified Early Warning Score; OR: odds ratio; RAPIDS: 

rescuing a patient in deteriorating situations; RCT: randomized controlled trial; RN: registered nurse; RR: respiratory rate; RRS: rapid response system; RRT: rapid response team; 

SBAR: situation, background, assessment, recommendation; SIGN:  Scottish Intercollegiate Guidelines Network; T1: pre-test; T2: post-test; T3: second post-test (follow-up).  
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Table 2 

Key study characteristics (n=10 studies in 11 papers). 

Country USA (n=3) 

Singapore (n=2)  

UK (n=2) 

Australia (n=1) 

Netherlands (n=1) 

South Africa (n=1) 

Setting Hospital (n=7) 

Simulation (n=3) 

Sample Size (min-max) 19-147 

Study Design Pre- and post-test (n=5) 

Randomised controlled trial (n=4) 

Quasi-experimental (n=1) 

Outcomes Measured Clinical performance (n=9) 

Knowledge (n=4) 

Confidence (n=2) 
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Table 3 

Quality of evidence assessment per review outcome (Guyatt et al. 2008). 

Outcomes Number of participants 

(Number of studies) 

Follow-up 

Limitations in 

the design and 

implementation 

Indirectness 

of evidence 

Unexplained 

heterogeneity or 

inconsistency  

Imprecision 

of results 

High probability 

of publication bias 

Overall quality 

(GRADE) 

Knowledge 231 

(4 studies) 

NR 

No No No Yes No +++O 

Moderate 

Confidence 54 

(2 studies) 

NR 

Yes Yes No No No ++OO 

Low 

Performance 680 

(9 studies) 

2.5–3 months 

Yes Yes No No No ++OO 

Low 

Abbreviations: NR: not reported 
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Clinical performance – 
Vital sign recording 

 
  

 
 
Clinical performance – 
Early Warning Score 
calculation 

 
  

 
 
Clinical performance – 
Response to clinical 
deterioration  

 
  

 
 
 
 
Knowledge 

  
 

 
 
 
 
Confidence  

  
 

Direction of result Favours control No difference Favours intervention 

a

KEY 

 Same study reported in two papers. 

Each bar corresponds to one study using the first three letters of the first author’s family 
name. When two authors have the same family name, the first three letters of the second 
author’s family name are also used. Study characteristics are represented as follows: 
Shading of bar indicating the statistical confidence in point estate  
          Evidence of no effect or statistically significant effect at 1% level 
          Statistically significant effect at 5% level 
          Confidence intervals and p-values not reported/estimable 
Height of bar indicating the appropriateness of the study design  
High bar: design examining causal effect of intervention (RCT) 
Medium bar: design inferring plausible causality (controlled before-after 
[CBA]/controlled post-intervention [CPI] with matching) 
Low bar: design cannot examine causality (CBA/CPI) 
Symbol indicating risk of bias per study using the EPOC (2015) criteria  
++ Low risk of bias 
+   Mixed/unclear risk of bias 
–   High risk of bias 
 
Figure 1. Harvest plot synthesizing results from the reviewed studies (Turley et al. 2013)
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Figure 2. PRISMA flowchart (Moher et al. 2009)  

Total number of records identified 
through database and grey literature 

searching  
 (n=3,598) 
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Id
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Records after duplicates removed  
(n=3,304) 

Records screened on title and abstract  
(n=3,304) 

Records excluded based on title and 
abstract  

(n=3,037) 

Full-text articles assessed for eligibility  
(n=267) 

Studies included  
(n=10 studies in 

11 papers) 

Full-text articles excluded (n=256) 
• Irrelevant articles (n=196) 
• Opinion papers (n=20)                                                 
• Abstract only (n=11)                                                       
• Non-English papers (n=9)                                                   
• Pre-hospital setting (n=9)                                                
• Non-adult patients (n=8)                                                
• Studies published before 2011 (n=3)                                 

 




