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Abstract 

Background:  There is no global consensus on the use of prehospital triage system in mass casualty incidents. The 
purpose of this study was to evaluate the most commonly used pre-existing prehospital triage systems for the pos‑
sibility of creating one universal translational triage tool.

Methods:  The Rapid Evidence Review consisted of (1) a systematic literature review (2) merging and content analysis 
of the studies focusing on similarities and differences between systems and (3) development of a universal system.

Results:  There were 17 triage systems described in 31 eligible articles out of 797 identified initially. Seven of the 
systems met the predesignated criteria and were selected for further analysis. The criteria from the final seven systems 
were compiled, translated and counted for in means of 1/7’s. As a product, a universal system was created of the 
majority criteria.

Conclusions:  This study does not create a new triage system itself but rather identifies the possibility to convert vari‑
ous prehospital triage systems into one by using a triage translational tool. Future research should examine the tool 
and its different decision-making steps either by using simulations or by experts’ evaluation to ensure its feasibility in 
terms of speed, continuity, simplicity, sensitivity and specificity, before final evaluation at prehospital level.
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Background
Mass casualty incidents (MCI), generate more casual-
ties at one time than the locally available resources can 
manage using the routine procedures, highlighting that 
resource scarcity becomes a critical decision-making 
issue. MCI triage aims to prioritize casualties according 
to the severity of their injuries, often keeping available 

resources in mind [1–3]. Since WWI, utilitarianism has 
become a part of the triage systems in MCI. Basic utilitar-
ianism states that an action is morally right if it produces 
maximal happiness or well-being for everyone affected by 
[4, 5]. Therefore, predetermined modern triage systems 
may unknowingly allow for the loss of a severely injured 
casualty’s life to provide treatment or evacuation to a 
greater number of casualties with lesser injuries [6]. This 
concept is equally used in hospital triage to justify which 
patients should receive treatment before others accord-
ing to the alleged benefit of treatment [5–7]. Since 1964, 
when the first record of emergency department (ED) 
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triage was described [8], the concept of triage has evolved 
into an even broader terminology, such as primary, sec-
ondary and tertiary triage, which can be subcategorized 
in diverse ways depending on a dynamic process where 
the patient’s vital signs can deteriorate over time [1, 9]. In 
general, triage categories can be expressed as a Descrip-
tion (immediate; Urgent; Delayed; Expectant), Priority 
(1 to 4), or Color (Red, Yellow, Green, Blue), respectively, 
where Immediate category equals Priority 1 and Red 
color [1, 2].

The distinction between the ordinary sorting and pri-
oritizing of patients at a hospital ED from the more 
utilitarian prehospital triage of casualties from a natu-
ral disaster scene lies on the differences in available 
resources in the field versus that of a fully staffed hospital 
and may explain the notable variance seen between dif-
ferent, modern triage systems [1, 2, 5, 6, 9–11]. However, 
both hospital and prehospital triage systems may rely on 
four essential factors: speed, precision, fairness and com-
patibility [10]. For prehospital triage systems (especially 
in MCI), the element of speed of decision-making is of 
importance, since there are more casualties than the res-
cue staff can manage, and the post-incident environment 
might not be secure. Both hospital and prehospital triage 
also benefit from a fast, simple system that quickly identi-
fies the patients or casualties that require an immediate 
intervention/evacuation [2, 5]. The element of speed can-
not come at a too big of a sacrifice of precision, though. 
Generally, the more hastily the triage, the bigger the risk 
of faulty categorization. Under-triage increases the mor-
tality among casualties because of a prolonged time to 
establish the accurate diagnosis and to provide proper 
interventions. Over-triage could lead to unnecessary 
consumption of resources, leading to increased morbid-
ity and mortality [2, 11–17].

Prehospital systems allow for a more limited precision 
since speed remains frequently a priority while hospital 
triage can often sacrifice time to maximize precision. 
Fairness in triage is a matter of assessing patients objec-
tively according to a set of parameters of vital signs or 
mechanisms of injury, and not discriminating in terms 
of age, gender, nationality, religion or any other indi-
vidual aspect [1, 2]. Compatibility is applicable to triage 
systems being translational across agencies and to pre-
hospital systems being able to integrate seamlessly with 
its hospital counterparts in terms of categorization, etc. 
[1, 2, 10, 15, 16]. Since its entry on the civilian stage in 
the 1960s, the area of triage has generated a plethora of 
diverse systems designed for equally as many situations, 
locations, nations and even within separate emergency 
medical services (EMS). These systems range from fast, 
crude algorithms and flowcharts to complex scoring sys-
tems requiring exact information on vital parameters, 

mechanisms of injury and available resources [6, 9, 11, 
13, 17]. This heterogeneity constitutes a particular threat 
in the event of an MCI, which often involves rescue per-
sonnel from different organizations, or across-the-globe 
allies, and may create unnecessary discussion between 
EMS-personnel on the scene, haltering the time-crit-
ical management, timely triage decisions and evacua-
tion of the victims [2, 18, 19]. The problem of variability 
has proven to be contentious and unsolvable often both 
immediately and for the long-term. There have been sev-
eral attempts to achieve a global or even national consen-
sus in a number of cases without fruition due to a lack 
of actual research behind the origin or refinements of the 
various systems. When proposing a modern system for 
universal consideration there has often not been much 
more than anecdotal evidence to its efficacy, making it 
hard to choose one over the other [15, 17, 20–23].

Diverse triage exist which leads to confusion. There-
fore, a translational tool that combines criteria from dif-
ferent system is needed. This paper aims to take the first 
step in a multistep procedure to evaluate the possibility 
of creating a translational triage tool. The proposed tool, 
using criteria used in most common pre-existing pre-
hospital triage systems, represents an applicable frame-
work for a proposed unified global system. This approach 
acknowledges that existing systems are similar in terms 
of speed, precision and fairness and thereby tackles the 
compatibility element of triage. The majority criteria will 
reflect the intrinsic uniformity of present systems, high-
lighting the point in time whereby a global, translational 
system is accepted as the appropriate combination solu-
tion at the time.

Methods
This rapid evidence review is the product of a qualitative 
meta-analysis of a number of identified triage systems 
[24]. The method consists of (1) a systematic literature 
review [25], (2) merging and content analysis of the stud-
ies focusing on similarities and differences between sys-
tems using the Constant Targeted Comparison process 
[26], and (3) the development of a universal operational 
system format/model. To avoid selection and opinion 
bias, each step of the methodology and decision-making 
was discussed, according to Nominal Group Technique 
(NGT) [27], in a group of three people (JN, EC, AK). AK 
and EC had extensive scientific and field experience (over 
20 years) in both prehospital and hospital triage. JN was 
newly graduated physician, with no previous experience 
in triage systems.

Initially, a Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA)-style literature 
search was conducted to identify the most frequently 
mentioned prehospital triage systems designed for use in 
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MCIs [25]. To find an adequate, Boolean search term, a 
number of different keywords and combinations thereof 
were sampled with PubMed as a testbed. The search term 
“((mass casualty incident) OR (multiple casualty inci-
dent)) AND (triage) AND ("emergency medical services")” 
was selected. Using PubMed, Scopus and Web of Science 
databases for the final search, limiting and filtering of the 
search results was achieved through discussions among 
NGT members [27]. The search results were limited to 
articles and reviews published from 2000 to 2020, writ-
ten in English. Further, in Web of Science and Scopus, 
the search was conducted with the option of searching 
‘All Databases’ and additional filtering for just articles 
and reviews (under ‘Document Types’) was added. Iden-
tified duplicates were removed, following the PRISMA 
workflow-chart [25], by exporting all search results into 
Microsoft Excel, and using basic formatting to mark 
duplicate values and/or titles. The remaining articles’ title 
and abstracts were examined to identify suitable candi-
dates for the final inclusion.

Inclusions criteria
Articles focused on prehospital, primary triage in MCIs 
and on a triage system itself or a comparison of a number 
of systems.

Exclusions criteria
Articles mentioning a triage system without any evalua-
tion, or articles with different from the inclusion criteria. 
All articles about pediatric triage systems (since param-
eters found in these systems would be extreme outliers 
compared to the adult ones in the final mapping of over-
lapping criteria).

At this stage, all NGT group members reviewed, 
achieved consensus and approved the final selection of 
articles. In the final assembly of articles, abstracts were 
re-read and full texts studied, when needed, to determine 
which triage systems were mentioned. This resulted in a 
chart displaying the frequency of occurrence. From this 
chart, the top nine systems, mentioned more than once, 
were retrieved. The following step of the workflow chart 
from PRISMA constitutes further exclusions after read-
ing each article in full text, each exclusion with its own 
written motivation and can be viewed as moving from 
the initial systematic search modus operandi towards a 
qualitative content analysis [26, 28, 29].

When a final assembly of systems had been decided on, 
the official sources or original articles of these systems 
were studied to collect data regarding the actual triage 
process of each system, often displayed in an accessible 
flowchart or algorithm. Of nine identified systems, two 
were discarded, since they were a part of a much larger 
system, which relied on further triages or a complex 

system where the categorization would be different 
from incident to incident depending on the available 
resources, and thus did not follow the traditional triage 
system layout. As such, an additional meta-synthesis was 
performed where flowcharts were translated into raw 
text, stating what exact criteria was demanded for a cas-
ualty to be placed within a certain category [26, 28–30]. 
The criteria of the remaining seven systems were then 
rephrased to further conform them into a translational 
dataset so that overlapping data could be displayed in a 
clear manner. The outcome could easily be separated into 
general subdivisions under each of the triage tiers. Two 
of the systems had five triage tiers instead of four like 
the others. These extra tiers were not added to the final 
compilation of parameters since they were obvious out-
liers. Under each subdivision, the individual parameters 
were collected and counted for in means of 1/7’s. When a 
final, compiled list of parameters with an equal phrasing 
had been assembled and counted for, a translated system 
was produced by combining the parameters of majority 
(≥ 4/7) under each triage tier.

Results
Additional file 1: Appendix 1 presents the primary test-
ing of keywords, terms and combinations thereof. The 
search generated 797 hits (Web of Science: 287, PubMed: 
266, Scopus: 244) with filters applied. The number of 
discarded duplicates, screened and included articles are 
demonstrated in Fig. 1 [14, 20, 31–60]. From the final list 
of 31 articles, 51 notification of 17 triage systems were 
found (Additional file 3: Appendix 3).

1. Simple Triage And Rapid Transport (START), 2. 
Modified START (mSTART), 3. Fire Department of New 
York modified START (FDNY-START), 4. Modified Physi-
ological Triage Tool (MPTT), 5. Amberg-Schwandorf 
Algorithm for Primary Triage (ASAV), 6. Sort Assess Life-
saving Intervention Triage/Transport (SALT), 7. Care-
Flight Triage (CFT), 8. Triage Sieve (TS), 9. Sacco Triage 
Method (STM), 10. Spanish Prehospital Advanced Triage 
Method (META), 11. Primary Ranking for Initial Orien-
tation in Emergency Medical Services (PRIOR), 12. Field 
Triage Score (FTS), 13. Modified Military Sieve (mMS), 
14. Military Sieve (MS), 15. Advanced Trauma Life Sup-
port (ATLS), 16. Glasgow Coma Scale (GCS), and 17. 
Chemical Biological Radiation Nuclear (CBRN).

START and mSTART were counted as one since the 
difference between them only lies in the addition of con-
trolling the radial pulse instead of performing the Blanch 
test (capillary refill) in cold conditions. Additionally, the 
two names are used interchangeably in the literature, 
often just calling the system START when it is the modi-
fied version that is referred to. Similarly, TS has under-
gone evolution to substitute capillary refill for heart rate 
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in cold conditions, this addition did not affect the naming 
of the system and TS is used whether or not the modi-
fied version is the one being referred to. In contrast, MS 
and mMS were to be counted as two separate systems 
since they differ in criteria range in two out of three total 
assessments. This reasoning was of importance since it 
meant that MS and/or mMS were not selected for the 
final group of systems because they were mentioned once 
each, had they been counted for as one they would have 
made the cut.

The remaining top nine of the 17 systems were selected 
(START/mSTART, SALT, CFT, TS, STM, MPTT, FDNY, 
ASAV and META) for further analysis of actual system 
construction regarding criteria and categorization. As 
the analysis continued, two of the selected nine (STM 
and META) were identified as being non-compatible with 
the study design. STM is a mathematical model where 
individual vital parameters can yield different triage tiers 
from one event to another due to the available resources 

at that time, and META is a system where primary triage 
is closely integrated into a larger triage process. Picking 
the first step out of that concept and not acknowledging 
the rest of it seemed inappropriate. Additionally, the way 
both STM and META conducts its primary assessment 
of casualties differs considerably from the rest of the 
group. Consequently, seven systems remained for further 
analysis (Additional file 4: Appendix 4 a–g). The criteria 
from the final seven systems were collected in a spread-
sheet and categorized according to system and inherent 
triage tier. Two of the seven systems had five triage tiers 
compared to the rest, which had four. The FDNY-START 
algorithm adds an ORANGE tier to easier identify 
GREEN and YELLOW casualties with the potential to 
medically deteriorate. According to the article of origin, 
ORANGE casualties also have an overrepresentation of 
chronic medical conditions, which could make decisions 
regarding transport easier [47]. The SALT system adds an 
EXPECTANT/GRAY tier. This tier consists of IMMEDI-
ATE/RED casualties who are not likely to survive given 
current resources [21].

The criteria from each system were then rephrased to 
enable comparability and overlapping [26]. As all criteria 
had been through a first rephrasing, obvious merging was 
identified and performed (Additional file 5: Appendix 5) 
[26, 28, 29]. For example, the criterion “Not breathing 
with an open airway” was merged with “Airway not open”, 
“Decapitated, dismembered, transection of torso” with 
“Decapitation or destruction of the torso” and “Radial 
pulse absent” with “Peripheral pulse absent” and so forth. 
The largest merge was done in the YELLOW/URGENT/
PRIORITY 2 tier. Since all systems were chronologi-
cal flowcharts with initial division due to ambulation 
and with all criteria laid out it was recognized that YEL-
LOW casualties simply could be summarized by the cri-
terion “Non-ambulatory (and not [black (PX)] or [red 
(P1)])”. This was done instead of displaying every oppo-
site criteria of the RED tier under YELLOW. For example, 
“Radial/peripheral pulse absent = RED, Radial/peripheral 
pulse palpable = YELLOW” etc. just poses as informa-
tion overflow. Instead, all YELLOW criteria (except one) 
could be compiled under the merged phrase above. With 
all criteria rephrased so that they could be quantified, the 
criteria were collected and counted for in means of 1/7’s 
(Table 1). The extra tiers from FDNY-START and SALT 
did not undergo rephrasing since these were obvious 
outliers. The ORANGE tier of FDNY-START was also 
excluded based on that; it is a form of secondary assess-
ment, meant to be used after casualties has been tagged 
as either YELLOW or GREEN. Looking at the major-
ity criteria of each triage tier, using the casualty’s abil-
ity to ambulate or not as a primary regulator to sort out 
DELAYED/PRIORITY 3 (P3) casualties from the rest was 

Records identified through
database screening

(n = 797)

Additional records identified
through other sources

(n = 1)

Records after duplicates
removed
(n = 333)

Records after screening
(n = 31)

Number of systems found in
records
(n = 17)

Number of systems selected
for further analysis of criteria

(n = 9)

Final number of systems
after analysis of applicability

(n = 7)

Fig. 1  PRISMA-style workflow, depicting determination of both 
search and frequency of systems. The original PRISMA Flow Diagram 
(template) and the final list of records are accessible in Additional 
file 2: Appendix 2, and Additional file 3: Appendix 3, respectively
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apparent as it was represented in 6/7 systems. The only 
system that did not contribute to the ambulatory crite-
rion, SALT, actually uses it but in a step that foregoes the 
individual triage of casualties.

This first step is called “Global sorting” and states that 
casualties that are able to walk should be assessed third 
after those able to wave/do purposeful movements (2nd) 
and still/casualties with an obvious life threat (1st) [21]. 
Rephrasing URGENT/PRIORITY 2 [P2] criteria to “Non-
ambulatory (and not [PX] or [P1])” was successful in 6/7 
systems. SALT being the marginal outlier again, since P2 
criteria could be rephrased as “Not fulfilling any [PX] or 
[P1] criteria (1/7)”, ambulation being left out because of 
the same reason as above.

A wider spectrum of criteria could be found in the 
IMMEDIATE/PRIORITY 1 [P1] tier. Rephrasing man-
aged to isolate five main criteria: “Non-ambulatory” 
(6/7), “Breathing/Open airway” (6/7), “Respiratory rate 
(RR)” (4/7), “Radial/Peripheral pulse absent” (4/7) and 
“Following commands/neurological status” (6/7). Count-
ing a respiratory rate without knowing the determining 

interval is pointless which is why the four suggested 
intervals were studied closer. Three out of 4 intervals sug-
gested both a lower and a higher limit. Having noted this, 
the one interval that covered the whole spectrum of sug-
gested limiters was selected as a criterion for P1: RR < 10 
or > 30/min. The criterion “Following commands/neu-
rological status” had a subordinated specification which 
was in majority: “Unable” (4/7), differentiating it from 
other ways to assess neurological status.

In the DEAD/PRIORITY X [PX] tier, two determining 
criteria were found: “Non-ambulatory” (6/7) and “Not 
breathing” (7/7). Assessing the ability to walk to deter-
mine whether a casualty is to be categorized as dead 
might appear inappropriate but since ambulation was 
the majority criterion to single out P3 casualties, all sub-
sequent tiers would have the negated version of that cri-
terion. All systems used breathing or assessment of the 
airway [with or without intervention] as a determiner for 
PX. As a final step, a mock system was constructed of the 
criteria that were in majority (≥ 4/7) as a way to illustrate 
the findings (Fig.  2). The derivation of each step of the 
final system can be found in the Table 2.

Discussion
This paper aims to take the first step in a multistep proce-
dure to evaluate the possibility of creating a translational 
triage tool for prehospital use in mass casualty incidents. 
Doing so, it also creates a discussion regarding the cur-
rent use of prehospital triage and number-based prehos-
pital decision-making. The power of triage goes, however, 
behind the numbers and lies on the ability of providers to 
recognize and decode clinical symptoms [1]. Having this 
in mind, the continuous emergence of new triage systems 
may witness the lack of a reliable solution and flaws in all 
prehospital protocols, which neither may be translated 
into true clinical value and diagnostic substance, nor 
demonstrate evidence or validity [20, 61]. Nevertheless, 
they definitely demonstrate organizational and manage-
ment advantages and should be adjusted, if possible [62].

The combined criteria system, discussed in this paper, 
should be considered as a way to display the results and 
not as an actual proposal for yet another triage system. 
Below, a breakdown of each segment of the combined 
system, which leads to a translated version, is described. 
This version, discussed in reference to relevant research, 
is the true product of the methodology suggested in this 
study.

Ambulation
As the primary divider, sorting out the least prioritized 
casualties from the rest is a very common criterion in 
prehospital triage systems aimed at handling greater 
numbers of casualties [17]. A casualty commanded to 

Table 1  Rephrased and merged criteria with fractions

Majority criteria shown in bold letters

DEA/PX Non-ambulatory (5/7)
Not breathing (7/7)
 after 1–2 attempts at positioning airway (3/7)
 after chest decompression (1/7)
No pulse (1/7)
Obvious signs of death (2/7)
Following commands/neurological status (1/7)
 unable (1/7)

IMMEDIATE/P1 Non-ambulatory (6/7)
Breathing/Open airway (6/7)
 only after positioning (1/7)
Respiratory distress (2/7)
RR (4/7)
 > 30/min (1/7)
 > 30/min or < 10/min (1/7) (full coverage)
 ≥ 22/min or < 12/min (1/7)
  > 29/min or < 10/min (1/7)
Radial/peripheral pulse absent (5/7)
HR (2/7)
 ≥ 100/min (1/7)
 > 120/min (1/7)
CF > 2 s (2/7)
Following commands/neurological status (6/7)
unable (5/7)
 …or not making purposeful movements (1/7)
 GCS < 14 (1/7)
Major hemorrhage persistent after attempt to control 

(2/7)
Likely to survive given current resources (1/7)
Not deadly injured (1/7)

URGENT/P2 Non-ambulatory and not [PX] or [P1] (6/7)
Not fulfilling any [PX] or [P1] criteria (1/7)
More than minor injuries (1/7)

DELAYED/P3 Ambulatory (6/7)
Only minor injuries (1/7)
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walk to a secure rendezvous point, must have sufficient 
central nervous system (CNS) function to receive, pro-
cess and elicit a motor response to the command. This 
also implies that there is sufficient blood pressure to sus-
tain the move. Thus, the victim cannot be suffering from 
severe structural damages making movement impos-
sible. This concept is incorporated in so many systems. 
It is important to remember that this study is limited to 
primary triage. If possible, a second assessment must be 
made as soon as casualties arrive at a designated collect-
ing area since initially ambulatory casualties stand a risk 
of deteriorating quickly [6, 10, 11, 13].

Breathing/open airway
As a deciding factor for categorizing casualties as PX is 
also a common criterion in MCI triage [17]. The phrasing 
differs, but the general idea is that not breathing by itself 
means that the resources required for its resuscitation 
cannot be guaranteed in the event of an MCI, irrespec-
tive of the causes. Several systems allow for 1–2 attempts 
of a lifesaving intervention [LSI] at this stage [1, 6]. The 
hierarchy of assessing the airway first is a well-proven 
concept, stemming from the training program Advanced 
Trauma Life Support (ATLS) [63]. In simple terms, if the 
brain cannot get oxygen, the other organ systems will not 
function leading to death.

Respiratory rate (RR)
Coincides with the second point of assessment of the 
ATLS system (B—Breathing and ventilation). RR is 
instrumental for finding casualties with primary inju-
ries affecting the airways/lungs, such as direct trauma 
to the thorax (hemo-/pneumothorax) or inhalation 
burns/smoke related injuries that are breathing and 
can be saved. They may also have secondary injuries, 
such as major hemorrhage (hypovolemia) resulting in a 
physiological response manifesting as tachypnea. These 
patients manifest with a deviant breathing pattern [64]. 
Therefore, it makes sense that injuries with altered 
breathing patterns have a higher priority to receive 
immediate attention [63, 64]. Nevertheless, assessing the 

Ambulatory? DELAYED/P3
YES

NO

IMMEDIATE/P1

NO

URGENT/P2

DEAD/PXBreathing?

YES

Respiratory rate
10-30/min?

YES

Radial/peripheral
pulse?

YES

Following
commands?

YES

NO

NO

NO

Fig. 2  System constructed from majority criteria

Table 2  Majority criteria and the system they were derived from

CRITERIA DERIVED FROM SYSTEM

Ambulatory: YES/NO? START/mSTART, FNDY-START, MPTT, ASAV, CFT, TS

Breathing: YES/NO? START/mSTART, FNDY-START, MPTT, ASAV, SALT, CFT, TS

Respiratory rate START/mSTART, FDNY-START, MPTT, TS

10-30/min: YES/NO? FNDY-START​

Radial/peripheral pulse:
YES/NO?

START/mSTART, FNDY-START, ASAV, SALT, CFT

Following commands: YES/NO? START/mSTART, FDNY-START, ASAV, SALT, CFT
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breathing by counting respirations per minute has obvi-
ous shortcomings.

Firstly, the counting cannot be done rapidly since it is 
not entirely binary in its result (as in: “Breathing: YES/
NO?”) [10]. It may also take several minutes to count 
respirations in a conceivably loud, stressful and weather 
affected surrounding [13]. Furthermore, the RR might 
be very dynamic in its frequency so that the rate, when 
being assessed, does not give a fair picture of the actual 
condition of the casualty. The casualty being assessed 
may also be under severe psychological stress from the 
MCI itself resulting in tachypnea or hyperventilation that 
does not come from life threatening injuries, or could be 
in psychological shock from realizing that it is severely 
injured, which, on its own or in combination with the 
injury, drives a psychogenic hyperventilation [64–67]. 
Counting an RR also demands an interval of acceptable 
values. No matter what the chosen interval is, there is 
always gray areas (compare the casualty with RR = 29/
min vs > 30/min). The interval chosen for the final system 
was just the interval that covered the whole spectrum of 
the four alternatives (START/mSTART: no lower limit, 
just > 30/min, FDNY-START; 10–30/min, MPTT: 11–22/
min, and TS: 9–30/min) [13, 45, 46, 64].

Although the value of RR is to diagnose whether the 
victim is brady- or tachypneic, it would be more valuable 
to know if the breathing is compromised in ways other 
than frequency (dyspneic or sudden apneic episodes, 
wheezing, severe coughing with expectoration etc.). 
This could all be summarized in a criterion with a binary 
answer: “Respiratory distress: YES/NO?” which would be 
more aimed at assessing the quality of breathing instead 
of the quantity. This idea can be recognized in two of the 
systems in the final group, SALT and ASAV. SALT poses 
the question “Not in respiratory distress?” while ASAV 
asks “Breathing difficulties?” with a short definition writ-
ten in close proximity to the main flowchart [21, 49].

In conclusion, taking the time to assess an RR with a 
somewhat arbitrary interval of acceptable values merely 
results in an assessment of quantity of breathing at that 
precise moment. Quickly assessing if the casualty is in 
respiratory distress or not seems favorable considering 
both time consumption and sensitivity to detect life-
threatening injuries. It does, on the other hand, require 
some level of basic medical training to judge if a person 
is in respiratory distress or not, leaving out the possibility 
for other personnel (than medically trained) to conduct 
the triage.

Radial/peripheral pulse
Is a proxy used to estimate blood pressure and coin-
cides well with the third level of assessments in the 
ATLS system (C = Circulation with bleeding control). An 

estimation of blood pressure is of value since a hypoten-
sive trauma casualty has a high risk of life-threatening 
external or internal hemorrhage. The matter of hypoten-
sion from hypovolemia gives a twofold yield in trauma 
casualties:

1.	 Casualties with life-threatening internal bleeding that 
needs to be tagged as P1 for immediate evacuation 
and surgical intervention at a hospital.

2.	 Casualties with life-threatening external bleeding 
that hardly needs their radial pulse checked to be 
assessed (gushing arterial bleeding tends to be obvi-
ous). They need an intervention in the field (see LSI’s 
below), immediate evacuation and surgical interven-
tion at a hospital.

Historically, a palpable radial pulse has been equated 
to a systolic blood pressure (SBP) of > 80–90  mmHg [1, 
13, 18, 45] and an SBP of < 90 mmHg is widely taught as a 
sign of shock [68] or the limit of clinical hypotension. The 
broad term of shock is applicable to the trauma casualty 
primarily as a function of hypovolemia due to major hem-
orrhage. Hemorrhage-induced hypotension in trauma 
patients has been found to be a predictor of significant 
mortality [69]. The main reason to assess the radial pulse 
is to ask the question: “Hypotension (due to hypovolemia): 
YES/NO?” The idea of a palpable radial pulse being equi-
table to an SBP of > 80 mmHg stems from the first edition 
of the ATLS program, published in 1985 [70]. The pro-
gram states that a palpable carotid pulse equals an SBP 
of 60–70  mmHg, if a femoral pulse can be palpated as 
well then the SBP lies somewhere between 70–80 mmHg 
and a palpable radial pulse equals an SBP of > 80 mmHg. 
This paradigm was quickly rejected [71] due to the lack of 
data to support it and the guidelines were removed from 
subsequent iterations of the program. Somehow, though, 
these ideas of pulse palpability and its proxy as levels of 
SBP has stuck throughout the decades since and is still 
today a subject of discussion and controversy [64, 72–75]. 
Another issue lies in the fact that some sources suggest 
that an affected SBP is a very late sign of hypovolemia, 
implying that when changes occur, it might be too late 
for successful interventions, especially in the prehospital 
setting [76]. The alternative, to time capillary refill in sec-
onds (as in the earlier iterations of START and TS) is very 
condition dependent (cold weather, poor lighting) and 
has also been considered a highly insufficient substitute 
for blood pressure for decades [77].

Uncontrolled hemorrhage translates into a significant 
amount of civilian trauma-associated and military battle-
field deaths. Numbers as high as 80% of civilian trauma 
deaths has been linked to uncontrolled hemorrhage 
while the same source account up to 50% of deaths on 
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the battlefield to the same [78]. Another source looked at 
deaths on the battlefield from 2001 to 2011 and found that 
24.3% were potentially survivable injuries whereby 90.9% 
were associated with hemorrhage [79]. All of this obvi-
ously supports some form of blood pressure assessment 
in the MCI triage. To demand the use of a sphygmoma-
nometer in the event of an MCI is out of the question. 
Not only does it require a stethoscope (and quiet sur-
roundings) in addition to the blood pressure cuff, it also 
takes an impractical amount of time [78]. Since no other 
assessment of blood pressure is available without equip-
ment, the palpation of the radial pulse will probably keep 
its place in future prehospital triage systems. At least, it 
seems rational to prioritize a casualty without a palpa-
ble radial pulse higher than one with a palpable one. To 
differentiate the casualties with a high probability of an 
internal bleed from the ones that need an intervention in 
the field (life-threatening external bleed), an additional 
question could be added, as described in the ASAV and 
SALT systems [21, 49]. First asking for: “Major external 
bleeding: YES/NO?” and if: YES, proceed with an LSI 
while if: NO, proceed with “Radial pulse palpable: YES/
NO?”.

Following commands
Also follows the ATLS algorithm, matching the fourth 
step (D—Disability/Neurologic assessment). The seem-
ingly elementary assessment of whether a casualty can 
follow commands or not actually tells us a number of 
things. Someone who can follow a simple command, 
such as, “Can you show me where it hurts?”, “Can you tell 
me where you are?” or merely “Can you wave your hand 
at me?” can receive and process auditory information 
and then turn it into a verbal or motor response. Conse-
quently, in this patient neither is the flow of oxygen criti-
cally impaired, nor is there substantial structural damage 
to the CNS or the routes thereto. This assessment of ver-
bal or motor response to stimuli is a part of the Glasgow 
Coma Scale (GCS) [79], which evaluates the level of con-
sciousness in patients with acute brain injury. Especially 
the motor component of the scale has been found to be 
a predictor of both the need for an LSI (together with a 
weak or absent radial pulse) [77] or the risk of dying [80, 
81] in studied groups of trauma patients. The criterion to 
follow simple commands was supported in some way or 
another in all the final seven systems and can be found in 
several other triage systems [17] that were not included 
in this analysis.

Lifesaving interventions
Were included in 4/7 systems in the final group (Table 3). 
The question of LSIs or not in a triage system for MCI’s 
translates to two sub-questions: (1) who will perform the 

triage, and (2) what resources/equipment are available in 
the field?

The answer to the first question is somewhat a matter 
of triage philosophy. Should triage be strictly limited to 
medical personnel or should volunteers or even bystand-
ers be able to help [82]? Several countries have legislation 
concerning who exactly can make such decisions regard-
ing life and death. In addition, from an ethical point of 
view, should someone without medical training and 
insight into available resources be responsible for making 
such choices? Dealing with the pressure of decision-mak-
ing lies in the simplicity of the triage system. A triage sys-
tem in its simplest form should be usable for anyone but 
that would require a redundancy level that might not pro-
vide correct prioritization from a strictly medical point of 
view. Correspondingly, a system that is so uncomplicated 
that anyone could conduct the triage leaves absolutely 
no room for LSIs to be performed in the field, although 
not all LSIs are equal, concerning what medical train-
ing they require. Looking at the LSIs in Table 3, using an 
antidote auto-injector is an elementary intervention as 
long as it comes with an accessible manual of operation 
and instructions of acceptable injection sites. However, 
the decision that all casualties should receive an anti-
dote must come from a medical professional. Controlling 
major hemorrhage by applying a tourniquet [82, 83] or 
direct pressure to an extremity is also seemingly straight-
forward, while attempting to stop a gushing abdominal 
wound in a satisfactory manner requires surgical knowl-
edge. The same applies for airway opening and control, to 
position the casualty’s head adequately, is not necessar-
ily complicated, but to judge whether the positioning is 
good enough to tag a casualty as PX when breathing does 
not start is a decision to make for someone with exten-
sive medical training. Performing a needle or mini thora-
costomy in the field to decompress a suspected hemo- or 

Table 3  Systems and LSIs

SYSTEM LSI

START/mSTART​ Positioning and repositioning of airway (if needed)

FDNY-START​ Opening of airway

MPTT None

ASAV Keeping airway open

Stopping bleeding

SALT Controlling major hemorrhage

Opening airway (2 rescue breaths if child)

Chest decompression

Auto injector antidotes

CFT None

TS None
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pneumothorax ranks as the most complex of the LSIs in 
the table above. This demands highly skilled professional 
to perform, definitive medical training, sufficient man-
agement conditions and equipment.

The answer to the second question is closely linked to 
the first. As stated earlier, a triage system for MCIs must 
be constructed with austere conditions and minimal 
equipment requirements in mind. This is reflected in the 
table of LSIs; the positioning of the airway is the LSI in 
majority since it is performed without equipment to pre-
vent an obstructed airway and is a rapid intervention. 
As described above, major hemorrhage accounts for a 
substantial amount of preventable trauma deaths, which 
warrants at least an attempt at controlling the bleeding 
on prehospital scene. This could also be made with mini-
mal equipment; makeshift tourniquets can be made from 
clothing, direct pressure can be applied by bystanders, 
another victim or, in some cases, even the injured casu-
alty [82].

Field packing of wounds to the abdomen or proximal 
portion of limbs ranks higher not only in surgical training 
required but also in equipment demand and time con-
sumption. The matter of antidote administration depends 
on regional resources, stockpiles and the fact that the 
contaminating agent has to be identified. Performing 
needle or mini thoracostomy as an LSI in the triage algo-
rithm would require professional training and necessary 
equipment. The most LSI-heavy system of the final seven, 
SALT, states that no LSI should be performed without 
sufficient medical training and resources [21]. Adding 
this disclaimer to a future combined triage system is a 
way around the restrictions of LSIs. Since MCI triage is 
traditionally aimed at medical personnel conducting it, at 
least airway positioning and controlling of hemorrhage 
should be allowed. To cover contaminated events fur-
ther, a future system should also allow for rapid admin-
istration of antidotes when needed. Concerning a system 
constructed out of majority criteria: a more nuanced sys-
tem would probably emerge from research with greater 
resources that could include a wider array of existing tri-
age systems. The value of the different stages of the algo-
rithm can be justified at the moment of decision-making. 
The translated triage version in this paper (Fig. 3) should 
be viewed as a final step in the methodology of this paper.

Chemical, biological, radiation and nuclear (CBRN)
CBRN is a frequently used term when discussing triage 
in the MCI setting. Adding a layer of contamination of 
both casualties and incident site to the triage process 
complicates it exponentially. Several currently wide-
spread MCI triage systems have not been studied for use 
in these situations [20, 48, 84]. A number of specific tri-
age systems for CBRN exist [17] but none of these made 

the final selection in this analysis. Of the final seven, only 
SALT lists a specific intervention that could be linked to 
a CBRN-scenario; the administration of antidotes. How-
ever, all MCI triage systems analyzed here depend on 
vital parameters or physiological criteria for the prior-
itization of casualties. It seems plausible that the CBRN 
casualty would have equally as deranged vital parameters 
as the trauma counterpart. Instead, the CBRN-scenario’s 
prime challenging factor concerning primary triage is 
that it would have to be conducted wearing hazardous 
material (hazmat) protection gear, making some assess-
ments impossible. Using the proposed translated triage, 
the problematic part will still be counting a respiratory 
rate, certainly not when aerosol or gas-form irritant or 
blistering agents have been used, because of coughing, 
wheezing, psychogenic tachypnea etc. Again, identifying 
respiratory distress to assess quality of breathing instead 
of quantity is the appropriate route to go. Palpating for 
a radial pulse would be hard if not possible at all. Apply-
ing a tourniquet or some other ad-hoc solution to stop 
major external hemorrhage, is probably possible, keeping 
the suggested question of “Major external hemorrhage: 

Ambulatory? DELAYED/P3
YES

NO

IMMEDIATE/P1

URGENT/P2

DEAD/PXBreathing?

YES

Major external
hemorrhage?

NO

Radial/peripheral
pulse?

YES

Respiratory
distress?

YES

NO

YES

NO LSI: OPEN AIRWAY
Breathing?

NO

YES LSI: CONTROL
HEMORRHAGE

YES

NO

Following
commands?

NO

Fig. 3  Triage System constructed from majority criteria. Modified 
according to discussion regarding triage criteria and LSIs
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YES/NO?” in the CBRN application of the modified 
combined criteria system. Verbal communication might 
be impaired when using respiratory protection appara-
tuses but to gain a general idea of whether the casualty 
is able to follow commands seems imaginable (Fig.  4). 
Envisioning the application of any MCI triage system in 
a CBRN-setting is easy in theory but requires extensive, 
further research and input from both civilian and mili-
tary experts.

Limitations
The main limitation of this study is in the number of 
studies reviewed. It is also evident that reviewing only 
English literature, may result in missing studies from 
other countries. The PRISMA-workflow was not fol-
lowed precisely since the aim of the study was not a sys-
tematic review. Consequently, no attention was given to 
the quality of the articles, impact factor etc. However, a 
large portion of the methodology was chosen to identify 
and justify any scientifically proven way to select and 
warrant the selection of the systems instead of just pick-
ing out a specific number. Another limitation goes to the 

small group of systems selected for the final analysis of 
overlapping criteria. A majority of the final seven systems 
stem from the original START system, making for a rela-
tively homogenous group, which leads to a START-like 
preference product in the end. If a larger selection of arti-
cles could have been made from a broader original search 
then a larger, more diverse group of systems could have 
been compared. In this scenario, the overlapping and 
the final system might have looked different. In addition, 
restricting the rephrasing and overlapping to four tiers 
(as in excluding ORANGE and GRAY tiers from FDNY-
START and SALT) could have contributed to a uniform 
end-result.

Future research could incorporate any number of tiers 
to see if there are overlapping criteria in the non-classical 
categories as well. Finally, constant targeted comparison 
was used as preferred analytic device to create meta-
syntheses of findings. The method deliberately searches 
for similarities and differences between a target phenom-
enon and some other extra-study phenomenon, with 
obvious alikeness [26]. Such comparison aims to clarify 
the defining and overlapping characteristics of the tar-
get phenomenon in order to minimize the likelihood of 
inflating its uniqueness and to help ascertain the relation-
ships between phenomena and is best conducted after 
reducing the findings in all reports into a set of abstracted 
statements, or represented in taxonomy, as conducted in 
this study.

Conclusion
The current study demonstrates two essential points. 
To begin with, there are common characteristics in all 
current prehospital triage systems, and, secondly, it 
is possible to substitute the number-based prehospi-
tal decision-making with clinical signs and symptoms. 
Accordingly, it seems to be feasible to convert various 
prehospital triage systems into one by using a triage 
translational tool. However, this study is the first step in 
a multistep future research that should examine the tool 
and its different decision-making steps either by using 
simulations or by experts’ evaluation to ensure its feasi-
bility in terms of speed, continuity, simplicity, sensitivity 
and specificity. The used methodology may not follow the 
existing tradition, however, applying this model to fur-
ther, broader research; including a wider array of more 
heterogeneous triage systems has the potential to result 
in a translational triage tool for worldwide use.

Abbreviations
ASAV: Amberg–Schwandorf algorithm for primary triage; ATLS: Advanced 
trauma life support; CBRN: Chemical biological radiation nuclear; CFT: Care 
flight triage; CNC: Central nervous system; ED: Emergency department; EMS: 
Emergency medical services; FDNY-START​: Fire Department of New York 
modified START​; FTS: Field triage score; GCS: Glasgow Coma Scale; LSI: Life 

Ambulatory? DELAYED/P3
YES

NO

IMMEDIATE/P1

URGENT/P2

DEAD/PXBreathing?

YES

Major external
hemorrhage?

NO

Respiratory
distress?

NO

Following
commands?

YES

YES

NO

NO LSI: OPEN AIRWAY
Breathing?

NO

YES LSI: CONTROL
HEMORRHAGE

YES

LSI: ADMINISTER
ANTIDOTE

Autoinjector
antidote available?

NO

YES

Fig. 4  Triage System constructed from majority criteria, modified 
according to discussion regarding criteria, LSIs, and CBRN variation



Page 11 of 13Khorram‑Manesh et al. Scand J Trauma Resusc Emerg Med          (2021) 29:119 	

saving intervention; MCI: Mass casualty incidents; META: Spanish prehospital 
advanced triage method; mMS: Modified military sieve; MPTT: Modified physi‑
ological triage tool; MS: Military sieve; mSTART​: Modified START​; NGT: Nominal 
group technique; P: Priority; PRIOR: Primary ranking for initial orientation in 
emergency medical services; PRISMA: Preferred reporting items for systematic 
reviews and meta-analysis; RR: Respiratory rate; SALT: Sort assess lifesaving 
intervention triage/transport; Start: Simple triage and rapid transport; STM: 
Sacco triage method; TS: Triage sieve; WWI: World War I.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13049-​021-​00932-z.

Additional file 1. Appendix 1: Presents the primary testing of keywords, 
terms and combinations thereof.

Additional file 2. Appendix 2: PRISMA-style workflow, depicting deter‑
mination of both search and frequency of systems.

Additional file 3. Appendix 3: The final list and frequency of the 
literature.

Additional file 4. Appendix 4: The Final Seven Systems included in this 
study (a–g).

Additional file 5. Appendix 5: Original phrasing, rephrasing and merging 
of criteria from the final seven systems.

Acknowledgements
Not applicable.

Authors’ contributions
AK conceived the idea for the manuscript and together with JN initiated 
the study and undertook the literature review and prepared the first draft 
of the study. AK, JN and EC designed the methodology. All authors, critically 
analyzed and approved the results, reviewed the final draft of the manuscript. 
AK and FB finalized the manuscript. All authors read and approved the final 
manuscript.

Funding
Open access funding provided by University of Gothenburg.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article or as supplementary files. References used in the literature review are 
available on world web.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
Not applicable.

Author details
1 Institute of Clinical Sciences, Department of Surgery, Sahlgrenska Acad‑
emy, Gothenburg University, 413 45 Gothenburg, Sweden. 2 Gothenburg 
Emergency Medicine Research Group (GEMREG), Sahlgrenska Academy, 413 
45 Gothenburg, Sweden. 3 Department of Research and Development, Armed 
Forces Center for Defense Medicine, 426 76 Västra Frölunda, Gothenburg, 
Sweden. 4 Institute of Health and Care Sciences, Sahlgrenska Academy, Uni‑
versity of Gothenburg, 413 45 Gothenburg, Sweden. 5 USN School of Business, 
University of South-Eastern Norway, 3616 Kongsberg, Norway. 6 Department 
of Aviation Security, Military University of Aviation, 08‑521 Dęblin, Poland. 
7 Emergency Department, Humanitas Mater Domini, 210 53 Castellanza, Italy. 

8 T.H. Chan School of Public Health, Harvard Humanitarian Initiative, Harvard 
University, Boston, MA 02115, USA. 

Received: 28 April 2021   Accepted: 3 August 2021

References
	1.	 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.

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

	3.	 World Health Organization (WHO). Mass casualty management systems: 
strategies and guidelines for building health sector capacity. 2007. 
https://​www.​who.​int/​hac/​techg​uidan​ce/​tools/​mcm_​guide​lines_​en.​pdf. 
Accessed 20 Apr 2021.

	4.	 Utilitarinism DB. Encyclopædia Britannica. https://​www.​brita​nnica.​com/​
topic/​utili​taria​nism-​philo​sophy. Accessed 20 Apr 2021.

	5.	 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.

	6.	 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.

	7.	 Gomersall CD, Joynt GM. What is the benefit in triage? Crit Care Med. 
2011;39:911–2. https://​doi.​org/​10.​1097/​CCM.​0b013​e3182​0b7415.

	8.	 Weinerman ER, Ratner RS, Robbins A, Lavenhar MA. Yale studies in 
ambulatory medical care. V. Determinants of use of hospital emergency 
services. Am J Public Health. 1966;56:1037–56. https://​doi.​org/​10.​2105/​
ajph.​56.7.​1037.

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

	10.	 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.

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

	12.	 Eastridge BJ, Butler F, Wade CE, et al. Field triage score (FTS) in battlefield 
casualties: validation of a novel triage technique in a combat environ‑
ment. Am J Surg. 2010;200:724–7. https://​doi.​org/​10.​1016/j.​amjsu​rg.​2010.​
08.​006 (discussion 727).

	13.	 Garner A, Lee A, Harrison K, Schultz CH. Comparative analysis of multiple-
casualty incident triage algorithms. Ann Emerg Med. 2001;38:541–8. 
https://​doi.​org/​10.​1067/​mem.​2001.​119053.

	14.	 Lerner EB, Schwartz RB, Coule PL, Pirrallo RG. Use of SALT triage in a simu‑
lated mass-casualty incident. Prehosp Emerg Care. 2010;14:21–5. https://​
doi.​org/​10.​3109/​10903​12090​33498​12.

	15.	 McKee CH, Heffernan 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.

	16.	 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:S14-24. https://​doi.​
org/​10.​1097/​DMP.​0b013​e3181​4cfa54.

	17.	 Bazyar J, Farrokhi M, Khankeh H. Triage systems in mass casualty incidents 
and disasters: a review study with a worldwide approach. Open Access 
Maced J Med Sci. 2019;7:482–94. https://​doi.​org/​10.​3889/​oamjms.​2019.​
119.

	18.	 Neidel T, Salvador N, Heller AR. Impact of systolic blood pressure limits on 
the diagnostic value of triage algorithms. Scand J Trauma Resusc Emerg 
Med. 2017;25:118. https://​doi.​org/​10.​1186/​s13049-​017-​0461-2.

	19.	 Holgersson A. Review of On-Scene Management of Mass-Casualty 
Attacks. JoHS. 2016;12:91–111. https://​doi.​org/​10.​12924/​johs2​016.​12010​
091.

https://doi.org/10.1186/s13049-021-00932-z
https://doi.org/10.1186/s13049-021-00932-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://www.who.int/hac/techguidance/tools/mcm_guidelines_en.pdf
https://www.britannica.com/topic/utilitarianism-philosophy
https://www.britannica.com/topic/utilitarianism-philosophy
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/10.1097/CCM.0b013e31820b7415
https://doi.org/10.2105/ajph.56.7.1037
https://doi.org/10.2105/ajph.56.7.1037
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/10.1016/j.amjsurg.2010.08.006
https://doi.org/10.1016/j.amjsurg.2010.08.006
https://doi.org/10.1067/mem.2001.119053
https://doi.org/10.3109/10903120903349812
https://doi.org/10.3109/10903120903349812
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/10.1097/DMP.0b013e31814cfa54
https://doi.org/10.3889/oamjms.2019.119
https://doi.org/10.3889/oamjms.2019.119
https://doi.org/10.1186/s13049-017-0461-2
https://doi.org/10.12924/johs2016.12010091
https://doi.org/10.12924/johs2016.12010091


Page 12 of 13Khorram‑Manesh et al. Scand J Trauma Resusc Emerg Med          (2021) 29:119 

	20.	 Jenkins JL, McCarthy ML, Sauer LM, et al. Mass-casualty triage: time for an 
evidence-based approach. Prehosp Disaster Med. 2008;23(1):3–8. https://​
doi.​org/​10.​1017/​s1049​023x0​00054​71.

	21.	 Lerner EB, Cone DC, Weinstein ES, et al. Mass casualty triage: an evalua‑
tion of the science and refinement of a national guideline. Disaster Med 
Public Health Prep. 2011;5(2):129–37. https://​doi.​org/​10.​1001/​dmp.​2011.​
39.

	22.	 Sacco WJ, Navin DM, Fiedler KE, et al. Precise formulation and evidence-
based application of resource-constrained triage. Acad Emerg Med. 
2005;12(8):759–70. https://​doi.​org/​10.​1197/j.​aem.​2005.​04.​003.

	23.	 Cone DC, MacMillan DS. Mass-casualty triage systems: a hint of science. 
Acad Emerg Med. 2005;12:739–41. https://​doi.​org/​10.​1197/j.​aem.​2005.​04.​
001.

	24.	 Haby MM, Chapman E, Clark R, et al. What are the best methodologies for 
rapid reviews of the research evidence for evidence-informed decision 
making in health policy and practice: a rapid review. Health Res Policy 
Sys. 2016;14(1):83. https://​doi.​org/​10.​1186/​s12961-​016-​0155-7.

	25.	 Moher D, Liberati A, Tetzlaff J, et al. The PRISMA Group. Preferred reporting 
items for systematic reviews and meta-analyses: the PRISMA statement. 
PLoS Med. 2009;6(7):e1000097.

	26.	 Sandelowski M, Barroso J. Handbook for synthesizing qualitative research. 
Optimizing the validity of qualitative research synthesis studies. Springer 
Publishing Company. 2007. https://​parsm​odir.​com/​wp-​conte​nt/​uploa​
ds/​2020/​03/​MetaS​ynBook.​pdf. Accessed 20 Apr 2021. pp 187, 199–225, 
228–229.

	27.	 Harvey N, Holmes CA. Nominal group technique: An effective method for 
obtaining group consensus. Int J Nurs Practice. 2012;18:188–94. https://​
doi.​org/​10.​1111/j.​1440-​172X.​2012.​02017.x.

	28.	 Vaismoradi M, Turunen H, Bondas T. Content analysis and thematic 
analysis: Implications for conducting a qualitative descriptive study. Nurs 
Health Sci. 2013;15:398–405. https://​doi.​org/​10.​1111/​nhs.​12048.

	29.	 Barbour RS, Barbour M. Evaluating and synthesizing qualitative 
research: the need for a distinctive approach. Jo Eval Clin Practice. 
2002;9(2):179–86.

	30.	 Sherwood G. Meta-synthesis: merging qualitative studies to develop 
nursing knowledge. Int J Hum Caring. 1999. https://​doi.​org/​10.​20467/​
1091-​5710.3.​1.​37.

	31.	 Ferrandini Price M, Arcos González P, Pardo Ríos M, et al. Comparison 
of the Simple Triage and Rapid Treatment system versus the Prehospi‑
tal Advanced Triage Model in multiple-casualty events. Emergencias. 
2018;30(4):224–30.

	32.	 Ferrandini Price M, Escribano Tortosa D, Nieto Fernandez-Pacheco A, et al. 
Comparative study of a simulated incident with multiple victims and 
immersive virtual reality. Nurse Educ Today. 2018;71:48–53. https://​doi.​
org/​10.​1016/j.​nedt.​2018.​09.​006.

	33.	 Celik DH, Mencl FR, Debacker M, et al. Triage performance of school per‑
sonnel using the SALT system. Prehosp Disaster Med. 2019;34(4):401–6. 
https://​doi.​org/​10.​1017/​S1049​023X1​90046​2X.

	34.	 Hart A, Nammour E, Mangolds V, Broach J. Intuitive versus algorithmic 
triage. Prehosp Disaster Med. 2018;33:355–61. https://​doi.​org/​10.​1017/​
S1049​023X1​80006​26.

	35.	 Zoraster RM, Chidester C, Koenig W. Field triage and patient maldistribu‑
tion in a mass-casualty incident. Prehosp Disaster Med. 2007;22:224–9. 
https://​doi.​org/​10.​1017/​s1049​023x0​00047​14.

	36.	 Bolduc C, Maghraby N, Fok P, et al. Comparison of electronic versus man‑
ual mass-casualty incident triage. Prehosp Disaster Med. 2018;33:273–8. 
https://​doi.​org/​10.​1017/​S1049​023X1​80003​3X.

	37.	 Silvestri S, Field A, Mangalat N, et al. Comparison of START and SALT triage 
methodologies to reference standard definitions and to a field mass 
casualty simulation. Am J Disaster Med. 2017;12:27–33. https://​doi.​org/​10.​
5055/​ajdm.​2017.​0255.

	38.	 Schenker JD, Goldstein S, Braun J, et al. Triage accuracy at a multiple 
casualty incident disaster drill: the Emergency Medical Service, Fire 
Department of New York City experience. J Burn Care Res. 2006;27:570–5. 
https://​doi.​org/​10.​1097/​01.​BCR.​00002​35450.​12988.​27.

	39.	 Heller AR, Salvador N, Frank M, et al. Diagnostic precision of triage 
algorithms for mass casualty incidents. English version Anaesthesist. 
2019;68:15–24. https://​doi.​org/​10.​1007/​s00101-​017-​0352-y.

	40.	 Arcos Gonzalez P, Castro Delgado R, Cuartas Alvarez T, et al. The develop‑
ment and features of the Spanish prehospital advanced triage method 

(META) for mass casualty incidents. Scand J Trauma Resusc Emerg Med. 
2016;24:63. https://​doi.​org/​10.​1186/​s13049-​016-​0255-y.

	41.	 Lee CW, McLeod SL, Van Aarsen K, et al. First Responder accuracy using 
SALT during mass-casualty incident simulation. Prehosp Disaster Med. 
2016;31:150–4. https://​doi.​org/​10.​1017/​S1049​023X1​60000​91.

	42.	 Hoff JJ, Carroll G, Hong R. Presence of undertriage and overtriage in 
simple triage and rapid treatment. Am J Disaster Med. 2017;12:147–54. 
https://​doi.​org/​10.​5055/​ajdm.​2017.​0268.

	43.	 Badiali S, Giugni A, Marcis L. Testing the START triage protocol: can it 
improve the ability of nonmedical personnel to better triage patients 
during disasters and mass casualties incidents? Disaster Med Public 
Health Prep. 2017;11:305–9. https://​doi.​org/​10.​1017/​dmp.​2016.​151.

	44.	 Sapp RF, Brice JH, Myers JB, Hinchey P. Triage performance of first-year 
medical students using a multiple-casualty scenario, paper exercise. Pre‑
hosp Disaster Med. 2010;25:239–45. https://​doi.​org/​10.​1017/​s1049​023x0​
00081​04.

	45.	 Hong R, Sexton R, Sweet B, et al. Comparison of START triage categories 
to emergency department triage levels to determine need for urgent 
care and to predict hospitalization. Am J Disaster Med. 2015;10:13–21. 
https://​doi.​org/​10.​5055/​ajdm.​2015.​0184.

	46.	 Vassallo J, Beavis J, Smith JE, Wallis LA. Major incident triage: deriva‑
tion and comparative analysis of the Modified Physiological Triage Tool 
(MPTT). Injury. 2017;48:992–9. https://​doi.​org/​10.​1016/j.​injury.​2017.​01.​
038.

	47.	 Arshad FH, Williams A, Asaeda G, et al. A modified simple triage and rapid 
treatment algorithm from the New York City (USA) Fire Department. 
Prehosp Disaster Med. 2015;30:199–204. https://​doi.​org/​10.​1017/​S1049​
023X1​40014​47.

	48.	 Lampi M, Vikstrom T, Jonson CO. Triage performance of Swedish physi‑
cians using the ATLS algorithm in a simulated mass casualty incident: a 
prospective cross-sectional survey. Scand J Trauma Resusc Emerg Med. 
2013;21:90. https://​doi.​org/​10.​1186/​1757-​7241-​21-​90.

	49.	 Cone DC, Serra J, Burns K, et al. Pilot test of the SALT mass casualty triage 
system. Prehosp Emerg Care. 2009;13:536–40. https://​doi.​org/​10.​1080/​
10903​12080​27062​52.

	50.	 Wolf P, Bigalke M, Graf BM, et al. Evaluation of a novel algorithm for 
primary mass casualty triage by paramedics in a physician manned 
EMS system: a dummy based trial. Scand J Trauma Resusc Emerg Med. 
2014;22:50. https://​doi.​org/​10.​1186/​s13049-​014-​0050-6.

	51.	 Lee CW, McLeod SL, Peddle MB. First responder accuracy using SALT after 
brief initial training. Prehosp Disaster Med. 2015;30:447–51. https://​doi.​
org/​10.​1017/​S1049​023X1​50049​75.

	52.	 Cuttance G, Dansie K, Rayner T. Paramedic application of a triage sieve: a 
paper-based exercise. Prehosp Disaster Med. 2017;32:3–13. https://​doi.​
org/​10.​1017/​S1049​023X1​60011​63.

	53.	 Vassallo J, Smith J, Bouamra O, et al. A. The civilian validation of the Modi‑
fied Physiological Triage Tool (MPTT): an evidence-based approach to 
primary major incident triage. Emerg Med J. 2017;34:810–5. https://​doi.​
org/​10.​1136/​emerm​ed-​2017-​206647.

	54.	 Deluhery MR, Lerner EB, Pirrallo RG, Schwartz RB. Paramedic accuracy 
using SALT triage after a brief initial training. Prehosp Emerg Care. 
2011;15:526–32. https://​doi.​org/​10.​3109/​10903​127.​2011.​569852.

	55.	 Risavi BL, Salen PN, Heller MB, Arcona S. A two-hour intervention using 
START improves prehospital triage of mass casualty incidents. Prehosp 
Emerg Care. 2001;5:197–9. https://​doi.​org/​10.​1080/​10903​12019​09401​28.

	56.	 Jain TN, Ragazzoni L, Stryhn H, et al. Comparison of the Sacco triage 
method versus START triage using a virtual reality scenario in advance 
care paramedic students. CJEM. 2016;18:288–92. https://​doi.​org/​10.​1017/​
cem.​2015.​102.

	57.	 Cross KP, Cicero MX. Head-to-head comparison of disaster triage 
methods in pediatric, adult, and geriatric patients. Ann Emerg Med. 
2013;61:668–76. https://​doi.​org/​10.​1016/j.​annem​ergmed.​2012.​12.​023.

	58.	 Lerner EB, Schwartz RB, Coule PL, et al. Mass casualty triage: an evaluation 
of the data and development of a proposed national guideline. Disaster 
Med Public Health Prep. 2008;2(Suppl 1):S25–34. https://​doi.​org/​10.​1097/​
DMP.​0b013​e3181​82194e.

	59.	 Cone DC, MacMillan DS, Parwani V, Van Gelder C. Pilot test of a proposed 
chemical/biological/radiation/nuclear-capable mass casualty triage sys‑
tem. Prehosp Emerg Care. 2008;12:236–40. https://​doi.​org/​10.​1080/​10903​
12080​19076​20.

https://doi.org/10.1017/s1049023x00005471
https://doi.org/10.1017/s1049023x00005471
https://doi.org/10.1001/dmp.2011.39
https://doi.org/10.1001/dmp.2011.39
https://doi.org/10.1197/j.aem.2005.04.003
https://doi.org/10.1197/j.aem.2005.04.001
https://doi.org/10.1197/j.aem.2005.04.001
https://doi.org/10.1186/s12961-016-0155-7
https://parsmodir.com/wp-content/uploads/2020/03/MetaSynBook.pdf
https://parsmodir.com/wp-content/uploads/2020/03/MetaSynBook.pdf
https://doi.org/10.1111/j.1440-172X.2012.02017.x
https://doi.org/10.1111/j.1440-172X.2012.02017.x
https://doi.org/10.1111/nhs.12048
https://doi.org/10.20467/1091-5710.3.1.37
https://doi.org/10.20467/1091-5710.3.1.37
https://doi.org/10.1016/j.nedt.2018.09.006
https://doi.org/10.1016/j.nedt.2018.09.006
https://doi.org/10.1017/S1049023X1900462X
https://doi.org/10.1017/S1049023X18000626
https://doi.org/10.1017/S1049023X18000626
https://doi.org/10.1017/s1049023x00004714
https://doi.org/10.1017/S1049023X1800033X
https://doi.org/10.5055/ajdm.2017.0255
https://doi.org/10.5055/ajdm.2017.0255
https://doi.org/10.1097/01.BCR.0000235450.12988.27
https://doi.org/10.1007/s00101-017-0352-y
https://doi.org/10.1186/s13049-016-0255-y
https://doi.org/10.1017/S1049023X16000091
https://doi.org/10.5055/ajdm.2017.0268
https://doi.org/10.1017/dmp.2016.151
https://doi.org/10.1017/s1049023x00008104
https://doi.org/10.1017/s1049023x00008104
https://doi.org/10.5055/ajdm.2015.0184
https://doi.org/10.1016/j.injury.2017.01.038
https://doi.org/10.1016/j.injury.2017.01.038
https://doi.org/10.1017/S1049023X14001447
https://doi.org/10.1017/S1049023X14001447
https://doi.org/10.1186/1757-7241-21-90
https://doi.org/10.1080/10903120802706252
https://doi.org/10.1080/10903120802706252
https://doi.org/10.1186/s13049-014-0050-6
https://doi.org/10.1017/S1049023X15004975
https://doi.org/10.1017/S1049023X15004975
https://doi.org/10.1017/S1049023X16001163
https://doi.org/10.1017/S1049023X16001163
https://doi.org/10.1136/emermed-2017-206647
https://doi.org/10.1136/emermed-2017-206647
https://doi.org/10.3109/10903127.2011.569852
https://doi.org/10.1080/10903120190940128
https://doi.org/10.1017/cem.2015.102
https://doi.org/10.1017/cem.2015.102
https://doi.org/10.1016/j.annemergmed.2012.12.023
https://doi.org/10.1097/DMP.0b013e318182194e
https://doi.org/10.1097/DMP.0b013e318182194e
https://doi.org/10.1080/10903120801907620
https://doi.org/10.1080/10903120801907620


Page 13 of 13Khorram‑Manesh et al. Scand J Trauma Resusc Emerg Med          (2021) 29:119 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	60.	 Ringström C, Andersson B, Bergh C, Börjesson M, Carlström E, Eriksson M, 
Lönnbark M, et al. Triage for prioritisation in the emergency department. 
Report no. 2018:99. https://​alfre​sco.​vgreg​ion.​se/​alfre​sco/​servi​ce/​vgr/​stora​
ge/​node/​conte​nt/​works​pace/​Space​sStore/​535cd​4f5-​b113-​475d-​a739-​
191c1​f28de​7f/​2018_​99%​20HTA-​rappo​rt%​20Tri​age.​pdf?a=​false​&​guest=​
true. Accessed 20 Apr 2021.

	61.	 Culley JM, et al. A review of the literature on the validity of mass casualty 
triage systems with a focus on chemical exposures. Am J Disaster Med. 
2014;9(2):137–50. https://​doi.​org/​10.​5055/​adjm.​2014.​0150.

	62.	 Harding KE, Snowdon DA, Lewis AK, et al. Staff perspectives of a model 
of access and triage for reducing waiting time in ambulatory services: a 
qualitative study. BMC Health Serv Res. 2019;19:283. https://​doi.​org/​10.​
1186/​s12913-​019-​4123-0.

	63.	 American College of Surgeons. About advanced trauma life support. 
https://​www.​facs.​org/​quali​ty-​progr​ams/​trauma/​atls/​about. Accessed 20 
Apr 2021.

	64.	 Mutschler M, Nienaber U, Brockamp T, et al. A critical reappraisal of the 
ATLS classification of hypovolaemic shock: does it really reflect clinical 
reality? Resuscitation. 2013;84:309–13. https://​doi.​org/​10.​1016/j.​resus​citat​
ion.​2012.​07.​012.

	65.	 Yonge JD, Bohan PK, Watson JJ, et al. The respiratory rate: a neglected 
triage tool for pre-hospital identification of trauma patients. World J Surg. 
2018;42:1321–6. https://​doi.​org/​10.​1007/​s00268-​017-​4353-4.

	66.	 Husum H, Gilbert M, Wisborg T, et al. Respiratory rate as a prehospital 
triage tool in rural trauma. J Trauma. 2003;55:466–70. https://​doi.​org/​10.​
1097/​01.​TA.​00000​44634.​98189.​DE.

	67.	 Community Emergency Response Team Unit. Simple triage and rapid 
treatment (START). https://​www.​cert-​la.​com/​certt​raini​ng-​educa​tion/​
start/. Accessed 20 Apr 2021.

	68.	 Edelman DA, White MT, Tyburski JG, Wilson RF. Post-traumatic hypoten‑
sion: should systolic blood pressure of 90–109 mmHg be included? 
Shock. 2007;27:134–8. https://​doi.​org/​10.​1097/​01.​shk.​00002​39772.​18151.​
18.

	69.	 Heckbert SR, Vedder NB, Hoffman W, et al. Outcome after hemorrhagic 
shock in trauma patients. J Trauma. 1998;45:545–9. https://​doi.​org/​10.​
1097/​00005​373-​19980​9000-​00022.

	70.	 Carmont M. The advanced trauma life support course: a history of its 
development and Postgrad. Med J. 2005;81(952):87–91.

	71.	 Poulton TJ. ATLS paradigm fails. Ann Emerg Med. 1988;17(1):107. https://​
doi.​org/​10.​1016/​S0196-​0644(88)​80538-9.

	72.	 Deakin CD, Low JL. Accuracy of the advanced trauma life support guide‑
lines for predicting systolic blood pressure using carotid, femoral, and 
radial pulses: observational study. BMJ. 2000;321:673–4. https://​doi.​org/​
10.​1136/​bmj.​321.​7262.​673.

	73.	 Russel IS. Accuracy of ATLS guidelines for predicting systolic blood pres‑
sure. BMJ. 2001;322:552. https://​doi.​org/​10.​1136/​bmj.​322.​7285.​552.

	74.	 McManus J, Yershov AL, Ludwig D, et al. Radial pulse character relation‑
ships to systolic blood pressure and trauma outcomes. Prehosp Emerg 
Care. 2005;9:423–8. https://​doi.​org/​10.​1080/​10903​12050​02558​91.

	75.	 Burkle FM Jr, Orebaugh S, Barendse BR. Emergency medicine in the 
Persian Gulf War-Part 1: preparations for triage and combat casualty care. 
Ann Emerg Med. 1994;23:742–7. https://​doi.​org/​10.​1016/​s0196-​0644(94)​
70309-4.

	76.	 Ryan KL, Batchinsky A, McManus JG, et al. Changes in pulse character and 
mental status are late responses to central hypovolemia. Prehosp emerg 
care. 2008;12:192–8. https://​doi.​org/​10.​1080/​10903​12080​19075​62.

	77.	 McGee S, Abernethy WB III, Simel DL. Is this patient hypovolemic? JAMA. 
1999;1999(281):1022–9. https://​doi.​org/​10.​1001/​jama.​281.​11.​1022.

	78.	 Holcomb JB, Salinas J, McManus JM, et al. Manual vital signs reliably 
predict need for life-saving interventions in trauma patients. J Trauma. 
2005;59:821–8. https://​doi.​org/​10.​1097/​01.​ta.​00001​88125.​44129.​7c 
(discussion 828–829).

	79.	 Eastridge BJ, Mabry RL, Seguin P, et al. Death on the battlefield (2001–
2011): implications for the future of combat casualty care. J Trauma Acute 
Care Surg. 2012;73:431–7. https://​doi.​org/​10.​1097/​TA.​0b013​e3182​755dcc.

	80.	 Teasdale G, Jennett B. Assessment of coma and impaired consciousness. 
A practical scale. Lancet. 1974;2:81–4. https://​doi.​org/​10.​1016/​s0140-​
6736(74)​91639-0.

	81.	 Meredith W, Rutledge R, Hansen AR, et al. Field triage of trauma patients 
based upon the ability to follow commands: a study in 29,573 injured 
patients. J Trauma. 1995;38:129–35. https://​doi.​org/​10.​1097/​00005​373-​
19950​1000-​00030.

	82.	 Khorram-Manesh A, Plegas P, Högstedt Å, et al. Immediate 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.

	83.	 Lee C, Porter KM, Hodgetts TJ. Tourniquet use in the civilian prehospital 
setting. Emerg Med J. 2007;24:584–7. https://​doi.​org/​10.​1136/​emj.​2007.​
046359.

	84.	 Cone DC, Koenig KL. Mass casualty triage in the chemical, biological, 
radiological, or nuclear environment. Eur J Emerg Med. 2005;12:287–302. 
https://​doi.​org/​10.​1097/​00063​110-​20051​2000-​00009.

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

https://alfresco.vgregion.se/alfresco/service/vgr/storage/node/content/workspace/SpacesStore/535cd4f5-b113-475d-a739-191c1f28de7f/2018_99%20HTA-rapport%20Triage.pdf?a=false&guest=true
https://alfresco.vgregion.se/alfresco/service/vgr/storage/node/content/workspace/SpacesStore/535cd4f5-b113-475d-a739-191c1f28de7f/2018_99%20HTA-rapport%20Triage.pdf?a=false&guest=true
https://alfresco.vgregion.se/alfresco/service/vgr/storage/node/content/workspace/SpacesStore/535cd4f5-b113-475d-a739-191c1f28de7f/2018_99%20HTA-rapport%20Triage.pdf?a=false&guest=true
https://alfresco.vgregion.se/alfresco/service/vgr/storage/node/content/workspace/SpacesStore/535cd4f5-b113-475d-a739-191c1f28de7f/2018_99%20HTA-rapport%20Triage.pdf?a=false&guest=true
https://doi.org/10.5055/adjm.2014.0150
https://doi.org/10.1186/s12913-019-4123-0
https://doi.org/10.1186/s12913-019-4123-0
https://www.facs.org/quality-programs/trauma/atls/about
https://doi.org/10.1016/j.resuscitation.2012.07.012
https://doi.org/10.1016/j.resuscitation.2012.07.012
https://doi.org/10.1007/s00268-017-4353-4
https://doi.org/10.1097/01.TA.0000044634.98189.DE
https://doi.org/10.1097/01.TA.0000044634.98189.DE
https://www.cert-la.com/certtraining-education/start/
https://www.cert-la.com/certtraining-education/start/
https://doi.org/10.1097/01.shk.0000239772.18151.18
https://doi.org/10.1097/01.shk.0000239772.18151.18
https://doi.org/10.1097/00005373-199809000-00022
https://doi.org/10.1097/00005373-199809000-00022
https://doi.org/10.1016/S0196-0644(88)80538-9
https://doi.org/10.1016/S0196-0644(88)80538-9
https://doi.org/10.1136/bmj.321.7262.673
https://doi.org/10.1136/bmj.321.7262.673
https://doi.org/10.1136/bmj.322.7285.552
https://doi.org/10.1080/10903120500255891
https://doi.org/10.1016/s0196-0644(94)70309-4
https://doi.org/10.1016/s0196-0644(94)70309-4
https://doi.org/10.1080/10903120801907562
https://doi.org/10.1001/jama.281.11.1022
https://doi.org/10.1097/01.ta.0000188125.44129.7c
https://doi.org/10.1097/TA.0b013e3182755dcc
https://doi.org/10.1016/s0140-6736(74)91639-0
https://doi.org/10.1016/s0140-6736(74)91639-0
https://doi.org/10.1097/00005373-199501000-00030
https://doi.org/10.1097/00005373-199501000-00030
https://doi.org/10.1007/s00068-019-01133-1
https://doi.org/10.1136/emj.2007.046359
https://doi.org/10.1136/emj.2007.046359
https://doi.org/10.1097/00063110-200512000-00009

	A translational triage research development tool: standardizing prehospital triage decision-making systems in mass casualty incidents
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Inclusions criteria
	Exclusions criteria

	Results
	Discussion
	Ambulation
	Breathingopen airway
	Respiratory rate (RR)
	Radialperipheral pulse
	Following commands
	Lifesaving interventions
	Chemical, biological, radiation and nuclear (CBRN)
	Limitations

	Conclusion
	Acknowledgements
	References


