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A B S T R A C T

Background: Natural disasters, conflict, and terrorism are major global causes of death and disability. Central
to the healthcare response is triage, vital to ensure the right care is provided to the right patient at the right
time. The ideal triage tool has high sensitivity for the highest priority (P1) patients with acceptably low over-
triage. This study compared the performance of major incident triage tools in predicting P1 casualty status in
adults in the prospective UK Trauma Audit and Research Network (TARN) registry.
Methods: TARN patients aged 16+ years (January 2008-December 2017) were included. Ten existing triage
tools were applied using patients’ first recorded pre-hospital physiology. Patients were subsequently
assigned triage categories (P1, P2, P3, Expectant or Dead) based on pre-defined, intervention-based criteria.
Tool performance was assessed by comparing tool-predicted and intervention-based priority status.
Findings: 195,709 patients were included; mortality was 7¢0% (n=13,601); median Injury Severity Score (ISS)
was 9 (IQR 9�17); 97¢1% sustained blunt injuries. 22,144 (11¢3%) patients fulfilled intervention-based criteria
for P1 status, exhibiting higher mortality (12¢8% vs. 5¢0%, p<0.001), increased intensive care requirement
(52¢4% vs 5¢0%, p<0.001), and more severe injuries (median ISS 21 vs 9, p<0.001) compared with P2 patients.
In 16�64 year olds, the highest performing tool was the Battlefield Casualty Drills (BCD) Triage Sieve (Prediction
of P1 status: 70¢4% sensitivity, over-triage 70¢9%, area under the receiver operating curve (AUC) 0¢068 [95%CI
0¢676�0¢684]). The UK National Ambulance Resilience Unit (NARU) Triage Sieve had sensitivity of 44¢9%; over-tri-
age 56¢4%; AUC 0¢666 (95%CI 0¢662�0¢670). All tools performed poorly amongst the elderly (65+ years).
Interpretation: The BCD Triage Sieve performed best in this nationally representative population; we recom-
mend it supersede the NARU Triage Sieve as the UK primary major incident triage tool. Validated triage cate-
gory definitions are recommended for appraising future major incidents.
Funding: This study is funded by the National Institute for Health Research (NIHR) Surgical Reconstruction
and Microbiology Research Centre. GVG also acknowledges support from the MRC Heath Data Research UK
(HDRUK/CFC/01). The views expressed are those of the authors and not necessarily those of the NIHR, the
Department of Health and Social Care, or the Ministry of Defence.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Research in context

Evidence before this study

Major incidents, ranging from terrorist attacks to large-scale
natural disasters, require prioritisation of limited healthcare
resources in order to maximise survival amongst those injured.
Selection of the optimal triage tool to prioritise patients at the
scene of a major incident is an essential component of disaster
preparedness and several such tools exist internationally. Those
in need of urgent life-saving intervention (Priority 1, P1) are at
greatest risk of adverse outcome, hence their timely and accu-
rate identification is of greatest importance, however compar-
ing results from existing studies is limited by lack of consensus
on what endpoint best defines P1 status.

Added value of this study

Using 195,000 patients from the UK national trauma registry,
this study measured the performance of ten international major
incident triage tools, allowing direct comparison in their ability
to predict both P1 status and mortality. We validated a system
of retrospectively assigning triage categories based on com-
monly described pre-hospital and hospital interventions. The
best performing tool was the UK military's Battlefield Casualty
Drills (BCD) Triage Sieve, affording a 24�26% improvement in
identifying P1 patients over the current National Ambulance
Resilience Unit (NARU) Triage Sieve .

Implications of all the available evidence

Existing consensus-derived definitions of major incident triage
categories, which relate directly to healthcare resource utilisa-
tion, have been validated. We recommend their use as an end-
point for future evaluations of UK and international major
incidents, research and related training. A number of studies
have demonstrated that the NARU Triage Sieve used currently
by UK ambulance services is not the optimal tool for major inci-
dent triage; the BCD Triage Sieve may facilitate a substantial
improvement in detecting patients requiring time-critical, life-
saving intervention.

Fig. 1. Distribution of Injury Severity amongst tool-assigned P1 patients (patients aged 16�6
Ledger: ISS=Injury Severity Score. Dotted horizontal line denotes ISS 15. The upper whisk

the lower whisker extends from the hinge to the smallest value, at most 1�5 * IQR of the hing
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1. Introduction

The global incidence of natural disasters, conflict, and terrorism
has risen in the last two decades [1,2]; with over two million people
dead, many more wounded, and incurring far-reaching economic
and societal consequences [1�4]. In the UK, recent major incidents
include terrorist-related combined vehicular and stabbing attacks
[2], a shrapnel-laden bomb in a concert hall [4], and a large residen-
tial fire [2]. Triage, the sorting of casualties according to priority, was
conceived during the Napoleonic Wars [5]. Triage enables prioritisa-
tion for treatment and onward transfer, and selection of an appropri-
ate destination for definitive medical care [3,6-8]. Those in need of
urgent life-saving intervention (Priority 1, or P1, category, also
known as Immediate, Red, and Triage category 1 or “T1” internation-
ally) are at greatest risk of potentially preventable adverse outcome,
hence their timely and accurate identification is the most important
priority of major incident triage [5,8,9]. Accurate triage ensures that
limited medical resources are directed towards achieving the greatest
possible positive impact for the largest number of people [3,10].
Incorrect triage may fail to identify patients in need of urgent inter-
vention (under-triage); however, its inverse (over-triage) risks over-
whelming healthcare facilities with patients who do not require
time-critical treatment [3,8�10].

The selection of appropriate major incident triage tools is an
important component of disaster and major incident preparedness
[1,3,11]. Algorithmic tools used at the scene of a major incident must
be quick and simple to apply under challenging circumstances. In the
UK, emergency medical services (EMS) currently utilise the National
Ambulance and Resilience Unit (NARU) Triage Sieve [12], adapted
from the UK military's former MIMMS Triage Sieve [5]. The Battlefield
Casualty Drills (BCD) Triage Sieve, used by British soldiers faced with
multiple casualties, first appeared in 1998 [13], undergoing serial
updates in line with emerging evidence and changes in clinical prac-
tice. The most recent update in 2018 (Supplementary Data Fig. 1)
incorporated assessment of mental status and a revised respiratory
rate threshold (adopted from MPTT-24) [14], a revised heart rate
threshold and the rolling of unresponsive patients into the three-
quarter prone position. The US-based Simple Triage and Rapid Treat-
ment (START) and modified version MSTART tools [5,15] have been
evaluated following several disasters [6,8], and registry-based studies
[15,16], demonstrating sensitivity of 85% to 100% in predicting P1
4 years)
er extends from the hinge to the largest value no further than 1�5 * IQR from the hinge;
e.
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status [5]. The Australian CareFlight has demonstrated appreciable
sensitivity in predicting P1 status (46�82%) and mortality (AUC
0¢852) in events including the 2002 Bali nightclub bombings [5], hos-
pital [15] and trauma registry-based studies [16]. Novel tools include
the Modified Physiological Triage Tool (MPTT)[14], MPTT-24 [17],
and US-based Rapid Assessment of Mentation and Pulse (RAMP) [18].
JumpSTART, developed for use in children under eight years, has yet
to be evaluated in adult patients [5,11]. Few studies examine the per-
formance of triage tools in the elderly [16], who constitute a growing
proportion of the UK population [19].

There is a paucity of evidence to guide policy makers in their
choice of triage tool [5,8,11]. Conducting prospective studies to
directly compare tool performance during major incidents is logisti-
cally challenging, given their unpredictable, infrequent nature
[2,5,8,10]. Thus, existing evidence comprises post-event evaluations
[6,7,10], often limited by small patient numbers with incomplete
pre-hospital data [20], simulation studies [8], and studies using hos-
pital [15] or trauma registry patients [14,16] as surrogates for those
injured in major incidents. Comparing study results is further limited
by lack of consensus on what endpoint best defines P1 status
[5,10,15,21]. Some studies have retrospectively utilised ISS>15 as an
endpoint to assign high-acuity status and justify transfer to the
uppermost tier of trauma care [10,16]. Whilst ISS and mortality are
commonly used, the need for life-saving intervention is recognised as
the most appropriate endpoint as this relates directly to resource uti-
lisation in the resource-constrained major incident setting [15,21]. In
order to inform major incident triage practice in the UK civilian set-
ting, this study aimed to compare the performance of major incident
triage tools applicable at the scene of injury in predicting P1 casualty
status amongst adults using the UK trauma registry database. A sec-
ondary aim was to assess the utility of a consensus-based system of
defining triage categories for the retrospective evaluation of major
incident triage [21].

2. Methods

2.1. Overview of study design

This study tests the performance of ten major incident triage tools
in predicting P1 status using patients from the UK Trauma Audit and
Research Network (TARN) registry. Each triage tool was applied to
patients’ pre-hospital physiology to determine whether the patient
would have been designated P1 status. Patient records were
reviewed to determine whether they required time-critical interven-
tions from a pre-defined list, allowing assignment of “actual” triage
categories (P1, P2, P3, Expectant or Dead) [21]. Tool performance
was assessed by comparing tool-predicted and intervention-based P1
status.

2.2. Selection of participants

Prospectively recorded, anonymised data for TARN registry
patients aged 16+ years presenting to hospitals in England and Wales
between 1 January 2008 and 31 December 2017 were included.
Patients with incomplete pre-hospital physiological data required to
apply the triage tools (respiratory rate, heart rate, capillary refill
time, Glasgow Coma Score (GCS), and GCS Motor Component) were
excluded.

TARN constitutes the largest trauma registry in Europe, receiving
data from all UK Major Trauma Centres and Trauma Units [22]. TARN
hospital co-ordinators include injured patients fulfilling the following
criteria: length of stay over 72 hours, intensive care (ICU) admission
and/or in-hospital death [22]. Pre-hospital and in-hospital physiolog-
ical, demographic, and outcome data are prospectively recorded into
a web-based proforma [22]. TARN excludes pre-hospital deaths and
elderly patients with isolated femoral neck fractures [22].
2.3. Application of major incident triage tools

It was anticipated that TARN's inclusion criterion of length of stay
greater than 72 hours would result in over-representation of elderly
patients within the study population. Therefore, to test tool perfor-
mance, patients were categorised by age into adults (16�64 years)
and the elderly (65+ years), consistent with National Health Service
configuration. The BCD Triage Sieve (Supplementary Data Fig. 1),
CareFlight [5], JumpSTART [5], MIMMS Triage Sieve [5], MPTT [14],
MPTT-24 [17], MSTART [5], NARU Triage Sieve [12], RAMP [18] and
START [5] tools were transcribed into computer code and applied to
first recorded pre-hospital physiology to determine whether patients
were P1 or non-P1. Tool characteristics including their precise compo-
nents are summarised in Table 1. The US-based SALT [11] and German
ASAV [23] tools were considered for inclusion, however these require
subjective judgements, limiting reliable retrospective application.

In order to facilitate retrospective application of the triage tools
(see Table 1), several assumptions were made. By virtue of fulfilling
TARN inclusion criteria, all patients were assumed to be non-ambula-
tory. Patients who had undergone an advanced airway intervention
at scene were deemed unable to breathe [24]. A respiratory rate of
less than four breaths per minute was regarded undetectable by EMS
personnel. The term “catastrophic haemorrhage” utilised by the BCD
and NARU Triage Sieve, and MPTT-24 could not be applied retrospec-
tively as this field is not captured by TARN. Patients with a systolic
blood pressure of 90 mmHg and over were regarded as having a pal-
pable radial pulse [25]. Patients were deemed unconscious if their
GCS score was less than or equal to eight and those with a GCS of less
than 12 were deemed unresponsive to voice [26]. Ability to follow
commands was equated to GCS Motor Score of six by convention. In
applying JumpSTART, a GCS Motor Score of three or less was regarded
as equivalent to “inappropriate response to painful stimulus (e.g. pos-
turing) or unresponsive to noxious stimulus [26].”

2.4. Outcome measures

The primary outcome measure was the ability of triage tools to
predict P1 status, defined as the need for time-critical lifesaving
intervention(s) [21]. Each patient was assigned a triage category
(Dead, Expectant, P1, P2 or P3) based on a pre-defined system utilis-
ing EMS and hospital-based interventions described by Lerner et al,
using equivalent TARN terminology (see Supplementary Data
Table 1) [21]. As TARN does not include patients with chemical, bio-
logical, radiological, and nuclear injuries, criteria relevant to this
injury mechanism were not included [21,22]. TARN records the tim-
ing of hospital arrival and each intervention, allowing incorporation
of this interval into the time-critical definitions constituting P1 status.
To assess the validity of Lerner's system of classification [21], patients
within each category were compared with regard to mortality, ICU
admission, hospital length of stay (LOS) and ISS.

Secondary outcome measures included prediction of mortality
and ISS>15, and distribution of ISS amongst tool-assigned P1
patients, which may provide further discriminative value and appre-
ciation of tool characteristics.

2.5. Data processing and analyses

TARN data were received in SPSS Version 24¢0 (Armonk NY: IBM
Corp 2015) and processed using R software (Version 3¢6, R Core
Team, New Zealand, 2000). Non-parametric data are presented as
median and interquartile range; categorical data as frequency and
percent. To indicate whether the differences between P1 and P2
patients as designated by Lerner's criteria [21] were statistically sig-
nificant, the Chi-squared test (comparing mortality and ICU admis-
sion) and Mood's median test [27] (comparing ISS) were utilised.
Performance characteristics included sensitivity, specificity, positive



Table 1
Summary of triage tool characteristics.

Tool Description and
geographical use

Tool components
1st step 2nd step 3rd step 4th step 5th step 6th step 7th step Interventions

permitted

Battlefield Casualty
Drills (BCD) Triage
Sieve

Current UK military
tool for use in
adults (introduced
in 1998, revised
2018).

Catastrophic
haemorrhage?

Walking? Breathing? Responds to voice? Breathing rate
between 12�23

Heart Rate more
than 100

� Apply tourniquet,
open airway,
place casualty in
the 3/4 prone
recovery position

CareFlight Australian tool used
in adults and chil-
dren (introduced
in 2001).

Walks? Obeys command? Palpable radial
pulse? OR
Breathes with
open airway?

� � � � Open airway

Jump Simple Triage
and
Rapid Treatment
(JumpSTART)

United States, used
in several states in
children (intro-
duced in 2001).

Able to walk? Spontaneous
breathing (check
radial pulse if
apnoeic)

Respiratory rate
<15 or >45

Palpable pulse? Neurological Assess-
ment (AVPU)

� � Airway positioning,
5 rescue breaths if
apnoeic

Major Incident Med-
ical Management
and Support
(MIMMS) Triage
Sieve

Former UK military
adult triage tool
(introduced in
1995).

Walking Breathing Respiratory rate
<10 or �30

Capillary refill >2
seconds

� � � Open airway

Modified Physiolog-
ical Triage Tool
(MPTT)

UK-based tool*
modelled in a mil-
itary cohort
(described in
2017).

Walking? Breathing? Respiratory rate
<12 or �22

Heart rate �100 GCS <14 � � �

Modified Physiolog-
ical
Triage Tool 24
(MPTT-24)

UK-based tool*,
modification of
MPTT (described
in 2017).

Catastrophic
Haemorrhage?

Walking? Breathing? Responds to voice Respiratory rate
<12 or �24

Heart rate �100 � Apply tourniquet or
haemostatic
dressing

Modified Simple Tri-
age and Rapid
Treatment
(MSTART)

United States, modi-
fication of START
(described in
2006).

Able to walk? Spontaneous
breathing

Respiratory rate
>30

Radial pulse absent Obey commands � � Position airway

National Ambulance
and
Resilience Unit
(NARU)
Triage Sieve

Current UK civilian
adult tool,
adapted from the
MIMMS Triage
Sieve (this version
was introduced in
2013)

Catastrophic
haemorrhage

Are they injured Walking Breathing Unconscious Respiratory rate
<10 or �30

Pulse >120 or capil-
lary refill >2 sec

Apply tourniquet/
haemostatic
dressing, open
airway, place in
recovery position

Rapid Assessment of
Mentation and
Pulse
(RAMP)

United States, used
by the Rocky
Mountain Fire
Department, Colo-
rado (introduced
in 2018).

Casualty without
signs of obvious
death

Casualty follows
commands

Radial pulse
present?

� � � � Control massive
haemorrhage,
open airway,
chest
decompression

Simple Triage and
Rapid Treatment
(START)

United States (intro-
duced in 1983).

Able to walk? Spontaneous
breathing

Respiratory rate
>30

Capillary refill >2
sec

Obey commands � � Position airway

Sort, Assess, Life-
saving interven-
tions, Treatment/
Transport (SALT)

United States (intro-
duced in 2008 by
the Centre of Dis-
ease Control).

Sort** Breathing Obeys commands or
makes purposeful
movements?

Has peripheral
pulse?

Not in respiratory
distress?

Major haemorrhage
is controlled?

Likely to survive
given current
resources?

Control major hae-
morrhage, open
airway (if child,
consider 2 rescue
breaths), chest

(continued on next page)
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Table 2
Patient and injury characteristics (n=195,709).

Characteristic n (%)

Gender
Male 104,019 (53¢1%)
Female 91,690 (46¢9%)
Missing data 0 (0¢0%)
Injury Severity Score (ISS)
Median (IQR) 9 (9�17)
Missing data 0 (0¢0%)
Age
Median (IQR), years 66¢2 (47¢3�83¢0)
Patients aged 16�64 years 95,306 (48¢7%)
Patients aged 65+ years 100,403 (51¢3%)
Missing data 0 (0¢0%)
Discharge status
Alive 182,107 (93¢0%)
Dead 13,601 (7¢0%)
Missing data 1 (0¢0%)
Mode of injury
Blunt 190,048 (97¢1%)
Penetrating 5660 (2¢9%)
Missing data 1 (0¢0%)
Mechanism of injury
Fall less than 2m 113,319 (57¢9%)
Vehicle Incident/Collision 41,590 (21¢3%)
Fall more than 2m 25,194 (12¢9%)
Blow(s) 6827 (3¢5%)
Stabbing 4105 (2¢1%)
Other 2609 (1¢3%)
Crush 1355 (0¢7%)
Shooting 440 (0¢2%)
Blast 142 (0¢1%)
Burn 128 (0¢1%)
Missing data 0 (0¢0%)
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predictive value, negative predictive value, under-triage (1-sensitiv-
ity), over-triage (1-positive predictive value), and Area Under the
Receiver Operating Curve (AUC). 95% confidence intervals were cal-
culated using the Wilson Score with continuity correction for bino-
mial proportions, and DeLongs Algorithm for comparing AUC curves
[28]. To estimate bias, patients included in the study were compared
to those excluded with respect to clinical and demographic charac-
teristics (Supplementary Data Table 2). A value of p<0¢05 was con-
sidered statistically significant.

Ethical approval: The UK Health Research Authority Patient Infor-
mation Advisory Group (Section 20) have granted ethical approval
and waived the requirement for individual participant consent for
research using anonymised TARN data.

Role of Funding: The funding source had no role to play in the in
study design; in the collection, analysis, and interpretation of data; in
the writing of the report; and in the decision to submit the paper for
publication.

3. Results

3.1. Characteristics of the study population

TARN captured 215,632 patients. 19,923 (9¢2%) patients were
excluded due to incomplete data; hence, 195,709 patients were
included. Patient and injury characteristics are summarised in
Table 2. There was a slight male preponderance (53¢1% male vs.
46¢9% female). Elderly patients constituted approximately half of the
study population (n=100,403, 51¢3%). Mortality was 7¢0% (n=13,601),
median ISS was 9 (IQR 9�17). Blunt-injury patients accounted for
97¢1% of patients, with low-level falls (n=113,319, 57¢9%) and vehicle
collision (n=41,590, 21¢3%) recorded as the most prevalent injury
mechanisms. Penetrating trauma constituted only 2¢9% (n=5660),
largely comprising stabbings (n=4105, 2¢1%). Comparison between
included and excluded patients is shown in Supplementary Data
Table 2.



Table 3
Comparison of outcome characteristics between patients in each triage category.

Triage category Total, n (%) Mortality, n (%) Intensive care admission, n (%) Length of stay (days), median (IQR) ISS, median (IQR)

Dead 282 (0¢1) 282 (100¢0) 145 (51¢4) 1 [1, 3] 27 [25, 41]
Expectant 1879 (1¢0) 1862 (99¢1) 1021 (54¢3) 1 [1, 4] 26 [25, 38]
Priority 1 (Immediate) 22,144 (11¢3) 2839 (12¢8) 11,593 (52¢4) 11 [4, 26] 21 [10, 29]
Priority 2 (Urgent) 171,404 (87¢6) 8618 (5¢0) 8661 (5¢0) 10 [5, 18] 9 [9, 16]

Ledger: IQR=interquartile range, ISS=Injury Severity Score.

Table 4
Breakdown of time-critical life-saving interventions constituting Priority 1 status.

Subcomponents of the Priority 1 triage category n (% of P1 patients)

An advanced airway intervention (e.g. intubation, LMA,
surgical airway) performed in the pre-hospital setting
or within 4 hours of arrival at hospital

18,890 (85¢3%)

Chest tube placed within 2 hours of arrival at hospital 4301 (19¢4%)
Neurological, vascular, or haemorrhage-controlling sur-
gery to the head, neck or torso performed within
4 hours of arrival to hospital

3427 (15¢5%)

Arrived in the ED with uncontrolled haemorrhage 1979 (8¢9%)
Limb-conserving surgery performed within 4 hours of
arrival at hospital on a limb that was found to be pulse-
less distal to the injury prior to surgery

606 (2¢7%)

IV vasopressors administered within 2 hours of arrival at
hospital

361 (1¢6%)

Patient who required EMS initiation of CPR (i.e. had a car-
diac arrest) during transport, in the ED, or within
4 hours of arrival at a hospital

182 (0¢8%)

Escharotomy performed on a patient with burns within
2 hours of arrival at a hospital

3 (0¢0%)

Total number of P1 patients 22,144 (100¢0%)
Ledger: There is overlap between life-saving interventions (LSI): 78¢0% (n=17,272) of
P1 patients required one LSI, 15¢9% (n=3520) required two LSI, and 6¢0% (n=1328)
required 3 or more LSI.

Table 5
Tool Performance in Predicting Intervention-based Priority 1 Status in Adults aged 16�

Tool Sensitivity Specificity PPV NPV

BCD Triage Sieve 70¢4 [69¢7, 71¢1] 65¢6 [65¢3, 66¢0] 29¢1 [28¢6, 29¢6] 91¢7 [91
CareFlight 43¢3 [42¢6, 44¢1] 92¢8 [92¢7, 93¢0] 54¢8 [53¢9, 55¢7] 89¢1 [88
JumpSTART 46¢8 [46¢1, 47¢6] 89¢3 [89¢0, 89¢5] 46¢6 [45¢8, 47¢4] 89¢3 [89
MIMMS Triage Sieve 41¢8 [41¢0, 42¢5] 93¢4 [93¢3, 93¢6] 56¢0 [55¢1, 56¢9] 88¢9 [88
MPTT 49¢9 [49¢1, 50¢7] 59¢1 [58¢7, 59¢4] 19¢6 [19¢2, 20¢0] 85¢5 [85
MPTT-24 47¢9 [47¢1, 48¢7] 62¢9 [62¢6, 63¢2] 20¢6 [20¢1, 21¢0] 85¢8 [85
MSTART 57¢2 [56¢5, 58¢0] 89¢0 [88¢8, 89¢3] 51¢1 [50¢4, 51¢9] 91¢2 [91
NARU Triage Sieve 44¢9 [44¢1, 45¢7] 88¢4 [88¢2, 88¢6] 43¢6 [42¢9, 44¢4] 88¢9 [88
RAMP 39¢4 [38¢6, 40¢1] 93¢3 [93¢1, 93¢5] 54¢1 [53¢2, 55¢0] 88¢5 [88
START 53¢7 [52¢9, 54¢5] 90¢9 [90¢7, 91¢1] 54¢2 [53¢4, 55¢0] 90¢7 [90

Ledger: Results are accompanied by 95% confidence intervals. PPV=positive predictive
Curve.

Table 6
Tool Performance in Predicting Intervention-based Priority 1 Status amongst the Elderl

Tool Sensitivity Specificity PPV NPV

BCD Triage Sieve 56¢7 [55¢5, 57¢9] 72¢7 [72¢4, 73] 12¢1 [11¢7, 12¢5] 96¢2 [96
CareFlight 33¢5 [32¢3, 34¢7] 93¢4 [93¢3, 93¢6] 25¢3 [24¢4, 26¢3] 95¢5 [95
JumpSTART 36¢1 [34¢9, 37¢3] 90¢7 [90¢5, 90¢9] 20¢5 [19¢7, 21¢2] 95¢5 [95
MIMMS Triage Sieve 34¢7 [33¢5, 35¢9] 92¢8 [92¢7, 93¢0] 24¢3 [23¢4, 25¢2] 95¢5 [95
MPTT 45¢4 [44¢1, 46¢6] 66¢4 [66¢1, 66¢7] 8¢2 [7¢9, 8¢5] 94¢8 [94
MPTT-24 43¢1 [41¢9, 44¢3] 69¢9 [69¢6, 70¢2] 8¢7 [8¢4, 9¢0] 94¢9 [94
MSTART 48¢6 [47¢4, 49¢9] 88¢5 [88¢3, 88¢7] 21¢8 [21¢2, 22¢5] 96¢3 [96
NARU Triage Sieve 33¢2 [32¢1, 34¢4] 89¢6 [89¢4, 89¢8] 17¢5 [16¢9, 18¢2] 95¢3 [95
RAMP 31¢3 [30¢1, 32¢4] 93¢7 [93¢5, 93¢9] 24¢7 [23¢8, 25¢7] 95¢4 [95
START 45¢9 [44¢7, 47¢2] 89¢9 [89¢7, 90¢1] 23¢2 [22¢5, 24¢0] 96¢2 [96

Ledger: Results are accompanied by 95% confidence intervals. PPV=positive predictive
Curve.
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3.2. Designation of intervention-based triage categories (using Lerner's
criteria)

A minority of patients met criteria for the “Dead” category (n=282,
0¢1%) whilst 1¢0% (n=1879) of the study population were classed as
Expectant due to non-survivable burns (n=36) and catastrophic head
injury (n=1843) (Table 3). 22,144 (11¢3%) of patients satisfied criteria
for P1 status; most commonly requiring airway intervention
(n=18,890, 85¢3%), emergent chest tube placement (n=4301, 19¢4%),
and emergency surgery (n=3427, 15¢5%) (Table 4). No TARN patients
met criteria for the minimally injured P3 group (Supplementary
Data Table 1). The remaining patients (n=171,402, 87¢0%) were
assigned P2, forming the largest triage category.

Comparison of patient characteristics across the four triage cate-
gories revealed important differences (Table 3). Mortality was uni-
versal in those classed “Dead” and 99¢1% in those labelled Expectant,
both groups exhibited very severe injuries (median ISS 27 and 26,
respectively). P1 patients demonstrated more than double the mor-
tality (12¢8% vs. 5¢0%; p<0.001), ten times the rate of ICU admission
(52¢4% vs. 5¢0%; p<0.001), and more severe injuries (median ISS
21 vs. median ISS 9; p<0.001, respectively) compared to patients des-
ignated P2.
64 years.

Undertriage (1-sensitivity) Overtriage (1-PPV) AUC

¢5, 91¢9] 29¢6 [28¢9, 30¢3] 70¢9 [70¢4, 71¢4] 0¢680 [0¢676, 0¢684]
¢9, 89¢3] 56¢7 [55¢9, 57¢4] 45¢2 [44¢3, 46¢1] 0¢681 [0¢677, 0¢685]
¢1, 89¢6] 53¢2 [52¢4, 53¢9] 53¢4 [52¢6, 54¢2] 0¢681 [0¢676, 0¢685]
¢7, 89¢1] 58¢2 [57¢5, 59¢0] 44¢0 [43¢1, 44¢9] 0¢676 [0¢672, 0¢680]
¢2, 85¢8] 50¢1 [49¢3, 50¢9] 80¢4 [80¢0, 80¢8] 0¢545 [0¢541, 0¢549]
¢5, 86¢1] 52¢1 [51¢3, 52¢9] 79¢4 [79¢0, 79¢9] 0¢554 [0¢550, 0¢558]
¢0, 91¢4] 42¢8 [42¢0, 43¢5] 48¢9 [48¢1, 49¢6] 0¢731 [0¢727, 0¢735]
¢7, 89¢1] 55¢1 [54¢3, 55¢9] 56¢4 [55¢6, 57¢1] 0¢666 [0¢662, 0¢670]
¢3, 88¢7] 60¢6 [59¢9, 61¢4] 45¢9 [45¢0, 46¢8] 0¢663 [0¢660, 0¢667]
¢5, 90¢9] 46¢3 [45¢5, 47¢1] 45¢8 [45¢0, 46¢6] 0¢723 [0¢719, 0¢727]
value, NPV=negative predictive value. AUC=Area Under the Receiver Operating

y (aged 65§ years).

Undertriage (1-sensitivity) Overtriage (1-PPV) AUC

¢1, 96¢3] 43¢3 [42¢1, 44¢5] 87¢9 [87¢5, 88¢3] 0¢647 [0¢641, 0¢653]
¢4, 95¢6] 66¢5 [65¢3, 67¢7] 74¢7 [73¢7, 75¢6] 0¢635 [0¢629, 0¢641]
¢4, 95¢7] 63¢9 [62¢7, 65¢1] 79¢5 [78¢8, 80¢3] 0¢634 [0¢628, 0¢640]
¢4, 95¢7] 65¢3 [64¢1, 66¢5] 75¢7 [74¢8, 76¢6] 0¢638 [0¢632, 0¢644]
¢7, 95¢0] 54¢6 [53¢4, 55¢9] 91¢8 [91¢5, 92¢1] 0¢559 [0¢553, 0¢565]
¢7, 95¢0] 56¢9 [55¢7, 58¢1] 91¢3 [91¢0, 91¢6] 0¢565 [0¢559, 0¢571]
¢2, 96¢4] 51¢4 [50¢1, 52¢6] 78¢2 [77¢5, 78¢8] 0¢686 [0¢679, 0¢692]
¢2, 95¢4] 66¢8 [65¢6, 67¢9] 82¢5 [81¢8, 83¢1] 0¢614 [0¢609, 0¢620]
¢2, 95¢5] 68¢7 [67¢6, 69¢9] 75¢3 [74¢3, 76¢2] 0¢625 [0¢619, 0¢631]
¢0, 96¢3] 54¢1 [52¢8, 55¢3] 76¢8 [76¢0, 77¢5] 0¢679 [0¢673, 0¢686]
value, NPV=negative predictive value. AUC=Area Under the Receiver Operating



Table 7
Tool performance in predicting mortality in adults aged 16�64 years.

Tool Sensitivity Specificity PPV NPV Undertriage (1-sensitivity) Overtriage (1-PPV) AUC

BCD Triage Sieve 85¢2 [83¢8, 86¢6] 60¢9 [60¢5, 61¢2] 5¢6 [5¢4, 5¢8] 99¢3 [99¢3, 99¢4] 14¢8 [13¢4, 16¢2] 94¢4 [94¢2, 94¢6] 0¢730 [0¢723, 0¢738]
CareFlight 69¢6 [67¢8, 71¢4] 88¢3 [88¢1, 88¢6] 14¢0 [13¢4, 14¢6] 99¢1 [99¢0, 99¢1] 30¢4 [28¢6, 32¢2] 86¢0 [85¢4, 86¢6] 0¢790 [0¢781, 0¢799]
JumpSTART 70¢0 [68¢2, 71¢8] 84¢7 [84¢5, 84¢9] 11¢1 [10¢6, 11¢6] 99¢0 [99¢0, 99¢1] 30¢0 [28¢2, 31¢8] 88¢9 [88¢4, 89¢4] 0¢774 [0¢765, 0¢783]
MIMMS Triage Sieve 63¢3 [61¢4, 65¢2] 88¢9 [88¢7, 89¢1] 13¢5 [12¢9, 14¢2] 98¢9 [98¢8, 99¢0] 36¢7 [34¢8, 38¢6] 86¢5 [85¢8, 87¢1] 0¢761 [0¢752, 0¢771]
MPTT 34¢2 [32¢3, 36¢1] 57¢4 [57¢0, 57¢7] 2¢1 [2¢0, 2¢3] 97¢0 [96¢8, 97¢1] 65¢8 [63¢9, 67¢7] 97¢9 [97¢7, 98¢0] 0¢458 [0¢448, 0¢467]
MPTT-24 33¢4 [31¢6, 35¢3] 61¢0 [60¢6, 61¢3] 2¢3 [2¢1, 2¢4] 97¢1 [97¢0, 97¢2] 66¢6 [64¢7, 68¢4] 97¢7 [97¢6, 97¢9] 0¢472 [0¢463, 0¢481]
MSTART 77¢3 [75¢6, 78¢9] 82¢9 [82¢7, 83¢2] 11¢0 [10¢5, 11¢5] 99¢3 [99¢2, 99¢3] 22¢7 [21¢1, 24¢4] 89¢0 [88¢5, 89¢5] 0¢801 [0¢793, 0¢809]
NARU Triage Sieve 72¢7 [70¢9, 74¢4] 84¢3 [84¢1, 84¢6] 11¢2 [10¢8, 11¢7] 99¢1 [99¢1, 99¢2] 27¢3 [25¢6, 29¢1] 88¢8 [88¢3, 89¢2] 0¢785 [0¢776, 0¢794]
RAMP 50¢6 [48¢6, 52¢6] 88¢9 [88¢7, 89¢1] 11¢1 [10¢5, 11¢7] 98¢5 [98¢4, 98¢6] 49¢4 [47¢4, 51¢4] 88¢9 [88¢3, 89¢5] 0¢698 [0¢688, 0¢707]
START 75¢3 [73¢6, 77¢0] 85¢1 [84¢8, 85¢3] 12¢1 [11¢6, 12¢6] 99¢2 [99¢1, 99¢3] 24¢7 [23¢0, 26¢4] 87¢9 [87¢4, 88¢4] 0¢802 [0¢794, 0¢810]

Ledger: Results are accompanied by 95% confidence intervals. PPV=positive predictive value, NPV=negative predictive value. AUC=Area Under the Receiver Operating
Curve.

Table 8
Tool Performance in Predicting Mortality amongst the Elderly (aged 65§ years).

Tool Sensitivity Specificity PPV NPV Undertriage (1-sensitivity) Overtriage (1-PPV) AUC

BCD Triage Sieve 49¢7 [48¢8, 50¢7] 73¢4 [73¢1, 73¢7] 18¢8 [18¢4, 19¢3] 92¢2 [92¢0, 92¢4] 50¢3 [49¢3, 51¢2] 81¢2 [80¢7, 81¢6] 0¢616 [0¢611, 0¢621]
CareFlight 26¢9 [26¢1, 27¢8] 94¢1 [93¢9, 94¢2] 36¢1 [35¢0, 37¢1] 91¢2 [91¢0, 91¢4] 73¢1 [72¢2, 73¢9] 63¢9 [62¢9, 65¢0] 0¢605 [0¢601, 0¢609]
JumpSTART 23¢5 [22¢7, 24¢3] 90¢6 [90¢4, 90¢8] 23¢6 [22¢9, 24¢5] 90¢5 [90¢3, 90¢7] 76¢5 [75¢7, 77¢3] 76¢4 [75¢5, 77¢1] 0¢571 [0¢566, 0¢575]
MIMMS Triage Sieve 21¢5 [20¢8, 22¢3] 92¢7 [92¢5, 92¢9] 26¢8 [25¢8, 27¢7] 90¢5 [90¢3, 90¢7] 78¢5 [77¢7, 79¢2] 73¢2 [72¢3, 74¢2] 0¢571 [0¢567, 0¢575]
MPTT 48¢6 [47¢7, 49¢5] 67¢5 [67¢2, 67¢8] 15¢6 [15¢2, 16¢0] 91¢4 [91¢2, 91¢6] 51¢4 [50¢5, 52¢3] 84¢4 [84¢0, 84¢8] 0¢580 [0¢575, 0¢585]
MPTT-24 45¢9 [44¢9, 46¢8] 71¢0 [70¢7, 71¢3] 16¢4 [16¢0, 16¢8] 91¢4 [91¢2, 91¢6] 54¢1 [53¢2, 55¢1] 83¢6 [83¢2, 84¢0] 0¢584 [0¢579, 0¢589]
MSTART 35¢7 [34¢8, 36¢6] 88¢9 [88¢7, 89¢1] 28¢4 [27¢7, 29¢2] 91¢8 [91¢6, 92¢0] 64¢3 [63¢4, 65¢2] 71¢6 [70¢8, 72¢3] 0¢623 [0¢618, 0¢627]
NARU Triage Sieve 29¢4 [28¢6, 30¢3] 90¢4 [90¢2, 90¢6] 27¢5 [26¢7, 28¢4] 91¢2 [91¢0, 91¢4] 70¢6 [69¢7, 71¢4] 72¢5 [71¢6, 73¢3] 0¢599 [0¢595, 0¢604]
RAMP 25¢0 [24¢2, 25¢9] 94¢3 [94¢1, 94¢4] 35¢1 [34¢1, 36¢2] 91¢0 [90¢8, 91¢2] 75¢0 [74¢1, 75¢8] 64¢9 [63¢8, 65¢9] 0¢597 [0¢592, 0¢601]
START 33¢5 [32¢7, 34¢4] 90¢3 [90¢1, 90¢5] 30¢1 [29¢3, 30¢9] 91¢6 [91¢5, 91¢8] 66¢5 [65¢6, 67¢3] 69¢9 [69¢1, 70¢7] 0¢619 [0¢615, 0¢624]

Ledger: Results are accompanied by 95% confidence intervals. PPV=positive predictive value, NPV=negative predictive value. AUC=Area Under the Receiver Operating
Curve.
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3.3. Triage tool performance

3.3.1. Prediction of P1 status
Tool performance in predicting P1 status in adults aged 16�64 years

is shown in Table 5. The NARU Triage Sieve exhibited sensitivity of
44¢9% in predicting P1 status with associated over-triage of 56¢4% and
an AUC of 0¢666 (95% CI 0¢662�0¢670). The BCD Triage Sieve demon-
strated the highest sensitivity (70¢4%) in predicting P1 status with asso-
ciated over-triage of 70¢9% and an AUC of 0¢680 (95% CI 0¢676�0¢684).
Fig. 2. Distribution of Injury Severity amongst tool-assigned P1 patients (patients aged 65§ y
Ledger: ISS=Injury Severity Score. Dotted horizontal line denotes ISS 15. The upper whisk

the lower whisker extends from the hinge to the smallest value, at most 1¢5 * IQR of the hing
MSTART demonstrated the next highest sensitivity in predicting P1 sta-
tus (57¢2%) with the most favourable AUC of 0¢731 (95% CI
0¢727�0¢735); followed closely by parent tool START. The novel RAMP
demonstrates lower overall performance to CareFlight. MPTT and
MPTT-24 demonstrated moderate sensitivity (49.9% and 47.9%), the
highest over-triage rates (80¢4% and 79¢4%) and lowest specificity
(59¢1% and 62¢9%). Amongst adults aged 65+ years, tools demonstrated
high over-triage and all tools except for the BCD Triage Sieve achieved
less than 50% sensitivity in predicting P1 status (Table 6).
ears)
er extends from the hinge to the largest value no further than 1¢5 * IQR from the hinge;
e.
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3.3.2. Prediction of mortality
Amongst 16�64 year olds, there was greater variation in tool per-

formance in predicting mortality (Table 7). The BCD Triage Sieve
exhibited the highest sensitivity (85¢2%) in predicting mortality, fol-
lowed by MSTART (77¢3%), START (75¢3%), and NARU Triage Sieve
(72.7%); all four tools attained comparable AUC (0¢730�0¢802). MPTT
and MPTT-24 predict mortality with sensitivity of 34¢2% and 33¢4%,
respectively, with AUC below 0¢5. All tools performed poorly (sensi-
tivity 21¢5�49¢7%; AUC 0¢571�0¢623) in predicting mortality in the
elderly (Table 8).

3.3.3. Injury Severity Score
Patients with ISS>15 totalled 62,402; of these, only 24¢1%

(n=15,058) met criteria for intervention-based P1 status whilst 75¢9%
(n=47,344) were non-P1. One third (n=7086) of intervention-based
P1 patients had an ISS�15. There was great variation in the distribu-
tion of ISS amongst tool-assigned P1 patients Figs. 1 and 2). Tool per-
formance in predicting ISS>15 is included in Supplementary data
Tables 3 and 4.

4. Discussion

Globally, natural disasters, conflict, and terrorism pose significant
and often unexpected threats, incurring substantial societal and eco-
nomic impact [1,2,29]. Review of the 2017 Manchester Arena attack
highlighted the importance of well-co-ordinated, multiagency collab-
oration in processing casualties and the negative impacts of an inade-
quate EMS response [4]. Meticulous disaster planning, including
selection of an effective triage tool, is crucial to maximising survival
[2,3,8,10,29]. This study measured the performance of ten major inci-
dent triage tools in predicting P1 status and mortality using a nation-
ally representative UK adult patient population. A system for defining
major incident triage categories relating directly to healthcare
resource utilisation has been validated, yielding patient groups with
distinct clinical characteristics. ISS>15 correlated poorly with the
need for life-saving intervention, making this a suboptimal endpoint
for evaluating major incidents. The NARU Triage Sieve, currently
used in UK practice, is outperformed by several other triage tools.
The military-derived BCD Triage Sieve demonstrates the greatest sen-
sitivity in predicting both P1 status (sensitivity 70¢4%, AUC 0¢680,
over-triage 70¢9%) and mortality (sensitivity 85¢2%, AUC 0¢730). All
tools performed poorly amongst the elderly.

Whilst the American College of Surgeons has established stand-
ards for the performance of pre-hospital triage tools for individual
patients (acceptable rates of under-triage of up to 5% and 25�50%
over-triage, respectively) [7], no national or international standards
exist to govern tool performance in major incidents [3,11,12]. From a
clinical perspective, under-triage of critically unwell (P1) patients
leads to absolute harm arising from delayed care or transfer to an
inappropriate medical facility. Conveying critically injured patients to
the highest tier of trauma care within trauma networks is associated
with decreased mortality: in the UK, bypass of local hospitals to des-
ignated Major Trauma Centres has been associated with a 19%
increase in the adjusted odds of survival following severe injury [30].
However, minimising over-triage in the resource-constrained major
incident setting is also crucially important as overwhelming medical
facilities with patients suffering non-critical injury can impair care
for those requiring time-critical interventions[8�10]: a study encom-
passing 3357 casualties from 220 bombing incidents demonstrated a
direct linear relationship between over-triage and critical mortality
[9]. Policymakers are therefore likely to favour the clinically relevant
measures of under-triage and over-triage over AUC, which offers an
aggregate measure of performance, selecting tools that align with
local casualty distribution plans and available resources [3,4]. Whilst
the need for life-saving intervention is of prime importance in guid-
ing resource allocation in major incidents, predicting all-cause in-
hospital mortality in patients with diverse, multi-system injuries is
an additional useful measure of tool performance, given that the pri-
ority is to maximise overall survival [3,5,12,16]. The NARU Triage
Sieve currently used in UK practice performs suboptimally in predict-
ing both P1 status and mortality. Based on the markedly superior sen-
sitivity in predicting P1 status and mortality in patients in this study,
we recommend the BCD Triage Sieve as the primary triage tool for
adult patients in the UK major incident setting. This change may
afford a 24�26% improvement in detecting patients at the scene of a
major incident who require time-critical life-saving intervention
(and an additional 13�20% of patients who may suffer in-hospital
mortality), facilitating their immediate transfer to the highest tier of
trauma care and thereby maximising their chances of survival. The
BCD Triage Sieve is similar in format to the NARU Triage Sieve, a
potential advantage in the retraining of EMS personnel. Furthermore,
omission of the need to measure capillary refill may reduce the time
taken to perform triage.

The MSTART, START, and CareFlight tools demonstrate consider-
able sensitivity in predicting mortality, consistent with the findings
of a large US registry-based study [16]. CareFlight involves four sim-
ple qualitative assessments, apparently achievable within 15 sec-
onds [5]. CareFlight's previously demonstrated superior
performance in children confers the potential advantage that a sin-
gle tool used across all ages would simplify EMS training and prac-
tice [16]. Such strengths render it a viable choice for non-clinical UK
emergency services personnel, where its relative ease of applicabil-
ity and low over-triage rate may prove advantageous. In adults,
JumpSTART is substantially outperformed by several other tools,
limiting its potential utility as a single tool for use across all ages.
MPTT and MPTT-24 have comparable over-triage rates to the BCD
Sieve, however the BCD Sieve offers a 20¢5�22¢5% sensitivity advan-
tage in predicting the need for life-saving intervention. Amongst
the elderly, all tools performed poorly, consistent with the findings
of a large US registry-based study [16]; this may be attributable to
age-related physiological changes, chronic illness and polyphar-
macy. The elderly represent 18¢3% of the total UK population [19],
yet constitute 51¢3% of the study population (51¢3%), likely due to
the TARN inclusion criterion of admission exceeding 72 hours22:
this over-representation has been mitigated by analysing this
cohort as a separate subgroup. Further research is needed to deter-
mine how triage can be improved in the elderly.

A key strength of this study is the use of a nationally representa-
tive sample of patients, with detailed physiological data, injured by a
range of mechanisms. Our findings are therefore applicable to UK
adults involved in all-hazard major incidents. ISS has again been
shown to correlate poorly with resource use and need for interven-
tion [31]. Our study has externally validated a consensus-derived def-
inition of triage categories [21]. Application of Lerner's criteria
defined P1 patients with characteristics (mortality 12¢8%, 52¢4% ICU
admission, median ISS of 21) appropriate for the highest tier of
trauma care [4,7,12]; whilst those designated P2 (mortality 5¢0%,
5¢0% ICU admission rate, median ISS of 9) may appropriately be
treated in second-tier centres [21]. Incorporating timing of interven-
tion to distinguish P1 from P2 patients is also clinically meaningful in
the major incident setting. Furthermore, the proportion of P1 casual-
ties (11¢3%) yielded is comparable to the 10¢8�17¢7% critical injury
rate reported in recent UK [4,10] and international major incidents
[8,29]. We recommend that Lerner's criteria [21] be employed as the
gold standard for future use in post-event evaluations, research, and
training purposes in the UK major incident setting. This will enable
standardised assessment of major incidents and triage systems, aid-
ing resource planning and policy refinement.

The Expectant category (also known as P1 hold, P4 or T4) has pre-
viously been defined as “casualties whose condition is so severe that
they cannot survive despite the best available care and whose treatment
would divert medical resources from salvageable patients who may then



N.S. Malik et al. / EClinicalMedicine 36 (2021) 100888 9
be compromised [12].” However, triage category definitions proposed
by Lerner did not take into account resource limitations21: the defini-
tion employed in this study was associated with near-universal mor-
tality (99¢1%) and assigned to patients whose injuries would be non-
survivable under any circumstances (e.g. 90% burns). The Expectant
category has never been assigned in UK civilian practice4: rationing
healthcare to severely injured, living patients is ethically challenging
[11,12]. We recommend that this non-resource dependant definition
of the Expectant category is appropriate for academic use and that in
practice, Expectant status should only be assigned by a senior clini-
cian.

Weaknesses of this study include use of singly injured TARN
patients as surrogates for those injured in major incidents, in whom
outcomes (e.g. mortality) may be considerably worse. Blunt trauma
predominates in this registry population: therefore, triage tool per-
formance may not be completely generalisable to penetrating or blast
mechanism incidents. Some assumptions made to facilitate retro-
spective triage tool application (e.g. patients meeting TARN inclusion
criteria are non-ambulatory) may not hold true in real-life. Study
conclusions were unlikely to be biased by patients (9¢2%) excluded
due to missing data. TARN inclusion criteria are biased towards cap-
turing the severely injured, however this can be viewed as a strength
since these patients are at greatest risk of adverse outcome: care
received is unlikely to greatly influence outcome in the large number
of “walking wounded” patients who predominate in major incidents
[1,6,10]. Additionally, TARN excludes pre-hospital deaths. Given that
most trauma deaths occur pre-hospital [8,10,29], our study fails to
capture the main indicators of early mortality by only analysing tool
performance in patients who reach hospital alive; however, those
who do not make it to hospital alive under normal circumstances are
even less likely to do so during a major incident, where transfer will
likely be delayed due to pre-hospital resource constraints. Further-
more, our study focussed on tool performance in predicting P1 status:
further research is required to evaluate tool performance in predict-
ing non-P1 categories. Notably, triage tools commonly assign P3 sta-
tus to those able to walk, however a Dutch study of an aeroplane
crash involving 135 casualties revealed serious underlying injuries in
17% of ambulatory patients [20]. Finally, computed retrospective
application of triage tools is used as a surrogate for EMS personnel
conducting real-time triage under challenging circumstances. This
does not account for human error, or the variation in tool complexity
which affects their ease and accuracy of application [5,11]. However,
the current study design allows the physiological discriminative
capability of tools to be assessed independently of human error, as
well as overcoming the challenges of conducting prospective studies
during major incidents. Consequently, registry-based studies such as
this are likely to form the highest level of evidence to guide major
incident triage practice and policy.

In practice, policy makers must consider several factors before
adopting a triage tool for widespread use [3,5,8,11]. This includes
ability of the tool to differentiate categories accurately across a vari-
ety of relevant injury mechanisms [5,16]; time taken and inter-rater
reliability when applied [5,8,23]; the degree of over-triage that health
systems can accommodate [1,10]; and interoperability between the
multiple agencies involved in major incidents [3,8,10,11]. Addition-
ally, regular major incident training exercises have been credited for
improved performance during the 2017 Manchester Arena [4] and
2015 Paris terrorist attacks [29]. Whilst simple triage algorithms
have been employed since the 1980s [5,11], further work is required
to determine how technology (e.g. portable device applications, elec-
tronic patient management systems, wearable devices) may be effec-
tively incorporated into clinical use to augment triage.

In conclusion, based on current available evidence and the find-
ings of this study, the NARU Triage Sieve used currently in UK civilian
practice is not the optimal tool for major incident triage. We recom-
mend its replacement by the BCD Triage Sieve, which may afford a
24�26% improvement in detecting patients in need of time-critical,
life-saving intervention at the scene of a major incident, thus facilitat-
ing their immediate transfer to the highest tier of trauma care and
maximising chances of survival. ISS>15 correlates poorly with the
need for life-saving intervention, making this a suboptimal endpoint
in evaluating major incidents. We have validated a system of retro-
spectively assigning triage categories based on commonly described
EMS and hospital interventions, resulting in clinically distinct groups
of patients: we recommend its use in future evaluations of UK major
incidents.
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