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Abstract: Introduction: To prioritize patients to provide them with proper services and also manage the scarce resources
in emergencies, the use of triage systems seems to be essential. The aim of this study was to evaluate the ac-
curacy of the existing triage systems in disasters and mass casualty incidents. Methods: The present study is a
systematic review of the accuracy of all triage systems worldwide. The results of this study were based on the
articles published in English language journals. In this research, all papers published from the beginning of 2000
to the end of 2021 were sought through different databases. Finally, a total of 13 articles was ultimately selected
from 89 articles. Results: 13 studies on the accuracy of triage systems were reviewed. The START, mSTART, SALT,
Smart, Care Flight, ASAV, MPTT, Sieve and ESI triage systems, had an accuracy, sensitivity, and specificity of less
than 90%. Only the Smart triage system had an overall accuracy of more than 90%. Conclusion: According to
the findings of the current systematic review, the performance of the existing triage systems in terms of accu-
racy of prioritizing the injured people and other performance indexes is not desirable. Therefore, to improve
the performance and increase the precision of triage systems, the world nations are recommended to change or
revise the indexes used in triage models and also identify other influential factors affecting the accuracy of triage
systems.
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1. Introduction priately, it will cause waste of resources, delay in the provi-
. . . . . . sion of services to patients according to their needs, dissatis-
Triage, with a French origin (Trier), means prioritizing and is . . ; .

faction and adverse outcomes in patients, and in some cases,
it may endanger the patient’s life (4). Thus, the use of an ef-
ficient triage system with good reliability and validity seems
to be essential when providing services to patients and in-
jured individuals, which sometimes determines the survival
of these people (5-7). The inhabitants of the world are an-

nually faced with many natural and man-made hazards and

used to classify patients and people affected by emergencies
and disasters. This classification leads to better management
of services and optimal use of the available resources for in-
jured people and patients (1). A triage system is considered
optimal, when it can identify patients and injured individuals
who need immediate care and provide access to rapid diag-

nostic and therapeutic measures (2, 3). If the triage system . . .
P (2, 3) ge sy emergencies, which have caused a lot of physical damage to

these people (8). The use of the triage system for the people
who have been injured because of emergencies and disasters

does not function properly and categorizes patients appro-

that harm a large number of people is considered a necessary
*Corresponding Author: Hamid Reza Khankeh; Health in Emergency and h hwhich . health d ival
Disaster Research Center, University of Social Welfare and Rehabilitation Sci- measure, through which appropriate health care and surviva

ences, Tehran, Iran. Email: ha.khankeh@uswr.ac.ir, Tel: +98 021 2218 0160, of the jnjured can be guaranteed (9-11).
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Nowadays, to prioritize patients, different triage systems are
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applied based on the age group, the cause of damage, the
geographical area, and other characteristics of the affected
people (1). The most common of which are Simple Triage
and Rapid Treatment (START), Modified Simple Triage Algo-
rithm and Rapid Treatment (mSTART), Sort, Assess, Lifesav-
ing interventions, Treatment/Transport (SALT), SMART, Care
Flight, Amberg-Schwandorf Algorithm for Primary Triage
(ASAV), Modified Physiological Triage Tool (MPTT), Sieve,
and Emergency Severity Index (ESI) triage systems. These
triage systems are increasingly being used to prioritize in-
jured people in emergencies and disasters, as well as in
health and medical systems; however, there is no single com-
prehensive system that is universally agreed upon. Each
country or region of the world uses a different system for
triage based on its own needs (12-15). In general, there are
many controversies in the world concerning the accuracy of
the triage systems. Therefore, to determine the proper func-
tioning of these triage systems, their accuracy is evaluated
using several divergent indicators encompassing sensitivity,
specificity, positive and negative predictive value, overall ac-
curacy, over-triage, and under-triage (16, 17). Sensitivity and
specificity indicate the correct classification of the affected
people and the predictive value of the triage indicates the
power of the triage method in correct classification of these
individuals. Over-triage categorizes injured individuals or
patients in higher classes and under-triage in lower classes
compared to their actual level of severity. In over-triage, the
person is provided with a service that he/she does not need,
resulting in waste of time and resources, on the contrary, in
under-triage, the person is provided with services not meet-
ing his actual needs, which can endanger the life of the indi-
vidual (17, 18).

Various studies have been conducted to estimate the accu-
racy of different types of triage systems worldwide, but, to
the best of our knowledge, there is no comprehensive study
on the comparison of different types of triage methods. In
other words, in the studies done, only two or three methods
have been compared. Consequently, the present study aims
to assess and compare the accuracy of the indicators of the
all triage systems through a systematic review.

2. Method
2.1. Study protocol and Search strategy

The present study is a systematic review of the accuracy of
the all triage systems used worldwide. The results of this
study were based on the articles published in English lan-
guage journals. In this research, all papers published from
the beginning of 2000 to the end of 2019 were sought through
the Medlib, Scopus, Web of Science, PubMed, Cochrane Li-
brary, Science Direct, and Google scholar databases. All arti-
cles with medical subject headings (MeSH) and keywords in-

cluding triage systems, sensitivity, specificity, predictive val-
ues, over-triage, under-triage, disaster, and mass casualty in-
cidents (MCIs) were searched; the keywords were used in iso-
lation or in combination, using and/or: Triage systems OR
disaster OR mass casualty incidents AND accuracy OR sen-
sitivity OR specificity OR predictive values OR over triage OR
under triage.

2.2. Screening and Data extraction

Accordingly, all articles on triage systems were first collected
and, upon completion of the search, a list of abstracts was
prepared. After concealing the profile of the articles, such
as the name of the author, the name of the magazine, etc.,
the full text of the articles was given to two qualified re-
searchers to review the articles. Each article was indepen-
dently reviewed by two people. If the articles were rejected
by the two reviewers, the reason was also mentioned by them
and in case of disagreement between them, the article was
judged by a third reviewer. Data extraction was performed
using a pre-prepared checklist that included the study loca-
tion, study time, triage system, community under study, sen-
sitivity, specificity, predictive value, over-triage, and under-
triage.

2.3. Quality assessment

The quality of articles was assessed using the Newcastle Ot-
tawa Scale (NOS) checklist. This checklist includes 8 items,
each ranging from 0 to 1. The scores between 0 to 5, 6-7, and
8 represent low, medium, and high quality, respectively. The
lowest acceptable score for entering the study was 5 (19).

2.4. Inclusion and exclusion criteria

Articles meeting all the following criteria were included in
the study: addressing Triage systems; reporting one or all of
following indexes including validity and reliability (sensitiv-
ity, specificity, positive and negative predictive values, over-
triage, and under-triage); having high quality according to
the NOS checklist, and being published in English. Inter-
ventional studies, conference proceedings, qualitative stud-
ies, and case reports, as well as studies not written in English
were excluded.

2.5. Study selection

There were 89 papers on triage systems, out of which, 36 and
21 articles were excluded due to repetitiveness and irrele-
vance to the study, respectively. After reviewing the abstract
of the articles, 19 additional papers lacking the required in-
formation were excluded from the study. Finally, 13 articles,
which met the inclusion criteria, were considered (Diagram
D.
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2.6. Triage systems in results

Different studies have been done to evaluate the validity and
reliability of the triage systems, with the aim to measure the
accuracy of these systems in the evaluation of the injured
people. Typically, the basics of performing triage systems are
similar. So, a triage system should be used, which could rec-
ognize and prioritize the injured people, take less time, and
manage resources based on the patients’ needs. The accu-
racy of the triage systems, which is evaluated using sensitiv-
ity, specificity, positive and negative predictive value, as well
as the amount of over- and under-triage, both of which affect
the efficient use of limited resources, can show the perfor-
mance of the triage system in accurate prioritization of the
patients and optimal use of the available resources. Accord-
ingly, the present study aims to probe the accuracy of nine
world-class triage systems, including START, mSTART, SALT,
Smart, Care Flight, ASAV, MPTT, Sieve and ESI. The charac-
teristics of the reviewed articles are presented in Table 1.

2.7. Triage Systems in the Prehospital Setting

The START Triage system: This is one of the most common
triage systems in large events such as natural disasters, used
for people over 8 years of age. The duration of this triage is
about 30 to 60 seconds. In this method, people are classified
with green (minor injury), yellow (delayed), red (immediate)
and black (died) tags, and the indicators under investigation
in this system are the ability to walk, breathing and its rate,
capillary refill time, and the ability to follow commands (1,
17, 20).

The mSTART triage system: This triage system is a modu-
lated type of the START triage system whose performance
and indices are similar to START triage system. The only dif-
ference is that, in the mSTART method, the capillary refill
time index is replaced by no palpable pulse index (21).

The SALT triage system: Similar to the START method, in this
method, individuals are categorized using green, yellow, red,
and black tags, but people are prioritized in a different way.
In the SALT method, people are firstly classified into three
groups based on walking ability. Then, based on the prioriti-
zation performed in the first stage, and with the aim of con-
trolling life-threatening factors, the second step is to evalu-
ate and take actions such as severe bleeding control, airway
opening, chest compression, and antidote injection. Finally,
following the treatment and response of the injured people
to the treatment, they will be prioritized using one of the tags
mentioned above, and then treated and transmitted to med-
ical centers (1, 5, 22-24).

The Smart Triage System: This triage system, like other sys-
tems, has 4 tags and determines priorities based on walking,
breathing, capillary refill time, and the ability to follow the
commands (25).
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The Care Flight triage system: In the Care Flight triage
method, people are assessed on the basis of walking abil-
ity, respiration, radial pulse, and the ability to follow the
commands using 4 green (delayed), yellow (emergency), red
(immediate) and black (unsalvageable) tags, with the differ-
ence that the criterion concerning “following commands” is
checked before other criteria. This triage system is used to
quickly target a large number of casualties and takes about
15 seconds to complete the triage (1).

The ASAV Triage System: This triage system is a new triage
method. Individuals, as in other triage methods, are clas-
sified via 4 tags including green (minor injury), yellow (de-
layed), red (immediate) and black (died). In this system, peo-
ple are classified according to the severity of their bleeding,
respiration, radial pulse, and the ability to follow commands
(1, 26).

The Sieve Triage System: This method is used for adults. In
this method, people are prioritized using four colors: green,
yellow, red, and black. The indicators investigated in this
method are walking, respiration, and pulse rate (5).

The MPTT Triage System: In this method, people are priori-
tized using 4 colors including green, yellow, red, and black.
Indicators examined in this method include the ability to
walk, breath, pulse, and Glasgow coma scale (GCS), indicat-
ing the level of consciousness of the person.

2.8. Triage Systems in Hospital Setting

The 5-level triage system (ESI) (Emergency severity index):
This is one of the most widely used triage systems, which is
currently accepted by many countries around the world (26).
Although the ESI is the most commonly used method for rou-
tine triage, this method is based both on acuity and resource
needs, and could also theoretically be used in MCI situations
to prioritize patients for placement in the hospital (27). In
this system, patients are classified into five levels based on
the severity of illness or injury and the need for facilities. At
levels 1 and 2, injured patients are prioritized based on the
level of severity and at levels 3, 4 and 5, based on the need
for emergency facilities. In this method, injured individuals
have suffered the most harm at level 1, and the least injury at
level 5 (20).

3. Results

13 articles published between 2000 and 2021 in the field of
triage systems around the world were included in this study,
in which the accuracy of triage systems was investigated. In
this study, the accuracy of triage systems has been assessed
in terms of sensitivity, specificity, positive and negative pre-
dictive values, over-triage, under-triage, and overall accuracy.
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3.1. The accuracy of the START Triage System

In the study conducted by Mary Colleen Bhalla et al. in the
United States (2015) on 100 patients aged 17 to 92, who were
traumatized by incidents and emergencies and evaluated us-
ing the START triage system, the accuracy of the START triage
system was measured. In this study, after evaluating the pa-
tients, the sensitivity and specificity for accuracy of triage
were 55% and 85%, and the level of over-triage and under-
triage was 12% and 33%, respectively. Furthermore, based on
the prioritization and the tags assigned to the patients, sen-
sitivity, specificity, and positive and negative predictive val-
ues were 80%, 55%, 72.4%, and 79.2% for the green color (mi-
nor injury), respectively. These indicators were 0%, 76.8%,
0%, and 93.6%, for the yellow color (delayed). They were also
13.8%, 93%, 44.4%, and 72.5%, and 50%, 100 %, 100%, and
96.9% for the red (immediate) and black colors (died), re-
spectively (16).

CA Kahn et al. (2003) performed a study in California on 148
people injured in rail accidents. In that study, they used the
START Triage system to prioritize the injured patients. They
have reported that the degree of sensitivity and specificity of
triage has been equally 90%, and the prioritizing accuracy of
the injured patients has been 44.6%. In addition, 79 (53%)
and 3 (2%) cases were subjected to over-triage and under-
triage, respectively. In this study, based on the priority as-
signed to the injured people, sensitivity, specificity, positive
and negative predictive value were 45.8%, 89.3%, 94.8%, and
27.8%for the green priority 39.1% , 11.9%, 13.2%, and 36.4%
for the yellow priority and 100%, 77.3%, 9.1%, and 100% for
the red priority (17).

In another study conducted by Alan Garner et al. in Aus-
tralia on 1144 injured people, who were injured due to vari-
ous causes, including road-traffic accident, industrial, sports,
burn, etc. incidents, the START triage system was used to
prioritize patients and its accuracy was evaluated. Accord-
ingly, the sensitivity of this method was 85% and the speci-
ficity level was 86% (21).

In a study conducted by Wallis et al. (2006), sensitivity and
specificity were estimated to be 39.2% and 78.7%, respec-
tively. In a study conducted by McKee et al. (2019) on 125
subjects, correct triage rate was 36%, over-triage 7.2% and
under-triage 56.8% (28).

In the study conducted by France et al., who aimed to as-
sess the diagnostic accuracy of the START algorithm for dis-
aster triage, the results showed that proportion of patients
correctly triaged using START ranged from 0.27 to 0.99 with
an overall triage accuracy of 0.73 (95% CI, 0.67 to 0.78). Pro-
portion of over-triage was 0.14 (95% CI, 0.11 to 0.17) while
the proportion of under-triage was 0.10 (95% CI, 0.072 to
0.14)(29).

3.2. The accuracy of the mSTART triage system

In a study conducted by Garner et al. in Australia (2001)
on 1144 people, who were injured due to traffic, industrial,
sports, burn, etc. incidents, which addressed the accuracy
of the mSTART triage system, the sensitivity and specificity
of the system were estimated to be 84% and 91%, respec-
tively(21).

In another study, Philipp Wolf et al. in Germany (2014) used
the mSTART triage system to prioritize 780 injured patients
and assessed the validity and reliability of this method. The
sensitivity and specificity of this method were 88.2% and
93.9%, respectively.

Moreover, the accuracy of the prioritization of the patients
was 84.8% and over-triage and under-triage levels were 3.8%
and 6.8%, respectively. It is worth mentioning that the mean
duration of the triage was 41 sec in each patient (26).

3.3. The accuracy of the SALT triage system

Mary Colleen Bhalla et al., in a study conducted in the United
States (2015), on 100 patients, who were traumatized by ac-
cidents and emergencies and evaluated using SALT triage
system, estimated the sensitivity and specificity of the SALT
triage system to be 65% and 88.3%, respectively. In this study,
over-triage and under-triage were 5% and 30%, respectively.
Moreover, based on the prioritization of the patients, sensi-
tivity, specificity, and positive and negative predictive values
were 91.7%, 47.5%, 72.4%, and 79.2% for the green color (mi-
nor injuries), 20%, 93%, 54.5%, and 74.2% for the yellow color
(delayed), 7.20%, 93%, 54.5%, and 74.2% for the red color
(immediate), and 50%, 100%, 100%, and 9.96% for the black
color (died), respectively(16).

In another study performed by Cone DC in the United States
(2011) on 547 injured people, who were injured in highway
traffic accidents, the SALT triage system was used to priori-
tize the injured patients. In this study, the overall accuracy
of triage of the injured people was equal to 70%. Over-triage
and under-triage were also 6.8% and 23.2%, respectively (25).
In a scenario study in Alabama, Jones et al. (2014) inves-
tigated the accuracy of SALT triage system. The accuracy,
over-triage, and under-triage were estimated to be 66%, 22%,
and 10%, respectively. In a study conducted by McKee et
al. (2019) on 125 subjects, correct triage rate was 52%, over-
triage 21.6%, and under-triage was 26.4% (28).

3.4. The accuracy of the Smart Triage System

In a study done by Cone DC et al. (2011) in the United States,
which investigated the accuracy of the Smart Triage system
on 544 highway accident victims, the overall accuracy of the
prioritization of the system was 93%. Over-triage and under-
triage rates were 1.8% and 5.1%, respectively (25).
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3.5. The accuracy of the Care Flight triage system

Garner et al,, in a study conducted in Australia (2001), used
the Care Flight Triage system to prioritize 1144 individuals
injured by traffic, industrial, sports, burn, etc. incidents.
Subsequently, the validity and reliability of this triage system
were evaluated. Accordingly, the sensitivity and specificity of
this method were 82% and 96%, respectively (21).

In their study, Wallis and Carley, estimated the accuracy and
specificity of Care Flight Triage system %98.9 and %39.2, re-
spectively. In a study conducted by McKee et al (2019) on 125
subjects, correct triage rate was 36%, over-triage 5.6%, and
under-triage was 57.6% (28).

3.6. The accuracy of the ASAV Triage System

In a study performed by Philipp Wolf et al. in Germany
(2014), which prioritized 780 injured victims using the ASAV
triage system, and assessed the validity and reliability of the
system, the sensitivity and specificity of the system were
87.4% and 91%, respectively. Furthermore, the overall accu-
racy of the prioritization of casualties was 83.9%. The over-
triage and under-triage rates were 4.6%, and 9.7%, respec-
tively. In this method, the average time required for the triage
of each injured person was 35.4 seconds (26).

3.7. The accuracy of the MPTT Triage System

In a study done by James Vassallo et al., in England (2017),
on 5654 injured people over 18 years of age, the MPTT triage
system was used to prioritize the injured participants and the
accuracy of the triage system was evaluated. The sensitivity
and specificity levels of the MPTT triage system were 69.9%
and 65.3%, respectively (30).

3.8. The accuracy of the Sieve Triage System

In a study conducted by Alan Garner et al. in Australia (2001),
which investigated the accuracy of the Sieve triage system,
the sensitivity and specificity of this triage system were es-
timated to be 45% and 88%, respectively. In this study, the
use of capillary refill time or heart rate index for determin-
ing the index of pulse rate and prioritization of the casual-
ties was also investigated. Results revealed that there was
no significant difference between sensitivity and specificity
levels, when the two methods were examined. Particularly,
when capillary refill time index was used, the sensitivity and
specificity were 45% and 89%, respectively. They were 45%
and 88%, respectively, when the heart rate index was taken
into consideration (21). In a study conducted by McKee et
al. (2019) on 125 subjects, correct triage rate was 36.8%, over-
triage 6.4%, and under-triage 57.6% (28).
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3.9. The accuracy of the 5-level triage system, or
ESI

The validity and reliability of the ESI triage system was inves-
tigated in a study conducted by Kariman et al. in Iran (2011)
on 1050 patients. In this study, the sensitivity and specificity
of the prioritization of the patients were 100% and 99.8% at
level 1, 53.2% and 97.5% at level 2, 90.7% and 93.7% at level
3, 67.1% and 98.3% at level 4, and 98% and 94% at level 5, re-
spectively (20). In another study done by Buschhorn BH et
al. in the United States (2013) on 150 patients, the validity
and reliability of the ESI triage system were evaluated. In this
study, sensitivity, specificity, and the overall accuracy of pri-
oritizing the patients were 0%, 97.3%, and 94.7% at level one,
57.1%, 84.9%, and 69.3% at level two, 67.9%, 68.1%, and 68%
atlevel 3, and 33.3%, 93.1% and 90.1% at level 4, respectively.
At level 5, only specificity value was estimated, which was
equal to 96% (31). In a study conducted by Platts-Mills TF et
al. in Carolina (2010), 782 patients were evaluated using ESI
triage system. In this study, the validity and reliability of the
ESI triage system were investigated in the first level, which
showed a sensitivity and specificity of 42.3% and 99.2%, re-
spectively. In this study, the overall accuracy of patient pri-
oritization was 40% in all patients, and 85% at the first level
(32). The accuracies of the studied triage systems, based on
the results of the systematic review, have been shown in table
2.

4, Discussion

The accuracy of the triage system indicates that the injured
people have been classified properly, based on the severity
of the injury, to receive medical services. So, misclassifica-
tion of injured persons will lead to ineffective usage of medi-
cal resources and may cause avoidable death. The following
criteria can be applied to determine the accuracy of triage
systems such as sensitivity, specificity, positive/negative pre-
dictive value, and over-triage/under-triage. The sensitivity
and specificity indicators show the correct prioritization of
the injured and the predictive value indicates the power of
the triage method in correct classification of these individ-
uals. Over-triage and under-triage would put the injured
people in a wrong group compared to their real level of in-
jury. This depends on the sensitivity and specificity levels of
the triage system. Over-triage will lead to provision of ser-
vices more than what is needed for the patients, which in
turn can lead to a waste of time and resources. On the con-
trary, under-triage, can lead to provision of less health ser-
vices than needed, which can endanger the life of the person.
Although according to the previous studies, 50% over-triage
and 5% under-triage are acceptable, needless to say, it is bet-
ter to reduce over-triage and especially under-triage as much
as possible (16, 18, 25, 26, 30). The closer the accuracy of a
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triage system is to 100%, it means that the patient is properly
placed in the desired category and no patient is over-triaged
or under-triaged, which is the ideal. When over-triage and
under-triage are zero, the triage accuracy is 100% and no pa-
tient is missed or no resources are wasted. This is an ideal
case, but triage systems are affected by various factors, such
as the person who performs triage or the system and accu-
racy of triage tools, over-triage should be increased so that
the disease does not get worse and under-triage goes to zero.
In the present study, the range of accuracy was wide in all
triage tools. The accuracy and effectiveness of MCI triage sys-
tems’ analysis is limited, because there are no gold standard
definitions for each triage category. Unless there is agree-
ment on which patients should be categorized in each triage
category, it will be impossible to calculate the sensitivity and
specificity or to compare the accuracy between the triage sys-
tems (33).

In mass casualty incidents, the great number of injured pa-
tients, the limited resources (for example few professional
health care providers and medical equipment), urgent need
for medical services, and delay in provision of health services
can endanger the lives of the injured patients (34). It should
be mentioned that many factors can influence over-triage
and under-triage (35). One of the prominent factors affect-
ing the extent of over-triage and under-triage is the level of
triage experts’ related knowledge and experience. In fact, if
the triage performers do not possess the necessary training
background and experience, the injured people will fall into
wrong categories and hence, over-triage and under-triage
rates will increase. The important issue is the situation in
which the triage system is evaluated, either a scenario or real
events, which are different and the person doing the triage is
differently affected by triage error (35). The person doing the
triage in a scenario situation has less environmental stress
and is less affected by a triage error (36, 37). In addition,
the person already has the necessary training and prepara-
tion for triage and his/her performance has improved, which
results in improved triage accuracy (37, 38).

Other factors that affect the level of over-triage and under-
triage include the type and the location of the incident, and
the type of injury. The mechanism of the injury, affects the
severity of injuries. As a result, if an incident, such as sui-
cide, causes serious injuries to people, injured people are
usually severely damaged and they are placed in the imme-
diate or dead category. As for the type of injury, if the inci-
dent causes internal injury such as internal bleeding, or liver
or spleen rupture, it may be impossible or difficult to de-
tect these injuries using anatomical or physiological findings.
So the injured person is placed in the wrong category and it
will eventually result in an increase in over-triage or under-
triage. The place of the event also affects the amount of over-
triage and under-triage. If, for example, the event takes place

in urban places, due to the availability of advanced medi-
cal equipment and services for detecting injuries, over-triage
and under-triage rates decrease, whereas in rural and dis-
tant places, due to the lack of access to such equipment,
over-triage and under-triage rates increase. In general, the
time and amount of access to specialized medical equip-
ment, especially in re-triage, affect over-triage and under-
triage. When an incident occurs in the urban area, since the
patient enters the specialized emergency system quickly and
is treated quickly, he/she is less affected by the change in
triage level. However, when the patient is far from a special-
ized center, such as in rural or road areas, the patient’s triage
level changes because he/she may not receive appropriate
treatment. Finally, it can be said that a good triage system
should have a high accuracy with the lowest level of over-
triage and under-triage. One possible solution to increase
the accuracy of triage systems is to increase the number of
re-triage steps. Increasing the number of re-triage steps can
reduce over-triage and subsequently increase the triage ac-
curacy, but conversely, it can increase under-triage and in-
crease the duration of triage (17, 39, 40).

The triage systems in different conditions do not use the
same unit standards, which leads to achievement of differ-
ent accuracies. To test the accuracy of triage systems around
the world, there are two gold standards as references, and
all triage systems are currently compared to them (35). The
most important factor in classifying casualties is the severity
of the injury and the possible consequences of death and re-
covery.

In general, for determining the accuracy of triage systems, in-
dicators such as sensitivity, specificity, positive and negative
predictive values, overall accuracy, over-triage, and under-
triage are used. Once the triage systems are functioning
properly, and the rates of over-triage and under-triage are
low; however, some references have mentioned that even up
to 50% over-triage is acceptable and under-triage should be
less than 5% (41). Sensitivity indicates the precise classifica-
tion of the patient and specificity indicates the classification
of healthy people in the correct category, both of which are
closely related to the level of over-triage and under-triage. Fi-
nally, a system is considered a desirable triage system, when
it has an acceptable level of accuracy and can prioritize the
patients in the correct order. As a result, the triage systems
used in different parts of the world should be assessed for va-
lidity and reliability, and especially for accuracy (33). Then,
in case of deficiencies in the performance of these systems,
their indicators could be corrected or changed, so that the ac-
curacy level of these systems in patient prioritization would
reach the optimal level. By doing so, the injured people will
receive the required services without any problem, and even
in some cases, their lives will not be compromised.

Triage tools are composed of different indicators. How ac-
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curate an indicator is and how professionally it assesses the
condition of the patient or the injured affects triage error.
Sometimes a triage system is designed for emergencies and
disaster situations. It is natural that we will move to a triage
system that is simple, convenient, and not complicated. This
simplicity affects triage error. In addition, since time is valu-
able, we must accept the percentage of triage error so that we
can prioritize the casualty more easily and quickly, which in
turn leads to triage error. Conversely, when we are in normal
and routine conditions, we need a more accurate triage sys-
tem because patients are triaged one by one and there is no
problem in terms of resources, equipment and manpower,
and it is natural that the rate of under-triage and over-triage
in these conditions is lower. Therefore, one of the factors that
causes differences in triage tools is what indicators that tool
consists of and whether it is designed for disaster conditions
or routine conditions. Secondly, the factor that greatly affects
the differences between triage systems is that, unfortunately,
many of the tests that have been performed have not used
the reference gold standard (33).

The error related to the triage tool is due to the indicators in
the tool. For example, in the START triage, the breathing and
pulse index have no range, but in the Sieve and Sort triage,
there is a specific range. Also, in the START triage, the walk-
ing wound index has no classification and only evaluates the
ability to walk and not walk, but in the Sieve tool, this indi-
cator has three ranges, which can affect the accuracy of the
triage tool (35). Another issue is the allocation of the injured
to different color categories, especially in testing the tool in
scenario conditions, which affects the accuracy of the tool.
For example, the START triage tool may be better at identify-
ing the injured in the green group than in the red and yellow
groups. The accuracy of this tool will automatically increase.
Unfortunately, there is no standard for allocating casualties
to the categories (33, 35).

5. Limitations

There were some limitations observed in conducting this re-
search: 1) Studies have been done in different years. 2) They
are not homogeneous, as they have examined populations
with different age groups. 3) They have been conducted on
people exposed to various incidents. 4) All triage systems are
not studied in a single research. 5) Studies have not com-
pared all the indicators of accuracy in a single research and
6) They have failed to conduct studies in real disaster situa-
tions. 7) Although 9 different triage systems were included
in the study, few studies were found related to each system.
For this reason, various aspects of triage systems in terms of
accuracy have not been addressed adequately. 8) We just fo-
cused on articles published in English, other non-English ar-
ticles were missed. 9) Articles included in the study were not
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homogenous in terms of study population, as some used real
cases while others were done based on scenario-based inci-
dents.

6. Conclusion

According to the findings of the current systematic review,
the performance of the existing Triage systems in terms of
accuracy of prioritizing the injured people and other perfor-
mance indexes is not desirable. Each country, usually based
on its local context, chooses one of the triage systems or de-
signs a new model. Iran does not have any local Hospital
Triage for Disaster and Mass casualty incidents conditions
and it is advisable to develop a new national model to address
this issue in Iran. Therefore, to improve the performance
and increase the precision of triage systems, the world na-
tions are recommended to change or revise the indexes used
in triage models and also identify other influential factors af-
fecting the accuracy of triage systems. This not only makes
the resources and facilities available for the injured needing
lifesaving interventions, but also prevents wasting the lim-
ited medical resources and/or endangering human lives.
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gtV ERH : General characteristics of the studied articles that were eligible for the systematic review

Author System Abstract finding Study
quality
(NOS)
Mary Colleen | SALT, START The mechanism of injury was 41% motor vehicle collision, 32% fall, and 16% penetrating High
Bhalla(16); USA; trauma. Hospital outcome was 60% minor/green, 5% delayed/yellow, 29% immediate/red, and
2015 6% dead/black. The SALT method resulted in 5 over-triaged patients, 30 under-triaged, and 65
met triage level. The START method resulted in 12 over-triage, 33 under-triaged, and 55 at triage
level. Within triage levels, sensitivity ranged from 0% to 92%, specificity from 55% to 100%,
positive predictive values from 10% to 100%, and negative predictive value from 65% to 97%.
Christopher  A. START Field triage designations comprised 22 red (immediate), 68 yellow (delayed), and 58 green High
Kahn(17); Califor- (minor) patients. Outcome-based designations found 2 red, 26 yellow, and 120 green patients.
nia; 2009 Seventy-nine patients were over-triaged, 3 were under-triaged, and 66 patients’ outcomes
matched their triage level. No triage level met both the 90% sensitivity and 90% specificity
requirement set forth in the hypothesis; yet, red was 100% sensitive and green was 89.3%
specific.
David C.| SALT, Smart The students had a mean triage accuracy of 70.0% with SALT versus 93.0% with Smart (P High
Cone(25); Swe- =0.0001). Mean over-triage was 6.8% with SALT versus 1.8% with Smart (P = 0.0015), and mean
den; 2011 under-triage was 23.2% with SALT versus 5.1% with Smart (P = 0.0001).
Alan Garner(21);| CareFlight, | The differences between CareFlight Triage, Simple Triage and Rapid Treatment, and modified High
Australia; 2001 START, Simple Triage and Rapid Treatment were not dramatic, with sensitivities of 82%, 85%, and 84%,
mSTART, respectively, and specificities of 96%, 86%, and 91%, respectively.
Sieve
Philipp Wolf(26); ASAV For red patients, sensitivity of ASAV was 87%, specificity 91%, over-triage 6%, and under-triage | High
Germany; 2014 10%. There were no significant differences between ASAV and mSTART. ASAV triage required a
mean of 35.4 sec per patient.
JamesVassallo(30);; MPTT The MPTT had a sensitivity of 69.9% and specificity of 65.3%, and showed an absolute increase | High
United kingdom; in sensitivity over existing tools ranging from 19.0% (Modified Military Sieve) to 45.1% (Triage
2017 Sieve).
Kariman H(20); ESI The sensitivity of triage for steps I, II, III, IV and V was 100%, 53.2%, 90.7%, 67.1%, and 98%, Moderatg
Iran; 2013 respectively. The specificity of triage for steps I, II, III, IV and V was 99.8%, 97.5%, 93.7%, 98.3%,
and 94%, respectively.
Buschhorn ESI For ESI level 1, EMS providers were 0% sensitive and 97.3% specific. They were 94.7% accurate in | Moderatg
BH(31); USA; their assignments of patients to, or not to, ESIlevel 1. For ESI level 2, the EMS providers were
2013 57.1% sensitive and 84.9% specific. Their overall accuracy in assigning patients to, or not to, ESI
level 2 was 69.3%. In ESI level 3, sensitivity was 67.9% and specificity was 68.1%. The accuracy of
the prehospital providers in assigning patients to, or not to, ESI level 3 was 68.0%. In ESI level 4,
prehospital provider sensitivity was 33.3%, specificity was 93.1%, and accuracy was 90.1%.
Platts Mills ESI The sensitivity of ESI in identifying patients in need of receiving an immediate intervention was | High
TF(32); Car- 42.3% (95% confidence interval [CI] = 23.3% to 61.3%); the specificity was 99.2% (95% CI = 98.0%
olina; 2010 10 99.7%).
Wallis LA(42);| Careflight, START Overall, the Careflight score had the best performance in terms of sensitivity and High
South African; | JumpSTART, | specificity. The performance of the PTT was very similar. In contrast, the JumpSTART and START
2006 scores had very low sensitivities, which meant that they failed to identify patients with serious
injuries, and would have missed the majority of seriously injured casualties in the models of
major incidents.
Jones N(43); Al- SALT, Forty-three paramedics were enrolled. Seventeen were assigned to the SALT group with an High
abama; 2015 JumpSTART | overall triage accuracy of 66% +15%, a mean over-triage rate of 22 + 16%, and an under-triage
rate of 10 + 9%. Twenty-six participants were assigned to the JumpSTART group with an overall
accuracy of 66 + 12%, a mean over-triage rate of 23 +16%, and an under-triage rate of 11.2 + 11%.
McKee(28); USA;|START, SALT,| We found that SALT triage most often correctly triaged adult emergency department patients | Moderatg
2019 Sieve, compared to a previously published criterion standard.
Careflight
France J.(29); START Proportion of victims correctly triaged using START ranged from 0.27 to 0.99 with an overall High
Global(Systematic triage accuracy of 0.73 (95% CI, 0.67 to 0.78). Proportion of over-triage was 0.14 (95% CI, 0.11 to
review); 2021 0.17), while the proportion of under-triage was 0.10 (95% CI, 0.072 to 0.14). There was significant
heterogeneity among the studies for all outcomes (P <.0001).

START: Simple Triage and Rapid Treatment; mSTART: Modified Simple Triage Algorithm and Rapid Treatment; SALT: Sort, Assess, Lifesaving
interventions, Treatment/Transport; ASAV: Amberg-Schwandorf Algorithm for Primary Triage; MPTT: Modified Physiological Triage Tool;
ESI: Emergency Severity Index.
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eV P The Accuracy of triage systems based on the results of the systematic review

Systems Articles* Accuracy# Sensitivity Specificity Over-triage Under-triage
START 6 36 -73 39.2-90 78.7 - 90 12 - 53 2-33
mSTART 2 84.8 84-88.2 91-93.9 3.8 6.8
SALT 4 66 - 70 65 88.3 5-22 10 - 30
Smart 1 93 = = 1.8 5.1

Care Flight 3 36 39.2-96 96 - 98.8 5.6 57.6
ASAV 1 83.9 87.4 91 4.6 9.7
Sieve 2 = 45 88 = =
MPTT 1 ° 69.6 65.3 = =

ESI 3 40 -94.7 42.3-100 93.7 - 99 = =

Data are presented as percentage. *: number of articles; #: overall accuracy. START: Simple Triage and Rapid Treatment;

mSTART: Modified Simple Triage Algorithm and Rapid Treatment; SALT: Sort, Assess, Lifesaving interventions,

Treatment/Transport; ASAV: Amberg-Schwandorf Algorithm for Primary Triage; MPTT: Modified Physiological Triage Tool;

ESI: Emergency Severity Index.
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Scopus, Web of Science, PubMed (including Medline),
Google Schelar, Cochrane Library, Irandoc, Magiran,

Medlib, 51D, and Science Direct (n=89)

Duplicate results
(n=38)

Records after removing duplicates [n=53)

Records excluded
[m=21})

Full-text articles assessed for eligibility (n=32)

|

Full-text articles excluded, with
reasons [n=19]:

Mot relevant (16),
Indistinguishable [3].

Included for quality assessment [(n=13)

Included for systematic review [n=13)

The PRISMA flow diagram of the present study.
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