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Abstract 
Victims are usually overwhelmed by local medical system in an unexpected 
mass casualty incident (MCI). Triage systems originate from wartime neces-
sity to achieve the greatest efficiency to the maximum number of victims. In 
peacetime, the triage systems are applied to allocate constrained medical re-
sources for the victims in MCI. There are several kinds of triage systems in 
different countries, such as Simple Triage and Rapid Treatment (START), Sort, 
Assess, Life-saving interventions, Treatment and/or Transport (SALT), Sacco 
Triage Method (STM), Careflight triage and Triage Sieve (TS). The START 
system is widely used in developed countries, especially in USA. The SALT is 
formulated by a work group of the Centers for Disease Control and Preven-
tion (CDC) based on scientific data. STM is a triage algorithm designed for 
resource-constrained condition. Besides, the other triage systems show their 
power in managing the victims in MCI. However, the data of theses popular 
triage tools are mainly based on simulated tests, lacking of validity and relia-
bility of triage systems. Therefore, the application, reliability, sensitivity and 
specificity of existing triage tools require to be validated in the real condition 
of MCI. Furthermore, due to the difference among triage tools used in dif-
ferent countries, international cooperation is demanded for a more highly or-
ganized mass-casualty medical response. 
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1. Introduction 

The term “triage” derived from French verb “trier”. In 1792, a military surgeon 
of Napoleon’s Imperial Guard, Baron Larrey, invented this technique to sort 
combat casualties into two categories: 1) patients who could physically return to 
battle; 2) patients who needed more complex medical treatment [1] [2]. With the 
development of organized medical systems in the world, triage rapidly developed 
in the emergency department in the UK, US, and Europe since early 1900s [2]. 
Today, triage is defined as the sorting of patients and allocating medical resources 
with priorities to maximize the number of survivors, especially in battle field and 
disaster [3]. The purposes of triage are to identify victims who have life-threa- 
tening injuries, assign patients to a predesigned care area, and to initiate thera-
peutic measures appropriately [4]. In peace time, mass casualty incident (MCI) 
requires rapid and efficient triage of victims. For example, in 2001, the World 
Trade Center was attacked and collapsed along with realization came the chal-
lenges of how to manage such incidents with limited medical resources and deal 
with long transportation times [4] [5]. 

The terms “disaster” and MCI, previously mentioned for rare instances, be-
came hot point due to Terrorism such as The Oklahoma City bombing, London 
bombings, Sandy Hook Elementary School shooting [6]. Mass victims caused by 
Terrorism and other MCI demand an optimal triage to achieve the maximum 
number of survivors. However, most of triage methods are only for trauma triage 
applied in simulated scenarios, lacking sensitivity and specificity for MCI in real 
world. Besides, these systems are not ideal for prehospital treatment use where 
clinical parameters are measured [2] [7]. Therefore, the purposes of this review are 
to give a brief description of MCI, summarize different triage systems applied in 
MCI. 

2. The New Characteristics of MCI 

MCI refer to extreme situation that emergency medical services resources, such 
as personnel and equipment, are overwhelmed by the number and severity of 
casualties. Most of MCIs occur so suddenly and dramatically, resulting in a great 
number of victims [8]. The treatments in MCIs are different with overwhelming 
facility’s resources [9]. The injury patterns patients suffer from in MCIs are acute, 
diverse and complex. Patients with any combination of blunt, penetrating, and/or 
burn injuries could be encountered by paramedics [10]. They may also be the 
result of man-made events and natural disasters [11]. The intentional events are 
considered terrorism and the mortality caused by it alone doubled since 2007 
[12]. What is more, sporting, religious events and some other planned mass ga-
thering also provide the potential for terrorism attacks. In 2016, France was hit 
by terrorism in the city of Nice. More than 400 people were wounded and 86 
people were claimed the lives over a distance of about 1.1 miles in the accident 
[13]. In 2017, a Richter 8.0 earthquake struck in Sichuan China, leading to more 
than 20 people died and over 400 people got injured in this disaster [14]. In the 
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very recent days, over 500 victims suddenly appeared in the Las Vegas shooting. 
In face of plenty of trauma victims generated by MCIs, reasonable triage systems 
are urgely demanded to overwhelm the response capabilities with limited medi-
cal resources [1]. 

3. Triage Algorithms in MCI 

The medical goal of triage in MCI is to identify the potential life-theatening in-
jury, and to assign the patient an optimal treatment. Therefore, triage systems 
applied in MCI demand rapid identification of the critical injury in a complex 
mass casualty environment without detailed examination. There are several ex-
isting mass casualty triage systems used in many countries. Generally, these tri-
age systems classify patients into 4 or 5 categories according to basic physiologi-
cal criteria. The physiologic variables used in existing triage systems included 
walking, respiration, heart rate and consciousness [15]. However, the procedures 
of these triage systems are different from each other, leading to the various ef-
fects in the triage systems of MCI. 

3.1. Simple Triage and Rapid Treatment (START) and Relative  
Triage Tools 

Simple triage and rapid treatment (START) system, first introduced by Hoag 
Memorial Hospital and the Newport Beach, California, fire department, is the 
most commonly triage system used in USA [16]. The goal of START is “doing 
the greatest good for the greatest number”. Based on parameters of walking, res-
piration, perfusion and mental status, the START system divides patients into 4 
catagerories with different colors: immediate (red)—treatable life threaten injury; 
delayed (yellow)—treatable injury but not life threaten injury; minor (green)— 
not serious injury and expectant (black)—fatal injury or dead patient. The pro-
cedure of START, as shown in Figure 1, is consist of five major steps [15]. In-
itially, patients are asked to walk away for a short distance to a designated loca-
tion. The ambulatory patients are labeled as “minor” with green color, and they 
will be reassessed after immediate treatment for patient with life threaten injury. 
Second, spontaneous respiration is examined. If the patient still do not have 
spotaneous breathing after airway is positioned, low priority is identified and 
he/she is labeled as “expectant” and considers as unsalvageable. Otherwise, spo-
taneous breathing is appreciated with or without position airway, the triage will 
continue to check the respiratory rate (RR). If RR > 30/min, the patient is re-
garded as immediate (red). If RR < 30/min, then perfusion is evaluated by radial 
pulse or capillary refill. If radial pulse absent or capillary refill > 2 second, the 
victim is considered immediate (red). If not, mental status is assessed in the last 
step. Victim who can not obey commands requires immediate treatment. Patient 
who can obey commands is regarded as “delayed” with yellow label. 

Triage is an initial part of medical management in MCI. Since first introduced 
in 1980s, the START system is proved to be an effective triage system applied in  
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Figure 1. The procedure of Simple Triage and Rapid Treatment (START). 

 
medical management in MCI. Gebhart et al. conducted a study to evaluated the 
efficacy of START triage to predict mortality in an MCI [17]. They randomly se-
lected trauma patients and analyzed 355 victims by START triage. The result 
suggested that 75.77% of “delayed” patients were survival. What is more, they 
labeled victims with tabulated scores of 1, 2 and 3 and the mortalities of victims 
were 50%, 28% and 21% respectively. This comprehensive analysis implied that 
START triage can predict likelyhood of mortality effectively. Recently, Badiali et 
al. proved that the START system could improve the efficacy of triage in non-
medical members even through a “last-minute” training [18]. Compared with 
non-START group, the accuracy of triage in START group was significantly in-
creased, while the evaluation time was decreased. On the contrast, Kahn et al. 
found an opposite result in their study [19]. The performance of START system 
was assessed in a train crush. This study indicated that the outcome of START 
was poor in evaluating 148 victims. Among these victims, 79 were over-triaged 
and 3 were under-triaged by START. It was thought this may be because of fail-
ure of the triage tool itself. Use of START did ensure that almost all patients re-
ceived at least as much care as was needed, but incorporated a significant amount 
of over-triage which may be wasteful of potentially limited resources. 

As for pediatric victim, the jumpSTART system is designed for children aged 
1 - 8 years old based on the START system [20]. The jumpSTART uses the same 
strategy of START with adding a five resue breaths in attempt to stimulate res-
piration in children who have peripheral pulse without breath. Wallis and Carley 
compared 4 pediatric triage tools including START and jumpSTART in 3461 
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children [21]. They found that both START and jumpSTART systems had a 
poor performance in identifying pediatric patients with serious injury, sug-
gested that these two triage systems had low sensitivities in padiatric victims. 
To date, current literatures describing the practical application of jumpSTART 
in MCI are relatively rare, simulation study provides some important parameters 
of jumpSTART. Claudius conducted MCI Simulations to assess the accuracy and 
efficiency of jumpSTART in 2014 [22]. Thirty-three pre-clinical medical students 
were asked to assign 363 simulated pediatric patients. The average assigned time 
was 70.4 seconds, and the overall accuracy rate was 85.7%. Additionally, they 
found that omitted unnecessary action during triage can decrease time by mean 
of 5.5 seconds. Thus, this study suggested that jumpSTART is easy to learn by 
simulated scenarios. 

Although the procedure of START system is clear to perform, learning and 
rehearsal are essential parts for rapid triage. Actually, education and simulated 
practice can significantly improve the accuracy rate and efficiency. Baez and col-
leagues [23] evaluated the effectiveness of a short educational intervention by 
two educational modules including disaster triage module and START module. 
They tested 55 emergency medical services (EMS) providers with 5 simulated sce-
narios. As a result, the accuracy rate was significantly improved in post-education 
test, compared to pre-education test (96.4% vs. 9.1%). Furthermore, a follow-up 
study at one month show that 34 of 38 respondents were correctly answered four 
or more scenarios. Thus, a short education can significantly impacted the EMS 
providers’ ability to perform triage in a simulated casualty environment. Another 
study focused on the relative impact in virtual reality (VR) and standardized pa-
tient (SP) in simulated training by using START system [24]. Fifteen postgra-
duates were randomly assigned in VR group and SP group. The comparative study 
suggested that virtual reality provided a similar learning outcomes compared with 
traditional training methods. Besides, virtual reality expanded the types of disas-
ter contexts.  

However, like many other triages, the START system has limitations [25]. First, 
there is no differentiation between patients within categories, but the differentia-
tion between categories can be prominent. Second, the START system do not 
consider deterioration in victim. If a victim’s respiration, pulse and conscious-
ness become worse after triage, START will undertriage these patients. Third, 
the START system devides victims based on vital signs, ignoring the type of 
traumas, which need secondary triage for further treatment in MCI. Fourth, the 
medical resources in a MCI are relatively limited, but the START system takes 
the same strategy whether the medical resources is shortage or not. 

Because of some defects in START system, improvements had been tested in 
simulated study. In order to determine whether an additional Orange category 
(between the life threatening injured and the non-critical injured) could increase 
the accuracy rate of START, Arshad et al. compared the efficiency of two groups: 
the Fire Department of the City of New York (FDNY) applying modified START 
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(START with an additional orange category) and the Emergency Medical Ser-
vices providers (EMS) using START [26]. The results show that modified START 
may decrease the rate of over-triage in MCI, comparing with traditional START 
system. In 2015, Lee and colleagues added a triage with the Canadian Triage and 
Acuity Scale (CTAS) after START in a MCI simulation exercise to improve the 
accuracy, but the outcomes show that this two-step triage did not increase the 
accuracy compared with START only [27]. Besides simulated studies, additional 
outcomes-based assessments are imperative for further improvement. These ana-
lyses must utilize data from actual disasters, as studies to date based on simula-
tions may fail to predict the accurate results. Without such inquiry, it can not be 
possible to refine methodology meaningfully. 

Widely used in north America, the START system show its power in both 
MCI triage and simulation study, even though it has some limitations. In con-
clusion, the START tool is an efficient triage system applying in MCI. 

3.2. Sort, Assess, Life-Saving Interventions, Treatment and/or  
Transport (SALT) 

In 2008, a work group of the Centers for Disease Control and Prevention (CDC) 
analyzed 9 existing mass casualty triage, but they found that none of this triage 
systems had enough scientific data to support their performance. Thus, they 
formulated the sort, assess, lifesaving interventions and treat/transport (SALT) 
systems [28]. According to the guideline, the procedure of the SALT system in-
cuded two major steps (Figure 2) [29]. In step 1 (also termed as global sorting), 
patients are asked to walk to a collection area and purposeful movement. Based 
on the response of patients in step 1, the patients are classified as 3 categories: 
assess 1st (patients with the life-threatening injuries), assess 2nd (patients who can 
only move) and assess 3rd (patients who can walk independently). Consequently, 
individual assessment is performed in step 2. In step 2, lifesaving interventions 
(including major hemorrhage control, airway opening, chest decompression and 
auto injector antidotes) are provided to maintain patients’ vital sign at first. Af-
ter lifesaving interventions, if the patients without breathing, he/she will be re-
garded as dead. Otherwise, the patients are assessed by consciousness, peripheral 
pulse, respiratory distress and major hemorrhage control. The major difference 
in SALT system is the expectant category, which is represented using the color 
gray. The management of expectant category is majorly depending on the avail-
able medical resources and the number of victims. 

Although the SALT system is formulated based on a comprehensive analysis 
of existing triage systems, the efficiency should be tested in MCI or simulations. 
Bhalla et al. compared the sensitivity and specificity of START and SALT system 
in a retrospective chart of 100 trauma patients. The results show that the accu-
racy of SALT was 65% with an overtriage rate of 5% and an undertriage rate of 
30% [3]. This retrospective study implied that the accuracy rate was relatively 
low. Cone et al. evaluated the accuracy and triage time of SALT system by simu-
lation [30]. Students were trained to use the SALT system. The accuracy of triage  
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Figure 2. The procedure of Sort, Assess, Life-saving interventions, Treatment and/or Transport 
(SALT). 

 
was 78.8% with an overtriage rate of 13.5% and an undertriage rate of 3.8%. In 
addition, the triage time ranged 5 - 57 seconds with a mean of 15 seconds. This 
simulation suggested that SALT system can be used adequately with short triage 
time. However, the effect of SALT should be investigated further. Similar study 
was also performed by Lerner and colleagues [31]. They tested the accuracy of 
SALT system through 73 trainees by simulated MCI. The overall triage accuracy 
rate was 83%, with 6% overtriaged and 10% undertriaged. The mean triage time 
was 28 seconds (ranged 4 to 94 seconds). In 2011, Cone et al. compared the 
SALT and Smart triage systems by virtual platform [32]. The overall accuracy 
rate of SALT by paramedic students was 70%, and the mean overtirage rate was 
6.8%. This study suggested that trainees can improve their tirage accuracy using 
SALT system through virtual platform. Lee and colleagues conducted an inves-
tigation to evaluate the accuracy of SALT with different occupations (first-year 
primary care paramedic, fireman and policeman) in MCI. Among these people, 
primary care paramedics achieved the highest accuracy rate, and overtriage was 
the most frequent error [33]. Another study performed in firemen show that a 
brief training with the SALT triage algorithm can significantly improve the ac-
curacy rate in firemen [34].  

In pediatric population, the efficiency of the SALT system was proved to be as 
good as that of the jumpSTART system. Jones et al. compared two mass casualty 
triage systems including jumpSTART and SALT in a pediatric simulated mass 
casualty event [35]. Forty-three paramedics were divided into two groups: the 
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SALT group and the jumpSTART group. There were no significant difference 
between the SALT group and the jumpSTART group in triage accuracy rate, over-
triage rate and undertriage rate. However, the triage time of SALT was 8 seconds 
longer than jumpSTART.  

Based on comprehensive review on other triage algorithms, SALT was hypothe-
sized to be a scientific triage algorithm. However, the parameters of SALT such 
as accuracy rate, overtriage rate, undertirage and tirage time are majorly derived 
from simulated studies so far, the efficiency of this triage tool should be investi-
gated in the real environment of MCI.  

3.3. Sacco Triage Method (STM) 

Sacco triage method (STM) is a triage algorithm designed for resource-constrained 
condition [36]. Actually, STM is a mathematical model aiming at maximizing 
expected survivors with limited medical resources in the limited time and. It 
uses a linear programming formulation to evaluate which victims should be 
transported and treated first. RPM (consists of respiratory rate, pulse rate and 
best motor response) is used to assess severity of victims [37]. Sacco et al. esti-
mated the survival probability by logistic regression based on the 76,459 blunt 
trauma patients from trauma centers in the Pennsylvnia Trauma Outcome Study. 
Besides, Delphi Technique is applied to evaluate victim deterioration. Sacco and 
colleagues compared the accurate predictor of survivability between STM and 
START triage tools. The results show that STM had more accuracy survivorship 
than START in simulations. In 2007, Sacco conducted another study on pene-
trating injury patients to assess the survivorship of STM [38]. The method of 
STM on estimating penetrating injury patients was the same as that on blunt 
trauma victims. In this simulation, STM were substantially more predicted sur-
vivors than START triage methods. According to the results of Sacco’s studies, 
STM can predict survivorship based on RPM parameters. It is a resource-con- 
strained triage method applied in MCI. 

In order to test the performance of STM, Navin et al. evaluated STM triage 
method from 99,369 military-age victims. They found that RPM was an ade-
quate predictive factor of survival probability. Compared with START triage 
system, STM increased survivalship significantly. Jain and colleagues compared 
the triage time and order between STM and START [39]. This analysis suggested 
that there was no significant difference of triage time between these two triage 
methods. However, the triage order was significantly different. 

Some studies investigated the application of STM in pediatric population. 
Cross et al. evaluated the STM’s performance in a pediatric population of 90,037 
victims. After age adjustment, the area under curve (AUC) of predicted pediatric 
trauma mortality was 0.933 [95% confidence interval (CI): 0.925 - 0.940]. with-
out the age adjustment, the AUC was 0.924 (95% CI: 0.916 - 0.933). The result 
implied that STM was a valid strategy to predict the mortality of pediatric pa-
tients in MCI. 
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Although STM is a mathematical model empirically designed for resource- 
constrained condition based on scientific data, its research data was majorly based 
on simulated studies. Thus, the efficiency of STM triage model should be tested 
in real-world of MCI. 

3.4. Careflight Triage 

Careflight triage tool is widely used in Australia as first response of emergency 
medical services (EMS) for MCI rescue [40]. The procedure of Careflight is con-
sisted of 3 steps. In the first step, Careflight classifies patients by walk. If the pa-
tients can walk, they will be considered as delayed. If not, obeying commands is 
assessed. Patients who can obey commands are evaluated the palapable radial 
pulse. If the palapable radial pulse is present, this patient is considered as urgent. 
If the palapable radial pulse is absent, the patient is regarded as immediate. Pa-
tients who cannot obey commands are assessed the breathes with open airway. 
Patients without breathes are labeled as unsalvageable. Otherwise, the patient is 
considered as immediate (Figure 3). Compared with other triage tools, such as 
START and SALT, Careflight is easy to perform in short triage time.  

Garner et al. conducted a retrospective analysis of 1144 adult patients to 
compare the sensitivity and specificity in triage tools [15]. As a result, there was 
no significant difference between Careflight triage and other triage tools. Caref-
light has been used in several MCIs. In 2002, Careflight was applied after the Bali 
bombing to transport pateints from Bali to Australia [41]. However, the para-
meters of Careflight triage tool such as accuracy rate, triage time and over-and 
undertriage rate were not evaluated in triage of this MCI. The transport bomb-
ings in London on 7th July 2005 caused a great number of casualties, Challen 
and Walter compared START, Manchester Sieve (Triage Sieve) and CareFlight 
triage systems in this MCI [42]. They found that Careflight was an efficiency 
triage tool as well as START and Manchester Sieve. Vassallo and colleagues per-
formed a comprehensive analysis to compare the efficiency of Triage Sieve, Mil-
itary Sieve, Modified Military Sieve, START and Careflight [43]. The sensitivity 
and specificity of Careflight was 44.7% (95% CI 37.8% - 51.6%) and 91.9% (95% 
CI 87.3% - 96.5%), respectively.  

3.5. Triage Sieve (TS) and Pediatric Triage Tape (PTT) 

Triage Sieve (TS) has been accepted by prehospital providers in UK and Aus-
tralia. TS is a part of the Major Incident Medical Management and Support 
(MIMMS) course for healthcare providers introduced by Hodgetts and Mack-
way-Jones [44]. Similar to START, TS assesses the ability of movement first, and 
then breath, respiratory rate and capillary refill. The severity of patients is classi-
fied as 4 levels: Priority 1 (immediate), Priority 2 (urgent), Priority 3 (delayed) 
and deceased. The procedure of TS is show in Figure 4. In order to improve the 
accuracy rate of TS, training course and simulation are necessary for paramedic. 
As a component of MIMMS, TS had been studied in Australia widely [45]. Cut-
tance et al. performed a study and found that the use of an aide-memoir could 
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improve the triage accuracy rate of TS [46]. Horne and colleagues compared the 
sensitivity and specificity of TS and its military version (Military Sieve) [47]. 
This analysis suggested that the sensitivity and specificity of TS were 53% and 
88%. In 2004, Malik et al. conducted a triage in a train accident with 122 injured 
patients by using TS triage tool. As a result, 14 patients were scored as Priority 1, 
21 were Priority 2, and 7 were Priority 3. Consequently, there was only one 
death after the triage. 

Paediatric Triage Tape (PTT, the paediatric version of TS) was a vinyl water-
proof tape developed by Hodgetts et al. [48]. It is easy to learn and a useful triage 
tool for paediatric patients in MCI. The parameters in PTT are the same as the 
adult version and they are associated with child’s height (blocked as <50 cm, 50 - 
80 cm, 80 - 100 cm, 100 - 140 cm, and ≥140 cm). To valid the sensitivity, speci-
ficity, overtriage, and undertriage rates of PTT, Wallis and Carley analyzed the 
efficietncy of PTT. They found that the PTT had poor sensitivity of 37.8% with 
specificity of 98.6%. Besides, the overtriage rate was 38.8% and the undertriage 
rate was 3.5%. This study suggested that PTT was not an ideal triage tool for 
children in MCI. 

 

 
Figure 3. The procedure of Careflight triage. 

 

 
Figure 4. The procedure of Triage Sieve (TS). 
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4. Conclusions 

Triage is the first step of medical rescue in MCI. It demands a comprehensive 
medicine care in rapid response to unexpected catastrophe. When a MCI occurs, 
available medical resources are limited and all the local health systems will be 
overwhelmed by mass victims. Thus, the utmost priority of triage is to allocate 
the medical resources reasonably in a short time, especially when medical re-
sources are constrained. To date, there are several triage systems applied in the 
world, such as START, SALT, STM, Careflight and TS. All the triage tools are 
majorly to assess the vital signs of victims by simple physical examination. These 
triage tools play important roles in MCI. 

However, only few triage systems are developed based on scientific data and 
most of triage systems are validated by simulations. Therefore, the application, 
reliability, sensitivity and specificity of existing triage tools require to be vali-
dated in the real condition of MCI. Furthermore, due to the difference between 
triage tools used in different countries, international cooperation is demanded 
for more highly organized mass-casualty medical responses. 
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