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Abstract
Purpose  Mis-triage including undertriage and overtriage is associated with morbidity and mortality. It is not clear what the 
extent of mis-triage rates among traumatic patients is. The aim of this study is to determine of mis-triage (undertriage and 
overtriage) in traumatic patients.
Methods  This study was a systematic review about mis-triage rate among trauma patients. The following electronic databases 
were searched (Web of Knowledge, Scoups, PubMed, Cochrane library) from conception through February 1, 2018. Search 
terms included trauma, undertriage, and over-triage. Inclusion criteria were studies which report overtriage or undertriage 
rate in regard to triage of trauma patients; patients older than 18 years old, English-written papers. Irrelevant papers as well 
as conference abstract, letter, editorial, thesis and studies on special population were excluded. PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses) Checklist was used to examine review process.
Results  Twenty-one papers were included in this study. Sample size ranged from 244 to 550683 trauma patients. Fourteen 
studies originated from USA. Definition of mis-triage was summarized into four categories: ISS used to define undertriage 
error, formula for mis-triage (1—sensitivity), need for life-saving emergency intervention and patients triaged to a non-trauma 
center. Undertriage rate ranged from 1 to 71.9% and overtriage rate ranged from 19 to 79%.
Conclusions  The standardization of mis-triage definitions is vital to estimate true rate of mis-triage among different studies 
and clarify the role of triage scales. The trauma triage scales need to be further developed to provide more valid and reliable 
results.

Keywords  Triage · Undertriage · Over-triage · Emergency · Trauma

Background

Severe trauma remains a major issue in public healthcare 
worldwide [1]. Approximately 5.8 million people die annu-
ally from traumatic injuries, comprising 10% of deaths world-
wide [2]. Trauma triage is the process of categorizing trauma 
patients by injury severity and then allocating appropriate 
resources for care based on prioritization of their immedi-
ate surgical needs or by their likelihood to benefit from such 
resources [3]. Proper triaging of severe trauma patients affects 
their prognoses and outcomes [4–6]. Beneficial triage deci-
sions direct trauma patients to the most appropriate hospitals, 
resulting in lower mortality rates. The National Study on Costs 
and Outcomes of Trauma (NSCOT) reported a 25% reduction 
of mortality in trauma patients when they are treated appro-
priately at accredited trauma centers [7].

Triage errors can occur when patients are given undertriage 
or overtriage decisions. Undertriage occurs when the severity 
of injury is underestimated and, therefore, the means necessary 
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to quickly evaluate and care for the patient are under-resourced, 
resulting in critically injured patients being transferred to 
non-trauma centers [3]. More than 30% of all patients with 
moderate to severe injuries are not treated at trauma centers 
and, therefore, undertriaged [8]. While the exact undertriage 
rate among trauma patients is unknown, some studies report 
it ranging from 2.7 to 15% [9, 10]. Overtriage is defined as 
inappropriately labelling patients with non-urgent presenta-
tions with high acuity designations, and it may have indirect 
but equally harmful effects on patients who receive unneces-
sary operations and are discharged within 48 h of admission 
[11–13]. Overtriage leads to the diversion of limited time and 
resources from the patients who need them most and the inap-
propriate allocation of these resources to patients with less 
severe conditions, resulting in overutilization of limited finan-
cial and human resources [13].

According to recommendations from the American Col-
lege of Surgeons Committee of Trauma, an undertriage rate 
of no more than 5% and overtriage rates of up to 25–35% are 
the highest acceptable rates [14, 15]. Some studies reported 
overtriage rates ranging from 7.4 to 21.3% [9, 10]. Mistri-
age rates are directly connected to increased morbidity and 
mortality, with different mistriage rates being reported on in 
a variety of studies. Due to the lack of systematic review on 
adult trauma patients, it is necessary to further investigate 
mistriage rates among traumatic patients. Identifying over-
triage and undertriage when it occurs enables emergency 
department officials to take steps towards improving emer-
gency services by obtaining accurate data. Therefore, this 
study is aimed at determining the rate of mistriage (undertri-
age and overtriage) among adult trauma patients.

Methods

Study design

A systematic review has been performed to report mis-triage 
rate among trauma patients.

Data sources

The following electronic databases were searched (Web of 
Knowledge, Scoups, PubMed, Cochrane library) from con-
ception through February 1, 2018. Search terms included 
trauma, undertriage, and over-triage. The search strategy 
formula was “(trauma) AND (triage) AND (under-triage 
OR undertriage OR undertriage* OR over-triage OR over-
triage OR overtriage*)”. Reference lists were checked to 
retrieve additional studies. Two reviewers (Z.N. and A.M.) 
selected studies separately and shared the final selected 
studies. All disagreements were solved by discussion and 
consensus.

Study selection

Inclusion criteria were studies which report overtriage 
or undertriage rate in regard to triage of trauma patients; 
older than 18 years old, English-written papers. Irrelevant 
papers were excluded as well as conference abstract, letter, 
editorial and thesis. Studies on special population such 
as pregnant women, elderly, pediatrics, and comorbidities 
were also excluded.

Data extraction

PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) Checklist was used to per-
form review process; author names, publication year, aim, 
design, inclusion and exclusion criteria, definition of mis-
triage (overtriage and undertriage) and conclusion.

Results

Search result

Four databases including web of knowledge, Scopus, Pub-
Med, and Cochrane library were searched, and 101 were 
excluded and finally 21 papers were included. Figure 1 
shows the details of the search strategy.

Study characteristics

Most studies [15] used retrospective design and six papers 
were designed prospectively [16–21]. Range of sample 
size in studies were from 244 to 550,683 trauma patients 
[21, 22]. Twenty-one papers were finally included from 
different countries including USA [15, 16, 20–29], UK 
[30], France [31], Norway [32–34], Canada [35], Denmark 
[19], and Netherlands [18] (Table 1).

Undertriage rate ranged from 1 to 71.9% [21, 30] and 
overtriage rate ranged from 19 to 79% [21, 31] (Table 2). 
Generally, definition of undertriage may be summarized 
into four categories: (1) ISS used to define undertriage 
error (ISS > 9, ISS > 15, ISS > 16) [15, 22, 27, 28, 34]; (2) 
formula for mis-triage (1—sensitivity) [19, 32–34]; (3) 
need for life-saving emergency intervention [16, 21, 29, 
30] and (4) patients triaged to a non-trauma center [17, 18, 
26, 35]. Mis-triage rate is not similar across studies and 
defined differently.

Definition of over triage was used in studies including: 
(1) overtriage formula (1—positive predictive value) [19, 
32–34]; (2) patients who were transferred from another 
emergency department to a trauma center with an ISS < 10, 
did not require an operation, and were discharged to home 



823Determination of mis-triage in trauma patients: a systematic review﻿	

1 3

within 48 h of admission [20, 24, 25]; (3) did not require an 
urgent intervention either in the ED or operating room [16, 
23, 30], minor injuries (ISS < 15–16) were triaged to the 
full trauma team treatment [15, 18] and (4) the use of Vit-
tel criteria [31]. Three studies have been used different ISS 
criteria to define overtriage (ISS < 10, ISS < 15, ISS < 16) 
[15, 24, 34].

Discussion

The present study aims to determine the rate of mistriage 
(undertriage and overtriage) in trauma patients. To our 
knowledge, this study is the first systematic review assess-
ing mistriage rates in trauma patients.

Mistriage significantly contributes to the care patients 
receive, with undertriage directly associated with higher 

morbidity and mortality rates and overtriage having the 
capacity to indirectly cause increased morbidity and mor-
tality rates through the inappropriate use of resources in the 
ED. Since no review studies have been carried out on mistri-
age rates for trauma patients, the results of this study will 
make a crucial contribution to the research because such 
a wide range of mistriage rates (1–79%) have been docu-
mented for trauma patients in other studies [21].

Undertriage and overtriage rates have been documented 
as 1–71.9% and 19–79%, respectively. Such wide ranges can 
be attributed to a variety of factors. First, the precise defini-
tions of mistriage vary across studies, resulting in inconsist-
ent mistriage rates.

In two studies, the ISS scale is used to calculate under-
triage rates. Despite using the same criteria, the undertri-
age rate was recorded to be 24% by one study and 34% by 
the other. Other studies suggest that moderate ISS [15–24] 

Fig. 1   PRISMA flowchart of 
inclusion and exclusion process
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scores, compared with notably high or low ISS scores, have 
greater mistriage rates, specifically exhibiting undertriage. 
Staudenmayer et al. reported undertriage rates of 89.02% 
and 10.98% for ISS scores of 15–24 and scores greater than 
or equal to 25, respectively [22]. Youge’s study reported 
undertriage rates of 4.9% and 5.9% for ISS scores of 9–15 
and scores of 5, respectively [29]. These results indicate that 
patients with more severe conditions, as well as outpatients, 
are detected more easily. In contrast, patients with moder-
ate acuity face the highest mistriage rates. This presents a 
serious challenge in the care of patients with trauma because 
these cases constitute the majority of trauma patients, and 
they have a high chance of survival with prompt and accu-
rate detection.

Other studies identify referral to non-traumatic centers 
as the criterion for mistriage, reporting rates of undertriage 
ranging from 15 to 34.3% [17, 35]. The greatest difference 
in rates was observed in the separate studies of Lehmann and 
Vassallo, in which life-saving emergency intervention was 
used and mistriage rates fluctuated between 1% and 42.4% 
[21, 30].

This was also true for overtriage rate. Using the “1—
positive predictive value” formula for the definition of 
overtriage, mistriage rates have been reported as ranging 
from 24 to 78% [19, 32]. Further, use of the referral-to-
trauma-center criterion is reported at 23.3–66% [20]. It 
is clear that the use of different criteria will yield contra-
dictory results, as well as making it difficult to compare 
across studies. This issue indicates the need for a standard 
formula to calculate a more precise mistriage rate. Most 
studies [18] have reported more on undertriage rates than 
overtriage rates [13] in trauma patients. Studies report 
overtriage rates reaching 79%, indicating that overtriage 
deserves more attention in further studies. Overtriage can 
lead to the inappropriate consumption of resources while 
restricting the provision of care and treatment for seriously 
injured patients. The Field Triage Guideline has been 
introduced to level 1 trauma centers to prevent overtriage 
and limit inappropriate referrals of patients. Application 
of this guideline can contribute to reducing incidents of 
mistriage, especially overtriage. In general, the effective-
ness of triage assessment depends on the balance between 
correct detection of people in need of life-saving measures 
and minimizing patients being mistakenly identified with 
high needs [30, 36].

This review shows that no standard definition for 
assessing the triage of trauma patients currently exists. 
Some authors have used ISS to define critically ill trauma 
patients as having a score of 15 or greater, and in a num-
ber of studies, life-saving interventions have been used 
for these patients [37, 38]. While ISS provides a scale for 
the severity of patients’ injuries, it is only a retrospec-
tive measurement that is less effective in identifying the Ta
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severity of the patient’s condition and the potential need 
for life-saving measures several days after admission [39].

It is likely that the inclusion of non-physiological crite-
ria into the triage process (e.g. anatomical injury assess-
ment), along with evaluating the level of consciousness 
and identifying risk factors, such as age, can improve tri-
age validity [21, 40]. Therefore, triage criteria must be 
developed comprehensively on the triage scale. While gen-
eral triage scales have been developed, triage scales for 
trauma patients remain limited, and it is uncertain whether 
or not general triage systems are suitable for patients with 
trauma. Future studies should, therefore, focus on this crit-
ical subgroup of patients to determine the effectiveness of 
general triage scales on trauma patients, and any triage 
system developed for trauma patients should be capable 
of being generalized.

Conclusion

Significant mis-triage in traumatic patients indicates that 
patients’ triage process needs to be revised seriously. The 
highest rate of mis-triage occurs among moderately ill trau-
matic patients, who constitute the majority of patients with 
trauma. In traumatic outpatients and critically ill patients 
with trauma, the triage error is minimized. On the other 
hand, moderate ill traumatic patients are more likely to 
become seriously ill. Therefore, it is necessary to develop 
triage scales for patients with trauma. It is also likely that 
the standardization of mis-triage definitions can reduce mis-
interpretation of triage error among different studies and 
clarify the role of triage scales. The trauma triage scales 
need to be further developed to provide more valid and reli-
able results and ultimately lead to reduced mis-triage rate.
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