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Article history: Background: Prioritising patients in mass casualty incidents (MCI) can be extremely difficult. Therefore,
Accepted 7 May 2022 triage systems are important in every emergency medical service. This study reviews the accuracy of

primary triage systems for MCI in trauma register studies.

Keywords: Methods: We registered a protocol at PROSPERO ID: CRD42018115438. We searched MEDLINE, EMBASE,
Triage Central, Web of Science, Scopus, Clinical Trials, Google Scholar, and reference lists for eligible studies. We
Prehospital included studies that both examined a primary triage system for MCI in trauma registers and provided
Mass casualty incidents sensitivity and specificity for critically injured vs non-critically injured as results. We excluded studies
Accuracy . that used paediatric, chemical, biological, radiological or nuclear MCIs populations or triage systems. Fi-
Meta-analysis nally, we calculated intra-study relative sensitivity, specificity and diagnostic odds ratio for each triage
Systematlc review System.

Register studi . . - . . . . .
cgister studies Results: Triage Sieve (TS) significantly underperformed in relative diagnostic odds ratio (DOR) when com-

pared to START and CareFlight (CF) (START vs TS: 19.85 vs 13.23 (p<0.0001) | CF vs TS: 23.72 vs 12.83
(p<0.0001)). There was no significant difference in DOR between TS and Military Sieve (MS) (p<0.710).
Compared to START, MS and CF TS had significantly higher relative specificity (START vs TS: 93.6% vs
96.1% (p=0.047) | CF vs TS: 96% vs 95.3% (p=0.0006) | MS vs TS: 94% vs 88.3% (p=0.0002)) and lower rel-
ative sensitivity (START vs TS: 57.8% vs 34.8% (p<0.0001)|CF vs TS: 53.9% vs 34.7% (p<0.0001) | MS vs
TS: 51.9% vs 35.2% p<0.0001)).

CF had significantly better relative DOR than START (CF vs START: 23.56 vs 27.79 (p=0.043)). MS had
significantly better relative sensitivity than CF and START (MS vs CF: 49.5% vs 38.7% (p<0.0001) | MS vs
START: 49.4% vs 43.9% (p=0.01)). In contrast, CF had significantly better relative specificity than MS (MS
vs CF: 91.3% vs 93.3% (p<0.0001)). The remaining comparisons did not yield any significant differences.
Conclusion: As the included studies were at risk of bias and had heterogenic characteristics, our results
should be interpreted with caution. Nonetheless, our results point towards inferior accuracy of Triage
Sieve compared to START and CareFlight, and less firmly point towards superior accuracy of Military
Sieve compared to START, CareFlight and Triage Sieve

© 2022 Elsevier Ltd. All rights reserved.

Introduction where one must choose to save one of two critically ill patients.

Decisions in MClIs are not only difficult; they also need to be made

Making decisions between life and death is an uncomfortable, swiftly, as delayed time to treatment may have fatal consequences

but not uncommon, part of the job for many health workers. In [1-4]. Therefore, there is a need for tools supporting decision mak-
a mass casualty incident (MCI), decisions may become even more ing in such situations.

difficult. As resources no longer suffice for every patient, decisions Pre-hospital triage systems for MCIs are such tools. The purpose

affect more than the patient at hand. In MCls situations may arise of a triage system is to predict, categorise and prioritise the pa-
tients’ need for life-saving interventions (LSI) and evacuation with

—_— _ A ) ) both speed and precision. Numerous triage systems exist, yet it is
Abbreviations: MCI, Mass Casualty Incident; LSI, Life Saving Intervention. unknown which system is superior [5-7].

* Corresponding author at: Forskningsenheden - Herlev ACES, Afdelingen for . . . . ..
Bedgvelse, Operation og Intensiv Behandling, Herlev Hospital, Borgmester Ib Juuls To determine which triage system is best at predicting the need

Vej 1, 2730 Herlev, Denmark. for LSIs, we wished to develop high-quality prospective studies ex-
E-mail address: Christianmarcussen@gmail.com (C.E. Marcussen). amining the accuracy of pre-hospital MCI triage systems. In order
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to do so, a status on what is currently known about triage systems
was needed. Existing reviews are either not up to date [5,8,9], not
systematic [7], use narrow search strategy [6], use narrow exclu-
sion criteria [8] or do not include accuracy measures [7]. Further-
more, no review includes a systematic bias rating, specifically for
the results of triage systems [5-9]. Thus, an up-to-date systematic
review addressing these gaps is needed

Despite the fact that randomised controlled trials are ideal, they
are both ethically and practically unfeasible in disaster-like set-
tings. However, retrospective studies, simulation studies, computer
and tabletop exercise studies have provided alternative assessment
methods. Due to heterogeneity of study methods, we chose to con-
duct a series of systematic reviews in order to find comparable
results. In a future review we plan to investigate the accuracy of
pre-hospital triage systems in full scale live simulations. In this re-
view, the main objective is to determine the comparative accuracy
of pre-hospital triage systems for MCIs in registry studies.

Methods

A protocol was developed before starting this study and regis-
tered at PROSPERO, with registration ID: CRD42018115438 [10].

This review is reported according to the PRISMA-DTA guidelines
[11].

Our inclusion and exclusion criteria were as follows:

Population: We included trials that examines triage systems in
a trauma database/register (as we regard this type of patient as
the closest approximation to MCI casualties). We excluded trials if
the population was children, burn casualties or Chemical, Biologi-
cal and Nuclear (CBRN) casualties.

Intervention: Trials examining one or more primary triage sys-
tems for MCIs were included. Primary triage systems were defined
as triage systems designed to be applied by first responders at the
incident site. If the examined triage system was designed for chil-
dren, burn or CBRN casualties it was excluded.

Outcomes: To be included, trials had to provide results
as or convertible to sensitivity and specificity for critically
ill/injured (Red/immediate/P1/T1) vs not critically ill/injured (Yel-
low green/Urgent-minor/P2-P3/T2-T3) (see Table 1).

Reasoning for inclusion and exclusion criteria are provided in
the discussion.

We defined a M(I, as defined in the guideline from the WHO:

“For the purposes of these guidelines, a mass casualty incident
is defined as an event which generates more patients at one time
than locally available resources can manage using routine proce-
dures. It requires exceptional emergency arrangements and addi-
tional or extraordinary assistance.
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It can also be defined as any event resulting in a number of
victims large enough to disrupt the normal course of emergency
and health care services” [12].

A preliminary information retrieval was done to find relevant
Medical Subject Headings (MeSH). Next, a search strategy was de-
veloped from the discovered terms, with assistance from an infor-
mation specialist. We used EMBASE, MEDLINE, Central and Web of
Science. For EMBASE and MEDLINE we used OVID as interface. No
limitations to language, publishing year or publication status were
applied. The last search was performed March 9™, 2022. Search
strategies are provided in the online supplementary material. The
included trials’ reference lists were hand searched, and a citation
search via Scopus was performed. We searched for unpublished
literature through ClinicalTrials.gov and Google Scholar. Two au-
thors independently (CEM and KBB) screened all retrieved records
by title and abstract. In case of disagreement on which articles to
screen full-text for inclusion, the two authors reached consensus
by discussion. If consensus still could not be reached, a third au-
thor was consulted (AMM). Next the same two authors indepen-
dently screened full text articles for inclusion. Again, consensus
on which trials to include was reached by discussion and consult-
ing a third author if necessary. Included studies were eligible for
meta-analysis if they provided sufficient data for our calculations.
A triage system was included in the meta-analysis if it was exam-
ined 5 times or more.

Independently, two authors (CEM and KBB) used a standardised
and piloted extraction form to extract data. Disagreements were
solved in the same manner as described for the screening process.

The characteristics extracted were: Study ID, triage method, ori-
gin of database, did the database consist of civilians, military per-
sonnel or a mix, target group of the database, period of extraction,
validation of the database, age range, mean age, distribution of sex,
median injury severity score, survival proportions, other measures
of injury severity, database eligibility criteria, study eligibility cri-
teria, number of patients in the database, number of patients in-
cluded in the study, reference standard, total number of triage de-
cisions, how was triage performed, categories of the triage algo-
rithm evaluated, imputations, primary outcomes, secondary out-
comes, conflict of interests, and funding sources.

Risk of bias was rated based on the Quadas-2 tool [13]. Bias
were assessed by two authors (CEM and KBB), and disputes were
solved by discussion or consulting a third author. The QUADAS-
2 domains assessed were: patient selection, index test, reference
standard, and flow and timing. Applicability was not assessed for
index test (see discussion). The remaining domains recommended
by Quadas-2 were assessed for applicability. Selection of the re-
ported results were assessed according to ROBINS-I [14] as it is

Table 1
Nomenclature of Included Triage Systems.
START, MSTART, TS, MS, MMS, BCD Triage
Triage systems Clinical state SALT Naru Sieve, MTS Careflight RAMP MPTT, MPTT-24 Sieve
Nomen-clature for Immediate life-threatening Immediate Red Immediate Urgent Priority 1 (P1) T1
triage categories condition
Serious injuries, but no Delayed Yellow Urgent Delayed Priority 2 (P2) T2
immediate needs
Minor injuries such as Minimal Green Delayed NA Priority 3 (P3) T3
abrasions and smaller
lacerations
The patient is unlikely to Expectant NA NA NA NA NA
survive given the available
resources
Dead Dead Black/Dead Dead/ Dead Dead Dead

Unsalvageable

SALT = Sort, Assess, Lifesaving interventions, Treatment/Transport, START = Simple Triage and Rapid Treatment, MSTART = Modified Simple Triage and Rapid Treatment,
MPTT =Modified Physiological Triage Tool, MPTT-24 = Modified Physiological Triage Tool 24, MS = Military Sieve, MMS = Modified Military Sieve, TS = Triage Sieve,
MTS = Manchester Triage Sieve, RAMP= Rapid Assessment of Mentation and Pulse, BCD = Battlefield Casualty Drills.
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not included in QUADAS-2. Finally, we introduced a new category:
“Bias due to deviation from the intended triage category”.

Bias due to deviation from the intended triage category was as-
sessed with the following signalling questions:

1. Was every patient triaged exactly as the triage system sug-
gested?

2. Is it true that no parameters were imputed from another vital
sign?

3. If imputations were made, is it fair to assume that imputations
did not bias the results?

To determine whether 3 was high, low or unclear, we resorted
to peer reviewed literature about each imputation and by discus-
sion in the author group. If question 1 or both question 2 and 3
were answered with no, the domain would be rated with a high
risk of bias. If question 1 or 3 were answered with unclear the do-
main would be rated unclear. If question 1 and 3 were answered
with yes, the domain was rated with a low risk of bias.

Bias in patient selection included the question “did the study
avoid inappropriate exclusions?”, which we also used to assess bias
due to missing data as missing data lead to exclusions of patients
in all studies. We set a limit of <5% to get low risk of bias. If ap-
propriate analyses to correct for missing data were made, the risk
of bias was downgraded from high to unclear.

Furthermore, as we could not be certain that the assessment
criteria used would identify every possible type of bias, we in-
cluded additional observations under “other bias” if relevant. The
studies were graded as proposed by QUADAS-2 as either having a
low, unclear or high risk of bias. The rating of risk of bias for each
domain was done on an outcome specific level.

The rating of risk of bias on an overall study level was done
as suggested by QUADAS 2: If one or more domains were rated as
unclear or high risk of the bias the study is rated as “at risk of
bias”.

Outcomes

The principal summary measure was sensitivity and specificity.
Relevant studies that examined specificity and sensitivity looked at
the triage system’s ability to identify the critically ill and injured
and classify them correctly. The studies used the triage systems’
most urgent category (P1/immediate/red - from here on denoted
as P1) as the indicator for critical illness and injury and all lower
categories as the indicator for non-critical illness and injury. We
used the same definitions when conducting meta-analysis.

Meta-analysis

We conducted our meta-analysis with a direct comparison
model. We used the statistical software of RevMan 5.3 to create
a 2 x 2 table for each triage system. Furthermore, we used SAS
9.2 to conduct meta-analysis using the SAS package provided on
Cochrane’s website [15,16].

We assessed heterogeneity between studies using a visual ap-
proach (forest plots) and a clinical approach. The clinical hetero-
geneity assessment was conducted in discussion amongst three au-
thors (CEM, KBB and AMM) and a statistician. Higgins’ I statistic
was left out as it is not recommended for diagnostic test accuracy
reviews [17].

Using direct comparison we found the relative sensitivity, speci-
ficity and diagnostic odds ratio (DOR) for each triage system rep-
resented more than 5 times using a random effect model and hi-
erarchical summary receiver operating characteristic (HSROC) [18].
The HSROC model allows for measuring of significance level and is
usable in studies which may have a flawed reference standard [19].
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Direct comparison [20] and the random effect model [21] reduces
the impact of potential heterogeneity and bias.

There were several studies using data from the Trauma Au-
dit and Research Network (TARN) database in identical or sim-
ilar extraction periods. To ensure that the same data was only
used once, data from some studies was excluded from our meta-
analysis. Identical data for Military Sieve and MPTT from Vasallo
2017 1 and 3 was reused in Vasallo 2017 4, which lead to exclusion
of Vasallo 2017 4. Similarly, data from Vasallo 2019 were identical
to the data in Vasallo 2017 1, and results from Vasallo 2019 were
excluded.

Finally, data from Malik 2021 were extracted from the TARN
database from 2008 to 2017. Vasallo 2017 1 used data from the
TARN database from 2006 to 2014. Additionally, the study from
Malik and colleagues did not provide enough data for calculation
of 2 x 2 tables which is the basis for our meta-analysis. Therefore,
we chose to exclude data from Malik 2021.

The results of the above-mentioned studies are solely excluded
from meta-analysis and are still represented in results of individual
studies.

Results
Selected studies

7505 records matched our search criteria. After duplication re-
moval 5222 records were screened, from which 352 records were
full-text screened. 12 studies were eligible for inclusion (Fig. 1).
No further studies were found through citation search or in the
reference lists of the included studies. All included studies were
retrospective register studies. Four triage systems were eligible for
meta-analysis.

Nomenclature

The triage systems use widely different nomenclature to de-
note their categories. Table 1 shows a clarification of nomenclature
amongst the triage systems’ categories.

Study characteristics

A complete list of study characteristics is provided in the online
supplementary material.

Methods

The studies were methodologically similar regarding application
of the index test, reference standard, and choice of outcome mea-
sures (See online supplementary material). In other areas dissimi-
larities were observed:

For vital signs all studies that used triage systems which in-
cluded palpable radial pulse (PRP) used systolic blood pressure
(SBP) as imputation ranging from 80 to 110 mmHg. Unconscious-
ness was imputed from GCS <13 in all studies except one where it
was imputed from GCS <8 [23]. All studies but one [24]| assumed
all patients to be non-ambulant. The time window in which the
LSIs could occur varied from 1 to 12 hours. There were large de-
mographic differences, namely in age and sex, and whether the
register was military or civilian. Lastly, only two studies reported
how triage was performed. Both studies specified, that the triage
was conducted manually. However, the remaining 9 studies did not
specify how triage was performed.

Triage Systems (Index Test)

Over the course of the 12 studies 15 different triage systems
were examined. As seen in the online supplementary material we
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Identification of studies via databases and registers

)

- Records removed before screening:
£ Records identified from: Du{)hcate records removed
] _ (n=2283)
3] Databases (n = 7505) . T
=) . B > Records marked as ineligible by
= Registers (n = 0) : —
5 Other sources (n=0) automation tools (n = 0)
= Records removed for other
reasons (n = 0)
T A4
Records screened » | Records excluded
(n=5222) (n=4860)
A4
o0 Reports sought for retrieval Reports not retrieved
£ (n=362) (n=15)
g
; I
2]
Reports assessed for eligibility Reports ex Cl.udEd: (n= .345)
_ — | No quantitative evaluation
(n=357) A
(n=174)
Not primary triage method (n = 17)
Type of triage method not stated
(n=22)
Not registry stqdy (n=238)
Not trauma registry (n = 3)
- Wrong outcome measure (n = 9)
< Studies included in review CBRN/Pa_edlatrlc/Bum (n=5)
= (n=12 Letter (n = 24)
2 n=12) Review (n = 26)
_ Editorial (n = 22)
Abstract only (n =5)

Fig. 1. PRISMA flowchart of study selection process [22].

included Simple Triage and Rapid Treatment (START) nine times,
Triage Sieve (also referred to as MIMMS Triage sieve [25]) and
CareFlight seven times, Military Sieve six times, Modified Phys-
iological Triage Tool (MPTT) five times, Modified Military Sieve
and Modified Physiological Triage-24 (MPTT-24) three times, Mod-
ified START (MSTART - See reference for exact version [26]), Naru
Sieve two times. Lastly, Manchester Triage Sieve, Battlefield Com-
bat Drill Triage Sieve (BCD Triage Sieve), Sort, Assess, Lifesav-
ing interventions, Treatment/Transport (SALT) and Rapid Assess-
ment of Mentation and Pulse (RAMP) were each included one
time.

Databases

The data came primarily from official databases: the mili-
tary database “JTTR” (Joint Theatre Trauma Registry) and the civil
database “TARN” (UK Trauma Audit and Research Network). Addi-
tionally, data from relevant patient medical journals were used, e.g.
victims from incidents such as the 7t july bombings of London, or
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journals from patients that have been transported by ambulance or
admitted to an emergency room or ICU.

Reference Standard

All studies used similar reference standards, namely lists of LSIs.
A patient receiving one or more LSIs inside a predefined time
frame scored as a P1 and otherwise as non-P1. Garner and col-
leagues used a list of LSIs based on the work of Baxt and Upeniek
[27]. Later studies by Horne and colleagues, Vasallo and colleagues,
and Kahn and colleagues further modified the list by adding more
items and changing the time window.

Outcomes

The primary outcome in all the 12 studies was a comparison of
different accuracy measures in different triage systems. All stud-
ies compared the P1 group (the most urgent group) to the non-P1
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Table 2
Risk of Bias Within Studies.
Patient Reference Flow and Selection of Bias due to Other
Study ID Triage system selection Index test standard timing reported results imputations bias
Challen, 2013 [24] START, MTS, CareFlight High Unclear Unclear Low Unclear Unclear Low
Horne, 2013 [28] MS, TS High Unclear Unclear Low Unclear High Low
Vasallo, 2017 1 [29] MPTT, START, CareFlight, MS, High Unclear Unclear Low Unclear High Low
TS
Bhalla, 2015 [30] START, SALT Unclear Unclear Unclear Low Unclear Low Low
Garner, 2001 [26] TS, START, MSTART CareFlight Low Unclear Unclear Low Unclear High Low
Vasallo, 2014 [23] START, TS CareFlight, MS MMS High Unclear Unclear Low Unclear High Low
Vasallo 2017, 2 [31] START, CareFlight, TS, MS High Unclear Unclear Low Unclear High Low
MMS, MPTT
Vasallo 2017 3 [32] MPTT, MMS, MS, TS, START, High Unclear Unclear Low Unclear High Low
CareFlight
Vasallo 2017, 4 [33] MPTT, MPTT-24, MS High Unclear Unclear Low Unclear High Low
Kahn, 2009 [34] START High Low Unclear Low Unclear Low Unclear
Vasallo, 2019 [35] MPTT-24Naru Sieve High Unclear Unclear Low Unclear Unclear* Low
Malik, 2021 [25] BCD Triage Sieve, Care Flight, High Unclear Unclear Low Unclear High Low

MIMMS Triage Sieve, MPTT,
MPTT-24, MSTART, NARU
Triage Sieve, RAMP, START

SALT = Sort, Assess, Lifesaving interventions, Treatment/Transport, START = Simple Triage and Rapid Treatment, MSTART = Modified Simple Triage and Rapid Treatment,
MPTT =Modified Physiological Triage Tool, MPTT-24 = Modified Physiological Triage Tool 24, MS = Military Sieve, MMS = Modified Military Sieve, TS = Triage Sieve,
MTS = Manchester Triage Sieve, RAMP= Rapid Assessment of Mentation and Pulse, BCD = Battlefield Casualty Drills.

*No imputations were stated, but data was recorded from a trauma registry (TARN), where the same authors previously have used imputations (assumed to be non-
ambulant and palpable radial pulse were equivalent to a systolic blood pressure over 90 mmHg), and exactly the same specificity and sensitivity were reached in both

studies. Therefore, we must assume imputations were made, but not stated.

group. A few studies also compared the subgroups of the non-P1
group.

Conflicts of Interest and Funding

Although no authors declared conflicts of interest, the studies
by Vasallo and colleagues included triage systems they created,
which may cause conflict of interest. There was no reported fund-
ing that could have caused a conflict of interest.

Risk of bias

We assessed risk of bias using a combination of the Quadas 2
and Robins-I tools and by assessing the risk of bias due to impu-
tations. A summary of our findings are shown in Table 2. At an
overall level, all studies were at risk of bias. Most cases of unclear
risk of bias were due to a lack of reporting, or imputations which
were unclear whether they were based on fair assumptions or not.

Results of individual studies
Synthesis of results

Before conducting meta-analysis, we investigated the hetero-
geneity between studies to assess whether or not it was possible.
We assessed the heterogeneity through Forest Plots and clinical ap-
praisal. We created Forest Plots (See online supplementary mate-
rial) for the studies included in the meta-analysis. We found some
indication of heterogeneity as the studies sensitivity were scattered
on both sides of 0.5. The results for specificity were all between
0.8 and 1.0. Regarding the clinical assessment of heterogeneity, we
found that the index test and reference standard were conducted
with sufficient similarity. In contrast, we found that the popula-
tion had variation between studies, as some studies used a mili-
tary population and others used a civil trauma population. Taking
all this into consideration, we found that despite the demographic
differences, the studies were conducted in a consistent manner and
therefore were not too heterogeneous to do meta-analysis.

For each included triage system, we constructed a 2 x 2 ta-
ble as seen in Table 4. It was not possible to calculate 2 x 2 ta-
bles from the systems included in Malik 2021, as the study did not
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provide sufficient data. The direct comparison shows that, based
on relative sensitivity and diagnostic odds ratio (DOR), START and
CareFlight significantly outperforms Triage Sieve. It also shows that
Military Sieve has significantly better sensitivity than Triage Sieve,
START and CareFlight, but no significant difference in DOR was
found. In contrast, Triage Sieve had significantly better relative sen-
sitivity than the other three systems. CareFlight had significantly
better relative specificity than Military Sieve and significantly bet-
ter relative DOR than START. No system performed significantly
better in all aspects.

Table 5 shows a direct comparison between paired triage sys-
tems. The comparison only includes studies that used both paired
systems. For each pairing an average relative sensitivity, specificity
and DOR was calculated using HSROC. The significance threshold
was set as a two-sided 0.05.

Discussion
Summary of evidence

In summary, we did not find sufficient evidence without risk of
bias to conclude if one triage system had superior overall accuracy
compared to the other systems. However, Military Sieve was supe-
rior compared to START, Careflight and Triage Sieve with regards
to relative sensitivity. In contrast, Military Sieve did not show any
significant differences at specificity or DOR.

We found that Triage Sieve significantly underperforms in sen-
sitivity and DOR compared to START, CareFlight and MS (only sen-
sitivity for MS). In contrast, Triage Sieve had significantly higher
sensitivity compared to START, MS and CareFlight.

Finally, Careflight had significant higher specificity than Military
Sieve and significantly higher DOR than START.

The studies examined P1 vs. non-P1 patients. Sensitivity is
therefore an expression of the triage systems ability to find the
most critically ill patients, and intuitively has high impact on criti-
cal mortality. Low specificity equals high levels of overtriage. Over-
triage’s effect on critical mortality is more complex and has been
discussed back and forth in the literature arguing for both a small
and large effect on critical mortality [36,37]. However, the differ-
ence in specificity between triage systems (1-5 percentage points)
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Table 3

Results of individual studies: Sensitivity and Specificity.
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Study Triage System Triage decisions Sensitivity % (95% CI) Specificity % (95% CI)
Challen, 2013 START 124 100 75
Manchester Triage Sieve 127 100 75
Careflight 128 100 75
Horne, 2013 Military Triage Sieve 1213 58.5 89.2
Triage Sieve 1213 53.2 87.8
Bhalla, 2015 START 100 13.8 (3.9-31.7) 93 (84.3-97.7)
SALT 100 20.7 (8-39.7) 93 (84-97.7)
Garner, 2001 START 1144 85 (78-90) 86 (84-88)
MSTART 1144 84 (76-89) 91 (89-93)
Triage Sieve 1144 45 (37-54) 89 (87-91)
CareFlight 1144 82 (75-88) 96 (94-97)
Vasallo, 2014 START 335 51.8 (44.8-58.7) 89.7 (84.6-94.8)
Careflight 335 44.7 (37.8-51.6) 91.9 (87.3-96.5)
Triage Sieve 335 50.3 (43.3-57.2) 89.0 (83.7-94.2)
Military Sieve 335 63.3 (56.6-70.0) 82.4 (75.9-88.8)
Modified Military Sieve 335 68.3 (61.9-74.8) 79.4 (72.6-86.2)
Kahn, 2009 START 148 100 86
Vasallo, 2017 1 MPTT 127233 57.6 (56.9-58.2) 71.5 (71.2-71.8)
Military Sieve 127233 28.0 (27.5-28.6) 94.1 (93.9-94.2)
Triage Sieve 127233 12.9 (12.5-13.4) 96.7 (96.5-96.8)
START 127233 28.8 (28.2-29.4) 94.3 (94.2-94.4)
CareFlight 127233 23.6 (23.1-24.1) 95.9 (95.7-96.0)
Vasallo, 2017 2 START 357 57.5 (50.6-64.2) 86.7 (80.0-91.8)
CareFlight 357 56.1 (49.1-62.8) 88.8 (82.5-93.5)
Triage Sieve 357 46.7 (39.9-53.7) 88.1 (81.6-92.9)
Military Sieve 357 64.0 (57.2-70.4) 81.1 (73.7-87.2)
Modified Military Sieve 357 68.7 (62.0- 74.8) 74.8 (66.9-81.7)
MPTT 357 83.6 (78.0-88.3) 51.0 (42.6-59.5)
Vasallo 2017 3 START 3654 38.7 (36.5-41,1) 96.9 (96-97.6)
CareFlight 3654 33.5(31.3-35.8) 98.4 (97.7-98.9)
Triage Sieve 3654 24.8 (22.8-26.9) 94.7 (93.6-95.7)
Military Sieve 3654 43.8 (41.5-46.2) 93.6 (92.4-94.6)
Modified Military Sieve 3654 50.9 (48.6-53.3) 87.5 (85.9-88.9)
MPTT 3654 69.9 (67.7-72.0) 65.3 (63.2-67.5)
Vasallo, 2017 4,JTTRVasallo, 2017 4,TARN MPTT-24 3654 66.7 (64.5-68.9) 69.9 (67.8-71.9)
MPTT 3654 69.9 (67.7-72.0) 65.3 (63.2-67.4)
Military Sieve 3654 43.2 (40.9-45.6) 93.7 (92.5-94.7)
Vasallo, 2017 4, TARN MPTT-24 127233 53.5 (52.9-54.1) 74.8 (74.6-75.1)
MPTT 127233 57.8 (56.9-58.2) 71.5 (71.3-71.8)
Military Sieve 127233 28.0 (27.5-28.6) 94.1 (93.9-94.2)
Vasallo, 2019 MPTT-24 127233 53.5 (52.9-54.1) 74.8 (74.6-75.1)
Naru Sieve 127233 29.5 (28.9-30.1) 93.6 (93.4-93.7)
Malik 2021 16-64 years old
BCD Triage Sieve 95306 70.4% (69.7-71.1) 65.6% (65.3-66.0)
CareFlight 95306 43.3% (42.6-44.1) 92.8% (92.7-93.0)
MIMMS Triage Sieve 95306 41.8% (41.0-42.5) 93.4% (93.3-93.6)
MPTT 95306 49.9% (49.1-50.7) 59.1% (58.7-59.4)
MPTT-24 95306 47.9% (47.1-48.7) 62.9% (62.6-63.2)
MSTART 95306 57.2% (56.5-58.0) 89.0% (88.8-89.3)
NARU Triage Sieve 95306 44.9% (44.1-45.7) 88.4% (88.2-88.6)
RAMP 95306 39.4% (38.6-40.1) 93.3% (93.1-93.5)
START 95306 53.7% (52.9-54.5) 90.9% (90.7-91.1)
65 + years old
BCD Triage Sieve 100403 56.7% (55.5-57.9) 72.7% (72.4-73)
CareFlight 100403 33.5% (32.3-34.7) 93.4% (93.3-93.3)
MIMMS Triage Sieve 100403 34.7% (33.5-35.9) 92.8% (92.7-93.0)
MPTT 100403 45.4% (44.1-46.6) 66.4% (661.-66.7)
MPTT-24 100403 43.1% (41.9-44.3) 69.9% (69.6-70.2)
MSTART 100403 48.6% (47.4-49.9) 88.5% (88.3-88.7)
NARU Triage Sieve 100403 33.2% (32.1-34.4) 89.6% (89.4-89.8)
RAMP 100403 31.3% (30.1-32.4) 93.7% (93.5-93.9)
START 100403 45.9% (44.7-47.2) 89.9% (89.7-90.1)

SALT = Sort, Assess, Lifesaving interventions, Treatment/Transport, START = Simple Triage and Rapid Treatment, MSTART = Modified Simple Triage and Rapid Treat-
ment, MPTT =Modified Physiological Triage Tool, MPTT-24 = Modified Physiological Triage Tool 24, MS = Military Sieve, MMS = Modified Military Sieve, TS = Triage
Sieve, MTS = Manchester Triage Sieve, RAMP= Rapid Assessment of Mentation and Pulse, BCD = Battlefield Casualty Drills.

compared to the difference in sensitivity (16-23 percentage points),
makes specificity a less important factor when determining the
most accurate system. DOR can be expressed as the risk of being
triaged correctly relative to the risk of being triaged incorrectly,
and thus combines specificity and sensitivity. Therefore, the fact
that Triage Sieve is inferior with regard to both relative DOR and
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relative sensitivity suggests that Triage sieve has overall inferior ac-
curacy compared to START and CareFlight. Interestingly, of the ex-
amined systems Triage Sieve is the only system that does not in-
clude an assessment of the patient’s mental status. As Triage Sieve
is one of the most commonly adopted triage systems around the
world [38,39], these results may have an impact to the users of
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Table 4
2 x 2 Tables.
START CareFlight Military Sieve Triage Sieve MPTT Modified Military Sieve
N=8 N=6 N=5 N=7 N=3 N=3
True False True False True False True False True False True False
Positive 8411 6054 6992 4333 8445 6301 4413 3698 15.764 29.852 1242 283
Negative 99.565 19.065 101.073 20.453 19.332 98.714 102.224 23.728 74.510 11.118 1773 1048
Naru Sieve MPTT-24 MSTART SALT Manchester Triage Sieve
N=1 N=2 N=1 N=1 N=1
True False True False True False True False True
Positive 7314 17.477 14.242 22.192 113 91 6 5 1
Negative 95.864 6578 82.166 12.107 919 21 66 23 123

N=number of times the triage system was presented in the studies with unique data.
Data from Vasallo 2017 4 for MPTT and Military Sieve as well as data from Vasallo 2019 for MPTT 24 was left out as the exact data had already been used

Vasallo 2017 1.

Data from Malik 2021 has not been included as there were insufficient data to calculate 2 x 2 tables. Furthermore, there is a major overlap between data from

Malik and Vasallo 2017 1.

Military Sieve

CareFlight

START: 43.9%

Military Sieve: 49.4% P=0.01
START: 91.2%

Military Sieve: 91.8% P = 0.52
START: 8.11

Military Sieve: 10.85 P = 0.128
Compared in 4 studies

Table 5
Statistic Significance of Calculated Relative Sensitivity, Specificity and Diagnostic Odds Ratio.
Triage Sieve
START Relative sensitivity START: 57.8%
Triage Sieve: 34.8% P<0.0001
Relative specificity START: 93.6%
Triage Sieve: 96.1% P=0.047
Relative DOR START: 19.85
Triage Sieve: 13.23 P <0.0001
Number of studies Compared in 5 studies
with both systems
Triage Sieve Relative sensitivity

Relative specificity
Relative DOR

Number of studies
with both systems

Military Sieve Relative sensitivity
Relative specificity

Relative DOR

Number of studies
with both systems

Triage Sieve: 35.2%

Military Sieve: 51.9% P<0.0001
Triage Sieve: 94%

Military Sieve: 88.3% P = 0.0002
Triage Sieve: 8.55

Military Sieve: 8.11 P = 0.710
Compared in 5 studies

START: 55.8%

CareFlight: 51.5% P=0.067
START: 94.9%

CareFlight: 96.3% P = 0.093
START: 23.56

CareFlight: 27.79 P = 0.043
Compared in 6 studies

Triage Sieve: 34.7%
CareFlight: 53.9% P<0.0001
Triage Sieve: 96%

CareFlight: 95.3% P = 0.0006
Triage Sieve: 12.83
CareFlight: 23.72 P < 0.0001
Compared in 5 studies

Military Sieve: 49.5%
CareFlight: 38.7% P < 0.0001
Military Sieve: 91.3%
CareFlight: 93.3% P < 0.0001
Military Sieve: 10.31
CareFlight: 8.75 P = 0.342
Compared in 4 studies

DOR = Diagnostic Odds Ratio, START = Simple Triage And Rapid Treatment.

Triage Sieve. As mentioned, Military Sieve had significantly better
relative sensitivity, but as no significant differences were found in
relative DOR and relative specificity we cannot make a firm state-
ment that Military Sieve has overall superior accuracy. It is impor-
tant to note that many of the studies had moderate to high risk of
bias, and that there was heterogeneity among the study character-
istics and individual results especially regarding sensitivity, limiting
the strength of the evidence presented in this review.

Limitations of included studies

All studies had several issues both regarding validity and appli-
cability.

To assess the validity and applicability, we modified the
Quadas-2 bias rating tool, as it seemed like the best fit. We modi-
fied it by adding two extra elements and by removing some of the
signalling questions. The following section will discuss our modifi-
cations of the bias tools and bias rating for each element rated.

One of the biggest issues in the studies was missing data, which
affected patient selection. In all cases, missing data were due to in-
complete patient records, which led to exclusion of the patient. In
some studies, this meant that almost 50 % of the otherwise eligi-
ble patients were excluded. Such a large amount of missing data
may also affect patient selection. The amount of missing data was
equal for all index tests (triage systems) and though some stud-
ies included statistical corrections for the missing data, they had
missing data close to 50 %, making statistical corrections impos-
sible. This resulted in a high risk of bias in patient selection for
almost all studies.

Regarding applicability for patient selection, a few studies
[24,34] used patients from real MCIs and thus had low risk of
bias. However, for many of the eligible studies males were pre-
dominantly included, especially studies examining military popula-
tions. It seems unlikely that these demographics are corresponding
to that of a representative MCI. Furthermore, four of the studies
[23,24,28,34] did not report patient characteristics, making it un-
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clear if their populations were comparable to the other included
populations.

As for risk of bias due to the index test, there was only one
study [34] that was rated with a low risk of bias. They studied
the primary triage decisions from a real MCI, which ensured that
the people performing triage was blinded to the reference stan-
dard and only had access to the clinical information available in a
normal situation. The remaining studies did not specify details of
blinding or available clinical information.

The risk of bias due to the reference standard was rated as sug-
gested by Quadas-2 without any modifications. No studies reported
if the interpreters of the reference standard were blinded to re-
sults of the index test. Therefore, we rated the risk of bias as un-
clear. As for applicability, all studies used a list of LSIs as refer-
ence standard, though not identical. Every study but one [30] used
criteria based on the list of LSI by Baxt and Upeniek [27]. Gar-
ner and colleagues were the first to modify these criteria, which
were further modified by Horne and later Vasallo. The modifica-
tions consisted of adding new interventions or changing existing
criteria. Some of the added interventions, e.g. haemorrhage control,
increases the chances of finding more true positives. On the con-
trary, other added interventions such as correction of blood glu-
cose are at best irrelevant for MCIs and may even increase the
number of false positives. The lists of LSIs all contained a time
frame within which the interventions had to be performed. The
time frame helped excluding irrelevant interventions and improved
the differentiating between P1 and P2. The time frames applied
varied from 1 hour to 12 hours from admission to the hospi-
tal or emergency department. If the time frame is too short it
may lead to undertriage of the P1s, whereas too long timeframes
may cause overtriage. Consensus in a Delphi process has been
achieved for both a time frame of 1 hour [40] and of 2 hours [28];
however, no studies have shown which time frame is the most
accurate.

Using a list of LSIs as a reference standard may be flawed as
the decision to perform a LSI conceivably is clinician-dependant or
influenced by patient flow [28]. One alternative reference standard
is the Injury Severity Score (ISS), however this too has been shown
not to be completely accurate [27]. We chose LSI as reference stan-
dard as we regard it more closely related to patient outcome than
the ISS.

We also included an assessment of risk of bias due to selection
in the reported results, which were rated unclear in all studies as
no studies reported of an accessible protocol.

Finally, we rated the risk of bias caused by imputations. It is
unclear how the imputations affect the results. Several thresholds
for systolic blood pressure were used as a surrogate for palpable
pulse, indicating that there is no consensus on which value is most
representative. Different values of systolic blood pressure has been
shown to impact the diagnostic value of the triage system [41].
Furthermore, many of the studies assumed all patients to be non-
ambulant. This may artificially increase the accuracy, as some of
the triage systems start by categorising all ambulant patients as P3.
An example of this is the patient with internal bleeding that still
are able to walk around. This patient would have been misclassi-
fied in a real incident, as the vital signs that would have revealed
the critical state were never examined.

Many of the studies used GCS < 13 to represent unconscious-
ness. It is debatable whether this is the best value to use as un-
consciousness may be defined as GCS < 8 [42].

Another aspect that may decrease validity in these studies is
that none of the registries were validated. Therefore, the quality of
the databases and the registered vital signs is unclear, which ob-
scures the true accuracy of the implicated triage systems. The fact
that most of the studies suffered severely from incomplete data
sets suggests that the quality of the databases is low.
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Limitations of our review

There are some limitations to our review. We used sensitivity
and specificity as the accuracy measures in this study. A limitation
of these measures is that they cannot account for the triage sys-
tems’ ability to save resources. Sensitivity and specificity for P1 vs.
non-P1 does not differentiate between P2, P3 and P4 patients, and
thus cannot reflect the level of appropriate triage of these cate-
gories. To exemplify, Kahn and colleagues reported overall accuracy
for all categories to be 45%, whereas sensitivity and specificity (P1
vs. non-P1) were respectively 100% and 86%. Nonetheless, the ad-
vantage of using P1 vs non-P1 is that the outcome expresses the
ability to differentiate between the most critically ill patients com-
pared to non-critical.

In the present study, we examined registries for trauma patients
to represent patients of MCIs. However, in smaller incidents where
resources are unlimited, all patients are treated immediately and
without restrictions. In contrast, at a MCI, patients deemed less ur-
gent and expectant must wait until resources are available again.
Nevertheless, patients from trauma registries are arguably the clos-
est approximation, as we believe that the patients in MCI are more
similar to trauma patients than internal medicine patients [43].

Furthermore, triage systems for a population of children, burn
casualties or CBRN victims have not been examined in this study,
as different pathophysiology applies for these types of patients
[44,45]. Triage systems designed for children are very similar to
those for adults, but have thresholds adapted to their physiology.

Finally, we chose to report according to PRISMA-DTA as this
seemed to be the best fit, though there are some limitations as
no current guidance is adapted to register studies.

The strengths of our review are a stringent methodology and a
broad search strategy in order to include as many studies as possi-
ble. Furthermore, we are the first to make a systematic bias rating
focused on the testing of triage systems. Finally, we are the first to
conduct a meta-analysis of the accuracy of triage systems.

Conclusion and future directions

We set out to find which triage system for MCIs has the high-
est accuracy in register studies. Of the systems eligible for meta-
analysis, no systems significantly outperformed all other systems
in every aspect. The included studies were at risk of bias and
had to some extend heterogenous study characteristics and results,
making definitive conclusions impossible. Nonetheless, our results
point towards inferior accuracy of Triage Sieve compared to START
and CareFlight, and less firmly point towards superior accuracy of
Military Sieve compared to START, CareFlight and Triage Sieve.

Interestingly, of the examined systems Triage Sieve is the only
system that does not include an assessment of the patient’s mental
status.

Consequently, our study indicates that emergency medical ser-
vices should reconsider their choice of Triage Sieve to be their
standard prehospital triage system, while also keeping in mind the
risk of bias and heterogeneity in the included studies. The evidence
presented here is not strong enough to conclude which triage sys-
tem has the highest accuracy.

Declaration of Competing Interest
None.
Acknowledgments
We thank Liva Christensen, MD, Department of Anaesthesia,

Zealand University Hospital Koege for assisting the initial article
screening. We would also like to thank Janne Vendt, Information



C.E. Marcussen, K.B. Briuner, H. Alstrem et al.

Specialist, Department of Anaesthesiology, Copenhagen University
Hospital, Herlev and Gentofte for helping us with the creation of
our search strategy. We would also like to thank C. Christensen, T.
Quay and E. Jarnholt for language corrections and grammatical as-
sistance. Lastly, we thank Tobias Wirenfeldt Klausen for impeccable
support regarding all statistical analysis.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.injury.2022.05.006.

References

[1] 4th Meizoso JP, Ray JJ, Karcutskie CA, Allen CJ, Zakrison TL, Pust GD, et al.
Effect of time to operation on mortality for hypotensive patients with gun-
shot wounds to the torso: The golden 10 minutes. ] Trauma Acute Care Surg
2016;81:685-91. doi:10.1097/TA.0000000000001198.

Barbosa RR, Rowell SE, Fox EE, Holcomb ]B, Bulger EM, Phelan HA, et al. In-

creasing time to operation is associated with decreased survival in patients

with a positive FAST examination requiring emergent laparotomy. ] Trauma

Acute Care Surg 2013;75:548-52. doi:10.1097/TA.0b013e31828fa54e.

Alarhayem AQ, Myers ]G, Dent D, Liao L, Muir M, Mueller D, et al. Time is

the enemy: Mortality in trauma patients with hemorrhage from torso injury

occurs long before the “golden hour. Am | Surg 2016;212:1101-5. doi:10.1016/
j.amjsurg.2016.08.018.

[4] Rogers FB, Rittenhouse K], Gross BW. The golden hour in trauma: Dogma or

medical folklore? Injury 2015;46:525-7. doi:10.1016/j.injury.2014.08.043.

[5] Timbie JW, Ringel ]S, Fox DS, Pillemer F, Waxman DA, Moore M, et al. System-

atic review of strategies to manage and allocate scarce resources during mass

casualty events. Ann Emerg Med 2013;61:677-89. doi:10.1016/j.annemergmed.

2013.02.005.

Kilner TM, Brace S], Cooke MW, Stallard N, Bleetman A, Perkins GD. In “big

bang” major incidents do triage tools accurately predict clinical priority?: A

systematic review of the literature. Injury 2011;42:460-8. doi:10.1016/j.injury.

2010.11.005.

Streckbein S, Kohlmann T, Luxen ], Birkholz T, Pruckner S. Sichtungskonzepte

bei Massenanfallen von Verletzten und Erkrankten : Ein Uberblick 30 Jahre

nach START. Unfallchirurg 2016;119:620-31. doi:10.1007/s00113-014-2717-x.

[8] Lidal IB, Holte HH, Vist GE. Triage systems for pre-hospital emergency medical
services - a systematic review. Scand J Trauma Resusc Emerg Med 2013;21:1-
6. doi:10.1186/1757-7241-21-28.

[9] Wang L, Li ], Li Y-P, Xu L. Mass casualty triage: A systematic review. Chinese ]
Evidence-Based Med 2008;8:469-76.

[10] https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=115438 n.d.

[11] Mclnnes M, Moher D, Thombs B, McGrath T, Bossuyt P, Group P-DTA. Preferred
reporting items for a systematic review and meta-analysis of diagnostic test
accuracy studies: The prisma-dta statement. JAMA 2018;319:388-96.

[12] WHO. Mass casualty management systems trategies and guidelines. WHO
Press 2007. http://www.who.int/hac/techguidance/preparedness/en/index.html.

[13] Whiting PF, Rutjes AWS, Westwood ME, Mallett S, Deeks ]J, Reitsma ]B,
et al. QUADAS-2: a revised tool for the quality assessment of diag-
nostic accuracy studies. Ann Intern Med 2011;155:529-36. doi:10.7326/
0003-4819-155-8-201110180-00009.

[14] Sterne JAC, Herndn MA, Reeves BC, Savovi¢ ], Berkman ND, Viswanathan M,
et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of
interventions. BM] 2016;355:i4919. doi:10.1136/bmj.i4919.

[15] Newton H]J, Baum CF, Beck N, Cameron a C, Epstein D, Hardin J, et al. The Stata
Journal. Stata J. The Stata Journal 2010;10:288-308.

[16] Takwoingi Y, Deeks J. METADAS: A SAS macro for meta-analysis of diag-

nostic accuracy studies. Quick reference and worked example 2010;1(3)

https://MethodsCochraneOrg/Sites/MethodsCochraneOrgSdt/Files/Public/

Uploads/MetaDAS%20Quick%20Reference%20v13%20May%202012PdfVersion.

Lee J, Kim KW, Choi SH, Huh ], Park SH. Systematic Review and Meta-Analysis

of Studies Evaluating Diagnostic Test Accuracy: A Practical Review for Clini-

cal Researchers-Part II. Statistical Methods of Meta-Analysis. Korean ] Radiol
2015;16:1188-96. doi:10.3348/kjr.2015.16.6.1188.

Macaskill P.,, Gatsonis C., Deeks ].J., Harbord RM.T.Y. Chapter 10: Analysing and

Presenting Results. In: Deeks J], Bossuyt PM GC, editor. Cochrane Handb. Syst.

Rev. Diagnostic Test Accuracy. first edit, The Cochrane Collaboration, 2010.

[19] Schiller I, Dendukuri N. HSROC: An R package for Bayesian meta-analysis of
diagnostic test accuracy; 2013. p. 1-27.

[20] Benish SG, Quintana S, Wampold BE. Culturally adapted psychotherapy and
the legitimacy of myth: A direct-comparison meta-analysis. ] Couns Psychol
2011;58:279-89. doi:10.1037/a0023626.

[2

[3

[6

[7

[17]

(18]

2733

Injury 53 (2022) 2725-2733

[21] Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. A basic introduction to
fixed-effect and random-effects models for meta-analysis. Res Synth Methods
2010;1:97-111. doi:10.1002/jrsm.12.

[22] Page M], McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BM] 2021;372:n71. doi:10.1136/bmj.n71.

[23] Vassallo ], Horne S, Ball S, Whitley ], S-L-J V, L-C-S H, et al. UK Triage the
validation of a new tool to counter an evolving threat. Injury 2014;45:2071-5.
doi:10.1016/j.injury.2014.08.053.

[24] Challen K, Walter D, K C, Challen K, Walter D, K C. Major incident triage: Com-

parative validation using data from 7th July bombings. Injury 2013;44:629-33.

doi:10.1016/j.injury.2012.06.026.

Malik NS, Chernbumroong S, Xu Y, Vassallo ], Lee ], Bowley DM, et al. The BCD

Triage Sieve outperforms all existing major incident triage tools: Comparative

analysis using the UK national trauma registry population. EClinicalMedicine

2021;36:100888. doi:10.1016/j.eclinm.2021.100888.

Garner A, Lee A, Harrison K, Schultz CH. Comparative analysis of multiple-

casualty incident triage algorithms. Ann Emerg Med 2001;38:541-8. doi:10.

1067/mem.2001.119053.

Baxt WG, Upenieks V. The lack of full correlation between the injury sever-

ity score and the resource needs of injured patients. Ann Emerg Med

1990;19:1396-400. doi:10.1016/S0196-0644(05)82606-X.

[28] Horne S, Vassallo ], Read ], Ball S. UK triage-an improved tool for an evolving
threat. Injury 2013;44:23-8. doi:10.1016/j.injury.2011.10.005.

[29] Vassallo ], Smith ], Bouamra O, Lecky F, Wallis LA. The civilian validation of

the Modified Physiological Triage Tool (MPTT): An evidence-based approach

to primary major incident triage. Emerg Med ] 2017;34:810-15. doi:10.1136/
emermed-2017-206647.

Bhalla MC, Frey ], Rider C, Nord M, Hegerhorst M. Evaluation of Simple

Triage Algorithm and Rapid Treatment and Sort, Assess, Lifesaving, Interven-

tions, Treatment, and Transportation mass casualty triage methods for sen-

sitivity, specificity, and predictive values. Am ] Emerg Med 2015;33:1687-91.
doi:10.1016/j.ajem.2015.08.021.

Vassallo ], Horne S, Smith JE, Wallis LA. The prospective validation of the

Modified Physiological Triage Tool (MPTT): an evidence-based approach to

major incident triage. ] R Army Med Corps 2017;163:383-7. doi:10.1136/

jramc-2017-000771.

[32] Vassallo ], Beavis ], Smith JE, Wallis LA. Major incident triage: Derivation and
comparative analysis of the Modified Physiological Triage Tool (MPTT). Injury
2017;48:992-9. doi:10.1016/j.injury.2017.01.038.

[33] Vassallo J, Smith ]J. 2 Major incident triage and the implementation of a
new triage tool, the MPTT-24. Emerg Med ] 2017;34:A860-1. doi:10.1136/
EMERMED-2017-207308.2.

[34] Kahn CA, Schultz CH, Miller KT, Anderson CL. Does START Triage Work?
An Outcomes Assessment After a Disaster. Ann Emerg Med 2009;54:424-30.
doi:10.1016/j.annemergmed.2008.12.035.

[35] Vassallo ], Smith J. Major incident triage and the evaluation of the Triage
Sort as a secondary triage method. Emerg Med ] 2019;15:15. doi:10.1136/
emermed-2018-207986.

[36] Armstrong JH, Hammond ], Hirshberg A, Frykberg ER. Is overtriage associated
with increased mortality?. The evidence says “yes Disaster Med Public Health
Prep 2008;2:4-6. doi:10.1097/DMP.0b013e31816476¢0.

[37] Hupert N, Hollingsworth E, Xiong W. Is overtriage associated with in-
creased mortality? Insights from a simulation model of mass casualty
trauma care. Disaster Med Public Health Prep 2007;1:514-24. doi:10.1097/
DMP.0b013e31814cfa54.

[38] Robertson-Steel IRS. Evolution of triage systems. Emerg Med ] 2006;23:154-5.
doi:10.1136/em;.2005.030270.

[39] Koenig KL, Koenig Schultz CH. Schultz’s Disaster Medicine: Comprehensive
Principles and Practices. Cambridge: Cambridge University Press; 2016.

[40] Vassallo J, Smith JE, Bruijns SR, Wallis LA. Major incident triage: A consensus
based definition of the essential life-saving interventions during the definitive
care phase of a major incident. Injury 2016;47:1898-902. doi:10.1016/j.injury.
2016.06.022.

[41] Neidel T, Salvador N, Heller AR. Impact of systolic blood pressure limits on
the diagnostic value of triage algorithms. Scand ] Trauma Resusc Emerg Med
2017;23:118. doi:10.1186/s13049-017-0461-2.

[42] Cooksley T, Rose S, Holland M. A systematic approach to the unconscious pa-
tient. Clin Med 2018;18:88-92. doi:10.7861/clinmedicine.18-1-88.

[43] Frykberg ER. Tepas JJ 3rd. Terrorist bombings. Lessons learned from Belfast to
Beirut. Ann Surg 1988;208:569-76.

[44] Kissoon N, Dreyer ], Walia M. Pediatric trauma: differences in pathophys-
iology, injury patterns and treatment compared with adult trauma. CMAJ
1990;142:27-34.

[45] Neal DJ, Barbera JA, Harrald JR. Prehospital Mass-Casualty Triage: A Strat-
egy for Addressing Unusual Injury Mechanisms. Sci Med 2019;29. doi:10.1017/
$1049023X00008086.

[25]

[26]

[27]

[30]

(31]


https://doi.org/10.1016/j.injury.2022.05.006
https://doi.org/10.1097/TA.0000000000001198
https://doi.org/10.1097/TA.0b013e31828fa54e
https://doi.org/10.1016/j.amjsurg.2016.08.018
https://doi.org/10.1016/j.injury.2014.08.043
https://doi.org/10.1016/j.annemergmed.2013.02.005
https://doi.org/10.1016/j.injury.2010.11.005
https://doi.org/10.1007/s00113-014-2717-x
https://doi.org/10.1186/1757-7241-21-28
http://refhub.elsevier.com/S0020-1383(22)00338-2/sbref0009
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=115438
http://refhub.elsevier.com/S0020-1383(22)00338-2/sbref0011
http://www.who.int/hac/techguidance/preparedness/en/index.html
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://doi.org/10.1136/bmj.i4919
http://refhub.elsevier.com/S0020-1383(22)00338-2/sbref0015
https://www.MethodsCochraneOrg/Sites/MethodsCochraneOrgSdt/Files/Public/Uploads/MetaDAS%20Quick%20Reference%20v13%20May%202012PdfVersion
https://doi.org/10.3348/kjr.2015.16.6.1188
http://refhub.elsevier.com/S0020-1383(22)00338-2/sbref0019
https://doi.org/10.1037/a0023626
https://doi.org/10.1002/jrsm.12
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.injury.2014.08.053
https://doi.org/10.1016/j.injury.2012.06.026
https://doi.org/10.1016/j.eclinm.2021.100888
https://doi.org/10.1067/mem.2001.119053
https://doi.org/10.1016/S0196-0644(05)82606-X
https://doi.org/10.1016/j.injury.2011.10.005
https://doi.org/10.1136/emermed-2017-206647
https://doi.org/10.1016/j.ajem.2015.08.021
https://doi.org/10.1136/jramc-2017-000771
https://doi.org/10.1016/j.injury.2017.01.038
https://doi.org/10.1136/EMERMED-2017-207308.2
https://doi.org/10.1016/j.annemergmed.2008.12.035
https://doi.org/10.1136/emermed-2018-207986
https://doi.org/10.1097/DMP.0b013e31816476c0
https://doi.org/10.1097/DMP.0b013e31814cfa54
https://doi.org/10.1136/emj.2005.030270
http://refhub.elsevier.com/S0020-1383(22)00338-2/sbref0039
https://doi.org/10.1016/j.injury.2016.06.022
https://doi.org/10.1186/s13049-017-0461-2
https://doi.org/10.7861/clinmedicine.18-1-88
http://refhub.elsevier.com/S0020-1383(22)00338-2/sbref0043
http://refhub.elsevier.com/S0020-1383(22)00338-2/sbref0044
https://doi.org/10.1017/S1049023X00008086

	Accuracy of prehospital triage systems for mass casualty incidents in trauma register studies - A systematic review and meta-analysis of diagnostic test accuracy studies
	Introduction
	Methods
	Outcomes
	Meta-analysis

	Results
	Selected studies
	Nomenclature

	Study characteristics
	Methods
	Triage Systems (Index Test)
	Databases
	Reference Standard
	Outcomes
	Conflicts of Interest and Funding

	Risk of bias
	Results of individual studies
	Synthesis of results

	Discussion
	Summary of evidence
	Limitations of included studies

	Limitations of our review
	Conclusion and future directions
	Declaration of Competing Interest
	Acknowledgments
	Supplementary materials
	References


