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Abstract
Objective Triage is the process of identifying patients with both the greatest clinical need and the greatest likelihood of 
benefit in the setting of limited clinical resources. The primary objective of this study was to assess the ability of formal 
mass casualty incident triage tools to identify patients requiring urgent lifesaving interventions.
Methods Data from the Alberta Trauma Registry (ATR) was used to assess seven triage tools: START, JumpSTART, SALT, 
RAMP, MPTT, BCD and MITT. Clinical data captured in the ATR was used to determine which triage category each of 
the seven tools would have applied to each patient. These categorizations were compared to a reference standard definition 
based on the patients’ need for specific urgent lifesaving interventions.
Results Of the 9448 records that were captured 8652 were included in our analysis. The most sensitive triage tool was MPTT, 
which demonstrated a sensitivity of 0.76 (0.75, 0.78). Four of the seven triage tools evaluated had sensitivities below 0.45. 
JumpSTART had the lowest sensitivity and the highest under-triage rate for pediatric patients. All the triage tools evaluated 
had a moderate to high positive predictive value (> 0.67) for patients who had experienced penetrating trauma.
Conclusions There was a wide range in the sensitivity of triage tools to identify patients requiring urgent lifesaving inter-
ventions. MPTT, BCD and MITT were the most sensitive triage tools assessed. All of the triage tools assessed should be 
employed with caution during mass casualty incidents as they may fail to identify a large proportion of patients requiring 
urgent lifesaving interventions.
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Abstrait
Objectifs Le triage est le processus qui consiste à identifier les patients qui ont à la fois les besoins cliniques les plus impor-
tants et les avantages les plus probables dans le contexte de ressources cliniques limitées. Le principal objectif de cette étude 
était d’évaluer la capacité des outils formels de triage des incidents impliquant des blessés de masse à identifier les patients 
nécessitant des interventions urgentes de sauvetage.
Méthodes Les données du Alberta Trauma Registry (ATR) ont été utilisées pour évaluer sept outils de triage : START, 
JumpSTART, SALT, RAMP, MPTT, BCD et MITT.  Les données cliniques saisies dans l’AR ont servi à déterminer la caté-
gorie de triage que chacun des sept outils aurait appliquée à chaque patient. Ces catégories ont été comparées à une définition 
standard de référence fondée sur le besoin des patients d’interventions de sauvetage urgentes.
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Résultats Sur les 9448 enregistrements saisis, 8652 ont été inclus dans notre analyse. L’outil de triage le plus sensible était le 
TPMD, qui présentait une sensibilité de 0,76 (0,75, 0,78). Quatre des sept outils de triage évalués présentaient une sensibilité 
inférieure à 0,45. JumpSTART avait la sensibilité la plus faible et le taux de sous-triage le plus élevé chez les patients pédi-
atriques. Tous les outils de triage évalués avaient une valeur prédictive positive modérée à élevée (>0,67) pour les patients 
qui avaient subi un traumatisme pénétrant.
Conclusion La sensibilité des outils de triage pour identifier les patients nécessitant des interventions de sauvetage urgentes 
variait grandement. Les outils de triage les plus sensibles ont été le TCPR, le BCD et le MITT. Tous les outils de triage 
évalués doivent être utilisés avec prudence lors d’incidents impliquant des pertes massives, car ils peuvent ne pas identifier 
une grande proportion de patients nécessitant des interventions de sauvetage urgentes.

Mots clés Triage · Préhospitalier · Médecine des catastrophes · Pertes massives

Clinician’s capsule 

What is known about the topic?
Many formal MCI triage tools exist, however there is 
little data available about how well these tools iden-
tify patients requiring lifesaving interventions.

What did this study ask?
Seven triage tools were assessed for their ability to 
identify patients requiring lifesaving interventions 
using data from a Canadian provincial trauma regis-
try.

What did this study find?
All triage tools studied had limited effectiveness, 
with the highest-performing tool reporting a sensitiv-
ity of 0.76.

Why does this study matter to clinicians?
Many patients requiring urgent lifesaving interven-
tions will not be identified by MCI triage tools cur-
rently in use.

Introduction

Triage is the process of efficiently assessing patients to 
identify those who are most likely to benefit from receiving 
limited clinical resources. Since the 1980s, the process of tri-
age during mass casualty incidents (MCIs) has been codified 
into many formal triage tools [1–7].

Triage tools are structured as an algorithm to efficiently 
classify patients into one of a small number of clinical cat-
egories. These categories are intended to identify patients 
who are most likely to benefit from urgent lifesaving inter-
ventions (identified as Red, Immediate or Priority 1) and 
differentiate them from those who are critically ill but more 
likely to die even if responders intervene (Black, Grey or 

Expectant) and those who do not require urgent interven-
tions to prevent loss of life (Yellow, Green, Delayed or Pri-
ority 2/3).

Clinicians and first responders are often mandated to 
use one of these formal triage tools when responding to an 
MCI. Although triage tools are widely employed, however, 
there is a surprising lack of knowledge about how these 
tools perform. Many triage tools were developed without 
any assessment of their performance by their creators [1-
4, 7]. Recent research in the United Kingdom (UK) has 
demonstrated that many triage tools have poor sensitivity in 
identifying Immediate patients [8, 9]. This study used data 
from a Canadian trauma registry to assess the performance 
of seven triage tools in identifying patients requiring lifesav-
ing interventions.

Methods

Study design

We performed a health records review to assess the accu-
racy of seven triage tools in identifying Immediate patients 
using the Alberta Trauma Registry (ATR). The ATR is a 
web-based trauma registry that captures the prehospital and 
in-hospital clinical records of eligible trauma patients pre-
senting to one of the province’s ten trauma centres [10]. 
In order to qualify for enrollment in the registry, patients 
must have an Injury Severity Score (ISS) of 12 or more 
and either be admitted to a trauma centre or be pronounced 
dead in the ED of a trauma centre. All patients admitted to 
a trauma centre with penetrating trauma are also enrolled in 
the registry [10]. The ATR is maintained by Alberta Health 
Services (AHS). Staff at each of Alberta’s trauma centres 
upload clinical information to the database on a daily basis. 
AHS staff provided clinical data from the ATR to the study 
authors in an Excel file [11]. The performance of the triage 
tools was assessed by comparing the classifications made 
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by each tool against reference standard definitions of triage 
categorizations [12].

This study design followed the Recommendations for 
Reporting the Results of Studies of Instruments and Scale 
Development and Testing [13]. This study was approved by 
the Research and Ethics Board at the University of Alberta 
(Pro00114532).

Population

Records were retrieved from the ATR for all patients 
enrolled in the registry between 1 January 2015 and 31 
December 2019. Records were excluded if either the tri-
age tool or reference standard categorizations could not be 
determined due to missing clinical data. Records that did 
not have the patient’s age documented were retained in the 
analysis involving the entire sample but excluded from any 
age-stratified analyses. Individuals 18 years of age and less 
were classified as pediatric, and those older than 65 years of 
age were classified as geriatric.

Triage tools

Clinical data from the ATR were used to determine the tri-
age category that each patient would have been assigned 
under seven triage tools: START [1], JumpSTART [2], 
SALT [3], RAMP [4], MPTT [5], BCD [6] and MITT [7]. 
Each triage tool’s criterion was matched with the earliest and 
most-appropriate clinical variable documented in the ATR 
for each patient (either in the prehospital environment, in the 
ED of a referring hospital or in the ED of the trauma centre).

The following assumptions were made in the application 
of the triage tools. Due to meeting the eligibility criteria 
for inclusion in the ATR, all patients were assumed to be 
non-ambulatory. Patients with a systolic blood pressure of 
less than 90 mmHg were assumed to not have a palpable 
peripheral pulse and/or have a capillary refill time of more 
than 2 s, which is an accepted convention in trauma literature 
[8, 9, 14]. A sensitivity analysis assessing the impact of this 
assumption was completed (Supplementary Data Fig. 1). 
Patients with a Glasgow Coma Score (GCS)-motor of ≤ 5 
were assumed to not obey commands, and patients with a 
GCS-motor of ≤ 3 were assumed to be posturing. Patients 
with GCS-eyes < 3, GCS-verbal < 5 and GCS-motor < 6 were 
assumed to not be responsive to voice. Patients who received 
interventions aimed at airway protection or supporting ven-
tilation (including oral intubation, oral airway placement, 
nasal airway placement or bag valve mask utilization) were 
considered to be having “respiratory distress” and requiring 
airway repositioning.

Performance measures

The predetermined primary outcome was the sensitivity 
of each triage tool to assign an Immediate (or equivalent) 
categorization to patients that met the reference standard 
definition of an Immediate patient. Specificity, positive pre-
dictive value (PPV) and negative predictive value (NPV) 
were calculated as secondary outcomes.

As the reference standard, we employed the consensus-
based definitions of triage categorizations developed by 
Lerner et al. [9]. Their definition of an Immediate patient is 
based on the presence of uncontrolled hemorrhage on pres-
entation to an ED or the need for specific lifesaving inter-
ventions within the ED. These definitions were translated 
into criteria utilizing the clinical data available in the ATR 
(Supplementary Data Table 1).

Data analysis

Excel functions were applied to determine each patient’s 
categorization for each triage tool and the reference standard 
using the earliest recorded prehospital or ED clinical data. 
Statistical analysis was completed using R version 3.6.3 
[15]. Corresponding CIs were calculated using Wilson's 
score method with a continuity correction.

Results

In total, 9448 records were retrieved. 796 (8.4%) had incom-
plete clinical data and were excluded leaving 8652 records in 
the full analytic sample. Patient characteristics are reported 
in Table 1. Males comprised 71.1% (n = 6149) of the sam-
ple. Pediatric patients made up 733 (9.0%) of the records 
and 2419 (29.0%) records were of geriatric patients. Blunt 
trauma was experienced by 92.3% (n = 7989) of patients. 
The median ISS was 18 (Q1 = 16, Q3 = 25). The in-hospi-
tal mortality rate was 9.3% (n = 801). Using the reference 
standard definitions, 2528 (29.2%) patients were classified 
as Immediate.

The most common reasons for patients to be classified 
as Immediate under the reference standard were advanced 
airway protection (61.1%) and chest tube placement (38.3%) 
(Table 2). Blood product administration was performed in 
only 417 (16.5%) of Immediate patients. A total of 258 
(10.2%) Immediate patients received both advanced airway 
protection and surgery.

There was a wide range in the performance of the tri-
age tools in identifying Immediate patients (Table  3). 
BCD and MITT performed identically across all perfor-
mance measures. The most sensitive triage tools were 
MPTT with a sensitivity (95% CI) of 0.76 (0.75, 0.78) 
and BCD and MITT with a sensitivity of 0.70 (0.68, 0.71). 
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The remainder of the triage tools had sensitivities below 
0.45. JumpSTART had the lowest sensitivity at 0.31 (0.30, 
0.33). MPTT had the lowest PPV at 0.41 (0.39, 0.42). The 
tools all had similar NPVs (ranging from 0.76 to 0.85).

Performance measures for the triage tools stratified by 
age and mechanism of injury are shown in Fig. 1. All tools 
had a higher sensitivity in identifying pediatric patients 
and a lower sensitivity in identifying geriatric patients as 
compared to adult patients. JumpSTART had the lowest 
sensitivity for identifying pediatric patients, with a sen-
sitivity of only 0.36 (0.30, 0.43). MPTT, BCD and MITT 
had higher sensitivities for penetrating trauma and burns, 
but the other four tools were the most sensitive in blunt 
trauma. All tools had a moderate to high PPV (greater than 
0.67) for penetrating trauma.

Table 4 shows the distribution of classifications by each 
tool for every reference standard triage category. MPTT 
had the lowest rate of under-triage at 10.1% (9.5%, 10.8%), 
and BCD and MITT had the second-lowest rate of under-
triage at 12.1% (11.4%, 12.8%). JumpSTART had the 
highest under-triage rate at 21.6% (20.7%, 22.5%). Jump-
START and RAMP had the lowest rates of over-triage at 
7.0% (6.5%, 7.6%) and 7.8% (7.2%, 8.3%), respectively. 
MPTT had the highest rate of over-triage at 30.5% (29.5%, 
31.5%). A comparison of the Immediate patients who were 
appropriately triaged and under-triaged is provided in the 
Supplementary Data (Table 2).

Discussion

Interpretation of findings

When a triage tool undertriages patients, critically injured 
individuals who are likely to benefit from urgent interven-
tions are at risk of being missed and having a poor outcome. 
In contrast, when patients are overtriaged limited resources 
are directed to patients who have less severe injuries, leav-
ing fewer resources for the patients who are critically ill. 
Previous research has shown that during an MCI, there is a 
near-linear relationship between the rate of overtriage and 
mortality [16].

All of the triage tools examined in this study performed 
sub-optimally in identifying trauma patients who required 
urgent lifesaving interventions. MPTT had the highest sen-
sitivity at 0.76 but this tool undertriaged 10.1% of patients. 
The American College of Surgery’s Committee on Trauma 
has recommended that under normal conditions, trauma 
systems should aim to have an undertriage rate of less than 

Table 1  Patient Characteristics

Characteristic Count (%)

Sex
Male 6149 (71.1%)
Female 2503 (28.9%)
Age
 < 19 years 733 (9.0%)
19–65 years 5453 (63.0%)
 > 65 years 2419 (28.0%)
Missing 47 (0.5%)
Mode of injury
Blunt 7989 (92.3%)
Penetrating 551 (6.4%)
Burn 109 (1.3%)
Other 3 (0.0%)
Discharge status
Alive 7851 (90.7%)
Dead 801 (9.3%)
ICU admission
Admitted 2432 (28.1%)
Length of Stay, Average in days (Q1, Q3) 9.6 (3, 12)
Injury severity score (ISS)
Median (Q1, Q3) 18 (16, 25)
Severe ISS (≥ 16) 6783 (78.4%)
Trauma centre
Level 1 6375 (73.7%)
Level 2 1573 (18.2%)
Level 3 704 (8.1%)
Gold standard classifications
Dead 193 (2.2%)
Expectant 166 (1.9%)
Immediate 2528 (29.2%)
Delayed 5765 (66.6%)
Total 8652 (100.0%)

Table 2  Life-saving interventions among immediate patients accord-
ing to the reference standard definitions

Some patients received more than 1 intervention

Interventions Count (%)

Escharotomy 0 (0.0)
Chest Tube 969 (38.3)
Advanced Airway Protection 1545 (61.1)
Blood Product Administration 417 (16.5)
CPR 48 (1.9)
Surgery 574 (22.7)
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Table 3  Performance of the 
triage tools in identifying 
immediate patients as defined 
by the reference standard

Numbers in parentheses denote 95% confidence intervals

Tool Sensitivity Specificity PPV NPV

SALT 0.41 (0.39, 0.43) 0.86 (0.85, 0.86) 0.54 (0.52, 0.56) 0.78 (0.77, 0.79)
START 0.44 (0.42, 0.46) 0.84 (0.83, 0.85) 0.53 (0.51, 0.55) 0.78 (0.77, 0.79)
JumpSTART 0.31 (0.30, 0.33) 0.89 (0.88, 0.90) 0.54 (0.52, 0.57) 0.76 (0.75, 0.77)
RAMP 0.37 (0.35, 0.38) 0.88 (0.87, 0.89) 0.55 (0.53, 0.58) 0.77 (0.76, 0.78)
BCD 0.70 (0.68, 0.71) 0.61 (0.59, 0.62) 0.42 (0.41, 0.44) 0.83 (0.82, 0.84)
MITT 0.70 (0.68, 0.71) 0.61 (0.59, 0.62) 0.42 (0.41, 0.44) 0.83 (0.82, 0.84)
MPTT 0.76 (0.75, 0.78) 0.54 (0.53, 0.55) 0.41 (0.39, 0.42) 0.85 (0.83, 0.86)

Fig. 1  Visualization of performance measures for triage tools’ ability to identify immediate patients, as defined by the reference standard, strati-
fied by age (upper graph) and mechanism of injury (lower graph). Lines represent a 95% confidence interval
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1% [17]. It is not surprising that BCD and MITT performed 
identically since these tools have the same criteria, except 
for the qualification that all patients aged < 2yo are classified 
as Immediate under MITT.

Comparison to previous studies

Previous studies have attempted to examine the performance 
of triage tools using prehospital and hospital data captured 
during MCIs [18–20]. These studies have been limited for 
several reasons, including insufficient power due to the small 
number of patients involved in the MCIs. Another factor 
is that clinical data is often poorly captured during MCIs. 
Finally, each MCI has unique characteristics that limit the 
generalizability of the findings. Other studies have assessed 
the performance of triage tools in predicting mortality or 
identifying patients with a high ISS [21, 22]. However, nei-
ther of these end points represent the function that the triage 

tools were designed to perform. Mortality is an inappro-
priate measure because clinical resources during an MCI 
should be directed to patients who are critically ill but who 
are also likely to survive, not to those who are likely to die 
even if they receive treatment. A high ISS has previously 
been shown to be a poor predictor of the need for lifesaving 
interventions [23], making this a poor surrogate marker in 
assessing triage tool performance.

Malik et al. [8, 9] used data from the UK’s Trauma Audit 
and Research Network (TARN) database to measure the per-
formance of 10 triage tools, including five of the seven tools 
evaluated in our study. They did not assess SALT (one of the 
most commonly employed tools in North America) or MITT 
(which was released in October 2022, after the TARN stud-
ies were published). They found that BCD outperformed all 
other tools, including MPTT [8, 9]. Differences in our find-
ings may be due to the fact that the patient population in our 
study had experienced more-severe trauma. The average ISS 
for patients in the adult TARN study was 9, and it was 18 in 
our patient population. Only 11.3% of patients in the adult 
TARN study meet the reference standard criteria for imme-
diate classification versus 29.2% of patients in our study [8].

Strength and limitations

Our study provides the first external validation of MCI tri-
age tools using North American data. This research benefits 
from a large dataset drawn from a quality-controlled registry. 
The reference standard we employed is from a previously 
published, consensus-based definition [12]. Our study is the 
first to assess the performance of the MITT triage tool.

Limitations of our study include the fact that while we 
were able to determine which patients received potentially 
lifesaving interventions within a specific timeframe, it is 
not possible to determine if any specific intervention was 
actually lifesaving for any particular patient. It is possible 
that some patients in our dataset received interventions that 
would have been appropriately withheld if resources had 
been more limited. We had to make several assumptions 
when applying the triage tools to the data in the ATR, as 
well as when applying the criteria for the reference standard 
categorizations. Patients with blunt trauma made up 92.3% 
of our dataset. This is representative of the injury patterns 
observed in many civilian trauma centres but may limit the 
generalizability of our findings to patients who have expe-
rienced other forms of trauma. Our study population had a 
disproportionally high severity of injuries (average ISS was 
18 and all patients were seen at a trauma centre). While this 
may have impacted the calculation of the specificity and 
NPV, this is unlikely to have affected the measurement of 
sensitivity, which was our primary outcome. The clinical 
data in this study was obtained from a provincial trauma 
system operating under normal conditions, but the triage 

Table 4  Percentage of patients in each reference standard category 
placed into each triage category, by triage tool

Tool classification Reference standard classification

Dead/Expectant Immediate Delayed

SALT
Dead/Expectant 14.2% 1.2% 1.2%
Immediate 73.3% 40.9% 10.8%
Delayed 12.5% 57.8% 88.0%
START 
Dead/Expectant 14.2% 1.2% 1.2%
Immediate 74.1% 44.4% 12.9%
Delayed 11.7% 54.4% 86.0%
JumpSTART 
Dead/Expectant 55.4% 1.2% 1.2%
Immediate 43.7% 31.3% 8.8%
Delayed 0.8% 67.5% 90.0%
RAMP
Dead/Expectant 55.2% 2.4% 0.4%
Immediate 44.0% 36.5% 10.1%
Delayed 0.8% 61.1% 89.4%
BCD
Dead/Expectant 14.2% 1.2% 1.2%
Immediate 75.8% 69.5% 37.3%
Delayed 10.0% 29.2% 61.5%
MITT
Dead/Expectant 14.2% 1.2% 1.2%
Immediate 75.8% 69.5% 37.3%
Delayed 10.0% 29.2% 61.5%
MPTT
Dead/Expectant 14.2% 1.2% 1.2%
Immediate 79.1% 76.3% 44.0%
Delayed 6.7% 22.5% 54.8%
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tools we studied are intended to be used during MCIs where 
resources are more limited. The performance of these tools 
during MCI conditions may differ from our findings.

Clinical implications

Our findings show that all the triage tools we assessed have 
limited sensitivity. This suggests that clinicians involved in 
performing triage cannot rely solely on any of the triage 
tools assessed here to identify critically ill patients during 
an MCI. START, which is the triage tool most commonly 
taught and mandated for use in Canada, performed worse 
than other formal triage tools. Providers should consider 
transitioning to MPTT, BCD or MITT as they have consist-
ently demonstrate the highest sensitivities and lowest rates 
of undertriage [8, 9]. MPTT had the highest sensitivity in 
our analysis. However, BCD and MITT use physiologic cut-
offs that are expected to be easier to apply in practice. Our 
results reflect the performance of the triage tools when they 
are applied appropriately. In MCIs, however, human fac-
tors affect the accuracy with which responders apply triage 
tools [24]. JumpSTART was created specifically for triaging 
pediatric patients, but it had the lowest sensitivity in our 
pediatric subpopulation. This is consistent with the findings 
from the pediatric TARN study [9]. Providers should con-
sider discontinuing the use of JumpSTART.

Research implications

Future research should focus on developing more-sensitive 
triage decision rules to overcome the limitations of current 
triage tools. Potential improvements may include assessing 
the importance of different physiologic cutoffs and exploring 
the value of incorporating other types of clinical information 
into triage algorithms (e.g. age, expected length of extrac-
tion time, etc.). Incorporating technology into the triage 
process would allow for the development of new tools that 
could be more complex than the current algorithms which 
are designed to be employed mentally under stressful condi-
tions. It would be valuable to replicate the findings of this 
study, preferably in a prospective manner.

Conclusion

Our study shows that MCI triage tools currently in use have 
limited sensitivities for identifying patients who require 
urgent lifesaving interventions. START, the triage tool most 
commonly employed in Canada, performs poorly compared 
to other existing triage tools. MPTT, BCD and MITT were 
the most sensitive triage tools assessed and had the lowest 

rates of undertriage. All the triage tools assessed should be 
employed with caution during MCIs as they may fail to iden-
tify a large proportion of patients requiring urgent lifesaving 
interventions.
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tary material available at https:// doi. org/ 10. 1007/ s43678- 023- 00529-8.
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