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Abstract
We conducted a prospective study comparing two different pre-hospital triage tools for trauma: the American College of 
Surgeons Committee on Trauma (ACS-COT) field triage decision scheme and the TRENAU score. The main objective was 
to evaluate which triage tool was more appropriate in the setting of Lombardy's trauma system. Data were collected from 
the population of trauma patients admitted to Niguarda hospital in Milan from January to June 2021. RStudio and Excel 
were used for data analysis. For each triage tool performance measures, Receiver Operating Characteristics (ROC) curves, 
and overtriage and undertriage rates were obtained. A total of 1439 injured patients admitted through 118 pre-hospital 
Emergency Medical Services (EMS) were included in the study. The ACS-COT triage tool showed a good accuracy but an 
excessive overtriage rate (59%). The TRENAU triage tool had a moderately good accuracy and a low overtriage rate (23%) 
while maintaining an acceptable undertriage rate (3.9%). The TRENAU triage tool proved to be efficient in optimizing the 
use of resources dedicated to trauma care while resulting safe for the injured patient. In a modern trauma system such as 
Lombardy's it would be more appropriate to adopt the TRENAU score over the ACS-COT field triage decision scheme.
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Introduction

Trauma is a complex and still largely neglected disease, 
responsible for about 5.8 million deaths annually around 
the world [1]. Trauma has also a high social impact, being 
the major cause of death and disability among the population 
under 35 years old. The most frequent mechanism of injury 

(MOI) are road accidents (29%), followed by falls (12.6%) 
and assault (9.16%) [2].

To optimize trauma care and thus minimize the number 
of preventable deaths, trauma related disability and resource 
wasting, Western Countries have developed Trauma Systems 
within their national health systems. Within the Trauma 
System various phases of trauma care1 are organized and 
embedded according to a well-structured protocol.

Injured patients are treated in trauma centers, which can 
supply different level of trauma care. In Italy there are three 
types of trauma centers: Centro Trauma ad Alta Specializzazi-
one (CTS, a highly specialized trauma center), Centro Trauma 
di Zona (CTZ, a local trauma center) and Presidio di Stabiliz-
zazione per Traumi (PST, a hospital unit for trauma stabili-
zation). A CTS manages the most severely injured patients, 
providing the highest level of care. A CTS is equivalent to 
a level 1 trauma center and has a catchment area of about 2 
million inhabitants. A CTZ, which corresponds to a level 2 
trauma center, manages major trauma except for cases that 
require high level of professional expertise. A PST, similarly to 
a level 3 trauma center, takes care of minor trauma or stabilizes 
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critically injured patients before transferring them to a higher 
level trauma center [3].

Regarding the distribution of trauma centers on the terri-
tory, two models of trauma systems can be distinguished: an 
exclusive trauma system and an inclusive trauma system. In an 
exclusive trauma system acute care facilities and trauma cent-
ers are two separated entities. In this type of system the Emer-
gency Medical Services (EMS) should therefore centralize all 
trauma patients to trauma centers. In an inclusive system the 
territory is served by several acute care facilities, the majority 
of which is also equipped with a trauma center. Each trauma 
center can offer different levels of care depending on the neces-
sities of every geographical area. In such a model, the task 
of the EMS’ personnel is to estimate the severity of injured 
patients based on pre-determined triage criteria. Patients are 
thus transported to the hospital capable of providing the ade-
quate level of care in a timely fashion [4].

To optimize the pre-hospital phase of trauma care, a 
trauma system should adopt triage tools that better adapt to 
the local environment. In the U.S.A. paramedics implement 
the American College of Surgeons Committee on Trauma 
(ACS-COT) field triage decision scheme: four successive 
steps, each consisting of a specific set of criteria, are fol-
lowed to evaluate the injured patient [5, 6]. Italy has also 
been adopting the ACS-COT triage tool to evaluate the 
trauma patient on the scene of the event. The new 2020 
guidelines however suggest the use of the triage score devel-
oped in the context of the Northern French Alps (TRENAU) 
trauma system. An effort is thus being made to promote the 
transition from the ACS-COT triage tool to the TRENAU 
triage tool where appropriate. The parameters assessed by 
the TRENAU criteria are similar to those assessed by the 
ACS-COT field triage decision scheme, with the addition of 
the response of the patient to treatment. Response to treat-
ment can be evaluated during the pre-hospital phase since 
in France, as well as in Italy, the EMS personnel is also 
composed of nurses and physicians [7, 8]. The TRENAU 
grading system establishes three levels of clinical severity: 
class A (unstable patient despite treatment), B (stabilized 
after treatment or anatomic criteria) or C (stable with high 
energy MOI, age and comorbidities) [1].

The present study aims to compare the triage tool devel-
oped by the ACS-COT and the TRENAU score to establish 
which one is better suited to the regional setting of Lom-
bardy’s trauma system.

Methods

Study design and setting

A prospective observational cohort study was conducted 
between January 23rd and June 24th 2021.

Trauma patients were admitted to the Emergency Depart-
ment (ED) of ASST Grande Ospedale Metropolitano 
Niguarda, a CTS for the metropolitan area of Milan. For all 
suspected major trauma patients a multidisciplinary Trauma 
Team (TT) was activated at the EMS’ notice. Niguarda’s TT 
consists of general surgeons, anesthesiologists, radiologists, 
trauma nurses, radiology’s technicians and orderlies [9].

Data collection

Data were collected from pre-hospital EMS’ reports, dis-
patch on major trauma papers, emergency room reports and 
medical charts and were organized in a spreadsheet file.

The following information was included in the database: 
age, gender, EMS type (basic life support, intermediate life 
support, advanced life support or helicopter rescue), notice 
by the 118 dispatch center based on the ACS-COT triage cri-
teria, trauma type (closed vs open/piercing), event type (sin-
gle or multiple, self-inflicted or inflicted by a third party), 
trauma mechanism (road accident, fall, assault, sport injury, 
animal related injury or other), ACS-COT triage criteria, 
risk factors and comorbidities, physiologic parameters on the 
scene, outcome (discharge by the ED, admission to the oper-
ating theater, admission to the intensive care unit, damage 
control maneuvers performed in the emergency room, death 
in the ED, hospitalization), Injury Severity Score (ISS), TT 
activation, TRENAU score, New Trauma Score for Triage 
(T-NTS).

In this study EMS personnel assessed injured patients on 
the scene using the ACS-COT field triage decision scheme. 
If the ACS-COT criteria for major trauma were met the 118 
dispatch center notified the ED where the TT was activated 
in advance and the triage nurse filled in the dispatch on 
major trauma papers with information regarding the trau-
matic event and the patient's characteristics.

The TT was considered as correctly activated when the 
triage criteria effectively identified major trauma. Major 
trauma was defined by having an ISS higher than 15 and/or 
the Need For Trauma Intervention (NFTI+). The ISS was 
calculated considering the Abbreviated Injury Score (AIS) 
2015 catalogue [10, 11]. The NFTI indirectly describes the 
impact of the traumatic event on the patient through the 
intensity of the therapeutic maneuvers needed to replenish 
the body's physiological reserves. The therapeutic maneu-
vers considered in the study were: damage control resusci-
tation in the ED, direct discharge to the operating room or 
the intensive care unit from the ED, death of the patient in 
the ED [12].

Afterward, each patient was graded using the TRENAU 
score based on the information received by the EMS. The 
correct activation of the TT was assessed simulating a situ-
ation in which the EMS implemented the TRENAU triage 
tool instead of the ACS-COT field triage decision scheme 
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on the scene of the traumatic event. A patient who met the 
criteria for class A and B was considered in need of a TT 
activation at a CTS. The TRENAU score was considered 
appropriate if it would have resulted in the activation of the 
TT for major trauma patients (ISS higher than 15 and/or 
NFTI+). Patients who met the criteria for class C would 
have been transported to a CTZ had the TRENAU grading 
system been used on the scene of the event instead of the 
ACS-COT triage tool. Patients who did not meet any criteria 
would have been considered mildly injured and thus trans-
ported at the nearest hospital.

Statistical analysis

Data were analyzed using Excel© version 16.43, RCRAN© 
version 4.1.1 and RStudio Desktop© version 1.4.1717.

The ACS-COT triage tool and the TRENAU triage tool 
were compared through performance measures with 95% 
Confidence Intervals (CIs). In particular, the focus was on 
sensitivity and specificity which express the capability of the 
triage tool to discriminate between major and minor trauma.

Receiver Operating Characteristics (ROC) curves with 
95% confidence bands were plotted for each triage tool. The 
Area Under the Curve (AUC) of the ROC curve depicts 
the accuracy of the triage tool and can range from 0.5 to 1. 
The ideal triage tool which can perfectly differentiate major 
trauma from minor trauma would have an AUC of one. An 
AUC lower than 0.7 defines a poor triage tool, between 0.71 
and 0.8 defines a moderately good triage tool and higher 
than 0.81 defines a good triage tool. Plotting ROC curves 
allows to immediately visualize performance information 
about the ACS-COT field triage decision scheme and the 
TRENAU score and promptly compare their accuracy.

Overtriage and undertriage rates (referred to the cen-
tralization of major trauma at a CTS) with 95% CIs were 
obtained using the Cribari Matrix method. 95% CIs were 
calculated as:

where p is the proportion of patients that were undertriaged 
or overtriaged while n is the total number of patients with 
major trauma or who matched with at least one of the triage 
criteria considered for major trauma. Overtriage is defined 
as the rate of mild injuries misidentified as major trauma by 
the triage tool. Undertriage is defined as the rate of severely 
injured patients that the triage tool missed to identify and 
were thus transported to an under-qualified trauma center 
or received late treatment. When designing a triage tool it is 
important to control the rates of overtriage and undertriage. 

p ± 1.96 ×

√

p × (1 − p)

n

In particular the undertriage rate should be kept to a mini-
mum since missing to identify major trauma can jeopardize 
the patient's safety resulting in higher rates of preventable 
deaths and worsening prognosis. A high overtriage rate does 
not endanger the patient’s life in the near future, however it 
should be contained as it entails a waste of human and finan-
cial resources that could lead to the system’s collapse in the 
long term. The ACS-COT suggests maintaining the undertri-
age rate at less than 5% and the overtriage rate between 25 
and 35% [6]. This aspect should be considered to determine 
which triage tool is more appropriate in a specific trauma 
system.

Results

A total of 4909 trauma patients (excluding those who pre-
sented burns as the only MOI) were admitted to Niguarda’s 
ED during the period of the study. Only the 1439 patients 
who were transported by EMS were included in the study. 
The study population characteristics are summarized in 
Table 1.

Of all the 1439 patients included in the study, 143 met 
the criteria for major trauma (ISS greater than 15 and/
or NFTI+). The ED was notified by the EMS in 22.51% 
(324/1439) of cases, 41.04% of whom (133/324) were 
confirmed being major trauma (Table 2). Employing the 
TRENAU grading system, 118 patients (of which 91 were 
major traumas) were classified as grade A or grade B, 488 
(of which 43 were major traumas) as grade C and 833 (of 
which 9 were major traumas) as "not included" (Table 3).

The performance measures of the ACS-COT triage tool 
and the TRENAU score were compared (Tables 4 and 5) and 
statistically significant differences were found. In particular, 
the sensitivity of the TRENAU triage tool was notably lower 
than that of the ACS-COT criteria: 61% (95%CI of 52–69%) 
against 93% (95%CI of 87–97%). This resulted however in a 
specificity of almost 100% (98% with a 95%CI of 97–99%) 
against that of the ACS-COT triage tool which amounted 
only up to 85% (95%CI of 83–87%).

The AUC of the ROC curves depicted two different levels 
of accuracy for the ACS-COT triage tool and the TRENAU 
triage tool (Figs. 1 and 2). The difference between the ACS-
COT triage criteria and the TRENAU criteria’s accuracy is 
statistically significant: the former is more accurate (AUC 
of 0.892 with CI of 0.869–0.915), however the latter can be 
still considered a moderately good test (AUC of 0.790 with 
CI of 0.750–0.831).

There was a statistically significant difference also in 
overtriage and under- triage rates as shown in Table 6. 
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Table 1   Study sample 
population’s descriptive table

Values marked with a * are statistically significant. A level of significance of 0.05 was applied for all tests
IQR   Interquartile Range, BLS Basic Life Support, ILS Intermediate Life Support, ALS Advanced Life Sup-
port, NI = Not Included

N° Tot 
(%)

N° Major 
Trauma

ISS N° Minor 
Trauma

ISS P  -value
Median (IQR) Median (IQR)

Age 0.176
 1–5 71 (5) 1 18 (0) 70 1 (0) 0.464
 6–18 170 (12) 15 18 (14–25) 155 1 (1–4) 0.2732
 19–65 780 (54) 105 19 (16–27) 675 2 (1–4) 0.884
 66–80 167 (12) 13 25 (21–26) 154 2 (1–5) 0.185
 81–97 251 (17) 9 25 (25–48) 242 4 (1–5) 0.130

Gender 0.000515*
 Male 897 (62) 113 20 (16–27) 784 2 (1–4)
 Female 542 (38) 30 22 (16–25) 512 2 (1–4)

EMS type  <2e−16*

 BLS 1136 (79) 17 17 (16–22) 1119 1 (1–4)
 ILS 3 0 3 1 (1–2)
 ALS 252 (18) 99 21 (16–27) 153 4 (1–9)
 Helicopter 48 (3) 27 21 (17–34) 21 8 (5–9)

Trauma type 0.718
 Closed 1085 (75) 107 21 (16–26) 978 2 (1–4)
 Open/piercing 354 (35) 36 18 (15–29) 318 2 (1–4)

Event type 0.000372*
 Single 1343 (93) 122 20 (16–26) 1221 2 (1–4)
 Multiple 96 (7) 21 21 (17–29) 75 1 (1–4)

Trauma dynamic 0.305
 Road accidents 543 (38) 86 18 (16–25) 457 2 (1–4)
 Falls 591 (41) 32 25 (19–29) 559 2 (1–4) 0.3856
 Assault 137 (10) 3 17 (17–46) 588 1 (1–4)   <2e−16*

 Sport injuries 10 (1) 0 10 1 (0)
 Animals 18 (1) 0 18 1 (1–2)
 Wounds 76 (5) 10 25 (12–33) 66 1 (1–4) 1
 Crushing 18 (1) 7 18 (12–24) 11 1 (1–2) 0.0297 *
 Other 46 (3) 5 19 (18–25) 41 1 (1–2)

ACS-COT criteria  <2e−16*

 No notice 1115 (77) 10 18 (17–25) 1105 1 (1–4)
 Notice 324 (23) 133 20 (16–27) 191 4 (1–9)

TRENAU criteria  <2e−16*

 A + B 118 (8) 91 25 (17–34) 27 4 (2–7)
 C + NI 1321 (92) 52 17 (13–21) 1269 2 (1–4)

T-NTS 3.78 e−11*

  >17 740 (96) 52 18 (15–23) 688 1 (1–4)
  ≤ 17 27 (4) 21 27 (19–34) 6 7 (4–10)

ISS  <2e−16*

  >15 112 (8) 112 25 (18-31) 0 2 (1–4)
  ≤15 1327 (92) 31 9 (7-11) 1296
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Overtriage was significantly lower when implementing the 
TRENAU triage tool rather than the ACS-COT field triage 
decision scheme: 23% (95%CI of 15.4–30.6%) against 59% 
(95%CI of 53.6–64.4%). The undertriage rate of the TRE-
NAU score still maintained under the 5% limit suggested by 
the ACS-COT [6] at 3.9% (95% CI of 2.9–4.9%).

Discussion

Considering the results as a whole and referring them to the 
setting in which they were obtained, it can be observed how 
the ACS-COT field triage decision scheme is characteris-
tic of a trauma system in its early stage. A triage tool such 
as the one developed by the ACS-COT complies with the 
requirements of a trauma system which starts as exclusive 
or is either still developing an organized network of trauma 
centers and a proper personnel expertise. Sensitivity has to 
be high to minimize the number of false negatives (major 
trauma which is identified as minor by the triage criteria, 
i.e. the undertriaged patients). Even if it means having an 
excessive overtriage rate. In a young trauma system undertri-
aged patients would not receive the appropriate level of care, 
being transported to facilities not included in the trauma 
system or which are still developing and do not have the ade-
quate expertise. In other words, EMS within a trauma system 
at its early stage should adopt a triage tool that works as a 
screening test, reducing the false negatives to a minimum 
and ruling in all the possibly diseased patients. The ACS-
COT field triage decision scheme was in fact appropriate in 
Lombardy about 20 years ago, when Italy started to build 
a network of organized trauma systems at a regional level. 
The ACS-COT triage tool has in fact a very high sensitivity 
(93%) and accuracy (89.2%) which define a minimum rate of 
undertriage (1%). This however results in a lower specificity 
(85%) and thus a much higher rate of overtriage (59%) which 
greatly exceeds the threshold suggested by the ACS-COT.

On the contrary, a triage tool like the TRENAU score bet-
ter suits a trauma system such as Lombardy’s at the present 
time: inclusive, which had the time to appropriately develop 
its network of trauma centers and strengthen its personnel 
expertise. The TRENAU triage tool has a lower sensitivity 
(61%) and accuracy (79%) which nonetheless define a still 
acceptable rate of undertriage (3.9%) according to the ACS-
COT. On the other hand, this results in a very high speci-
ficity (98%) and thus a much lower overtriage rate (23%) 
which is within the threshold set by the ACS-COT. This 

Table 2   EMS notice and trauma severity

IQR Interquartile Range

N ISS
Median (IQR)

Access through EMS 1439 2 (1–5)
Notice 324 9 (4–18)
 Major trauma 133 20 (16–27)
 Minor trauma 191 4 (1–9)

No notice 1115 1 (1–4)
 Major trauma 10 18 (17–25)
 Minor trauma 1105 1 (1–4)

Table 3   TRENAU classes and trauma severity 

IQR  Interquartile range

N ISS
Median (IQR)

GRADE A 20 34 (25–75)
 Major trauma 19 34 (25–75)
 Minor trauma 1 3 (0)

GRADE B 98 17 (9–25)
 Major trauma 72 22 (16–28)
 Minor trauma 26 4 (2–8)

GRADE C 488 4 (1–8)
Major trauma 43 17 (13–22)
Minor trauma 445 4 (1–5)
NOT INCLUDED 833 1 (1–4)
Major trauma 9 18 (16–19)
Minor trauma 824 1 (1–4)

Table 4   Performance measures of the ACS-COT criteria with 95% 
CIs 

Value 95% CI

Apparent prevalence 0.22 (0.20, 0.25)
True prevalence 0.10 (0.08, 0.12)
Sensitivity 0.93 (0.87, 0.97)
Specificity 0.85 (0.83, 0.87)
Positive predictive value 0.41 (0.35, 0.46)
Negative predictive value 0.99 (0.98, 1.00)
Positive likelihood ratio 6.31 (5.50, 7.25)
Negative likelihood ratio 0.08 (0.05, 0.15)

Table 5   Performance measures of the TRENAU triage tool with 95% 
CIs

Value 95% CI

Apparent prevalence 0.08 (0.07, 0.09)
True prevalence 0.10 (0.08, 0.12)
Sensitivity 0.61 (0.52, 0.69)
Specificity 0.98 (0.97, 0.99)
Positive predictive value 0.76 (0.67, 0.84)
Negative predictive value 0.96 (0.95, 0.97)
Positive likelihood ratio 29.09 (19.58, 43.23)
Negative likelihood ratio 0.40 (0.33, 0.49)
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way, overcrowding of trauma centers would be prevented, 
resource wasting would be minimized, and patient care 
improved. Optimizing trauma care is essential nowadays. 
It is not sustainable to accept high overtriage rates anymore 
as European health care systems are struggling to maintain 
their status as free and universal [13]. A high specificity is 
typical of a diagnostic test, which is supposed to rule out all 
the patients that do not have the disease and identify only the 
true positives. This clearly results in a higher number of false 
negatives due to the decrease in sensitivity, which should 
nonetheless always be kept under an acceptable threshold. 
Since the TRENAU triage tool works as a diagnostic test 
rather than a screening test, it allows to select and centralize 
to the CTS mainly the true major trauma.

Furthermore, in a trauma system with different levels 
of care, undertriaged patients would not be neglected but 

treated in a less specialized trauma center with an adequate 
expertise, namely a CTZ. It should also be noted that the 
great majority of Lombardy’s CTZs are equipped with a neu-
rosurgical unit, which is essential as the majority of trauma 
patients present with traumatic brain injuries [14]. Moreo-
ver, in a modern trauma system, a triage tool should also be 
able to identify patients potentially at risk of an unfavorable 
outcome, even when they are not labelled as major trauma by 
the triage criteria. They could either be undertriaged patients 
or patients who are more prone to evolve unfavorably rather 
than get better and should therefore be directed towards a 
CTZ. In favor of this statement, it should be pointed out that 
in this study the majority of the patients undertriaged with 
the TRENAU score were classified as grade C (43 out of 52) 
and would therefore have been treated in a CTZ, guarantee-
ing them an appropriate level of care.

Fig. 1   ACS-COT triage tool’s 
ROC curve with 95% CIs
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Even though criteria based solely on trauma dynamic 
and patient's characteristics seem to be the most relevant 
cause of overtriage [15, 16], it is important not to under-
estimate the condition of grade C patients since age and 
MOI showed to correlate with injury severity [6, 17, 18]. 
Some studies even suggested the need for specialized 

geriatric trauma teams and specific triage criteria for 
elderly patients and children [19–21].

Only two other studies that evaluated the efficacy of the 
TRENAU grading system and compared it with other pre-
hospital triage tools were found in literature.

The TRENAU score is in fact fairly new since it was 
implemented only in 2015 by Bouzat et al. [1]. In his study 
Bouzat compared a graded group of patients with a non-
graded group of patients within the Northern French Alps 
trauma system. The implementation of the TRENAU score 
appeared more appropriate in a system involving physi-
cians in the pre-hospital phase opposed to the ACS-COT 
triage tool for paramedics. Considering the graded group, 
sensitivity showed to be higher (92%) while specificity was 
much lower (41%) compared to the current study. In addi-
tion, undertriage and overtriage rates exceeded the threshold 

Fig. 2   TRENAU triage tool’s 
ROC curve with 95% CIs

Table 6   Overtriage and undertriage rates

ACS-COT triage tool TRENAU triage tool

Overtriage % 59% 23%
N° (95% ICs) 0.59 (0.536–0.644) 0.23 (0.154–0.306)
Undertriage % 1% 3.9%
N° (95% ICs) 0.01 (0.004–0.016) 0.039 (0.029–0.049)



1746	 Updates in Surgery (2022) 74:1739–1747

1 3

suggested by the ACS. The difference in results could be 
explained by the lack in experience of the French EMS in 
implementing the pre-hospital triage tool in 2015 and by the 
dissimilar geographical area in which the two studies took 
place (the Northern French Alps are a mountainous region 
while Milan is a plain metropolitan area) [22].

A more recent and comprehensive study regarding the 
TRENAU classification is a systematic review with meta-
analysis conducted by Gianola et al.[19]. which compares 
the TRENAU score with other triage tools (e.g.  the ACS-
COT field triage decision scheme, Vittel Triage Criteria, 
New Trauma Score, etc.) according to their ROC curve and 
net clinical benefit. The TRENAU score, together with the 
NTS, appeared to be the most accurate triage tool in the 
adult population.

This study has a few limitations. Data were collected in 
a single level 1 trauma center and reflect the population of a 
highly urbanized area. The study was conducted during the 
COVID-19 pandemic and the restrictions introduced by the 
government had an impact on the epidemiology of trauma 
and the organization of the healthcare system [23].

Conclusion

When comparing different triage tools, the local setting in 
which they are implemented should be considered. A young 
trauma system benefits from a highly sensitive triage tool 
like the ACS-COT field triage decision scheme.  A mature 
trauma system such as Lombardy’s, which has developed a 
functioning and up-to-date trauma network with different 
levels of trauma centers, should adapt its triage tool accord-
ingly. In this kind of setting, the TRENAU score proved to 
be extremely effective in reducing overtriage without com-
promising the patient’s safety. As such, Lombardy is encour-
aged to follow the new Italian guidelines in adopting the 
TRENAU score as a pre-hospital triage tool. This however 
could differ for other Italian regions where trauma systems 
might not be up to standard yet and the adoption of a new 
triage tool should thus be considered case-by-case.
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