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Purpose of review

Early warnings scores are designed to detect clinical deterioration and promote intervention at the earliest
possible moment. Although the ultimate effects on patient outcomes are unclear, early warning scores are
now legally mandated in several countries. Here, we review the performance of early warning scores in
surgical and perioperative populations.

Recent findings

Early warning scores can be used to screen for postoperative deterioration and surgical complications. We
describe a framework to evaluate the balance between missed events and warning signals that are not
followed by an adverse event (nonevents). In large surgical cohort studies, the missed event rates ranged
between 19 and 69% and the nonevent rates ranged between 72 and 99% for ’optimal’ threshold early
warning sores. Recent investigations have shown that there may be a substantial discrepancy between the
theoretical benefits shown in validation studies and the practical clinical implementation of early warning
scores, which may partly explain the absence of measurable benefit from these systems.

Summary

Early warning scores may facilitate protocolized escalation of care for patients at risk of adverse events
and can be used in surgical and postoperative patients, but high nonevent rates and practical
implementation problems can restrict their usefulness.
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INTRODUCTION

Patients are approximately 1000 times more likely to
die in 30 days after surgery than during surgery itself
[1]. This justifies the significant efforts that have gone
into the development and validation of early warning
and intervention systems to identify patients with
clinical deterioration in general wards. Ideally, such
a system should warn clinicians early, with appropri-
ate risk stratification and with minimal false alarms.

Several track-and-trigger early warning scores
are now in use, most of which are modifications
of a basic scoring system in which deviations in
heart rate, blood pressure, respiratory rate, oxygen
saturation, temperature and/or neurological func-
tion are weighted and aggregated into a single num-
ber [2

&&

]. Depending on local protocols, specific
score thresholds lead to escalating care such as
repeated scoring after 1 h, warning of the attending
physician or the activation of a medical emergency
team or a critical care outreach team. In some cases,
early intervention can reverse the negative clinical
trajectory, and, at the minimum, early warning
© 2018 Wolters Kluwer 
scores can help identify patients who may benefit
from closer monitoring, increased attention from
the medical staff, or a higher nurse-to-patient ratio.
Together, these warning scores and intervention
systems (often termed as the afferent and efferent
arms) are designed to facilitate early recognition and
treatment of life-threatening problems.

The ultimate effects of these early warning and
intervention systems on patient outcomes are
unclear. Early before–after studies and a single-cen-
ter ward-randomized trial showed promising effects
Health, Inc. All rights reserved.
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KEY POINTS

� Early warning scores provide a uniform approach to
detect patient at risk of adverse events within 24–48 h.

� Early warning scores were originally developed and
validated in medical populations but appear to perform
equally well in surgical and perioperative populations.

� The currently used early warning scores have high to
very high nonevent rates. In the largest validation
cohorts, 89–99% of early warning alarms were not
followed by an adverse event.

� There is currently no high-quality evidence that early
warning scores improve patient outcomes.

� In the future, patient-tailored algorithms may
significantly improve the detection horizon and the
balance between missed events and false alarms.

Early warning scores in the perioperative period de Grooth et al.
on hospital mortality, cardiac arrests and unplanned
ICU admissions [3–6]. But the MERIT study, a land-
mark cluster-randomized trial, failed to demonstrate
any positive effect of the introduction of a compre-
hensive medical emergency system [7]. Both a 2007
Cochrane review [8] and a 2014 systematic review
[9] concluded that there was insufficient high-qual-
ity evidence to support the hypothesis that early
warning and intervention systems improve patient
outcomes. Most recently, a cluster-randomized trial
of 21 hospitals in seven countries tested the effect of
a pediatric early warning system on all-cause hospi-
tal mortality [10

&&

]. Among 144 539 hospitalized
children, there was no difference between control
vs. early warning score hospitals in mortality rates
[adjusted odds ratio 1.01 (95% confidence interval;
CI 0.61–1.96)], leading the authors to conclude that
their findings do not support the use of this system
to reduce mortality [10

&&

].
Many extraneous factors may influence the rela-

tionship between early warning scores and measur-
able improvements in outcomes. The patient-
oriented effects of the early warning systems cannot
be evaluated separately from the intervention sys-
tem, making every system only as effective as the
treatments that follow the alarms. Therefore, we
believe that early warning scores merit a review that
evaluates these scores on the terms that they were
designed for: the ability to detect patients at high
risk for future adverse events.

In this review, we provide an overview of the
current state of early warning score research. We
focus on the clinical operating characteristics of the
scores rather than on the effect of early-warning and
intervention systems on patient outcomes, which
has been reviewed before [8,9]. We review the
 Copyright © 2018 Wolters Kluwe
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performance of several widely used early warning
score iterations with special attention to periopera-
tive patients and we present a framework to evaluate
the performance of early warning scores in a clini-
cally interpretable manner.
AVAILABLE EARLY WARNING SCORES
FOR PERIOPERATIVE PATIENTS

Many different early warning scores have been devel-
oped, each suiting a specific hospital situation or
tailored to the availability of data in a specific cohort.
Single-parameter scoring systems have been shown to
uniformly underperform multiparameter scores
[11,12

&&

]. Of the multiparameter scores, almost all
include heart rate, respiratory rate and blood pressure.
Most scores include temperature and oxygen satura-
tion, and some scores include supplemental oxygen,
urine output, impaired cognition and a ‘nurse con-
cerned’ parameter [13]. In Table 1, we present an
overview of score validation studies that have been
performed in surgical or postoperative patients.

The nomenclature of the different scores is not
completely uniform, and several validation studies
have left out specific parameters from scores because
of the unavailability of data (such as mental status)
in the study database. Nevertheless, multiple studies
have found that the National Early Warning Score
(NEWS) and the Vitalpac Vitalpack Early Warning
Score (ViEWS) appear to predict cardiac arrest within
24 h better than other scores with a similar scoring
structure [12

&&

,13,19]. In-depth analyses of the exact
differences between various scores can be found
elsewhere [13].

Most early warning score validation studies have
been performed in medical or mixed populations
[13], but two large studies have shown that the
ViEWS and NEWS perform similarly in medical
and surgical patients in terms of discrimination
[equal area under the receiver operating character-
istics curves (AUROCs) in both subpopulations]
[14,15]. However, as the adverse event rate is gener-
ally lower in surgical patients, the false alarm rate
will tend to be higher in this population [14,15].

Only one large study [12
&&

] has compared differ-
ent scores in postoperative patients and found that
the seven-item NEWS outperforms the six-item
MEWS, and that both scores are outperformed by
the 16-item electronic cardiac arrest triage (eCART)
score (see Bartkowiak et al. in Table 2), a logistic-
regression derived function that incorporates both
vital signs and laboratory results [20].

More complex tools to identify at-risk patients
are currently being developed. A recent study has
shown that machine-learning algorithms such as
random forests or gradient-boosting machines are
r Health, Inc. All rights reserved.
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Table 1. The performance of different early warning scores in general surgical and perioperative patients

Population
Sample
size

Adverse events
detected using score

Incidence of
adverse events

Score,
items AUROC Thresholda

Missed
event rate

Nonevent
rate

Bartkowiak
et al. [12

&&

]
Postoperative

patients
32537 ICU transfer, cardiac

arrest or death
3.82% NEWS, 7 0.76 7 25% 95%

MEWS, 6 0.75 3 19% 94%

eCART, 16 0.79 2.1 25% 89%

Kellett and
Kim [14]

Surgical
patients
scored on
admission

30485 Death within 48h 0.04% ViEWS, 6 0.89 7 69% 99%

Death within 5 days 0.21% ViEWS, 6 0.87 7 74% 97%

Kovacs
et al. [15]

Nonelective
surgical
patients

20626 Death within 24h 1.37% NEWS, 7 0.91 n.r.

ICU admission within 24 h 1.77% NEWS, 7 0.76 n.r.

Cardiac arrest within 24 h 0.30% NEWS, 7 0.86 n.r.

Death, cardiac arrest or ICU
admission within 24 h

3.44% NEWS, 7 0.87 n.r.

Smith et al. [16] Surgical
patients

572 Death, cardiac arrest,
ICU admision,
emergency surgery or
severe complications

8.04% EEWS, 8 0.87 3 26% 74%

Hollis et al. [17] Postoperative
patients

552 Major postoperative
complications with
end-organ failure

6.70% ViEWS, 6 0.90 8 19% 72%

Gardner-Thorpe
et al. [18]

Surgical
patients

334 ICU admission 4.79% MEWS, 6 n.r. 4 25% 82%

a‘Optimal’ threshold alarm score as reported by study authors or, when no optimal threshold was reported, the threshold with a missed event rate as close as
possible to 25%. The missed event rate is the proportion of adverse events not detected by an early warning alarm. The nonevent rate is the proportion of early
warning alarm signals that are not followed by an adverse event. AUROC, area under the receiver operating characteristics curve; eCART, electronic Cardiac
Arrest Triage; EEWS, expanded early warning score; MEWS, modified early warning score; n.r., not reported; NEWS, National Early Warning Score; ViEWS,
Vitalpac Early Warning Score.

Technology, education and safety
significantly better at discriminating patients at risk
of adverse events [21]. These systems are not yet
readily available at the bedside as their complexity
requires computerized implementation.

Automated early warning devices may provide
yet another tool to identify at-risk patients.
 Copyright © 2018 Wolters Kluwer 

Table 2. Performance metrics of early warning scores

Performance metrics Calculation

Missed event rate 1� sensitivity

Nonevent rate 1�positive predictive value

Sensitivity True positive rate

Specificity True negative rate

Positive predictive value sensitivity�prevalence
sensitvity�prevalenceþð1�specificityÞ�ð1�prevalen

Negative predictive value specificity�ð1�prevalenceÞ
ð1�sensitivityÞ�prevalanceþspecificity�ð1�prevalen

Area under the receiver
operating characteristics
curve (AUROC)

Area under the curve that describes
sensitivity as a function of the false
positive rate (1� specificity).

734 www.co-anesthesiology.com
Although an overview of the current developments
in the field of remote monitoring is beyond the
scope of this review, we highlight two studies with
specific relevance to early warning scores. In a mul-
tinational before–after study including almost
20 000 patients, an ‘automated advisory vital sign
Health, Inc. All rights reserved.

Meaning in the context of early warning scores

Proportion of adverse events not detected by an early
warning alarm

Proportion of early warning alarm signals that are not
followed by an adverse event

Proportion of adverse events detected by an early
warning alarm

Proportion of patients without an adverse event classified
as ‘safe’ by the early warning score

ceÞ Proportion of early warning alarm signals followed by an
adverse event

ceÞ Proportion of ‘safe’ signals not followed by an adverse
event

Summary measure of discrimination: the probability that a
patient with a future adverse event has a higher score
than a patient without a future adverse event

Volume 31 � Number 6 � December 2018
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Early warning scores in the perioperative period de Grooth et al.
monitor’ based on the ViEWS was implemented in
10 hospitals [22]. Deployment of the device was not
associated with an increase in the calling rate to the
emergency team, but was associated with improved
survival in the patients receiving an emergency team
intervention. The clinical significance of these results
has yet to be determined. In a feasibility study, an
automated MEWS-scoring device incorporating end-
tidal capnography and wireless nurse alerts was
deployed in postoperative patients at risk of respira-
tory depression [23

&

]. This resulted in 3.3 alarms per
hour of monitoring, the majority of which were
technical errors or measurement errors. This high
rate of false alarms is compounded by the intrinsic
nonevent rate of the MEWS described below.
RESOURCE UTILIZATION AND SCORE
PROTOCOL ADHERENCE

A recent large Australian multicenter observational
study with more than three million patients showed
that there was a substantial increase in emergency
calling rates from 2008 to 2016 and a concurrent
decrease in hospital mortality during the same
period [24

&

]. However, the association between call-
ing rates and mortality disappeared after correction
for patient factors, illness and comorbidities, lead-
ing the authors to conclude that increased medical
emergency calls do not reduce mortality.

Similarly, in the cluster-randomized MERIT study,
the calling rate to the medical emergency team
increased 2.8-fold in the intervention vs. control hos-
pitals, but this was almost completely because of an
increase in calls that were not subsequently associated
with an adverse event [7]. Only 9% of the additional
calls were followed by an adverse event.

In combination with the uncertain patient-ori-
ented benefit, these data give rise to the concern
that early warning scores lead to deskilling of ward
staff and to reduced attention to the patients for
whom the emergency response teams are primarily
responsible. A relatively small single-center study
reported that for every medical emergency call,
there occurred on average 1.1 incidents as a conse-
quence of staff leaving normal duties, although all
of these incidents were minor and none led to
patient-oriented adverse events [25].

In addition, several investigations suggest that
there may be an important discordance between
score validation studies and clinical practice. An
analysis of more than 2.5 million NEWS records from
multiple hospitals revealed statistically unlikely
accumulations of heart rate records just below the
threshold of 91 beats per minute and temperature
records just above the threshold of 36.0 8C [26

&

]. An
in-depth investigation into 67 patients who suffered
 Copyright © 2018 Wolters Kluwe
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an in-hospital cardiac arrest or unexpected death in a
Danish hospital uncovered several problems with
application of the protocolized (NEWS-based) early
warning score [27]. The monitoring frequency in the
24 h prior to the events was correct in only 27% of
cases and an elevated score was followed by an appro-
priate clinical response (alerting the correct staff
member) in only 29–58% of cases.

Together, these data may explain to some extent
the absence of measurable patient-oriented benefit
from the implementation of early warning scores.
EARLY WARNING SCORES FROM THE
CLINICIAN’S PERSPECTIVE: THE BALANCE
BETWEEN MISSED EVENTS AND
NONEVENTS

The performance of an EWS is generally described in
terms of the AUROC, a value between 0.50 (no
discrimination) and 1.00 (perfect discrimination).
The AUROC can be interpreted as the probability
that a patient with a future adverse event has a
higher score than a patient without a future adverse
event. As a summary measure of discrimination, the
AUROC can be used to broadly compare the perfor-
mance of different scoring systems, but it has no
practical clinical value. Many studies, therefore,
describe the sensitivity and specificity of one or
more score thresholds. Sensitivity has direct
patient-level relevance as it can be interpreted as
the detection probability of a future adverse event.
But the specificity of a score threshold is only mean-
ingful in relation to the incidence of adverse events,
as we will demonstrate below.

We propose that the missed event rate and the
nonevent rate are more clinically relevant and
directly interpretable performance measures of early
warning systems. The missed event rate (the comple-
ment of sensitivity) is the proportion of all adverse
events that are not prospectively detected by an early
warning score threshold. The nonevent rate is the
proportion of early warning score alarms that are not
followed by an adverse event and is calculated as the
complement of the positive predictive value
(Table 2). An ideal early warning system has a missed
event rate and nonevent rate both close to 0%.

The relevance of the missed event rate and the
nonevent rate can be illustrated by evaluating the
NEWS used in 70% of UK National Health Service
institutions [2

&&

]. In a landmark analysis that led to
the implementation of the NEWS, the performances
of 34 scoring systems were compared using 198 755
observation sets from 35 585 acute medical admis-
sions [19,28]. The NEWS was found to have the high-
est AUROC (0.873) to predict death within 24 h. A
NEWS of 5 or more, which had an approximate
r Health, Inc. All rights reserved.
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Technology, education and safety
sensitivity of 82% and specificity of 80% [19,28], was
chosen as the threshold to activate a ‘response by a
clinician or team with competence in the assessment
and treatment of acutely ill patients’ [2

&&

]. This
threshold had a missed event rate of 18% and a
nonevent rate of 96% (at a 24-h mortality rate of
1%). A higher NEWS of 7 was chosen as the threshold
necessitating an escalated emergency response by
‘staff with critical care skills including airway man-
agement’ [2

&&

]. Compared with the lower activation
threshold of 5, the threshold at 7 had a missed event
rate that increased from 18 to 33%, but despite sub-
stantially higher specificity (92 vs. 80%), the non-
event rate improved only marginally from 96 to 92%.

Similarly, in a cohort of 59 301 mixed medical
and surgical admissions, the ViEWS was shown to
have an AUROC of 0.78 to predict cardiac arrest
within 24 h [20]. At a threshold score of 8, the missed
event rate was 28% and the nonevent rate was 99%
(at a cardiac arrest incidence of only 0.21%).

This shows that the discriminatory character-
istics of early warning scores (quantified with the
AUROC, sensitivity and specificity) do not necessar-
ily reflect practical usefulness. The low incidence of
adverse events causes a disparity between appar-
ently good discrimination (high AUROC) and poor
nonevent rates.

For the surgical population, this is illustrated by
a study that investigated the performance of the
admission ViEWS to predict subsequent in-hospital
 Copyright © 2018 Wolters Kluwer 
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mortality among 30 485 consecutive surgical admis-
sions to a Canadian regional hospital [14]. The
AUROC for mortality within 48 h after admission
was 0.89, but the 48-h mortality rate was only
0.04%. At a threshold score of 7, the missed event
rate was 69% and the nonevent rate was 99%. In
other words, despite a good AUROC, almost none of
the alarms raised by this system were followed by an
event within 48 h, whereas the large majority of
actual adverse events were not detected.

Similarly, a recent study investigated the accu-
racy of the ViEWS to predict complications associ-
ated with end-organ damage or critical care
admission among 552 postoperative patients [17].
The score had good to excellent ability to discrimi-
nate patients who developed a severe complication
within 24 h from those who did not (AUCROC 0.90).
But as the incidence of severe complications was
relatively low (6.4%), only a high threshold of eight
points was deemed by the authors to ‘yield alerts at
an acceptable rate’ [17]. Practically, this means that
a patient with a heart rate of 140/min, a respiratory
rate of 35/min and a SBP of 105 mmHg – but with
normal temperature, oxygen saturation and alert-
ness – would not reach the alarm threshold (7 EWS
points).

Figure 1 shows that between-study and between-
score differences in nonevent rates depend less on
discriminatory power than on the incidence of
adverse events.
Health, Inc. All rights reserved.
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Early warning scores in the perioperative period de Grooth et al.
CONCLUSION

Early warning scores can provide a structured eval-
uation of ward patients who are at risk of clinical
deterioration or imminent adverse events and who
may benefit from specific interventions or closer
monitoring. These scores have been developed and
validated in large cohorts of medical patients, but
recent studies show that the discriminating ability
of the most widely used scores (ViEWS and NEWS)
is similar in both medical and surgical popula-
tions. However, the advantage of broad usability
in different (sub)populations necessarily leads to
limited specificity. Patients admitted with acute
leukemia and patients admitted after hip replace-
ment surgery have very different sequences of
events that lead to ICU admission, cardiac arrest
or death. Yet in a given hospital, both patients are
monitored using the same early warning score,
which may explain why these scores do not per-
form well over time horizons longer than 24–48 h:
These patients only share the final common path-
way to cardiac arrest or death. When the incidence
of adverse events is low, this lack of specificity
causes missed event rates that are marginally
acceptable and high or very high nonevent rates.
In the future, machine-learning algorithms using
many situation-tailored variables may signifi-
cantly lengthen the screening horizon and
improve the balance between missed events and
alarms that are not followed by an event. Until
such advanced screening systems become widely
available, clinicians and administrators should
take care not to overinterpret validations studies,
as the implementation of these scores appears to
be so complex that patient-oriented benefits are
difficult to measure at best, or nonexistent
at worst.
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