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Abstract 

Background Mass casualty incidents (MCI) pose significant challenges to existing resources, entailing multiagency 
collaboration. Triage is a critical component in the management of MCIs, but the lack of a universally accepted triage 
system can hinder collaboration and lead to preventable loss of life. This multinational study uses validated patient 
cards (cases) based on real MCIs to evaluate the feasibility and effectiveness of a novel Translational Triage Tool (TTT) 
in primary triage assessment of mass casualty victims.

Methods Using established triage systems versus TTT, 163 participants (1575 times) triaged five patient cases. The 
outcomes were statistically compared.

Results TTT demonstrated similar sensitivity to the Sieve primary triage method and higher sensitivity 
than the START primary triage system. However, the TTT algorithm had a lower specificity compared to Sieve 
and higher over‑triage rates. Nevertheless, the TTT algorithm demonstrated several advantages due to its straight‑
forward design, such as rapid assessment, without the need for additional instrumental interventions, enabling 
the engagement of non‑medical personnel.

Conclusions The TTT algorithm is a promising and feasible primary triage tool for MCIs. The high number of over‑
triages potentially impacts resource allocation, but the absence of under‑triages eliminates preventable deaths 
and enables the use of other personal resources. Further research involving larger participant samples, time efficiency 
assessments, and real‑world scenarios is needed to fully assess the TTT algorithm’s practicality and effectiveness 
in diverse multiagency and multinational contexts.
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Introduction
Mass casualty incidents (MCI) differ from multi-casualty 
incidents by distinguishing the number of casualties ver-
sus available resources. MCI is characterized by limited 
resources for affected victims, necessitating the use of 
MCI triage to put order into the chaos by differentiating 
between noncritically and critically injured casualties. 
Since major incidents and MCI are heterogeneous by 
nature, they cause diverse impacts, injury panorama, and 
outcomes. Consequently, their unexpectedness favors an 
"all-hazards" approach [1]. Triage begins at the scene of 
an incident, i.e., prehospital level. Primary triage occurs 
in the field and aims to determine priorities for treatment 
on scene and transport to the hospital. Primary triage 
will be completed with a secondary triage at the casualty 
clearing station at the site of a major incident and often 
before transport to a hospital [1, 2].

There are several prehospital triage systems but no con-
sensus on what constitutes the optimal choice. This het-
erogeneity constitutes a threat in a mass casualty incident 
(MCI) in which triage is used during multiagency col-
laboration to prioritize casualties according to the inju-
ries’ severity [2–5]. A major difference between ordinary 
triage of patients at hospitals´ emergency departments 
(ED) and utilitarian (the best for the most) prehospital 
triage during disasters and public health emergencies 
(DPHEs) lies in the available resources in the respective 
areas, which also may explain the variations in triage sys-
tems globally [6–12]. However, in both triage systems 
four factors, i.e., speed, precision, fairness, and com-
patibility are of critical value [3–5, 12]. While precision 
might be prioritized to define a diagnosis in a resource-
rich environment, such as in an ED with more time and 
interventional resources (e.g., laboratory, blood pressure 
measurements), speed is crucial in a prehospital setting, 
particularly in MCI, when resource availability and time 
are limited [3, 5–8]. Consequently, the hastier the triage, 
the bigger the risk for faulty categorization, represented 
as under or over-triage [3–8].

Under-triage increases the mortality among casualties 
because of a prolonged time to establish an accurate diag-
nosis and proper interventions. Over-triage, on the other 
hand, results in the unnecessary use of resources, and the 
likelihood of increased morbidity [3, 5, 13, 14]. As such, 
prehospital triage systems allow for a more limited preci-
sion, especially at the primary line of triage since speed 
remains a priority while hospital triage can often sacrifice 
time to maximize precision. Fairness in prehospital triage 
is achieved by assessing patients objectively according to 
a set of parameters of vital signs or mechanisms of injury, 
and not discriminating in terms of age, gender, national-
ity, religion, or any other individual aspect [3, 5, 6]. Com-
patibility applies to triage systems being translational 

across agencies and to pre-hospital systems being able to 
integrate seamlessly with their hospital counterparts in 
terms of categorization, etc. [3, 7, 11–14].

Earlier studies have confirmed the feasibility of using 
a Translational Triage Tool (TTT), resulting from the 
sum of several primary prehospital triage systems, which 
could enable the translation of these triage systems into 
one (Fig.  1) [3]. Undertaking a Delphi study, a group 
consisting of several trauma and emergency medicine 
experts, reviewed and validated the tool, confirming the 
feasibility of this tool/algorithm with minimal necessary 
revisions. The tool primarily aims to clarify the need for 
interventions and guide healthcare providers to imple-
ment what is medically necessary for decisive and critical 
steps in managing a major incident with multiple casu-
alties of different severity [5]. Additionally, Khorram-
Manesh et  al. [5] achieved a consensus among medical 
experts about the ratio of three (n = 3) casualties or more 
per healthcare provider to define the need for a primary 
triage algorithm. According to participating medical 
experts, they could preferably manage only two victims 
at a time.

Fig. 1 System constructed from majority criteria, modified according 
to discussion regarding criteria and lifesaving interventions (LSIs) [4]
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After presenting the tool [3], and expert evaluation [5], 
a pilot study to verify its clinical efficiency was consid-
ered as the next step. However, since disasters and MCIs 
are rare, and ordinary incidents are not serious and time-
constrained enough to stress the severity of a situation 
and utilization of the tool, testing the tool on validated 
patient cards, representing diverse medically affected vic-
tims was suggested as an attractive alternative solution 
[15–18]. The current study aimed to evaluate the feasi-
bility and outcomes of the TTT algorithm in an MCI, 
compared to established national and institutional triage 
systems, by using several fictive patients (i.e., validated 
cards) among a multinational group of participants. The 
quantitative data analysis will be supplemented by quali-
tative feedback from participants to the country leaders 
after each test in verbal or written debrief comments.

Material and methods
Patient cases
For this study, authentic patient cases representing 
victims of real MCIs have been collected and made 
into patient cards, utilized in disaster management 
courses [15–18]. The Medical Response to Major Inci-
dent (MRMI) is a module-based simulation course that 
uses authentic and scientifically validated patient cards 
(MACSIM®), derived from victims of MCIs [19]. The 
patients have a necessary medical history, critical input, 
and output data for prehospital and hospital assessments 
[15–18].

Five patient cards were selected by the representa-
tive for the MACSIM® system The study administra-
tors had no involvement in this selection. Five patient 
cards were chosen because of the results of the previ-
ous study, in which the number of patients per health-
care provider defining an MCI was set to three [5]. It 
was assumed that five patients were enough to create 
an MCI, although no time pressure could be applied 

to the participants due to the study design. Figure  2 
shows all MACSIM® patients, which were given to each 
participant. Participants received a normal MACSIM 
card initially to familiarize themselves with the char-
acteristics of the card, and relevant signs before triag-
ing the study´s five patients (Appendix A, Appendix B, 
Table 1).

Participants countries
The researchers actively engaged in a multinational 
research group, Research Alliance in Disaster and 
Emergency Medicine (RADEM) were contacted regard-
ing possible participation. Additionally, researchers 
from countries previously engaged in the evaluation 
of TTT were invited. Purposefully, these commonly 
accepted subject-matter experts recruited new par-
ticipants from their research networks. Although the 
current study aimed to compare the results of the tra-
ditionally used primary triage model in participating 
centers with TTT, the type of triage system used in 
each country was not an inclusion criterion.

Inclusion criteria
Physicians, nurses, and paramedics actively engaged in 
primary triage in the fields of prehospital, emergency 
care, and or disaster medicine. Staff with no experience 
in triage procedures were excluded.

The number of participants and participating countries
Representatives from eight countries (India, Italy, New 
Zealand, Poland, Saudi Arabia, Sri Lanka, Sweden, and 
Thailand), called subject-matter specialists, joined the 
study, and together recruited 164 participants from their 
countries. One of the participants did not conduct the 
second round, thus, was excluded. Another 5 participants 
were excluded due to incomplete data (Table 2).

Table 1 Patient numbers, characteristics, and triage color codes

Pat. no Characteristics Triage code

1 Thirty years old man, supine position, airway ok, breathing > 30, reduced breathing sound left side, no stridor, hemopty‑
sis, no cyanosis, HR > 100‑< 120, SBP ≥ 90, skin temp normal, GCS 9–12. Injured right ear, posterior and anterior burn injury 
both legs, and multiple wounds

RED

2 Fifty‑two years old man, supine position, airway ok, breathing slowly > 5‑ < 10, no stridor, no hemoptysis, no cyanosis, HR 
50–100, SBP ≥ 90, skin temp normal, GCS 3. Multiple bone and rib injuries, skull hematoma contusion, and right eye injury

RED

3 Twenty‑six years old female, supine position, asks for help, airway ok, breathing > 30, reduced breathing sound left side, no stri‑
dor, no hemoptysis, no cyanosis, HR ≥ 120, SBP ≥ 90, Skin cold, GCS 13–15, multiple bone injuries and ribs fractures

YELLOW

4 Forty‑two years female, supine position, asks for help, airway ok, breathing normal, no stridor, no hemoptysis, no cyanosis, 
HR > 100—< 120, SBP ≥ 90, Skin cold, GCS 9–12, eye contusion on the right side, multiple bone injuries and no palpable pulse 
on left radialis

YELLOW

5 Forty‑three years female, supine position, asks for help, airway ok, breathing normal, no stridor, no hemoptysis, no cyanosis, 
HR > 100—< 120, SBP ≥ 90, Skin normal, GCS 13–15, multiple wounds on the neck, both arms and legs

GREEN
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Study process
Each subject-matter specialist recruiting national par-
ticipants for the study was informed regarding the 
study and received information about MACSIM® cards, 
and how to interpret the cards [15–19]. Moreover, they 
were informed about the study design and the period of 
study (November 2022-March 2023). Participants were 
not familiar with TTT and received lectures, face-to-
face information, and/or written information. They had 
opportunities to test the tool and ask questions from 
each country leader. Each participant had to triage five 
(5) patients (numbered 1 to 5) by their national or insti-
tutional primary triage system in the first round and the 
TTT tool in the second round (the same patient cards). 
The time between the two assessments varied between 2 
and 21 days (Table  2). This deliberate spacing aimed to 
serve the purpose of a washout period, ensuring that the 
effects of prior triage experiences did not influence sub-
sequent assessments. Furthermore, neither the partici-
pants nor the country leaders were informed about the 
triage outcomes/keys. The results of each round were 
compiled and transferred to an Excel file and sent to the 
lead author. Each participant received full information 
regarding the study and how to participate and act in 
each round of the study. The results obtained after two 
triage rounds were to be statistically analyzed by one of 
the authors, with experience in statistical analyses, using 
validated statistical methods.

Each country leader was asked to comment on the per-
formance of the participants and the feasibility and ease 
of understanding and performing the triage, using TTT. 
Participants could comment on the tool and its feasibil-
ity, and any concerns experienced during the trial. These 
qualitative data were collected by each country leader 
and were sent to the lead author for analysis and further 
assessment.

Statistical analysis
The statistical analysis was pursued to observe similari-
ties or differences between the two systems (i.e., own 
system vs. TTT). Thus, testing whether one mutual tri-
age system (TTT) can be used as a universal system. Pro-
fessional statisticians validated the process and results. 
The diagnostic accuracy of the triage systems in the first 
round and TTT in the second round were assessed using 
a 2 × 2 contingency table. Cases were dichotomized into 
two groups: Immediate/Red/P 1 and non-immediate. 
The sensitivity, specificity, accuracy, positive predic-
tive value (PPV), negative predictive value (NPV), over-
triage, under-triage, positive likelihood ratio (LR+), and 
negative likelihood ratio (LR-) were calculated as com-
pared with the reference standard, i.e., the outcome and 
the corresponding pre-determined color of the MAC-
SIM® cards unknown to the respondents. The over-triage 
was calculated as 1- PPV based on the Cribari matrix 
method whereas under-triage rates were calculated as 

Table 2 Showing the demography of participants regarding the profession, years of experience, how they familiarized themselves 
with TTT, and the time between the two tests

Country No. of 
participants

Participants Background Years of experience Learning about TTT The time between 
the 1st and the 2nd 
tests

India 23 17 physicians (15 trauma or emer‑
gency physicians and 2 general 
surgeons), and 6 Nurses

5–15 Written and verbal information 
and email follow‑up

3–4 weeks

Italy 40 12 Physicians, 20 Nurses, 4 Adminis‑
trators, and 4 Surgical residents

1–20 Written and verbal information 
and email follow‑up

2 days

New Zealand 13 3 physicians, 2 nurses, and 8 
paramedics

More than 5 Written information and email 
follow‑up

1–2 weeks

Poland 16 16 Physicians More than 10 Written and verbal information 
and email follow‑up

10 days

Saudi Arabia 15 5 physicians, 7 Nurses, and 3 
paramedics

More than 5 Written and verbal information 
and email follow‑up

2–3 weeks

Sri Lanka 10 5 military physicians, and 5 military 
nurses

More than 10 Written and verbal information 
and email follow‑up

1–2 weeks

Thailand 10 6 Emergency Physicians, 1 Emer‑
gency Nurse, and 2 Paramedics

Written and verbal information 
and email follow‑up

2 weeks

Sweden 31 2 Physicians (Surgery 1, Anesthesi‑
ology 1), 2 Residents (Emergency 
Med and Anesthesiology), 27 
Nurses (17 prehospital, 3 ICU/anes‑
thesiology, 7 ordinary nurses)

4–35 Written and verbal information 
and email follow‑up

2–3 weeks
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1-sensitivity [20]. Wilson’s method was used to calcu-
late the 95% confidence intervals (CI) for all estimates of 
diagnostic accuracy (Tables 3, 4).

Additionally, a statistical analysis to assess the diag-
nostic systems in terms of over-triage, under-triage, and 
accuracy was conducted, using a linear mixed effect 
model (lmer4). This assured accountability for the cor-
relation between observations within these groups, 
including countries and patient cases as random effects 
to account for any variability between triage systems in 
terms of their diagnostic performance. Two models were 
fitted, one comparing TTT in the second round with all 
national/institutional systems in the first round. Sec-
ondly, a per-system comparison between TTT and the 
most occurrent triage systems. P-values < 0.05 were con-
sidered statistically significant for fixed effects i.e., pre-
diction of outcome for TTT. All statistical analyses were 
performed using R software version 4.2.2 (R Foundation 
for Statistical Computing, Vienna, Austria).

Ethics
The study follows Swedish law’s ethical guidelines and 
principles and is exempted from ethical approval require-
ments. In Sweden, where the study is conducted, ethical 
approval is mandatory if the research includes sensitive 
data on the participants such as race, ethnical heritage, 
political views, religion, sexual habits, and health or phys-
ical interventions or employs a method that aims to affect 
the person physically or psychologically [21]. Written 
and verbal information, including the study’s design, pur-
pose, and data use, were provided for each participant. 
However, some countries required their ethical approval: 

The University of Otago, Wellington, ref D22/350 issued 
New Zealand ethics approval. Thailand ethical approval 
was issued by Mahidol University, Bangkok, ref MURA 
2022/753.

Results
General results
There were several institutional, and national triage sys-
tems. The most used systems were Sieve and START tri-
age, followed by other systems (the latter were grouped 
as one, called Mixed). Sieve and START are both recog-
nized processes for prioritizing victims of MCIs.

Statistical analysis
Five patient cards were triaged by 164 participants (one 
missed the second round) on two rounds, resulting in 
1575 triaged cases, of which, 790 cases were in the first 
round and n = 785 in the second round with TTT (n = 5 
missing). START triage was used in n = 330 cases, Sieve 
in n = 290 cases, and in 170 cases mixed triage systems 
were used. The TTT algorithm had similar sensitivity as 
the Sieve primary triage, 100% (95% CI 96.8–100), and 
98% (95% CI 93.9–99.5), respectively but a higher sen-
sitivity than the START primary triage, 99.2% (95% CI 
95.8–99.9) vs. 91.7% (95% CI 85.7–95.3). The TTT algo-
rithm had a lower specificity, compared to Sieve, 36.8% 
(95% CI 30.0–44.2) vs. 73.6% (95% CI 66.6–79.6), whereas 
START triage systems used in the first round had a speci-
ficity of 77.2% (95% CI 65.6–78.0) compared to 65.7% 
(95% CI 58.8–71.9) for TTT. The positive predictive value 
(PPV) was lower for TTT at 51.3% (95% CI 44.8–57.8) 
compared with Sieve’s 71.3% (95% CI 63.8–77.7). PPV for 

Table 3 Performance of Triage Systems in round one and TTT in round two

PPV positive predictive value, NPV negative predictive value, LR+ positive likelihood ratio, LR− negative likelihood ratio
1 95%—Confidence intervals
2 Over‑triage calculated as 1‑ Positive predictive value according to the Cribari matrix
3 Under‑triage calculated as 1‑ Sensitivity according to the Cribari matrix

System Sensitivity Specificity Accuracy PPV NPV Over-triage 
(1-PPV)2

Under-triage 
(1-Sens)3

LR+ LR−

Sieve 0,983 0,736 0,834 0,713 0,985 0,288 0,017 3,717 0,023

[0.939,0.995]1 [0.666,0.796] [0.787,0.873] [0.638,0.777] [0.946,0.996] [0.223,0.362] [0.005,0.061] [2.898,4.769] [0.006,0.093]

TTT 1 0,368 0,621 0,513 1 0,487 0 1,582 0

[0.968,1] [0.3,0.442] [0.564,0.675] [0.448,0.578] [0.943,1] [0.422,0.552] [0,0.032] [1.412,1.772] [0,0.188]

START 0,917 0,722 0,8 0,688 0,929 0,312 0,083 3,3 0,115

[0.857,0.953] [0.656,0.78] [0.754,0.84] [0.616,0.751] [0.877,0.96] [0.249,0.384] [0.047,0.143] [2.621,4.155] [0.065,0.205]

TTT 0,992 0,657 0,791 0,658 0,992 0,342 0,008 2,89 0,012

[0.958,0.999] [0.588,0.719] [0.744,0.831] [0.59,0.721] [0.958,0.999] [0.279,0.41] [0.001,0.042] [2.382,3.505] [0.002,0.082]

Mixed 0,773 0,495 0,606 0,505 0,766 0,495 0,227 1,53 0,459

[0.658,0.857] [0.399,0.592] [0.53,0.677] [0.409,0.6] [0.649,0.853] [0.4,0.591] [0.143,0.342] [1.21,1.935] [0.282,0.748]

TTT 0,955 0,444 0,648 0,534 0,936 0,466 0,045 1,718 0,102

[0.875,0.984] [0.35,0.543] [0.573,0.717] [0.444,0.621] [0.828,0.978] [0.379,0.556] [0.016,0.125] [1.43,2.065] [0.033,0.316]
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the START triage system was 68.8% (95% CI 44.8–57.8), 
compared to 65.8% (95% CI 59.0–72.1) for TTT. Con-
sequently, a higher rate of false positives for the TTT 
algorithm yielded an over-triage for the TTT of 48.7% 
(95% CI 42.2–55.2), compared to Sieve at 28.8% (95% CI 
22.3–36.2). For countries using START in the first round 
TTT yielded an over-triage of 34.2% (95% CI 27.9–41.0) 
vs. 31.2% (95% CI 24.9–38.4) for START. Regarding 
under-triage, the TTT had almost zero under-triage 
(0–0.8%) in the largest Sieve and START group (Table 3). 
In the mixed system group, TTT had an under-triage of 
4.5% but out of the three countries with mixed systems, 
the finding originated from one country, which had a 
relatively high misclassification rate overall of 10–26.1% 
under-triage (Table 4).

A variation in diagnostic accuracy was found between 
countries for the TTT algorithm. However, out of eight 
countries the TTT yielded a 100% sensitivity in all but 
one country, where TTT showed a sensitivity of 90.9%. 
The range of specificity was between 25.5 and 66.7% 
(Table 4). Most of the triage systems, and the TTT algo-
rithm had good accuracy for triaging patients 1, 2, and 4. 
However, patients 3, and 5 caused some issues, leading to 
over-triage in almost all systems. When adjusting for the 
variance of country and patients regarding over-triage, 
under-triage, and accuracy we found that TTT in round 
two had a significantly higher over-triage compared 
to all other systems in the first round (estimate = 1.565, 
SE = 0.198, z = 7.904, p < 0.001). Under-triage was sig-
nificantly lower for TTT compared to all triage systems 
(estimate = −1.828, SE = 0.407, z = −4.493, p < 0.001). 
Moreover, the accuracy for TTT was found to be signifi-
cantly lower (estimate = -0.812, SE = 0.161, z = −5.055, 
p < 0.001). In- between system comparisons, the TTT 
algorithm had a higher over-triage as compared to Sieve 
(estimate = 3.2758, SE = 0.4391, z = 7.461, p < 0.001). 
There was no significant difference regarding under-tri-
age (estimate = -17.523, SE = 1716, z = −0.01, p = 0.992). 
TTT had a significantly lower accuracy than Sieve triage 
(estimate = −2.774, SE = 0.388, z = −7.152, p < 0.001). For 
those countries (n = 5) using START in the first round, 
the TTT algorithm had a significantly higher over-tri-
age (estimate = 1.036, SE = 0.350, z = 2.964, p < 0.01) and 
a significantly lower under-triage (estimate = −2.250, 
SE = 0.768, z = −2.298, p < 0.01). There was no significant 
difference in accuracy between TTT and START (esti-
mate = −0.189, SE = 0.270, z = −0.699, p = 0.484). TTT 
appears to be superior in terms of identifying critically ill 
patient cases with lower under-triage compared to triage 
systems used in this study but at the expense of a higher 
over-triage rate and thus a lower accuracy.

The statistical values in the tables, such as sensitiv-
ity, specificity, accuracy, PPV, negative predictive value, 

over-triage, and under-triage, are all presented with their 
corresponding 95% confidence intervals. Additionally, 
the positive and negative likelihood ratios (LR + and LR-) 
are included for each system and country, providing a 
comprehensive overview of the performance of each tri-
age system in the study.

Qualitative data
Almost all participants expressed that the TTT algo-
rithm was easy to understand and follow, and it took a 
shorter time to assess each patient and perform the tri-
age. According to each country leader´s report partici-
pants could easily use and understand the algorithm. 
Some participants expressed difficulties in using the blue 
tag for some of the patients. The Blue color corner tag in 
SMART triage is referred to as expectance or the fourth 
priority. These are immediate and severe cases that can-
not be handled immediately due to the lack of resources 
and or the fact that they cannot survive despite the best 
available resources.

Discussion
The outcomes of this study showed that Sieve triage 
appears to be superior to all other primary triage systems. 
The TTT algorithm matches Sieve’s primary triage in 
sensitivity and START primary triage in specificity. TTT 
is more sensitive than the START triage system but has 
lower specificity. These findings suggest that TTT cap-
tures the general characteristics of both commonly used 
primary triage systems and can be used as an alternative 
for primary triage. However, although promising, the use 
of the TTT algorithm results in a concerning over-triage, 
which may affect resource allocation. On the other hand, 
TTT does not need medical and instrumental interven-
tions, such as blood pressure or heart/respiratory rate 
assessments, which could be an advantage in certain situ-
ations where such assessments are not possible or avail-
able, thus, offering a quicker triage performance, which 
can also be done by other staff than medical staff at the 
primary triage line [2–5, 22–25].

In a prehospital setting and as a primary triage tool, one 
should use an instrument that can work quickly with high 
sensitivity. Such an instrument allows over-triage since 
the main goal is to transfer the patient to the secondary 
triage areas or the closest hospital as soon as possible and 
without time-consuming diagnostic intervention [3, 5, 6, 
26]. Consequently, the over-triage presented in this study 
as well as in other studies concerns only resource con-
sumption. On the other hand, by using an algorithm, such 
as the TTT, with no under-triage, preventable deaths can 
be avoided, and the use of other staff categories can be 
facilitated. In extreme situations when every available 
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human resource is crucial for the outcome, using other 
staff with lower competencies, non-governmental agen-
cies with diverse backgrounds, and even laypersons can 
save lives [22, 25]. In such a situation, when flexibility in 
the management system is required [23, 24], the use of a 
simple, and easy-to-perform algorithm such as TTT can-
not be underestimated.

In this study, no triage system seems to be better than 
the other, emphasizing the lack of consensus in using a 
specific triage system, especially in MCIs and when vul-
nerable patients are concerned [7, 27, 28]. Ultimately, 
the choice of triage system will depend on the specific 
context and the availability of the resources. In this per-
spective, an algorithm such as TTT might better sub-
stitute the traditional or established triage systems that 
independently claim to be best [26]. Using the initial 
concept of utilitarianism, the historical review empha-
sizes the rule of saving the most, and from a primary tri-
age perspective, this process must proceed rapidly [24]. 
Therefore, there is no time or opportunity for discus-
sions about a special color tag or confusion about the 
number of respiratory or heart rates counted, the meas-
ure obtained, or the age and gender of the victims [29]. 
This is especially important in an MCI, which presents 
a chaotic environment [29–31]. Consequently, a mutual, 
simple, and easy-to-perform triage algorithm that can 
initially close the gaps between different and exist-
ing prehospital primary triage systems is undoubtedly 
crucial. Prospective studies are needed to understand 
the strengths and weaknesses of the TTT compared to 
established triage systems in diverse environments and 
to verify the impacts of the algorithm in real-life events 
and more stressful situations.

One common "outlier to all triage methodologies” 
are children and the unappreciated narrowing pulse 
pressure despite an acceptable systolic blood pressure 
that will collapse suddenly leading to sudden death. 
This critical situation, which may affect all children in 
shock irrespective of etiology, is hard to recognize since 
the signs and symptoms of shock are not those of the 
underlying disease. Pulse and blood pressure cannot 
be used as diagnostic markers, and in several cases, the 
final diagnosis depends on the response to treatment 
and clinical suspicion. However, two common symp-
toms might be the deterioration of the respiratory sys-
tem and confusion (mental affection), which both can 
be identified at the early stages of the TTT algorithm 
[32, 33].

This study evaluated the feasibility and outcomes of 
the TTT algorithm on several validated patient cards 
[15–18] in an MCI and among participants from several 

countries with different triage systems. The aim was not 
to present a new system in primary triage but rather a 
translational triage tool that can mutually be used to 
quickly avoid differences in priority settings, especially 
in a multiagency and multinational perspective. The 
participants’ general understanding, reported by most 
of the country leaders, was that participants could eas-
ily assess the patient cards and use and understand the 
algorithm. This was confirmed qualitatively by some 
participants, who commented that the TTT algorithm 
was easy to follow and took a shorter time to perform. 
One difficulty expressed by some participants in this 
study was the lack of a blue tag. Compared to the Sieve 
triage, neither START nor the new NHS Major Incident 
Triage Tool (MITT) has a blue tag [27, 29, 34]. Utiliz-
ing blue tags may simplify the decision-making between 
salvageable and non-salvageable RED patients. How-
ever, it also presents a new option, which can slow the 
triage process since medical interventions are needed to 
affirm the correct decision.

Finally, this study, again, emphasizes the need for a 
standardized primary triage system, since a variety of 
diverse triage systems in use is a real threat to the multia-
gency and multinational collaboration, which is a neces-
sity in a globalized healthcare system with an increasing 
number of disasters and public health emergencies [35, 
36]. Although other suggestions have been presented [24, 
29, 36], so far TTT algorithm is the only research-based 
suggestion and might be one of the solutions.

Limitations
Several limitations to this study should be acknowledged. 
First and foremost, the number of participants in the 
study was relatively small. In addition, the selection of 
the participants, people with knowledge of triage, may 
result in a selection bias of choosing those who may be 
more familiar/in favor of new tools such as TTT. A larger 
sample size and heterogeny population would provide a 
more robust statistical analysis and increase the general-
izability of the findings. Second, the study did not meas-
ure the time taken to perform the triage procedures using 
the TTT algorithm compared to other triage systems. 
Time efficiency is an essential factor to consider when 
evaluating the effectiveness of a triage tool, particularly 
in mass casualty incidents where rapid decision-making 
is crucial. Third, the study utilized validated patient cards 
rather than real-life mass casualty incidents for triage 
evaluation. While this approach allows for a controlled 
comparison of the TTT algorithm and occurring triage 
systems, it may not fully capture the complexities and 
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challenges that emerge in real-world scenarios. Fourth, 
the same cards were used on two different occasions, 
which might be considered as a bias. However, the delib-
erate spacing between the two tests was supposed to 
serve the purpose of a washout period, ensuring that the 
effects of prior triage experiences did not influence the 
next assessments. Furthermore, neither the participants 
nor country leaders knew the outcome of each card tri-
age. Lastly, the study focused primarily on the feasibility 
of the TTT algorithm, with less emphasis on other fac-
tors such as resource allocation, patient flow, and inter-
agency coordination. A comprehensive evaluation of the 
TTT algorithm should also consider the aforementioned 
factors to provide a more holistic understanding of its 
implications in MCIs. Future studies should explore these 
aspects in greater detail, preferably in a simulation exer-
cise, to fully assess the potential benefits and drawbacks 
of implementing the TTT algorithm in disaster response 
efforts before its implementation in real-life events.

Conclusions
In conclusion, the TTT algorithm appears to be a feasi-
ble and promising primary triage tool for MCIs. The high 
number of over-triages observed in this study may be 
acceptable given the absence of under-triage, which helps 
eliminate preventable deaths. Moreover, the increased 
resource utilization associated with over-triage could 
potentially be managed by involving other healthcare 
staff, non-governmental agencies personnel, and layper-
sons with lower triage competencies, due to the simple 
and easy-to-follow nature of the TTT algorithm. This 
flexibility in resource management can be particularly 
advantageous in extreme situations where every avail-
able human resource is crucial for optimizing outcomes. 
By addressing these limitations and building on the find-
ings of this study, the TTT algorithm has the potential to 
serve as an effective, efficient, and universally applicable 
primary triage tool in mass casualty incidents, enhancing 
collaboration and decision-making across multiagency 
and multinational contexts.

Fig. 2 Shows a victim with multiple injuries and a list of diverse information to explain the signs and define the injuries on the right side [15–19]
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Appendix A
Shows an example of a MACSIM® patient card [19] 
(Fig. 2).

Appendix B
Shows all five victims included in this study [15–19] 
(Figs. 1, 2, 3).

Abbreviations
ED  Emergency Departments
DPHE  Disasters and Public Health Emergencies
LSI  Life‑Saving Interventions

LR +   Positive likelihood ratio
LR −   Negative likelihood ratio
MACSIM  Mass Casualty Simulation
MCI  Mass Casualty Incidents
MITT  Major Incident Triage Tool
NPV  Negative predictive value
PPV  Positive predictive value
RADEM  Research Alliance in Disaster and Emergency Medicine
START   Simple Triage and Rapid Transport
TTT   Translational Triage Tool

Acknowledgements
Not applicable.

Fig. 3 Shows all victims included in this study [15–19]



Page 11 of 12Khorram‑Manesh et al. Scand J Trauma Resusc Emerg Med  (2023) 31:88 

Author contributions
AKM conceptualized and designed the study together with EC. All authors 
participated in the conduction of the study and collection of data. CM 
performed the statistical analysis. All authors analyzed and discussed the data. 
AKM presented the first draft. All authors edited and improved the text and 
approved the final manuscript.

Funding
Open access funding provided by University of Gothenburg. Open Access 
Funding available by the University of Gothenburg.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article. References used in the literature review are available on the Worldwide 
Web.

Declarations

Ethical approval and consent to participants
This study did not report or involve the use of any animal or human data or 
tissue. No ethical approval was needed in India, Italy, Poland, Saudi Arabia, Sri 
Lanka, and Sweden to participate in the triage procedure. Ethical approval was 
issued in New Zealand by The University of Otago, Wellington, ref D22/350, 
and in Thailand by Mahidol University, Bangkok, ref MURA 2022/753.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Surgery, Institute of Clinical Sciences, Sahlgrenska Acad‑
emy, Gothenburg University, 405 30 Gothenburg, Sweden. 2 Gothenburg 
Emergency Medicine Research Group (GEMREG), Sahlgrenska Academy, 413 
45 Gothenburg, Sweden. 3 Institute of Health and Care Sciences, Sahlgrenska 
Academy, Gothenburg University, 405 30 Gothenburg, Sweden. 4 Center 
for Disaster Medicine, Gothenburg University, 405 30 Gothenburg, Sweden. 
5 USN School of Business, University of South‑Eastern Norway, 3199 Borre, 
Norway. 6 Woodrow Wilson International Center for Scholars, Washington, 
DC, USA. 7 Department of Security, Polish Air Force University, Dęblin, Poland. 
8 Department of Primary Health Care & General Practice, University of Otago, 
Wellington, New Zealand. 9 Joint Centre for Disaster Research, Massey 
University, Wellington, New Zealand. 10 Sri Lanka Army Hospital, Narahenpita, 
Colombo 08, Sri Lanka. 11 Emergency Department, Humanitas Mater Domini, 
210 53 Castellanza, Italy. 12 Division of Trauma Surgery & Critical Care, J.P.N. 
Apex Trauma Center, All India Institute of Medical Sciences, New Delhi, India. 
13 Department of Emergency Medicine, Faculty of Medicine Ramathibodi Hos‑
pital, Mahidol University, 10400 Bangkok, Thailand. 14 Emergency Department, 
King Khalid Hospital, Narjan, Saudi Arabia. 15 Karolinska MRMID—International 
Association for Medical Response to Major Incidents, Stockholm, Sweden. 
16 Disasters, and Vascular Surgery, Department of Molecular Medicine and Sur‑
gery, Karolinska Institute, Stockholm, Sweden. 17 Department of Molecular 
and Clinical Medicine, Sahlgrenska Academy, Gothenburg University, 405 
30 Gothenburg, Sweden. 

Received: 10 May 2023   Accepted: 9 October 2023
Published: 28 November 2023

References
 1. Rehn M, Andersen JE, Vigerust T, et al. A concept for major incident tri‑

age: full‑scaled simulation feasibility study. BMC Emerg Med. 2010:10:17 
(2010). https:// doi. org/ 10. 1186/ 1471‑ 227X‑ 10‑ 17

 2. Lerner EB, Schwartz RB, Carter R, Chadha K. Prehospital triage for mass 
casualties. In Emergency Medical Services: Clinical Practice and Systems 
Oversight (eds.) Cone DC, Brice JH, Delbridge TR, Myers JB. Third Edition. 
Wiley. 2021: 298–304. https:// doi. org/ 10. 1002/ 97811 19756 279. ch99

 3. Khorram‑Manesh A, Nordling J, Carlström E, et al. A translational triage 
research development tool: standardizing prehospital triage decision‑
making systems in mass casualty incidents. Scand J Trauma Resusc 
Emerg Med. 2021;29(1):119. https:// doi. org/ 10. 1186/ s13049‑ 021‑ 00932‑z.

 4. Bazyar J, Farrokhi M, Salari A, et al. Accuracy of triage systems in disasters 
and mass casualty incidents; a systematic review. Arch Acad Emerg Med. 
2022;10(1): e32. https:// doi. org/ 10. 22037/ aaem. v10i1. 1526.

 5. Khorram‑Manesh A, Burkle FM Jr, Nordling J, et al. Developing a transla‑
tional triage research tool: part two‑evaluating the tool through a Delphi 
study among experts. Scand J Trauma Resusc Emerg Med. 2022;30(1):48. 
https:// doi. org/ 10. 1186/ s13049‑ 022‑ 01035‑z.

 6. Burkle MF. Triage and the lost art of decoding vital signs: restoring 
physiologically based triage skills in complex humanitarian emergencies. 
Disaster Med Public Health Prep. 2017;12(1):76–85. https:// doi. org/ 10. 
1017/ dmp. 2017. 40.

 7. Khorram‑Manesh A, Lennquist Montán K, Hedelin A, et al. Prehospital 
triage, the discrepancy in priority setting between the emergency 
medical dispatch centre and ambulance crews. Eur J Trauma Emerg Surg. 
2011;37(1):73–8. https:// doi. org/ 10. 1007/ s00068‑  010‑  0022‑0.

 8. Aacharya RP, Gastmans C, Denier Y. Emergency department triage: an 
ethical analysis. BMC Emerg Med. 2011;11:16. https:// doi. org/ 10. 1186/ 
1471‑ 227X‑ 11‑ 16.

 9. Moskop JC, Iserson KV. Triage in medicine, part II: underlying values and 
principles. Ann Emerg Med. 2007;49:282–7. https:// doi. org/ 10. 1016/j. 
annem ergmed. 2006. 07. 012.

 10. Iserson KV, Moskop JC. Triage in medicine, part I: concept, history, and 
types. Ann Emerg Med. 2007;49:275–81. https:// doi. org/ 10. 1016/j. annem 
ergmed. 2006. 05. 019.

 11. Khorram‑Manesh A. Facilitators and constrainers of civilian‑military 
collaboration: the Swedish perspectives. Eur J Trauma Emerg Surg. 
2020;46:649–56. https:// doi. org/ 10. 1007/ s00068‑ 018‑ 1058‑9.

 12. Christian MD. Triage. Crit Care Clin. 2019;35:575–89. https:// doi. org/ 10. 
1016/j. ccc. 2019. 06. 009.

 13. McKee CH, Hefernan RW, Willenbring BD, et al. Comparing the accuracy 
of mass casualty triage systems when used in an adult population. Pre‑
hosp Emerg Care. 2020;24(4):515–24. https:// doi. org/ 10. 1080/ 10903 127. 
2019. 16415 79.

 14. Hupert N, Hollingsworth E, Xiong W. Is overtriage associated with 
increased mortality? Insights from a simulation model of mass casualty 
trauma care. Disaster Med Public Health Prep. 2007;1(1 Suppl):S14‑24. 
https:// doi. org/ 10. 1097/ DMP. 0b013 e3181 4cfa54.

 15. Lennquist Montán K, Khorram‑Manesh A, Ortenwall P, Lennquist S. Com‑
parative study of physiological and anatomical triage in major incidents 
using a new simulation model. Am J Disaster Med. 2011;6(5):289–98.

 16. Lennquist Montán K, Hreckovski B, Dobson B, et al. Development and 
evaluation of a new simulation model for interactive training of the medi‑
cal response to major incidents and disasters. Eur J Trauma Emerg Surg. 
2014;40(4):429–43. https:// doi. org/ 10. 1007/ s00068‑ 013‑ 0350‑y.

 17. Khorram‑Manesh A, Berlin J, Carlström E. Two validated ways of improv‑
ing the ability of decision‑making in emergencies; results from a literature 
review. Bull Emerg Trauma. 2016;4(4):186–96.

 18. Lennquist Montán K, Riddez L, Lennquist S, et al. Assessment of hospital 
surge capacity using the MACSIM simulation system: a pilot study. 
Eur J Trauma Emerg Surg. 2017;43(4):525–39. https:// doi. org/ 10. 1007/ 
s00068‑ 016‑ 0686‑1.

 19. MACSIM. Mass casualty simulation. http:// www. macsim. se/. Accessed 24 
April 2023

 20. Peng J, Xiang H. Trauma undertriage and overtriage rates: are we using 
the wrong formulas? Am J Emerg Med. 2016;34(11):2191–2. https:// doi. 
org/ 10. 1016/j. ajem. 2016. 08. 061.

 21. Swedish National Constitution. Svensk författningssamling. (n.d.). Lag 
om Ändring i Lagen (2003:460) om Etikprövning av Forskning Som 
Avser Människor. https:// www. lagbo ken. se/ Lagbo ken/ start/ skolj uridik/ 
lag‑ 20034 60‑ om‑ etikp rovni ng‑ av‑ forsk ning‑ som‑ avser‑ manni skor/d_ 
181354‑ sfs‑ 2008_ 192‑ lag‑ om‑ andri ng‑i‑ lagen‑ 2003_ 460‑ om‑ etikp rovni 
ng‑ av‑ forsk ning‑ som‑ avser‑ manni skor. Accessed 24 April 2023

 22. Khorram‑Manesh A. Flexible surge capacity ‑ public health, public educa‑
tion, and disaster management. Health Promot Perspect. 2020;10(3):175–
9. https:// doi. org/ 10. 34172/ hpp. 2020. 30.

 23. Phattharapornjaroen P, Carlström E, Khorram‑Manesh A. Developing a 
conceptual framework for flexible surge capacity based on complexity 

https://doi.org/10.1186/1471-227X-10-17
https://doi.org/10.1002/9781119756279.ch99
https://doi.org/10.1186/s13049-021-00932-z
https://doi.org/10.22037/aaem.v10i1.1526
https://doi.org/10.1186/s13049-022-01035-z
https://doi.org/10.1017/dmp.2017.40
https://doi.org/10.1017/dmp.2017.40
https://doi.org/10.1007/s00068-​010-​0022-0
https://doi.org/10.1186/1471-227X-11-16
https://doi.org/10.1186/1471-227X-11-16
https://doi.org/10.1016/j.annemergmed.2006.07.012
https://doi.org/10.1016/j.annemergmed.2006.07.012
https://doi.org/10.1016/j.annemergmed.2006.05.019
https://doi.org/10.1016/j.annemergmed.2006.05.019
https://doi.org/10.1007/s00068-018-1058-9
https://doi.org/10.1016/j.ccc.2019.06.009
https://doi.org/10.1016/j.ccc.2019.06.009
https://doi.org/10.1080/10903127.2019.1641579
https://doi.org/10.1080/10903127.2019.1641579
https://doi.org/10.1097/DMP.0b013e31814cfa54
https://doi.org/10.1007/s00068-013-0350-y
https://doi.org/10.1007/s00068-016-0686-1
https://doi.org/10.1007/s00068-016-0686-1
http://www.macsim.se/
https://doi.org/10.1016/j.ajem.2016.08.061
https://doi.org/10.1016/j.ajem.2016.08.061
https://www.lagboken.se/Lagboken/start/skoljuridik/lag-2003460-om-etikprovning-av-forskning-som-avser-manniskor/d_181354-sfs-2008_192-lag-om-andring-i-lagen-2003_460-om-etikprovning-av-forskning-som-avser-manniskor
https://www.lagboken.se/Lagboken/start/skoljuridik/lag-2003460-om-etikprovning-av-forskning-som-avser-manniskor/d_181354-sfs-2008_192-lag-om-andring-i-lagen-2003_460-om-etikprovning-av-forskning-som-avser-manniskor
https://www.lagboken.se/Lagboken/start/skoljuridik/lag-2003460-om-etikprovning-av-forskning-som-avser-manniskor/d_181354-sfs-2008_192-lag-om-andring-i-lagen-2003_460-om-etikprovning-av-forskning-som-avser-manniskor
https://www.lagboken.se/Lagboken/start/skoljuridik/lag-2003460-om-etikprovning-av-forskning-som-avser-manniskor/d_181354-sfs-2008_192-lag-om-andring-i-lagen-2003_460-om-etikprovning-av-forskning-som-avser-manniskor
https://doi.org/10.34172/hpp.2020.30


Page 12 of 12Khorram‑Manesh et al. Scand J Trauma Resusc Emerg Med  (2023) 31:88

and collaborative theoretical frameworks. Public Health. 2022;208:46–51. 
https:// doi. org/ 10. 1016/j. puhe. 2022. 04. 012.

 24. Vassallo J, Cowburn JP, Park C, Bull D, et al. Ten‑second triage: a novel and 
pragmatic approach to major incident triage. Trauma. 2023. https:// doi. 
org/ 10. 1177/ 14604 08623 11562 19

 25. Yuksen C, Angkoontassaneeyarat C, Thananupappaisal S, et al. Accuracy 
of Trauma on Scene Triage Screening Tool (Shock Index, Reverse Shock 
Index Glasgow Coma Scale, and National Early Warning Score) to Predict 
the Severity of Emergency Department Triage: A retrospective cross‑
sectional study. Open Access Emerg Med. 2023;15:79–91. https:// doi. org/ 
10. 2147/ OAEM. S4035 45.

 26. El Tawil C, Bergeron A, Khalil E. A scoping review of pediatric mass‑casu‑
alty incident triage algorithms. Disaster Med Public Health Prep. 2023;17: 
e317. https:// doi. org/ 10. 1017/ dmp. 2022. 287.

 27. Marcussen CE, Bräuner KB, Alstrøm H, Møller AM. Accuracy of prehospital 
triage systems for mass casualty incidents in trauma register studies: a 
systematic review and meta‑analysis of diagnostic test accuracy studies. 
Injury. 2022;53(8):2725–33. https:// doi. org/ 10. 1016/j. injury. 2022. 05. 006.

 28. Khorram‑Manesh A, Plegas P, Högstedt Å, Peyravi M, Carlström E. Immedi‑
ate response to major incidents: defining an immediate responder! 
Eur J Trauma Emerg Surg. 2020;46(6):1309–20. https:// doi. org/ 10. 1007/ 
s00068‑ 019‑ 01133‑1.

 29. Vassallo J, Moran CG, Cowburn P, et al. New NHS prehospital major inci‑
dent triage tool: from MIMMS to MITT. Emerg Med J. 2022;39(11):800–2. 
https:// doi. org/ 10. 1136/ emerm ed‑ 2022‑ 212569.

 30. Baker R, Strosberg M. Triage and equality: a historical reassessment of 
utilitarian analyses of triage. Kennedy Inst Ethics J. 1992;2(2):103–23. 
https:// doi. org/ 10. 1353/ ken.0. 0035.

 31. Benhamed A, Emond M, Mercier E, et al. Accuracy of a prehospital triage 
protocol in predicting in‑hospital mortality and severe trauma cases 
among older adults. Int J Environ Res Public Health. 2023;20(3):1975. 
https:// doi. org/ 10. 3390/ ijerp h2003 1975.

 32. Stephenson M. Understanding shock in children. Br J Nurs. 
2020;29(6):350–2. https:// doi. org/ 10. 12968/ bjon. 2020. 29.6. 350.

 33. Arkin AA, Citak A. Pediatric shock. Signa Vitae. 2008;3(1):13–23. https:// doi. 
org/ 10. 22514/ SV31. 042008.2.

 34. Kahn CA, Schultz CH, Miller KT, Anderson CL. Does START triage 
work? An outcomes assessment after a disaster. Ann Emerg Med. 
2009;54(3):424–30.

 35. Khorram‑Manesh A, Burkle FM Jr. Disasters and public health emergen‑
cies—current perspectives in preparedness and response. Sustainability. 
2020;12(20):8561. https:// doi. org/ 10. 3390/ su122 08561.

 36. Tin D, Granholm F, Hata R, Ciottone G. Rethinking mass‑casualty triage. 
Prehosp Disaster Med. 2023:1–2. https:// doi. org/ 10. 1017/ S1049 023X2 
30003 90.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/j.puhe.2022.04.012
https://doi.org/10.1177/14604086231156219
https://doi.org/10.1177/14604086231156219
https://doi.org/10.2147/OAEM.S403545
https://doi.org/10.2147/OAEM.S403545
https://doi.org/10.1017/dmp.2022.287
https://doi.org/10.1016/j.injury.2022.05.006
https://doi.org/10.1007/s00068-019-01133-1
https://doi.org/10.1007/s00068-019-01133-1
https://doi.org/10.1136/emermed-2022-212569
https://doi.org/10.1353/ken.0.0035
https://doi.org/10.3390/ijerph20031975
https://doi.org/10.12968/bjon.2020.29.6.350
https://doi.org/10.22514/SV31.042008.2
https://doi.org/10.22514/SV31.042008.2
https://doi.org/10.3390/su12208561
https://doi.org/10.1017/S1049023X23000390
https://doi.org/10.1017/S1049023X23000390

	The implication of a translational triage tool in mass casualty incidents: part three: a multinational study, using validated patient cards
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Material and methods
	Patient cases
	Participants countries
	Inclusion criteria
	The number of participants and participating countries
	Study process
	Statistical analysis
	Ethics

	Results
	General results
	Statistical analysis
	Qualitative data

	Discussion
	Limitations

	Conclusions
	Appendix A
	Appendix B
	Acknowledgements
	References


