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ABSTRACT

Background The optimal Early Warning System

(EWS) scores for identifying patients at risk of clinical
deterioration among those transported by ambulance
services remain uncertain. This retrospective study
compared the performance of 21 EWS scores to predict
clinical deterioration using vital signs (VS) measured in
the prehospital or emergency department (ED) setting.
Methods Adult patients transported to a single ED by
ambulances and subsequently admitted to the hospital
between 1 January 2019 and 18 April 2019 were
eligible for inclusion. The primary outcome was 30-day
mortality; secondary outcomes included 3-day mortality,
admission to intensive care or coronary care units, length
of hospital stay and emergency call activations. The
discriminative ability of the EWS scores was assessed
using the area under the receiver operating characteristic
curve (AUROC). Subanalyses compared the performance
of EWS scores between surgical and medical patient
types.

Results Of 1414 patients, 995 (70.4%) (53.1% male,
mean age 68.7+17.5 years) were included. In the ED
setting, 30-day mortality was best predicted by VitalPAC
EWS (AUROC 0.71, 95% Cl (0.65 to 0.77)) and National
Early Warning Score (0.709 (0.65 to 0.77)). All EWS
scores calculated in the prehospital setting had AUROC
<0.70. Rapid Emergency Medicine Score (0.83 (0.73

t0 0.92)) and New Zealand EWS (0.88 (0.81 to 0.95))
best predicted 3-day mortality in the prehospital and

ED settings, respectively. EWS scores calculated using
either prehospital or ED VS were more effective in
predicting 3-day mortality in surgical patients, whereas
30-day mortality was best predicted in medical patients.
Among the EWS scores that achieved AUROC =0.70,
no statistically significant differences were detected in
their discriminatory abilities to identify patients at risk of
clinical deterioration.

Conclusions EWS scores better predict 3-day as
opposed to 30-day mortality and are more accurate
when estimated using VS measured in the ED. The
discriminatory performance of EWS scores in identifying
patients at higher risk of clinical deterioration may vary
by patient type.

INTRODUCTION
Early Warning System (EWS) scores are predefined
parameters that track patients’ clinical trajectories

"% Crystal Man Ying Lee,® Stephen Begg,* Angela Crombie,”

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The current body of research has not
extensively investigated the efficacy of Early
Warning System (EWS) scores in prehospital
and ED settings for predicting patient
deterioration. While certain EWS scores have
been investigated, there remains uncertainty
regarding the most effective ones for identifying
patients at risk of clinical deterioration among
those transported and treated by ambulance
services.

WHAT THIS STUDY ADDS

= This retrospective study evaluated the
performance of 21 EWS scores for predicting
poor outcomes in undifferentiated admitted
patients transported by ambulance to a single
ED in Victoria, Australia. Most scores had
good discriminatory ability to identify patients
at risk of 3-day mortality, whether based on
vital signs (VS) taken in the prehospital or ED
setting. Prediction of 30-day mortality was poor
when based on VS taken from the prehospital
setting. When based on VS measured in the
ED, VitalPAC EWS (VIEWS) and National Early
Warning Score (NEWS) best predicted 30-day
mortality.

= The discriminatory ability of the EWS scores to
identify patients at risk of clinical deterioration
varied between surgical and medical patients.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study highlights the ability of most EWS
scores to predict 3-day mortality, regardless of
whether the VS are obtained from prehospital
or ED settings. VIEWS and NEWS based on
ED VS were the best performers in identifying
patients at risk of 30-day mortality.

using vital signs. Heart rate (HR), respiratory rate
(RR), peripheral capillary oxygen saturation (SpO,),
systolic/diastolic BP (SBP/DBP) and conscious-
ness levels are the typical vital signs used to calcu-
late the EWS score. Since altered vital signs often
occur before clinical deterioration, EWS scores can
provide a trigger for early intervention, which can
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improve patient outcomes. Although EWS scores have been used
in in-hospital settings for decades, their application in prehos-
pital and ED settings is less common.'

The earliest EWS score was the Modified Early Warning Score
(MEWS).? First introduced in the intensive care unit (ICU)
setting, its application quickly became more common in other
settings, such as preoperative and postoperative care in medical
and surgical wards. This led to the development of other EWS
scores that aimed to predict clinical deterioration in specific
targeted patient populations, such as those presenting in prehos-
pital or ED settings. Several EWS scores are used in the ED
settings, and even fewer are employed in prehospital settings,
with limited understanding of their effectiveness in identifying
patients at risk of clinical deterioration."®*

In this study, we compared the performance of 21 commonly
used EWS scores, applied in either prehospital or ED settings,
on the same group of undifferentiated patients managed in both
settings. The aim of the study was to identify scores with the
highest predictive ability for 3-day and 30-day mortality, length
of hospital stay (LOS), admission to an ICU or a critical care unit
(CCU), activation of Medical Emergency Team (MET) for clin-
ical review, as well as patients experiencing cardiac or respiratory
arrest, referred to as code blue (CB), during hospital admission.

MATERIALS AND METHODS
Study design and setting

This retrospective cohort study was conducted at Bendigo
Health (BH), Victoria, Australia.

Study setting

BH is a tertiary hospital in regional Victoria, Australia, and is the
largest healthcare centre outside the Melbourne metropolitan
region, with 724 inpatient beds. It serves a large catchment area
comprising 10 local governments spanning 26% of Victoria’s
land mass. BH has more than 52000 emergency presentations
each year and 49000 hospital admissions. At the time of this
study, BH was not a major trauma centre.’

In Victoria, Australia, prehospital care is centrally provided
by the government through Ambulance Victoria (AV). AV
comprises various levels of prehospital care clinicians, with the
most advanced clinicians being mobile intensive care (MICA)
paramedics, followed by ALS paramedics, non-emergency
patient transport (NEPT) officers, and occasionally accompa-
nied by doctors and nurses.® Ambulances in this study’s region
are staffed with varying configurations, including dual ALS or
MICA paramedics, single ALS or MICA paramedics, dual NEPT
clinicians and occasionally a mix of MICA/ALS paramedics,
subject to paramedic availability. Additionally, Helicopter Emer-
gency Medical Services are often manned by flight MICA para-
medics or flight ALS paramedics. ALS paramedics can administer
medications such as opioid analgesia, resuscitation medications,
antiemetics, and antibiotics and perform advanced airway proce-
dures like using a laryngeal mask airway. MICA and flight MICA
paramedics can perform advanced interventions such as intuba-
tion, complex airway procedures, inotropic infusions, external
pacing and procedural sedation.”

Participants

Adult patients (=18 years old) transported to the ED by ambu-
lance and subsequently admitted to the hospital from 1 January
2019 were sequentially included in the study, continuing until
the sample size necessary for adequate statistical power, as deter-
mined by initial power calculations, was achieved on 18 April

2019. Admission wards included medical, surgical and ortho-
paedic wards; ICU/CCU; cardiac catheterisation laboratories;
and day operation of surgery admission. Readmission within 24
hours following discharge from a hospital ward was considered
a continuation of the index admission. Patients who died in the
ED were also included in this study.

Patients without at least one complete set of vital signs in
the prehospital or ED settings were excluded. Patients with
obstetric-related presentations, palliative or advanced care plans
(ACP), patients with a recorded not-for-resuscitation (NFR)
status on admission or those admitted to the mental health unit
were also excluded because clinical deterioration in such patients
could have been better predicted using validated specific EWS
scores that were not investigated in this study.®* Patients directly
admitted to hospital wards without being managed in the ED
(eg, interhospital transfers from other healthcare facilities and
direct percutaneous coronary intervention admissions) were
similarly excluded.

Sample size estimation for study’s main outcome: 30-day
mortality

Using a two-sided o of 0.05, a power of 0.8, and a prevalence
of cardiac arrest or death among patients brought by ambu-
lance services of 0.89%0,'° the lowest estimate of the area under
the receiver operating characteristic curve (AUROC) of 0.74, a
sample size of 977 with complete patient records was required to
predict the primary outcome of 30-day mortality.

Key outcome measures

The primary study outcome was 30-day mortality following
presentation to the ED. Secondary outcomes included 3-day
mortality, activation of CB/MET, admission to the ICU/CCU and
LOS.

EWS scores selection

In prehospital and ED environments, patients frequently present
with unclear clinical symptoms, making it difficult to determine
diagnoses, decide management strategies and predict prognoses
with confidence. Similar to other researchers,'! we evaluated
the effectiveness of the scores among undifferentiated patients,
regardless of the patient’s presentation (eg, medical vs surgical or
trauma patients). The rationale for incorporating trauma-specific
or condition-specific EWS scores stemmed from previous find-
ings suggesting that such EWS scores could accurately predict
outcomes of interest in undifferentiated patients despite having
been initially designed for specific patient cohorts."' The 21
included EWS scores and the parameters used to estimate them
are shown in figure 1 and online supplemental appendix A.

Data collection

The study’s start date was selected immediately after the partici-
pating hospital had completed updating its system using electronic
health records, which improved the data collection process. All
information was extracted from the electronic medical records
of the ED, which contained both prehospital and ED patient
care records. Data collected by author GG and cross-checked
by coauthor GM included patient age, sex, residential postcode,
LOS (days), time and date of admission, discharge and/or death,
admission to the ICU/CCU and first-time CB/MET activation
time. The first set of vital signs was collected from both prehos-
pital and ED settings and included HR, RR, SpO,, SBP, DBP,
tympanic body temperature, blood glucose level, and for neuro-
logical status GCS (minimum score of 3 and maximum of 15)
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Early Warning Scores Abbreviations
Abbreviated VIEWS ABBVIEWS
Bispebjerg Early Warning Score BEWS
Cardiac Arrest Risk Triage CART

GCS, Age, and Systolic Blood Pressure GAP
Goodacre Score GOODACRE
Groarke Score GS

Modified Early Warning Score MEWS
Modified EWS with GCS MEWSGCS
National Early Waming Score NEWS

NHS Foundation Trust Early Warning Score NHS

New trauma score NTS
New Zealand Early Warning Score NZEWS
Prehospital risk score PRS
Quick Sequential Organ Failure Assessment QSOFA
Rapid Acute Physiology Score RAPS
Rapid Emergency Medicine Score REMS
Revised Trauma Score RTS
Standardised early warning score SEWS
Vital Sign Groups VSG
Vital-PAC Early Waming Score VIEWS
Worthing Physiological Score WPS
Figure 1 21 included Early Warning System scores and abbreviations.

or Alert, and Verbally responsive, Painful responsive and Unre-
sponsive (AVPU). As patient consciousness level can be assessed
by either GCS or AVPU, to have a consistent estimation of the
consciousness state, the AVPU measures were converted to GCS
using the following guidelines: A=GCS 15/14, V=GCS 9-13,
P=GCS 4-8, U=GCS 3." If supplemental oxygen and/or body
temperature were not recorded, they were assumed to have been
within the normal range for calculation of the EWS.

Statistical analysis

The patients’ vital signs in the prehospital and ED settings were
coded against the predefined parameters of each of the 21 EWS
scores, with the total EWS scores for the prehospital and ED
settings for each patient obtained separately. The EWS scores in
the two settings for the same individuals were compared using the
Wilcoxon signed-rank test. The outcome measures of in-hospital
mortality, admission to ICU/CCU and CB/MET call activations

were coded as dichotomous variables. ICU/CCU and hospital
LOS were expressed as days of hospital stay from the time of
presentation to the ED, with the median used to estimate the
study outcome. An AUROC between (0.60-0.69), (0.70-0.79),
(0.80-0.89) and (0.90-1.0) indicated poor, acceptable, good and
excellent discriminatory ability for the outcome, respectively.™
Differences between AUROCs estimated by using the different
EWS scores for 3-day and 30-day mortality in either the ED or
prehospital setting were assessed using Delong’s test.'*

In this study, for each EWS score and outcome in both settings,
an AUROC of 0.7 was used as a cut-off threshold to determine
optimal performance for each EWS score. Statistical significance
was set at p<0.05. The analyses were performed using Stata/SE
V.17.0.

A subanalysis was conducted to compare the performance of
the three highest performing EWS scores according to medical
or surgical patient type for 3-day and 30-day mortality in both
settings. Due to a lack of a universal definition of what consti-
tutes a medical or surgical patient, the admitting ward was used
to stratify patients. Patients admitted to medical wards were clas-
sified as medical patients. Patients admitted to all non-medical
wards were classified as surgical. Patients admitted to the ICU
were classified as medical or surgical, depending on the diag-
nosis as illustrated in online supplemental appendix B.

Patient and public involvement
Patients were not involved in the design or study objectives.

RESULTS

During the study period, 1414 patients consecutively transported
by ambulance to the ED were evaluated for eligibility. Of these,
419 (29.6%) were excluded due to: missing patient records
from the treating paramedics (n=214), missing ED vital signs
(n=73) and having an NFR or ACP recorded for the patients
before presenting to the ED (n=132). The patients excluded due
to missing data did not show any statistically significant differ-
ences in outcomes of interest compared with those included in
the analysis (online supplemental appendix C). The final sample
included 995 undifferentiated patients (53.1% males, mean age
68.7+17.5 years) (table 1). The total hospital LOS ranged from
1 to 39 days (median, 3 days). In addition, CB/MET calls were
required by 126 (12.7%) patients, and 82 (8.2%) patients were
admitted to the ICU/CCU; 13 (1.3%) patients died within 3 days
of ED presentation and/or hospital admission, and 65 (6.5%)
died within 30 days. No statistically significant differences in age,
sex, admission to ICU/CCU, LOS and in-hospital mortality were

Table 1 Characteristics and clinical information of participants on hospital admission
Characteristic All Prehospital ED P value
Male sex, n (%) 528 (53.1) - - -
Age, median (IQR) 72 (59-81) - - -
Length of stay, median (IQR) 3 (2-5) - - -
ICU/CCU admission, n (%) 82 (8.2) - - -
CB/MET activation (%) 126 (12.7) - - -
HR beats/min, median (IQR), (minimum-maximum) - 87 (72-100), (40-178) 80 (70-90), (38-180) <0.001
RR/min, median (IQR), (minimum-maximum) - 18 (16-20), (8—60) 19 (15-20), (12-75) <0.001
Systolic BP (mm Hg), median (IQR), (minimum—maximum) - 135 (117-153), (70-270) 130 (120-150), (46-248) <0.001
Diastolic BP (mm Hg), median (IQR), (minimum-maximum) - 76 (67-86), (40-150) 70 (60-80), (16-148) <0.001
Mean arterial pressure, median (IQR), (minimum—maximum) - 97 (85-107), (63-230) 93 (81-103), (37-181) <0.001
CB, code blue; CCU, critical care unit; ICU, intensive care unit; MET, Medical Emergency Team.

Guan G, et al. Emerg Med J 2024;41:481-487. doi:10.1136/emermed-2023-213708 483

1ybuAdos Aq
Pa108101d "BILOSUOD AVINTVIAl IUN UoUND uag e 20z ‘G 1snbny uo /wod fwq fwa//:dny wouy papeojumoq 20z dunr 9 Uo 80LETZ-£20Z-PAWIBWS/9ETT 0T Se paysiignd 1suy ¢ pa Braw3


https://dx.doi.org/10.1136/emermed-2023-213708
https://dx.doi.org/10.1136/emermed-2023-213708
http://emj.bmj.com/

Original research

Prehospital (a)

REMS —_—-
asoFa —_—-
wes —_—-
VIEWS —_—. |
NEWS PR
ABBVIEWS _— -
NZEWS —_—.
PRS —_—.——
cART —_———
MEWSGGS —_—-—
GOODACRE B a—
SEws —_—-—
Gs —_—.—
MEWS —.
BEWS — .-
NHS S —
vsa L —
RAPS B
cap e —
RTS R —
NTS S

1 1 1 1 1 1

0.2 03 0.4 05 06 0.7 08
AUROC

Figure 2 Area under the receiver operating characteristic curve
(AUROC) estimates with 95% Cls by Early Warning System (EWS)
score in prehospital setting: 30-day mortality following hospital
admission EWS scores are shown in descending order by AUROC.
ABBVIEWS, Abbreviated VIEWS; BEWS, Bispebjerg Early Warning
Score; CART, Cardiac Arrest Risk Triage; GAP, GCS, Age, and Systolic
BP; GOODACRE, Goodacre Score; GS, Groarke Score; MEWS, Modified
Early Warning Score; MEWSGCS, Modified EWS with GCS; NEWS,
National Early Warning Score; NHS, NHS Foundation Trust Early
Warning Score; NTS, New Trauma Score; NZEWS, New Zealand Early
Warning Score; PRS, Prehospital Risk Score; QSOFA, Quick Sequential
Organ Failure Assessment; RAPS, Rapid Acute Physiology Score; REMS,
Rapid Emergency Medicine Score; RTS, Revised Trauma Score; SEWS,
Standardised Early Warning Score; VIEWS, VitalPAC Early Warning Score;
VSG, Vital Sign Groups; WPS, Worthing Physiological Score.

found between patients excluded due to missing vital signs and
those included in the study. First measured vital signs, including
HR, RR, SBP and DBP, were found to be significantly different
between the ED and prehospital settings (p<0.05) (table 1).

The discriminatory ability of 21 different EWS scores to
distinguish between patients at high risk and those at low
risk of clinically deteriorating

30-day mortality

When assessing 30-day mortality, none of the EWS scores
achieved an AUROC =0.70 based on the prehospital parame-
ters (figure 2 and online supplemental appendix D). Two crossed
the threshold of 0.70 among the ED-based parameters EWS
scores: VitalPAC EWS (VIEWS) (AUROC 0.71, 95% CI (0.65 to
0.77)) and National Early Warning Score (NEWS) (0.709 (0.65
to 0.77)) (figure 3 and online supplemental appendix D). No
statistically significant difference was found between VIEWS and
NEWS (p=0.582) (online supplemental appendix E).

Three-day mortality

For predicting 3-day mortality from parameters obtained in the
prehospital setting, Rapid Emergency Medicine Score (REMS)
had the highest AUROC of 0.83 (0.73 to 0.92), followed by
VIEWS with an AUROC of 0.81 (0.68 to 0.93) and NEWS (0.79
(0.67 to 0.92)). The Abbreviated VIEWS (ABBVIEWS), New
Zealand EWS (NZEWS), Standardised Early Warning Score,
Prehospital Risk Score, New Trauma Score (NTS), Groarke
Score (GS), Bispebjerg Early Warning Score (BEWS), NHS
Foundation Trust Early Warning Score, MEWS, Modified EWS
with GCS (MEWSGCS), Vital Sign Groups and Cardiac Arrest
Risk Triage scores also obtained AUROC scores above 0.70. All
remaining scores performed poorly, with AUROC: less than 0.70
(figure 4 and online supplemental appendix F). When evaluating
EWS scores with an AUROC =0.70, no statistically significant

ED ()

NHS R
cART —_—.
vsG —.————

VIEWS — -
NEWS. —_— -
NZEWS —_—
ABBVIEWS —.
wes _—
PRS [ E—
sews —_—-
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Figure 3  Area under the receiver operating characteristic curve
(AUROC) estimates with 95% Cls by Early Warning System (EWS) score
in ED setting: 30-day mortality following hospital admission EWS scores
are shown in descending order by AUROC. ABBVIEWS, Abbreviated
VIEWS; BEWS, Bispebjerg Early Warning Score; CART, Cardiac Arrest Risk
Triage; GAP, GCS, Age, and Systolic BP; GOODACRE, Goodacre Score;
GS, Groarke Score; MEWS, Modified Early Warning Score; MEWSGCS,
Modified EWS with GCS; NEWS, National Early Warning Score; NHS,
NHS Foundation Trust Early Warning Score; NTS, New Trauma Score;
NZEWS, New Zealand Early Warning Score; PRS, Prehospital Risk Score;
QSOFA, Quick Sequential Organ Failure Assessment; RAPS, Rapid

Acute Physiology Score; REMS, Rapid Emergency Medicine Score; RTS,
Revised Trauma Score; SEWS, Standardised Early Warning Score; VIEWS,
VitalPAC Early Warning Score; VSG, Vital Sign Groups; WPS, Worthing
Physiological Score.

differences were detected between the REMS and other EWS
scores including ABBVIEWS, Quick Sequential Organ Failure
Assessment (QSOFA), NZEWS and MEWS (online supplemental
appendix G).

In the ED setting, the majority (16 of 21) of EWS scores
calculated had AUROC =0.70, with NZEWS having the highest
AUROC of 0.88 (0.81 to 0.95), considered having a good
discriminatory ability. QSOFA, Goodacre Score, GCS, Age, and
Systolic BP, Revised Trauma Score and NTS had lower discrim-
ination with AUROC <0.70 (figure 5 and online supplemental
appendix F). When evaluating EWS scores with an AUROC
of 0.70 or higher, no statistically significant differences were
observed between the NZEWS and other EWS scores including
MEWS, MEWSGCS, GS and BEWS (online supplemental
appendix H).

Other secondary outcomes

None of the 21 EWS achieved an AUROC of 0.70 for predicting
ICU/CCU admission using prehospital or ED parameters (online
supplemental appendix I). With the highest AUROC (0.67
in prehospital and 0.66 in ED settings), the same pattern was
observed when the EWS scores were used to predict CB/MET
(online supplemental appendix J). An AUROC <0.6 rendered all
EWS scores, regardless of which vital signs were applied, insuf-
ficient to distinguish whether the LOS would be lower or higher
than the median of 3 days (online supplemental appendix K).

Subanalysis by medical and surgical patient type

Subanalysis by type of patient (ie, medical or surgical) was
conducted using the three best performers in each of the settings
as shown in table 2. In both settings, short-term mortality was
better predicted by EWS scores in surgical patients than in
medical patients. In both prehospital and ED settings, 3-day
mortality was better predicted among surgical patients (AUROCs
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Figure 4 Area under the receiver operating characteristic curve
(AUROC) estimates with 95% Cls by Early Warning System (EWS)
score in prehospital setting: 3-day mortality following hospital
admission EWS scores are shown in descending order by AUROC.
ABBVIEWS, Abbreviated VIEWS; BEWS, Bispebjerg Early Warning
Score; CART, Cardiac Arrest Risk Triage; GAP, GCS, Age, and Systolic
BP; GOODACRE, Goodacre Score; GS, Groarke Score; MEWS, Modified
Early Warning Score; MEWSGCS, Modified EWS with GCS; NEWS,
National Early Warning Score; NHS, NHS Foundation Trust Early
Warning Score; NTS, New Trauma Score; NZEWS, New Zealand Early
Warning Score; PRS, Prehospital Risk Score; QSOFA, Quick Sequential
Organ Failure Assessment; RAPS, Rapid Acute Physiology Score; REMS,
Rapid Emergency Medicine Score; RTS, Revised Trauma Score; SEWS,
Standardised Early Warning Score; VIEWS, VitalPAC Early Warning Score;
VSG, Vital Sign Groups; WPS, Worthing Physiological Score.

ranging from 0.92 to 0.97) than medical patients (AUROCs
ranging from 0.73 to 0.84). The opposite trend (except for
REMS in the prehospital setting) was observed when assessing
30-day mortality, with EWS scores better predicting 30-day
mortality in medical patients (table 2). The AUROC estimates
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Figure 5 Area under the receiver operating characteristic curve
(AUROC) estimates with 95% Cls by Early Warning System (EWS) score
in ED setting: 3-day mortality following hospital admission EWS scores
are shown in descending order by AUROC. ABBVIEWS, Abbreviated
VIEWS; BEWS, Bispebjerg Early Warning Score; CART, Cardiac Arrest Risk
Triage; GAP, GCS, Age, and Systolic BP; GOODACRE, Goodacre Score;
GS, Groarke Score; MEWS, Modified Early Warning Score; MEWSGCS,
Modified EWS with GCS; NEWS, National Early Warning Score; NHS,
NHS Foundation Trust Early Warning Score; NTS, New Trauma Score;
NZEWS, New Zealand Early Warning Score; PRS, Prehospital Risk Score;
QSOFA, Quick Sequential Organ Failure Assessment; RAPS, Rapid

Acute Physiology Score; REMS, Rapid Emergency Medicine Score; RTS,
Revised Trauma Score; SEWS, Standardised Early Warning Score; VIEWS,
VitalPAC Early Warning Score; VSG, Vital Sign Groups; WPS, Worthing
Physiological Score.

of all EWS scores to predict 3-day and 30-day mortality in both
settings were compared, as shown in online supplemental appen-
dices E, G, H and L.

DISCUSSION

We assessed the discriminatory value of 21 EWS scores for
predicting 3-day and 30-day mortality using EWS scores calcu-
lated from either prehospital or ED vital signs and other param-
eters. The EWS scores from both the prehospital and ED settings
were better at predicting 3-day mortality than 30-day mortality.
The majority of EWS scores calculated based on prehospital
parameters failed to predict 30-day mortality, admission to ICU/
CCU and activation of the CB/MET. Short-term deterioration
was best predicted in surgical patients and 30-day deterioration
was best predicted in medical patients.

Although EWS scores ranged from acceptable to good in
discriminating 3-day mortality in prehospital and ED settings,
their ability to predict 30-day mortality was more limited. Iden-
tifying long-term deterioration using EWS scores is an ongoing
challenge because studies have indicated that initial vital signs
can often be deranged and not sufficiently capable or reliable
to predict 30-day mortality."® Understandably, the prediction of
long-term deterioration, including mortality, involves multiple
factors not often reflected in the initial vital signs that form
the EWS scores, such as intensified acute illness, administered
treatments, comorbidities, genetics, physiological conditions,
functional status and other unknown factors, including psycho-
logical and socioeconomic factors.'® Recent studies suggest that
integrating non-physiological parameters, such as the frequency
of prior healthcare use, burden of chronic diseases and frailty
scores, into EWS scores may enhance their ability to accurately
predict 30-day mortality.”

It is unclear why, for the same patients, vital signs measured in
the prehospital and ED settings had different abilities to predict
patient outcomes. This finding is supported by a recent system-
atic review,! which indicated that EWS scores demonstrate lower
predictability when applied to patients in prehospital settings
compared with those in in-hospital or ED settings. The substan-
tial differences between the prehospital and ED settings may
explain this finding. In the former, vital signs are often recorded
in less controlled environments, with factors such as temperature,
noise and patient positioning potentially affecting the accuracy
of the recorded vital signs.'® Variations in the equipment used in
the prehospital and ED settings may also lead to differences in
vital signs documentation. Another plausible explanation relates
to the temporal changes in the patient’s clinical status during
transport, with vital signs differing between the prehospital and
ED settings when patients deteriorate or clinically improve.
Similarly, treatments administered by paramedics or medical
staff in the ED may alter the patient’s vital signs, thus affecting
the accuracy of the EWS scores.* A recent study showed that
MEWS calculated from vital signs obtained in the ED exhibits
superior predictive ability compared with vital signs collected in
the prehospital settings for patients transported by ambulance.
However, an increase in MEWS during ED admission is indic-
ative of clinical deterioration. Thus, the ongoing utilisation of
MEWS, or by extension, selected EWS scores alongside moni-
toring patients’ trends and trajectory, holds potential to prevent
clinical deterioration."”

Prior studies on EWS scores have not determined whether
EWS scores perform differently in different patient types. We
found that EWS scores were better at short-term prediction
in surgical patients than in medical patients. Prediction of
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Table 2 Subanalyses by medical and surgical patient categorisation: using top three performing EWS scores, AUROC estimates

3-day mortality prediction

30-day mortality prediction

Prehospital setting ED setting Prehospital setting ED setting

EWS scores  All Medical Surgical EWS scores All Medical Surgical EWS scores All Medical Surgical EWS scores All Medical Surgical
REMS 083 0.76 0.97 NZEWS 0.88 0.84 0.95 REMS 0.68 0.63 0.75 VIEWS 0.71 0.71 0.69
VIEWS 0.81 074 0.94 NEWS 0.87 0.84 0.94 QSOFA 0.66 0.66 0.63 NEWS 0.71 0.71 0.67
NEWS 079 0.73 0.92 VIEWS 0.87 0.84 0.93 WPS 0.65 0.65 0.58 NZEWS 0.70 0.70 0.65

AUROC, area under the receiver operating characteristic curve; EWS, Early Warning System; NEWS, National Early Warning Score; NZEWS, New Zealand Early Warning Score; QSOFA, Quick
Sequential Organ Failure Assessment; REMS, Rapid Emergency Medicine Score; VIEWS, VitalPAC Early Warning Score; WPS, Worthing Physiological Score.

short-term deterioration in surgical patients suggests a value for
using EWS scores in these patients. In our study, surgical patients
were more likely to deteriorate in the short term. Surgical
patients, particularly those who require major interventions,
such as those with multiple traumas, are often unstable and
prone to rapid deterioration if not promptly treated.** Similarly,
surgical patients may show higher immediate risk and elevated
EWS scores because of their critical conditions, whereas medical
patients might initially stabilise but deteriorate later because of
disease progression.”' * Such differences in disease trajectories
necessitate a more nuanced approach to using EWS scores. It
may be necessary to adjust the optimal cut-off threshold of the
EWS components based on admission type.

In line with previous research findings, we observed that EWS
scores show limited ability to predict admissions to ICU/CCU
and activation of CB/MET.? ** The decision to admit a patient to
the ICU/CCU typically relies on clinical judgement and the avail-
ability of critical care services and thus may not align as well with
EWS.> Severely ill patients requiring higher levels of care may
be temporarily managed in the ED before experiencing adverse
outcomes, potentially impacting the study results. Furthermore,
the absence of standardised criteria for escalation and admission
to the ICU/CCU may introduce variability in study outcomes. At
the time of study, the participating hospital relied on a single-
parameter approach for MET activation; however, this could
have also influenced the study findings.

While the EWS scores may assist in the rapid identification
of clinically unwell patients and promote timely intervention,
it has been argued that directing interventions toward high-risk
patients may involve a flawed assumption.?® Patients identified
as unwell are those who have generally deteriorated despite
treatment; thus, using EWS scores may focus attention on those
who will deteriorate; however, it is not clear that the interven-
tions will affect outcomes in these patients.”® EWS scores may
overlook individuals with stable vital signs at the time of presen-
tation requiring intervention, resulting in delayed management
and subsequent clinical deterioration that is more likely to be
reversible.

This study indicates that clinical deterioration can be predicted
using some of the included EWS scores, but it is crucial to
acknowledge that clinical decision-making should not solely rely
on the EWS scores. While current EWS scores aim for the rapid
identification of unwell patients during initial assessment, there
is room for improvement in predicting clinical deterioration.
Patients’ pre-existing conditions or comorbidities are often over-
looked when calculating EWS scores; however, these factors can
significantly impact clinical management and decision-making,
including admission to the ICU/CCU. Incorporating artificial
intelligence in conjunction with real-time vital sign monitoring
and tracking of clinical management may enhance EWS score
prediction abilities.”’

Strengths and limitations

A strength of our study was the consecutive inclusion of presenting
patients, which mitigated selection bias; however, this resulted in
the inclusion of generally less critically ill patients. Although some
patients were excluded, there was no evidence that sicker patients
were more likely to be excluded. Another strength was the use
of the EWS score for the same patients measured at two separate
times in two different settings, which is first on its own.

There are several limitations. This is a single-centre study. Crit-
ically ill trauma patients may have bypassed this regional hospital
to a trauma centre and thus may have reduced the total number
of unwell patients in this study. A lack of universal methods to
categorise medical and surgical patients led us to stratify patients
based on admitting ward, a method which has not been validated.
Further research is needed to devise a better method of patient
classification.

CONCLUSION

In this single-centre study, we found that EWS scores better predict
3-day mortality in both prehospital and ED settings. Among the
EWS scores that achieved AUROC =0.70, no statistically signif-
icant differences were detected in their discriminatory abilities to
identify patients at risk of clinical deterioration. 30-day mortality
prediction was limited in both settings, with only VIEWS and
NEWS in the ED achieving AUROC =0.70. This study also
highlights potential distinctions in the EWS score utility between
medical and surgical patients. These differences necessitate a more
nuanced approach to using EWS scores and encourage the explo-
ration of modified EWS scores for surgical and medical patients
separately.
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Appendix A. Components of the Early Warning System scores included in the study.

Abbreviations | EWS Scores HR BP RR SpO: | APUV | GCS | Temp | Age Supplement O; T::gﬁ:;tti‘;:y Outcomes predicted
Medical and
ABBVIEWS Abbreviated VIEWS Y o Y X N N Y N 2 Surgical 48-hour mortality
admissions[ 1]
BEWS Bispebjerg Early Warning Score Y Y Y N ¥ N Y N N E;L:;gée[l;c]y Inhospital mortality, ICU admission
In hospital
CART Cardiac Arrest Risk Triage Y Y X N N N N Y N cardiac arrest Cardiac arrest
patients[3]
2 Trauma 5 ;
GAP GCS, Age, and Systolic Blood Pressure N Y N N N Y N Y N patients[4] Inhospital mortality
Emergency
GOODACRE Goodacre Score N N N Y N Y N Y N medical Inhospital mortality
admissions[5]
Emergency e it
Gs G Sdors v v v v v N v N N ol Admission to T_CU, ue}rdlac arrest, length of stay,
o inhospital mortality
admissions[6]
iy T ; Medical 2 o
MEWS Modified Early Warning Score Y Y Y e Y N Y N N S ICU admission
admissions[7]
Medical Admission to ICU or HDU, cardiac arrest,
MEWSGCS Modified EWS with GCS Y Y X N N N Y N N sdmissions[g] survival and discharge at 60 days, inhospital
mortality
i issi N i 24-
NEWS National Early Warning Score Y Y % Y Y N Y N Y Medical Admissiono:IGU, ieardiac aprest; 24- g
admissions[9] mortality
7 L 3 § All 2 5
NHS NHS Foundation Trust Early Warning Score Y Y Y N g N Y N N admissions[10] Inhospital mortality
NTS New Trauma Score N Y N By N Y N N N Trasma Inhospital mortality
admission[11] i
Medical and
NZEWS New Zealand Early Warning Score Y Y Y ¥ Y N Y N ¥ Surgical EMT activation, Inhospital mortality
admissions[12]
PRS Prehospital Risk Score Y Y Y Y N Y N Y N Notl;-traumatlc Inhospital mortality, ICU admission
patients[13]
QSOFA Quick Sequential Organ Failure Assessment N Y Y N Y N N N N patfjtil;[c 14] Inhospital mortality, ICU admission
. . Critical care . y
RAPS Rapid Acute Physiology Score Y Y Y N N bV N N N transports[15] Inhospital mortality
Nonsurgical
REMS Rapid Emergency Medicine Score Y X Y N N ' N Y N patients in the Length of stay, inhospital mortality
ED[16]
RTS Revised Trauma Score N Y ¥ N N Y N N N Trauma Inhospital mortality
patients[17]
Medical and
SEWS Standardised Early Warning Score Y Y bE X Y N Y N N surgical Inhospital mortality
patients[ 18]
Medical and w : o ; \
VSG Vital Sign Groups v v v v N v v N N Surgical Admission to hospital, Mhl calls, inhospital
il mortality
admissions[19]
VIEWS Vital-PAC Early Warning Score Y Y Y Y Y N Y N Y Melical 24-hour mortality/30 days mortality
admissions[20]
Medical and
WPS Worthing Physiological Score Y Y 4 V4 B N Y N N Surgical Inhospital mortality
admissions[21]

HR, heart rate; BP, blood pressure; RR, respiratory rate; SpO:z, oxygen saturation; AVPU = Alert, Voice, Pain, Unresponsive; GCS = Glasgow Coma Scale;

Temp, temperature; Y, yes; N, no. The references of the original EWS populations are shown in Appendix F
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Appendix B. Medical and surgical patient classification of intensive care unit patients based on main diagnoses.

Medical

Surgical

A4151- Sepsis due to Escherichia coli

Z13.8-Encounter for screening for other specified diseases and disorders*
A419- Sepsis, unspecified

A419- Sepsis, unspecified

ZA8.8-Encounter for other specified postprocedural aftercare*
1499- Bacterial infection, unspecified

E1011- Type 1 diabetes mellitus with ketoacidosis, without coma

798.6- Angioplasty status”
1210- Acute transmural myocardial infarction of anterior wall

E875- Hyperkalaemia

798.6- Angioplasty status”
1211- Acute transmural myocardial infarction of inferior wall

G410- Grand mal status epilepticus

798.6- Angioplasty status”
1213- ST elevation AMI (STEMI)

110- Hypertension

1313- Pericardial effusion

1214- Non STEMI (non ST elevation AMI)

798.6- Angioplasty status”
1441- Atrioventricular block, second degree

12511- Atherosclerotic heart disease, of native coronary artery

798.6- Angioplasty status”
1460- Cardiac arrest with successful resuscitation

1441- Atrioventricular block, second degree

798.61- Angioplasty status™
1490- Ventricular fibrillation and flutter

1453- Trifascicular block

1629- Intracranial haemorrhage (non traumatic)

1472- Ventricular tachycardia

1713- Abdominal aneurysm with rupture

1500- Congestive heart failure

7.53.31-Laparoscopic surgical procedure converted to open procedure*
K5731- Diverticulosis of large intestine without perforation or abscess, with haemorrhage

1501- Left ventricular failure

753.31-Laparoscopic surgical procedure converted to open procedure*
K830- Cholangitis

1652- Occlusion and stenosis of carotid artery, G819- Hemiparesis

7.53.31-Laparoscopic surgical procedure converted to open procedure
K859- Acute pancreatitis, unspecified’

JO51- Acute epiglottitis

K922- Gastrointestinal haemorrhage, unspecified

J122- Parainfluenza virus pneumonia

L0313- Cellulitis of lower limb

J189- Pneumonia, unspecified

M8098- Unspecified osteoporosis with pathological fracture, other site

J440- Chronic obstructive pulmonary disease with acute lower respiratory
infection

S2241- Multiple rib fractures, involving first rib

J441- Chronic obstructive pulmonary disease with acute exacerbation,
unspecified

S2243- Multiple rib fractures, involving three ribs

J448- Other specified chronic obstructive pulmonary disease

S2244- Multiple rib fractures involving four or more ribs

J459- Asthma, unspecified

S270- Traumatic pneumothorax

J9691- Respiratory failure unspecified, type 11

S271- Traumatic haemothorax

K311- Pyloric stenosis (excludes infantile pyloric stenosis: Q400)

S6263- Fracture of distal phalanx

K704- Alcoholic hepatic failure

S7204- Fracture of mid-cervical section of femur
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N179- Acute kidney failure, unspecified

N390- Urinary tract infection, site not specified
T390- Salicylates, T510- Ethanol

T402- Other opioids

T4121- Gamma hydroxybutyrate

T420- Hydantoin derivatives

T424- Benzodiazepines

T426- Other antiepileptic and sedative-hypnotic drugs
T430- Tricyclic and tetracyclic antidepressants

T435- Other and unspecified antipsychotics and neuroleptics
T452- Vitamins, not elsewhere classified

T486- Antiasthmatics, not elsewhere classified

T510- Ethanol, T407- Cannabis (derivatives)

*Patients who underwent procedures or investigations completed in theatre were classified as surgical patients.

~Patients underwent cardiac/coronary care procedures.
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Appendix C. Comparison of participants included and excluded due to missing vital signs by age, sex, length of hospital stay, admission to ICU/CCU, and in-

hospital mortality

Included Excluded
P value
N=995 N=287
Age categories, n (%)
<30 37 (3.7) 17 (5.9)
30-39 44 (4.4) 13 (4.5)
0.188
40-49 59 (5.9) 22 (7.7)
50-59 120 (12.1) 42 (14.6)
>60 735 (73.9) 193 (67.3)
Male, n (%) 528 (53.1) 165 (57.5) 0.185
Length of stay, mean, median [IQR] 4.3 (4.5),3[2,5] 4.9 (5.8),3[2,5] 0.465
Admission to ICU/CCU, n (%) 82 (8.2%) 33 (11.5) 0.090
In-hospital mortality, n (%) 66 (6.6) 14 (4.9) 0.279
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Appendix D. 30-day mortality prediction

Prehospital settin Emergency Department setting
EWS scores AUROC LCI UCI AUROC LCI UCI
ABBVIEWS 0.638 0.563 0.713 0.694 0.631 0.756
BEWS 0.573 0.498 0.648 0.679 0.611 0.747
CART 0.613 0.552 0.674 0.654 0.594 0.715
GAP 0.466 0.398 0.533 0.463 0.399 0.527
GOODACRE 0.598 0.531 0.664 0.546 0.479 0.612
GS 0.592 0.518 0.665 0.647 0.576 0.717
MEWS 0.583 0.510 0.655 0.646 0.577 0.714
MEWSGCS 0.599 0.524 0.673 0.678 0.606 0.749
NEWS 0.641 0.567 0.715 0.709 0.648 0.770
NHS 0.572 0.496 0.647 0.672 0.603 0.741
NTS 0.348 0.279 0.417 0.364 0.293 0.434
NZEWS 0.624 0.551 0.697 0.697 0.633 0.761
PRS 0.622 0.557 0.688 0.688 0.626 0.750
QSOFA 0.658 0.591 0.725 0.618 0.547 0.688
RAPS 0.542 0.470 0.614 0.579 0.507 0.651
REMS 0.677 0.615 0.740 0.679 0.619 0.740
RTS 0.438 0.382 0.493 0.438 0.384 0.491
SEWS 0.592 0.516 0.668 0.687 0.621 0.752
VSG 0.553 0.480 0.627 0.648 0.580 0.717
VIEWS 0.642 0.567 0.717 0.713 0.653 0.773
WPS 0.646 0.569 0.723 0.691 0.623 0.760

AUROC = area under the receiver operating characteristic curve; LCI = lower confidence interval; UCI = upper confidence interval
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Appendix E. Comparison of the area under the receiver operating characteristic curves (AUROC) of the different scores for 30-day mortality in

the Emergency Department setting.

EWS scores ABB\S/[EW BEWS CART GAP GO?{EAC GS MEWS ME“SZSGC NEWS NHS NTS NZEWS PRS QSOFA RAPS REMS RTS SEWS VSG VIEWS
BEWS 0.610
CART 0.238 0.439
GAP <0.001 <0.001 0.000
GOODACRE| 0.005 0.008 0.017 0.078
GS 0.128 0.232 0.849 0.001 0.071
MEWS 0.126 0.055 0.779 0.001 0.511 0.956
MEWSGCS 0.647 0.952 0475 <0.001 0.013 0.203 0.105
NEWS 0.283 0.191 0.090 <0.001 0.001 0.009 0.008 0.283
NHS 0.455 0.114 0.586 <0.001 0.013 0.349 0.114 0.804 0.116
NTS <0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
NZEWS 0.854 0.526 0.190 <0.001 0.005 0.046 0.041 0.542 0.312 0.385 <0.001
PRS 0.856 0.733 0.252 <0.001 0.003 0.143 0.065 0.649 0416 0.539 <0.001 0.724
QSOFA 0.040 0.063 0.365 0.011 0.160 0.438 0.409 0.078 0.006 0.095 <0.001 0.024 0.022
RAPS 0.002 <0.001 0.057 0.034 0.493 0.050 0.017 0.005 <0.001 0.002 <0.001 <0.001 0.001 0.332
REMS 0.700 0.989 0.456 <0.001 <0.001 0.360 0.295 0.960 0.368 0.818 <0.001 0.608 0.779 0.117 <0.001
RTS <0.001 <0.001 <0.001 0.454 0.016 <0.001 <0.001 <0.001 <0.001 <0.001 0.016 <0.001 <0.001 <0.001 0.013 <0.001
SEWS 0.793 0.757 0.355 <0.001 0.012 0.073 0.067 0.771 0.248 0.540 <0.001 0.574 0.962 0.047 <0.001 0.835 <0.001
VSG 0.146 0.186 0.864 <0.001 0.050 0.949 0.896 0.256 0.015 0.292 <0.001 0.076 0.145 0.444 0.015 0.327 <0.001 0.099
VIEWS 0.098 0.145 0.065 <0.001 | <0.0016 0.016 0.009 0.248 0.582 0.084 <0.001 0.264 0.342 0.004 0.000 0.296 <0.001 0.231 0.015
WPS 0.942 0.702 0.340 <0.001 0.009 0.052 0.132 0.663 0.388 0.552 <0.001 0.794 0.911 0.054 0.005 0.772 <0.001 0.835 0.130 0.130
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Appendix F. 3-day mortality prediction

Prehospital settin Emergency Department setting
EWS scores AUROC LCI UCI AUROC LCI UCI
ABBVIEWS 0.791 0.666 0.916 0.821 0.698 0.944
BEWS 0.729 0.578 0.880 0.849 0.734 0.964
CART 0.698 0.596 0.800 0.761 0.637 0.885
GAP 0.394 0.242 0.545 0.432 0.282 0.582
GOODACRE 0.686 0.543 0.828 0.563 0.431 0.694
GS 0.734 0.583 0.885 0.850 0.741 0.960
MEWS 0.718 0.559 0.877 0.822 0.707 0.936
MEWSGCS 0.718 0.556 0.880 0.866 0.775 0.958
NEWS 0.793 0.667 0.919 0.870 0.779 0.961
NHS 0.719 0.565 0.872 0.840 0.721 0.958
NTS 0.255 0.097 0.413 0.276 0.107 0.445
NZEWS 0.771 0.644 0.899 0.879 0.807 0.952
PRS 0.747 0.609 0.885 0.844 0.749 0.939
QSOFA 0.779 0.689 0.868 0.676 0.522 0.830
RAPS 0.667 0.496 0.838 0.752 0.593 0.910
REMS 0.826 0.730 0.922 0.828 0.726 0.930
RTS 0.368 0.221 0.515 0.357 0.213 0.501
SEWS 0.752 0.607 0.896 0.833 0.735 0.931
VSG 0.707 0.564 0.851 0.795 0.659 0.932
VIEWS 0.807 0.683 0.930 0.868 0.773 0.964
WPS 0.779 0.624 0.934 0.853 0.788 0.917

AUROC = area under the receiver operating characteristic curve; LCI = lower confidence interval; UCI = upper confidence interval
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Appendix G. Comparison of the area under the receiver operating characteristic curves (AUROC) of the different scores evaluating 3-day mortality in

the prehospital setting.

EWS scores ABB\S,[EW BEWS CART GAP GO(l){]EAC GS MEWS MEV;SGC NEWS NHS NTS NZEWS PRS QSOFA RAPS REMS RTS SEWS VSG
BEWS 0.294
CART 0.126 0.679
GAP 0.001 0.013 0.002
GOODACRE 0.289 0.686 0.887 0.023
GS 0.256 0.861 0.603 0.013 0.608
MEWS 0.288 0.665 0.785 0.018 0.771 0.743
MEW SGCS 0.256 0.638 0.783 0.024 0.763 0.615 0.984
NEWS 0.937 0.171 0.101 0.001 0.234 0.121 0.179 0.131
NHS 0.231 <0.001 0.784 0.017 0.761 0.633 0.987 0.969 0.124
NTS <0.001 <0.001 <0.001 0.029 0.002 0.001 0.001 0.001 <0.001 0.001
NZEWS 0.579 0.373 0.216 0.003 0.343 0.409 0.301 0.269 0.031 0.282 <0.001
PRS 0.469 0.712 0.361 0.008 0.501 0.754 0.619 0.445 0.355 0.572 <0.001 0.636
QSOFA 0.780 0.499 0.108 <0.001 0.216 0.499 0437 0.403 0.732 0.426 <0.001 0.877 0.602
RAPS 0.067 0.327 0.742 0.046 0.872 0411 0.368 0.491 0.078 0411 0.003 0.076 0.388 0.216
REMS 0.520 0.034 0.045 <0.001 0.080 0.045 0.057 0.044 0.039 0.024 <0.001 0.197 0.125 0.361 0.021
RTS <0.001 0.010 0.001 0.738 0.001 0.007 0.014 0.015 <0.001 0.013 0.178 0.001 <0.001 <0.001 0.047 0.000
SEWS 0.825 0.446 0419 0.008 0.478 0.158 0.468 0.289 0.243 0.295 <0.001 0.652 0.904 0.666 0.291 0.059 0.003
VSG 0.236 0.508 0.875 0.016 0.830 0.356 0.787 0.743 0.029 0.732 0.001 0.180 0.321 0.256 0.614 0.009 0.008 0.042
VIEWS 0.774 0.123 0.074 0.001 0.186 0.092 0.140 0.101 0.154 0.089 <0.001 0.085 0.254 0.487 0.048 0.621 <0.001 0.184 0.031
WPS 0.375 0.305 0.245 0.006 0.265 0.116 0.304 0.195 0.722 0.234 <0.001 0.876 0.538 0.997 0.199 0.331 0.001 0.265 0.048

VIEWS

0.048
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Appendix H. Comparison of the area under the receiver operating characteristic curve (AUROC) of the different scores for 3-day mortality in the

Emergency Department setting.

EWS scores ABB;/IEW BEWS CART GAP GOCI){]E)AC GS MEWS MEWSGC NEWS NHS NTS NZEWS PRS QSOFA RAPS REMS RTS SEWS VSG VIEWS
BEWS 0.638
CART 0.465 0.228
GAP <0.001 0.001 0.000
GOODACRE |  0.006 <0.001 0.018 0.266
GS 0.688 0.980 0.291 0.001 0.001
MEWS 0.310 0.225 0.382 0.001 0.002 0.529
MEWSGCS 0.441 0.367 0.131 <0.001 <0.001 0.661 0.054
NEWS 0.178 0.505 0.102 <0.001 <0.001 0.704 0.169 0.894
NHS 0.758 0.002 0.288 0.001 0.001 0.840 0415 0.174 0.364
NTS <0.001 <0.001 <0.001 0.015 0.017 <0.001 <0.001 <0.001 <0.001 <0.001
NZEWS 0.225 0.404 0.045 <0.001 <0.001 0.534 0.065 0.628 0.679 0.289 <0.001
PRS 0.701 0.810 0.210 <0.001 <0.001 0.882 0.159 0.249 0.326 0.863 <0.001 0.148
QSOFA 0.161 0.012 0.456 0.090 0.216 0.006 0.045 0.003 0.014 0.019 0.006 0.010 0.013
RAPS 0.459 0.072 0.915 0.016 0.064 0.211 0.120 0.057 0.090 0.102 <0.001 0.049 0.066 0.428
REMS 0.923 0.604 0.285 <0.001 <0.001 0.684 0.833 0.313 0.383 0.774 <0.001 0.181 0.592 0.064 0.038
RTS <0.001 <0.001 <0.001 0.292 0.055 <0.001 <0.001 <0.001 <0.001 <0.001 0.295 <0.001 <0.001 0.007 0.004 <0.001
SEWS 0.862 0.741 0.298 <0.001 0.001 0.638 0.724 0.382 0.410 0.888 <0.001 0.147 0.730 0.046 0.142 0.875 <0.001
VSG 0.728 0.165 0.635 0.003 0.004 0.385 0.470 0.082 0.122 0.245 <0.001 0.059 0.225 0.186 0.481 0.429 0.001 0472
VIEWS 0.149 0.556 0.113 <0.001 <0.001 0.752 0.226 0.949 0.777 0.409 <0.001 0.669 0.420 0.019 0.100 0421 <0.001 0473 0.134
WPS 0.607 0.948 0.203 <0.001 <0.001 0.959 0.559 0.741 0.670 0.818 <0.001 0.482 0.839 0.017 0.225 0.655 <0.001 0.669 0.389 0.389
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Appendix L. Intensive care unit/ cardiac care unit (ICU/CCU) admission prediction

Prehospital settin Emergency Department setting
EWS scores AUROC LCI UCI AUROC LCI UCI
ABBVIEWS 0.671 0.610 0.733 0.661 0.601 0.722
BEWS 0.675 0.613 0.738 0.654 0.593 0.715
CART 0.537 0.467 0.607 0.536 0.466 0.606
GAP 0.380 0.314 0.445 0.400 0.334 0.466
GOODACRE 0.453 0.385 0.520 0.432 0.366 0.498
GS 0.657 0.592 0.722 0.631 0.564 0.698
MEWS 0.671 0.608 0.734 0.657 0.595 0.719
MEWSGCS 0.667 0.602 0.731 0.652 0.585 0.718
NEWS 0.672 0.609 0.735 0.678 0.618 0.738
NHS 0.668 0.604 0.731 0.652 0.590 0.714
NTS 0.387 0.314 0.461 0.421 0.348 0.493
NZEWS 0.686 0.623 0.749 0.680 0.618 0.743
PRS 0.622 0.558 0.686 0.607 0.540 0.673
QSOFA 0.613 0.552 0.673 0.627 0.567 0.687
RAPS 0.634 0.569 0.699 0.643 0.579 0.708
REMS 0.546 0.472 0.620 0.545 0.471 0.618
RTS 0.376 0.321 0.431 0.424 0.375 0.472
SEWS 0.654 0.590 0.719 0.655 0.590 0.721
VSG 0.637 0.575 0.700 0.614 0.550 0.678
VIEWS 0.684 0.622 0.746 0.686 0.626 0.745
WPS 0.640 0.574 0.705 0.618 0.549 0.687

AUROC = area under the receiver operating characteristic curve; LCI = lower confidence interval; UCI = upper confidence interval
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Appendix J. Code blue/ medical emergency team (CB/MET) activation prediction

Prehospital settin Emergency Department setting
EWS scores AUROC LCI UCI AUROC LCI UCI
ABBVIEWS 0.561 0.508 0.614 0.614 0.565 0.662
BEWS 0.543 0.493 0.592 0.571 0.522 0.619
CART 0.546 0.496 0.596 0.597 0.548 0.646
GAP 0.504 0.457 0.551 0.519 0.471 0.566
GOODACRE 0.534 0.482 0.587 0.525 0.470 0.579
GS 0.544 0.492 0.595 0.577 0.526 0.628
MEWS 0.534 0.485 0.582 0.563 0.515 0.611
MEWSGCS 0.546 0.496 0.595 0.577 0.526 0.628
NEWS 0.554 0.502 0.606 0.601 0.553 0.649
NHS 0.540 0.490 0.589 0.567 0.517 0.616
NTS 0.439 0.387 0.491 0.454 0.403 0.504
NZEWS 0.546 0.493 0.598 0.599 0.548 0.651
PRS 0.573 0.526 0.619 0.595 0.550 0.640
QSOFA 0.574 0.526 0.622 0.553 0.505 0.600
RAPS 0.500 0.450 0.551 0.476 0.425 0.527
REMS 0.529 0.477 0.580 0.535 0.483 0.586
RTS 0.479 0.444 0.514 0.479 0.446 0.511
SEWS 0.550 0.499 0.601 0.595 0.545 0.645
VSG 0.503 0.453 0.552 0.526 0.478 0.574
VIEWS 0.558 0.506 0.611 0.607 0.559 0.655
WPS 0.550 0.497 0.603 0.578 0.527 0.629

AUROC = area under the receiver operating characteristic curve; LCI = lower confidence interval; UCI = upper confidence interval
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Appendix K. Length of hospital stay (LOS) prediction
Prehospital settin Emergency Department setting
EWS scores AUROC LCI UCI AUROC LCI UCI
ABBVIEWS 0.552 0.516 0.587 0.553 0.516 0.589
BEWS 0.527 0.493 0.562 0.521 0.487 0.555
CART 0.578 0.544 0.612 0.594 0.560 0.627
GAP 0.552 0.518 0.586 0.556 0.522 0.591
GOODACRE 0.540 0.505 0.576 0.533 0.498 0.569
GS 0.538 0.503 0.573 0.535 0.499 0.570
MEWS 0.528 0.494 0.563 0.518 0.485 0.551
MEWSGCS 0.524 0.489 0.560 0.531 0.496 0.566
NEWS 0.544 0.508 0.579 0.547 0.511 0.583
NHS 0.532 0.498 0.567 0.518 0.484 0.552
NTS 0.469 0.435 0.504 0.464 0.429 0.498
NZEWS 0.539 0.503 0.574 0.559 0.523 0.595
PRS 0.535 0.503 0.567 0.566 0.534 0.597
QSOFA 0.532 0.501 0.564 0.532 0.500 0.564
RAPS 0.500 0.466 0.535 0.464 0.429 0.498
REMS 0.571 0.535 0.606 0.550 0.515 0.586
RTS 0.488 0.465 0.511 0.508 0.488 0.528
SEWS 0.534 0.499 0.568 0.551 0.517 0.586
VSG 0.524 0.490 0.558 0.505 0.472 0.537
VIEWS 0.544 0.509 0.580 0.546 0.510 0.582
WPS 0.540 0.505 0.575 0.533 0.497 0.568

AUROC = area under the receiver operating characteristic curve; LCI = lower confidence interval; UCI = upper confidence interval
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Appendix M. Comparison of the area under the receiver operating characteristic curve (AUROC) of the different scores for 30-day mortality in the prehospital

setting.

EWS scores S
BEWS 0.009
CART 0.475

GAP 0.005

GOODACRE 0471

GS 0.015
MEWS 0.034

MEW SGCS 0.127

NEWS 0.758
NHS 0.008
NTS <0.001

NZEWS 0.312
PRS 0.595

QSOFA 0.524

RAPS 0.018

REMS 0.367
RTS 0.001

SEWS 0.020
VSG 0.001

VIEWS 0.628
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Arriére-plan

Les scores optimaux du systeme d’alerte précoce (EWS) pour identifier les patients
présentant un risque de détérioration clinique parmi ceux transportés par les services
d’ambulance restent incertains. Cette étude rétrospective a comparé les performances de
21 scores EWS pour prédire la détérioration clinique a I'aide des signes vitaux mesurés en
service préhospitalier ou aux urgences.

Méthodes

Les patients adultes transportés vers un seul service d'urgence par ambulance puis admis a
I'hopital entre le 1/1/19 et le 18/4/19 étaient éligibles a l'inclusion. Le critére de jugement
principal était la mortalité a 30 jours ; les criteres de jugement secondaires comprenaient la
mortalité sur 3 jours, I'admission dans des unités de soins intensifs ou de soins coronariens,
la durée du séjour a I'hdpital et I'activation des appels d'urgence. La capacité discriminante
des scores EWS a été évaluée a I'aide de |'aire sous la courbe caractéristique de
fonctionnement du récepteur (AUROC). Les sous-analyses ont comparé les performances
des scores EWS entre les types de patients chirurgicaux et médicaux.

Résultats

Sur 1 414 patients, 995 (70,4 %) [53,1 % d'hommes, dge moyen 68,7 + 17,5 ans] ont été
inclus. Aux urgences, la mortalité a 30 jours était mieux prédite par VitalPAC EWS (AUROC
0,711Ca 95 % (0,65-0,77)) et le National Early Warning Score (0,709 (0,65-0,77)). Tous les
scores EWS calculés en préhospitalier avaient AUROC <0,70. Le score rapide de médecine
d'urgence (0,83, (0,73-0,92)) et I'EWS néo-zélandais (0,88 (0,81-0,95)) prédisaient le mieux
la mortalité sur 3 jours dans les services préhospitaliers et d'urgence, respectivement. Les
scores EWS calculés en préhospitalier ou au service des urgences étaient plus efficaces pour
prédire la mortalité a 3 jours chez les patients chirurgicaux, alors que la mortalité a 30 jours
était mieux prédite chez les patients médicaux. Parmi les scores EWS ayant atteint AUROC
20,70, aucune différence statistiquement significative n'a été détectée dans leurs capacités
discriminatoires a identifier les patients présentant un risque de détérioration clinique.

Conclusions

Les scores EWS prédisent mieux la mortalité sur 3 jours plutét que sur 30 jours et sont plus
précis lorsqu’ils sont estimés a |'aide des signes vitaux mesurés au service des urgences. La
performance discriminatoire des scores EWS dans l'identification des patients présentant un
risque plus élevé de détérioration clinique peut varier selon le type de patient.
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