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Abstract

Early Warning Scores (EWS) have
been developed to identify patients
at risk of deterioration. Although the
application of EWS has become
increasingly established in the pre-
hospital setting, their use remains
contentious. The aim of this system-
atic review is to summarise the most
recent evidence on the predictive
accuracy of the EWS for short-term
mortality in adults in the prehospital
setting. A systematic search was con-
ducted using the Medline, CINAHL,
and Scopus databases. Studies that
evaluated the diagnostic accuracy of
the prehospital Modified Early
Warning Score, National Early War-
ning Score or National Early Warn-
ing Score 2 in predicting mortality
were included. Secondary outcomes
were intensive care unit (ICU) admis-
sion and hospital admission. The
review included 16 studies published
between 2012 and 2023, with
the number of patients totalling
311 932. The literature indicated
that prehospital EWS demonstrated
a moderate to good diagnostic per-
formance in predicting short-term
mortality with an area under receiver
operating characteristic curve rang-
ing from 0.68 (95% confidence
interval [CI]: 0.64-0.73) to 0.90
(95% CI: 0.82-0.97). Overall, diag-

nostic performance was higher for

predicting mortality in short time
frames (up to 48 h). The need to use
relatively high cut-off points to iden-
tify at-risk patients may limit its
use for the unselected patient
populations found in the prehospital
setting. The potential for under-
triage and over-triage limits their use
further. EWS should not replace
structured clinical evaluation and
judgement but may be useful as com-
plementary and objective tools to aid
the identification of patients at risk.

Key words: early warning score,
emergency service, mortality, out of
hospital, paramedic, prebospital.

Introduction

A priority of the healthcare system is
the early identification of high-risk
patients. Early identification of criti-
cal illness can reduce the time to
definitive treatment and improve
patient outcomes.' Critical illness is
a state of severity and although a
consensus definition has not been
established, there are common
themes across published studies
which include vital organ dysfunc-
tion and imminent death.”? Ambu-
lance paramedics are often the first
point of contact for these patients
and are required to make time-
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Key findings

e Use of Early Warning Scores
(MEWS, NEWS, NEWS2) in
the prehospital setting has a
moderate to good diagnostic
accuracy in predicting short-
term mortality in adults, but
not ICU admission.

e The use of high cut-off points
and the potential for over-
triage and under-triage may
suggest that prehospital Early
Warning Score use is limited.

e Early Warning Scores should
not replace structured clinical
assessment and judgement but
can be useful as complemen-
tary tools to aid in the identi-
fication of patients at risk.

critical clinical decisions based on
limited information and diagnostic
tools.> Paramedic decision-making
is highly contextual and requires
flexibility to account for the
unpredictable environment in which
they work.* However, this dyna-
mism and unpredictability can lead
to a high level of subjectivity and the
practice of inadvertently overlooking
clinical deterioration in the pre-
hospital setting has been well-docu-
mented.>® Early Warning Scores
(EWS) have been developed to iden-
tify patients at risk of deterioration,
ensure objective clinical decision-
making and guide appropriate clini-
cal interventions.” Therefore, the use
of EWS in the prehospital setting
may facilitate the earlier identifica-
tion of at-risk patients.

Initially developed for use in inten-
sive care units (ICUs), EWS systems
have been utilised in various
healthcare settings including hospital
wards, the ED, and, more recently,
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in the prehospital setting.® Although
modifications to the original EWS
have been made to suit these differ-
ent settings and, in some cases, par-
ticular illnesses, the fundamental
principles have remained the same.’
These clinical prediction models
assign numerical weighting to
defined clinical measurements such
as level of consciousness, blood pres-
sure, heart rate and oxygen satura-
tion. The composite score, or a more
significant change in a single param-
eter, is linked to predefined triggers
that initiate review and treatment.”
The Modified Early Warning Score
(MEWS) was introduced in the
United Kingdom (UK) to address
some of the limitations of the
original EWS, adding slight adjust-
ments to scoring thresholds and
parameters. '’

The development of different
regional EWS systems resulted in a
lack of consistency in the recognition
of and response to clinical deteriora-
tion."' The National Early Warning
Score (NEWS) was developed in the
UK by the Royal College of
Physicians in 2012 with the aim
of standardising these various
approaches to EWS.'> The NEWS
was updated in 2017 to incorporate
new-onset confusion, recognised as
an important sign of clinical deterio-
ration, and adjustments for patients
with long-term hypercapnic respira-
tory failure (NEWS2).” The NEWS,
NEWS2"? and the previously devel-
oped MEWS'? remain the most com-
monly used EWS in the ED and the
prehospital setting.®

EWS have become an integral part
of clinical practice in hospitals and
healthcare settings globally.® The use
of EWS in hospital has been associ-
ated with improved patient out-
comes, reduced morbidity, and
reduced mortality rates."* However,
EWS are not widely used in the pre-
hospital setting and their use remains
contentious, with recent research
suggesting a lower predictive accu-
racy in prehospital compared with
in-hospital use.® The aim of this sys-
tematic review is to summarise the
most recent evidence on the effective-
ness and predictive accuracy of the
prehospital use of MEWS, NEWS,

and NEWS2 for mortality, ICU
admission, and hospital admission.

Methods
Protocol and registration
The systematic review followed

the preferred reporting items for sys-
tematic review and meta-analysis
(PRISMA) guidelines.'®> The review
was registered with the international
register of systematic  reviews
(PROSPERO) on 26 August 2023
(CRD42023454212).

Information sources and search
strategy

A systematic literature search of the
Ovid MEDLINE, ESBSCO CINAHL
and Scopus databases was performed
by the lead author on 28 August
2023. Key search terms were ‘Early
Warning Score’ AND ‘prehospital’
OR ‘pre-hospital” OR ‘out of hospi-
tal’ OR ‘paramedicc OR ‘ambu-
lance’ OR ‘emergency servicess OR
‘emergency medical’. The reference
lists of the included studies were also

screened to identify additional
studies.
Eligibility criteria

Studies that evaluated the diagnostic
accuracy of the MEWS, NEWS and
NEWS2 in the prehospital setting
were included, along with those that
compared the performance of any of
these EWS systems with current
practice (non-EWS). Only random-
ised controlled trials, case—control,
cross-sectional or cohort studies
were included. Studies that limited
the patient population to a particular
age group or patient group
(i.e., specific illness or injury) were
excluded. Other exclusion criteria
were paediatric patients (<15 years
of age), pregnant patients, air trans-
port involvement and inter-facility
transports. Paediatric patients and
pregnant patients have different
physiological responses to critical ill-
ness, and specific EWS have been
developed for these populations.'®!”
Helicopter =~ Emergency  Services
(HEMS) commonly attend to
patients previously assessed and

treated by other agencies, who are
often more severely ill than the stan-
dard road patient cohort.” This,
alongside different patient recording
systems, could distort findings of
EWS application in the standard
road-based patient population.

Studies had to report data on
mortality, with ICU admission and
hospital admission considered as sec-
ondary outcomes.

Study selection

Studies identified in the initial litera-
ture search were independently
screened for eligibility, based on
information contained in the title
and abstract, by two reviewers
(DN and VT) using the Rayyan soft-
ware.'® All included and undecided
studies were again reviewed by two
reviewers (DN and VT), and any dis-
agreement regarding eligibility was
resolved by discussion.

Data extraction

The lead author extracted data and
collated the following information':
study characteristics: study location,
study design, EWS type, study
period, sample size, inclusion/
exclusion criteria, EWS timing,
patient age and gender (Table 1)%
study outcome: study outcomes,
results (statistical analysis), conclu-
sion (Table 2). A second author
(VT) checked all input data.

Assessment of study quality and
risk of bias

Study quality was assessed using a
standardised = critical  appraisal
instrument from the JBI Manual for
Evidence Synthesis for Quasi-
experimental ~ Studies.'”  Included
studies were assessed by two inde-
pendent reviewers (DN and VT).
Studies were graded as low risk for
bias if they met all the criteria within
the checklist, moderate risk of bias if
they failed one of the criteria, and
high risk for bias if they failed multi-
ple criteria.
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Figure 1. Preferred reporting items for systematic reviews and met-analyses flow
diagram.

Various outcome measures were
utilised to define severity: mortality
(with timeframes ranging from 24 h
to 90 days), ICU admission, critical
illness, adverse events, and hospital
admission. Although these outcome
measures varied across studies, there
was enough commonality to draw
broad conclusions (Table 2).

Risk of bias

This systematic review was con-
ducted in accordance with the PRI-
SMA guidelines. All included studies
were assessed for methodological
bias using the JBI critical appraisal
checklist (Table 3).' Five studies
were considered to have a high risk
of bias***¢*%3%:32 and 11 were con-
sidered to have a moderate risk of
bias. 16:20-2427.2831.33 N study had
a low risk of bias. Although most

studies considered confounding fac-
tors, only one study had a clear
strategy to manage them.®

Mortality

Mortality was reported in 15 of the
16 selected studies (Table 2). Time-
scales were measured from hospital
admission and were reported in
either ‘days’ or ‘hours’. It was
unclear how a ‘day’ was defined.
One study reported mortality but did
not define a timescale.”® One study®
considered mortality as a contribut-
ing factor to a broader outcome of
an ‘adverse event’.

Of the 15 studies that reported
mortality, 13 used AUROC as a
reporting statistic. The area under
receiver operating characteristic curve
(AUROC) provides a measure of the
overall performance of a diagnostic

test, in this case the diagnostic accu-
racy of EWS to predict mortality. For
consistency of reporting, an AUROC
of between 0.50 and 0.70 was consid-
ered to show a low diagnostic perfor-
mance, an AUROC of between 0.70
and 0.80 a moderate performance,
and an AUROC of between 0.80 and
0.90 a high diagnostic performance.®*
The results ranged from 0.68 (95%
CI: 0.64-0.73),%" suggesting low diag-
nostic performance, to 0.90 (CI 95%,
0.82-0.97),*° suggesting very good
diagnostic  performance.  Overall,
AUROC was generally higher for pre-
diction of mortality in short time-
frames (1 day, 24 h, 48 h), and lower
for longer-term mortality (30+ days;
Table 2).

Hoikka et al.*” used positive likeli-
hood ratios (PLR) and negative like-
lihood ratios (NLR) to show that a
high-risk NEWS score (29) was asso-
ciated with a significantly higher
probability of 1-day mortality (PLR
17.36, NLR 0.21) and that a
medium-risk NEWS score was asso-
ciated with a moderate increase in
the probability of in-hospital 1-day
mortality (PLR 4.58, NLR 0.14).
Shaw et al.>> used ANOVA (analysis
of variance) to show that an increas-
ing NEWS score was associated with
increasing severity of outcome

(Table 2).

ICU and hospitalisation

Four studies considered ICU admis-
sion as a discrete outcome,>*2¢31
and three of these used AUROC as a
reporting statistic. The results ranged
from 0.68 (95% CI: 0.67-0.69)°!
to 0.76 (95% CI: 0.72-0.80),>*
suggesting moderate diagnostic per-
formance. One  study”  used
ANOVA to show that higher EWS
was associated with ICU admission
compared to admission to a hospital
ward or hospital discharge. Only the
study by Silcock et al.*® gave a time
scale for ICU admission (48 h). Two
studies®>? considered ICU admission
as a contributing factor to a broader
outcome: ‘adverse event’ and ‘time
sensitive’ condition, respectively. It is
therefore difficult to be clear about
what contribution ICU admission
made to these outcomes.

© 2025 The Author(s). Emergency Medicine Australasia published by John Wiley & Sons Australia, Ltd on behalf of Australasian College
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TABLE 3. [BI critical appraisal checklist for analytical cross-sectional studies

Question 1 2 3 4 5 6 7 8 Risk of bias
Author

Fullerton et al. (2012) Yes Yes Yes Yes Yes Yes Unclear Yes  Moderate
Hoikka et al. (2018) Yes Yes  Yes Yes Yes No Yes Yes  Moderate
Lane et al. (2019) Yes Yes Yes Yes Unclear  Unclear  Yes Yes High
Lindskou et al. (2023) Yes Yes Yes Yes Yes No Yes Yes Moderate
Magnusson et al. (2020) Yes Yes Yes Yes Yes No Yes Yes  Moderate
Martin-Rodriguez et al. (2019)  Yes Yes  Yes Yes Yes No Yes Yes Moderate
Martin-Rodriguez et al. (2019)  Yes Yes  Yes Yes Yes No Yes Yes  Moderate
Martin-Rodriguez et al. (2019)  Yes Yes  Yes Yes Yes No Yes Yes  Moderate
Martin-Rodriguez et al. (2020) Yes  Yes  Yes Yes Yes No Yes Yes  Moderate
Martin-Rodriguez et al. (2021)  Yes Yes  Yes Yes Yes No Yes Yes Moderate
Martin-Rodriguez et al. (2023)  Yes  Yes  Yes Yes Yes No Yes Yes  Moderate
Pirneskoski ez al. (2019) Yes Yes  Yes Yes Yes No Yes Yes  Moderate
Ruan et al. (2016) Yes No Unclear Unclear No No Yes Yes High
Saberian et al. (2022) Yes Yes  Yes Yes No No Yes Yes High
Shaw et al. (2017) Yes Yes Yes Yes No No Yes Yes High
Silcock et al. (2015) Yes Yes Unclear Yes Yes No Yes Yes High
Questions: Reviewer:

1. Were the criteria for inclusion in the sample clearly defined? 1. Dave Naylor

2. Were the study subjects and the setting described in detail? 2. Verity Todd

3. Was the exposure measured in a valid and reliable way

4. Were objective, standard criteria used for measurement of the

condition?

“

. Were confounding factors identified?
6. Were strategies to deal with confounding factors stated?

A single “No’
bias

7. Were the outcomes measured in a valid and reliable way?

8. Was appropriate statistical analysis used? Greater than

bias

Rating System:
All “Yes” = Low risk of bias

> or “Unclear” = Moderate Risk of

one “No’ or “Unclear” = High risk of

Only Shaw et al.>> considered hos-
pital admission into a general ward as
opposed to ICU admission, reporting
that those patients who were admitted
to hospital had a higher NEWS than
those who were discharged (NEWS
score of 2.6 vs 1.7).

EWS versus current clinical
practice

Only one study by Fullerton et al.®
looked at the relative performance
of EWS compared with current

clinical practice (non-EWS). The
primary outcome was an adverse
event (death, immediate operative
management, admission to ICU,
requirement of emergency transfer
team, or transfer to a tertiary centre
for definitive care) within 24 h of
hospital admission. The pre-alerting
of hospitals by ambulance staff was
used as the indicator of critical ill-
ness recognition and, in the absence
of any standardised protocol, relied
on subjective criteria. The study had
a relatively large sample size of

3504 patients and showed that
implementing the MEWS increased
sensitivity to an adverse event
(death, immediate operative manage-
ment, admission to ICU, requirement
of emergency transfer team or trans-
fer to a tertiary centre for definitive
care) from 61.8% (95% CI, 51.0—
72.8%) to 71.1% (95% CI, 61.1-
81.6%), but decreased specificity
from 94.1% (95% CI, 93.2-94.9%)
to 76.2% (95% Cl, 74.6-77.7%).
An AUROC for MEWS of 0.80
(CI 95%, 0.74-0.86) demonstrated
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good diagnostic performance in
predicting an adverse event.

EWS timing
Three studies calculated EWS at differ-

ent times in the prehospital patient
journey. Shaw et al.”® calculated the
EWS twice: on the first set of pre-
hospital values and again on the last
set of values before hospital admis-
sion, and found no significant differ-
ence between the initial and final
NEWS calculation. Martin-Rodriguez
et al** calculated the EWS three
times. The EWS based on the values
taken on hospital arrival had signifi-
cantly  better  performance  for
predicting 2-day mortality (AUROC
0.94, 95% CIL: 0.92-0.96) than both
those based on the first set of pre-
hospital values and those taken on
evacuation from the scene (0.87, 95%
CL 0.83-0.91 and 0.90, 95% CI:
0.87-0.92, respectively). There was no
significant difference between the per-
formance for predicting mortality
between the EWS based on the values
taken on evacuation and on hospital
arrival. Lindskou et al*! also calcu-
lated the EWS three times, based on
the first set of prehospital values, the
last set of prehospital values, and the
worst (highest scoring) set. The EWS
based on the last set of prehospital
values and the worst set of prehospital
values had significantly better perfor-
mance for predicting 1-day mortality
(AUROC 0.0.80, 95% CI: 0.79-0.81
and 0.76, 95% CI: 0.75-0.76, respec-
tively) than those based on the first set
of prehospital values (AUROC 0.72,
95% CI: 0.71-0.73). The same pat-
tern was observed for 30-day mortal-
ity and ICU admission.

Comparative performance

Five studies compared the perfor-
mance of different EWS  sys-
tems.>*>>>%31:33 Although differences
in design and settings make compari-
sons between these studies difficult,
some broad themes can be identified.
NEWS and NEWS2 had similar diag-
nostic performance for short-term
mortality and compared well against
the other EWS systems included in
these studies (Table 2). Two of these
‘comparative’ studies included the

NEWS2 and MEWS,?%*® with both
showing that NEWS2 had a higher
diagnostic ability for short-term mor-
tality than MEWS.

Optimal cut-off points for
short-term mortality

Seven studies considered what the
optimal prehospital cut-off point was
for short-term mortality (1 day, 24 h
or 48 h).129232628 Ty studies
reported on MEWS, both giving an
optimal cut-off point of 5 (high-risk,
deteriorating patient)*>*3; four studies
reported on NEWS, with optimal cut-
off points ranging from 7 to 12 (all
high-risk categories),”>**** and four
studies reported on NEWS2, with
optimal cut-off points ranging from
7 to 10 (all high-risk categories).'*%~**

Discussion

This systematic review identified
16 studies that evaluated the use of
prehospital EWS in predicting mor-
tality, ICU admission and hospital
admission. Different outcome mea-
sures were used across studies, and
study designs and the cohort number
varied; yet overall, current research
tended to show that EWS had a
potential application in the pre-
hospital setting. All EWS reviewed
generally had a good diagnostic per-
formance in predicting short-term
mortality, with higher scores associ-
ated with increased mortality. This
capacity decreased progressively in
predicting mortality at 7 and
30 days. The EWS reviewed also had
a moderate diagnostic performance
in predicting ICU admission.
However, a previous review has
suggested that prehospital EWS did
not perform as well as EWS in the
hospital setting for predicting mor-
tality and proposed that this may
reflect the higher acuity patient pop-
ulation found in hospital when com-
pared with the prehospital patient

population.®  In  our systematic
review, seven studies considered
what the optimum prehospital

MEWS, NEWS or NEWS2 cut-off
points were for predicting short-term
mortality.'#02%2¢27 These optimal
cut-off points were all in the high-
risk categories (MEWS of 5, NEWS

and NEWS2 ranging from 7 to 12),
and are higher than those found to
be optimal for in-hospital EWS.® As
higher EWS scores target the more
severely ill patients, these high cut-
off points suggest that prehospital
EWS perform best in the prediction
of clinical deterioration among the
already critically ill.*" In the pre-
hospital setting, these high EWS
scores are reasonably uncommon
with EWS scores generally being
much lower than those calculated in
hospitals.® Therefore, the high cut-
off points used in the prehospital set-
ting may be targeting a relatively
small proportion of the general pre-
hospital patient population. Lower
cut-off points often result in poor
sensitivity and specificity in the pre-
hospital setting.>!

Six studies limited the responding
crews to highly skilled advanced life
support units."?°?* These units
generally respond to higher-acuity
patients, which may mean that
these studies effectively selected a
higher-risk  patient  population.
These studies found a significantly
higher diagnostic performance for

48-h/2-day  mortality (AUROC
range 0.85-0.90) than a large
study®! looking at the diagnostic

performance for 1-day mortality in
an unselected population (AUROC
0.72, 95% CI: 0.71-0.73). This also
suggests that the diagnostic ability
of the EWS scores is outcome and
patient population-specific and may
be limited in the prehospital setting.

It is important that EWS triage
patients accurately. Several studies
have suggested prehospital EWS
tended to over-triage patients.?*%-3!
Although some degree of over-triage
may be necessary to limit potentially
life-threatening under-triage, exces-
sive over-triage has wide-ranging
implications from resource inefficien-
cies to delayed care for critical
patients.” Insufficient sensitivity and
specificity can also lead to under-
triage, with a low EWS score not
necessarily meaning low risk.'-!

The optimal timing of the EWS
calculation in the prehospital setting
remains unclear. In practical terms,
if EWS can be incorporated into
existing software systems, EWS
could be calculated with every set of

© 2025 The Author(s). Emergency Medicine Australasia published by John Wiley & Sons Australia, Ltd on behalf of Australasian College

for Emergency Medicine.



14 of 16

D NAYLOR ET AL.

vital signs taken by the ambulance
crew with very little increase in
workload.” This would also allow
the responding crews to track EWS
scores during transport.

Strengths and limitations

This systematic review was con-
ducted in accordance with the PRI-
SMA guidelines.”” All included
studies were assessed for methodo-
logical bias using the JBI critical
appraisal checklist’” and included
studies were assessed by two inde-
pendent reviewers (DN and VT).

The studies in this review had sig-
nificant heterogeneity in terms of
populations, the timing of EWS, the
definition of critical illness, ambu-
lance dispatch, and prehospital treat-
ment, which made comparisons
difficult.

Three studies®®*>*® had very small
sample sizes ranging from 189 to
349  patients, with the authors
recognising the consequent poor utility
of the statistical analysis and the need
for a multicentre study with adequate
power. Five studies appear to include
the same participants within multiple
studies.%*

For the retrospective studies, there
was a high proportion of patients with
incomplete datasets. This was man-
aged inconsistently by either excluding
these patients from the study,
replacing the missing values with nor-
mal values, or using an imputation
model. Many of the prospective stud-
ies did not have a clear approach to
missing datasets with the assumption
that this was not an issue due to the
study design.

The timing of the EWS calculation
was not recorded in five studies®™
222632 and recorded broadly as ‘on
scene’ in two studies.’>* In all studies
reviewed, it was unclear whether any
treatment had occurred before the
acquisition of vital sign measurements.

Future research

All studies reviewed were considered
to have a moderate or high risk of
bias. The identification and manage-
ment of confounding factors was a
particular concern. An adequately
powered prospective methodology

investigating the ability of prehospital
EWS to predict short-term mortality
may reduce the proportion of patients
with incomplete datasets and increase
the control of confounding factors
such as patient populations, EWS
timing, and treatment variations. It
would also give the opportunity to
investigate the effectiveness of EWS
implementation (use of EWS tools and
paramedic training packages) in pre-
hospital practice.

There is currently very little
research comparing the use of pre-
hospital EWS to current practice. A
retrospective cohort study investigat-
ing whether prehospital EWS has a
higher diagnostic accuracy for
predicting short-term mortality com-
pared with current practice (clinical
judgement) would help establish
whether prehospital EWS would
improve patient outcomes.

Conclusion

The literature indicated that,
although EWS generally have good
diagnostic accuracy in predicting
short-term mortality, the need to use
relatively high EWS scores to iden-
tify atrisk patients suggests that
EWS may be less useful for unse-
lected patient populations in the pre-
hospital setting. The potential for
under-triage and over-triage further
limits EWS wuse. It also remains
unclear whether the implementation
of prehospital EWS would increase
the identification of at-risk patients
and improve patient outcomes com-
pared with clinical judgement.
Therefore, there is currently insuffi-
cient evidence to recommend the use
of prehospital EWS. EWS should not
replace structured clinical evaluation
and judgement but may be useful as
a complementary and objective tool
to aid the identification of high-risk
patients. Further research is neces-
sary to determine if clinical judge-
ment, when complemented by
prehospital EWS, improves patient
outcomes compared to approaches
that do not utilise EWS.
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