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Abstract

Background and aims Prehospital triage is aimed at getting
the right patient to the right hospital. Evaluations on the
performance of prehospital triage tools are scarce. This
study examines the ability of the American College of
Surgeons' Committee on Trauma (ACSCOT) triage guide-
lines to identify major trauma patients in a European trauma
system. Furthermore, this study evaluates the predictive
power of other prehospital measurements.

Materials and methods Prehospital data of 151 minor
(Injury Severity Score (ISS) 1-15) and 151 major trauma
patients, (ISS>15) treated at a Dutch trauma center, were
collected. Logistic regression analysis was used to identify
predictors of major trauma patients.

Results The major trauma patients particularly incurred
severe head injuries (45.7%) and severe thorax injuries
(21.9%). The ACSCOT guidelines had a sensitivity of
84.1% and a specificity of 77.5%. A new prehospital
trauma triage model was constructed including nine
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predictors of major trauma. This model identified more
major trauma patients than the ACSCOT (sensitivity
92.1%, p=0.023) and resulted in a comparable specificity
(79.5%; p=0.711).

Conclusion The new triage model outperforms the ACS
COT triage guidelines in identifying major trauma patients
in the prehospital setting. The new triage guidelines may
improve patient outcomes but needs to be validated in a
prospective study.

Keywords Multiple trauma - Triage - Trauma centers -
Europe

Introduction

In Europe, injuries cause 9% of deaths and 14% of ill health
[1]. Worldwide, injuries are even the leading cause of death
in people under 45 years of age [2]. Moreover, injuries can
result in long-term dysfunction among the survivors [2].
Improved outcomes can be achieved through reorganization
of the trauma care. Studies, mainly from the US, have
demonstrated beneficial effects of regionalization of trauma
care, including designating trauma centers. Trauma center
treatment has shown to decrease the risk of death and
improve functional outcomes after specifically severe injury
[3-5].

In Europe, there is a great variation in the organization of
trauma care [6]. Many European countries have designated
trauma centers [7]. In 2002, it was estimated that most of
the European trauma centers receive between 100 and 200
major trauma patients per year [8]. In Germany, it was
estimated that only about half of all the major trauma
patients is treated in trauma centers [9]. Moreover,
underutilization of the trauma centers was suspected for
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other European countries as well [9]. This may lead to
adverse outcomes caused by delayed interventions and
higher costs due to transfers.

The reason why not all major trauma patients are directly
transported to a trauma center is unclear. Possibly, primary
stabilization of the major trauma patient at a regional
hospital is chosen in case of long distances to a trauma
center. However, the severely injured patients may also be
overlooked in the field. For the identification of these
patients, various prehospital triage guidelines have been
developed to assist paramedic judgment [10]. Yet, only few
studies have evaluated the performance of triage tools in
European datasets [11-13]. In general, these studies have
reported on poor performances and there is no consensus on
which tool is best in identifying major trauma patients in
the field.

In the US, the American College of Surgeons published
one of the first field triage protocols for trauma patients in
1987 [14]. During the past 20 years, these guidelines,
including physiological, anatomic, and mechanism of injury
criteria, have been further developed by the American
College of Surgeons' Committee on Trauma (ACSCOT).
Studies in the US have revealed that 95-97% of the major
trauma patients can be identified by these guidelines [15—
17]. The ACSCOT guidelines have not yet been evaluated
for a European dataset. In view of differences between the
injury profiles of US and European trauma populations as

well as geographical differences, such an evaluation is
needed.

The purpose of this study was to evaluate the perfor-
mance of the ACSCOT field triage criteria in a European,
i.e., Dutch, trauma system. Furthermore, the injury profiles
and prehospital characteristics of minor and major trauma
patients were compared to identify prehospital predictors of
major trauma patients to examine whether we could
introduce a simpler prehospital triage model.

Materials and methods

This study was carried out at one of the ten Dutch trauma
centers, i.e., the Trauma Center West-Netherlands (TCWN).
The TCWN is comprised of three level-one hospitals: the
Leiden University Medical Center, the Haaglanden Medical
Center, and the Leyenburg Hospital. The TCWN serves a
population of approximately 1.8 million people.

The regional trauma registry of the TCWN was used to
identify the study population. For this study, we included
all major adult trauma patients (=18 years) who were
transported by ambulance from the accident scene and were
admitted to the TCWN between July 2004 and June 2005
(Fig. 1). Major trauma patients were defined according to
an Injury Severity Score (ISS) of >15 [18]. The ISS is
based on the Abbreviated Injury Scale (AIS) [19].

Fig. 1 Flow diagram of
inclusion of the study
population
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The ambulance forms of the major trauma patients were
collected and all standardized items were registered. The
ambulance form could not be traced for 26 major trauma
patients. The mean ISS, the mean age, and the gender
distribution of these 26 major trauma patients did not differ
significantly from the 151 major trauma patients with
ambulance forms (p>0.05). Furthermore, we selected a
random control group of 151 trauma patients with minor
through moderate injuries (ISS 1-15). This control group
included the same number of patients treated at the three
TCWN hospitals as in the major trauma group. The mean
ISS, the mean age, and the gender distribution of the
random sample did not differ from the total group of minor
trauma patients with an ISS of 1-15 (p>0.05).

The ambulance forms are filled out by ambulance
paramedics at the scene. The ambulance forms include all
items of the ACSCOT guidelines except for five mecha-
nism of injury descriptors (ejection from automobile, death
in same passenger compartment, extrication time >20 min,
rollover, and pedestrian thrown or run over) [14]. With
respect to the physiological parameters, we used the first
measurements the paramedic made at arrival at the scene,
without any interventions having taken place yet.

Statistical comparisons between the characteristics of the
major and minor trauma patients were conducted using ¢
tests, Mann—Whitney tests, chi-square tests, and Fisher’s
exact tests. Mean values are presented with their standard
deviations (SD) as mean (£SD).

To determine prehospital predictors of major trauma
patients, we entered the items of the ambulance forms,
including ACSCOT items, in stepwise forward and back-
ward logistic regression analyses using an inclusion and
removal criterion of p=0.05. A revised prehospital triage
model was constructed consisting of the items selected by
the logistic regression completed with all the anatomic
ACSCOT descriptors corresponding to AIS 4 codes. The
sensitivity, specificity, accuracy, positive (PPV) and nega-
tive predictive values (NPV) were calculated for both the
ACSCOT and the newly developed triage model. The
McNemar’s test was applied to compare the sensitivity and
the specificity of the ACSCOT model with the new triage
model. The original prevalence of the major and minor
trauma patients was used to calculate the PPV and the NPV
as well as the accuracy, the sensitivity, and specificity for
ISS>18 and ISS>30 cutoff values. A p value of <0.05 was
considered significant.

Results

The main characteristics of the 151 major and 151 minor
trauma patients are given in Table 1. The major trauma
patients were significantly younger and concerned more
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Table 1 Main characteristics
ISS>15 ISS 1-15 p
(N=151) (N=151)
Age, mean (£SD) 48.4 (£23.7) 59.7 (£23.3) <0.001
Male, N (%) 105 (69.5) 76 (50.3) 0.001
ISS, mean (£SD) 23.7 (£8.7) 7.5 (£2.9) <0.001
Mortality®, N (%) 26 (17.2) 2 (1.3) <0.001
ICU stay, N (%) 100 (66.9) 11 (7.3) <0.001
Blunt injury, N (%) 144 (95.4) 143 (94.7) 0.791
Mechanism of injury
Traffic, N (%) 79 (52.3) 53 (35.1) <0.001
Home—leisure, N (%) 43 (28.5) 81 (53.6)
Sport, N (%) 5@3.3) 2 (1.3)
Violence, N (%) 6 (4.0) 9 (6.0)
Self-inflicted, N (%) 6 (4.0) 1 (0.7)
Work, N (%) 11 (7.3) 4 (2.6)
Unknown, N (%) 1(0.7) 1 (0.7)

1SS Injury Severity Score, /CU Intensive Care unit
#Mortality defined as survival or death at hospital discharge

male patients. The mean ISS of the major trauma patients
was 23.7 (+8.7) with 62.3% of the major trauma patients
having an ISS of 16-24 and 37.7% an ISS>25. Of the
minor trauma patients, 38.4% had an ISS less than nine and
61.6% had an ISS of 9-15. Most major trauma patients
were injured in traffic, whereas many minor trauma patients
incurred home or leisure injuries. Furthermore, the major
trauma patients were more often admitted to the Intensive
Care Unit (ICU) and had a higher mortality rate.

Over three quarter of the major trauma patients incurred
a head injury (77.5%), compared to 28.5% of the minor
trauma patients (»<0.001). Furthermore, the major trauma
patients sustained significantly more thorax (47.7%), face
(27.2%), and abdomen (21.2%) injuries compared to the
minor trauma patients (respectively, 7.9%, 6.6%, and 5.3%;
p<0.001). On the other hand, the minor trauma patients
incurred more extremity injuries (69.5%) than the major
trauma patients (41.7%; p<0.001). Table 2 shows the
distribution of the severity of the injuries within the ISS
body regions. The most serious injuries (i.e., AIS 4-6) of
the major trauma patients concerned head and thorax
injuries.

The number of trauma patients who met the ACSCOT
items is presented in Table 3. Overall, ACSCOT had a
sensitivity of 84.1%, a specificity of 77.5%, a PPV of
35.2%, a NPV of 97.1%, and an accuracy of 78.3% for
ISS>15. For ISS cutoff values of ISS>18 and ISS>30, the
ACSCOT model showed a sensitivity of respectively
91.3% and 100% and a specificity of 75.8% and 70.9%.
More than half of the major trauma patients had a Glasgow
Coma Scale (GCS)<14 (58.9%), but only 15.2% had a
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Table 2 Abbreviated injury scale scores within the Injury Severity
Score body regions

I1SS>15 (N=151) ISS 1-15 (N=151)

N % N %

Maximal AIS score, overall

1-2 0 0.0 68 45.0
3 36 23.8 83 55.0
4-6 115 76.2 0 0.0
Maximal AIS score, head
0* 34 22.5 108 71.5
1-2 25 16.6 36 23.8
3 23 15.2 7 4.6
4-6 69 45.7 0 0.0
Maximal AIS score, thorax
0? 79 52.3 139 92.1
1-2 10 6.6 9 6.0
3 29 19.2 3 2.0
4-6 33 21.9 0 0.0
Maximal AIS score, abdomen
0? 119 78.8 143 94.7
1-2 14 9.3 6 4.0
3 6 4.0 2 1.3
4-6 12 7.9 0 0.0
Maximal AIS score, face
0* 110 72.8 141 93.4
1-2 36 23.8 10 6.6
3 5 33 0 0.0
4-6 0 0.0 0 0.0
Maximal AIS score, extremities
0? 88 58.3 46 30.5
1-2 34 22.5 34 22.5
3 26 17.2 71 47.0
4-6 3 2.0 0 0.0
Maximal AIS score, external
0? 57 37.7 105 69.5
1-2 81 53.6 46 30.5
3 4 2.6 0 0.0
4-6 9 6.0 0 0.0

1SS Injury Severity Score, AIS Abbreviated Injury Scale
#Maximal AIS score of 0 reflects no injury in the respective ISS body
region.

deviant respiratory rate (RR) and no more than 9.3% had a
systolic blood pressure (SBP) less than 90. Specifically,
severe injuries to the thorax and abdomen are expected to
cause unstable vital signs reflected by problems with
respectively breathing and a lowered SBP. However, only
15.2% of the patients with AIS>4 thorax injuries appeared
to have a RR>29 or RR<10 and 25.0% of the patients with
AIS>4 abdominal injuries had a SBP<90.

In addition to the ACSCOT items, we also reviewed
other items from the ambulance forms (Table 4). Major
trauma patients had more pupil disorders defined as
anisocoria or abnormal light reflex (p<0.001), blood loss
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from ear, nose, or mouth (»p<0.001), vomiting (p<0.001),
loss of consciousness (p<0.001), compression pain on the
thorax (p=0.002), abdominal compression pain and re-
bound tenderness (p=0.014), paleness (p<0.001), and
clamminess (p=0.015).

Both the forward and backward stepwise logistic
regression analyses, entering all ACSCOT items (Table 3)
and the additional items from the ambulance forms
(Table 4), except the items which occurred more often in
the minor trauma patients, resulted in five independent
predictors of major trauma (Table 5). Based on these
analyses, an alternative prehospital triage model was
composed. This model includes the five items significant
in logistic regression as well as four ACSCOT anatomic

Table 3 Evaluation of the American College of Surgeons' Committee

on Trauma triage guidelines

ISS>15 ISS 1-15
(N=151) (N=151)
N % N %
Physiological component
GCS<14 89 589 9 6.0
SBP<90 14 9.3 1 0.7
RR<10 or >29 23 152 1 0.7
Patients with at least one of these 95 629 10 6.6
criteria
Anatomic component
Penetrating injuries to head, neck, 5 33 3 2.0
and torso
Flail chest 0 0 0 0
Two or more proximal long 4 2.6 1 0.7
bone fractures
Instable pelvic fractures 0 0 0 0
Open and depressed skull fracture 0 0 0 0
Paralysis 7 4.6 0 0
Amputation proximal to wrist and ankle 0 0 0 0
Major burns 2 1.3 0 0
Patients with at least one of 18 119 4 2.6
these criteria
Mechanism of injury component
Fall>20 ft 7 4.6 0 0
High-speed auto crash 22 14.6 7 4.6
Auto-pedestrian injury 14 9.3 3 2.0
Auto-motor or cycle injury 11 7.3 8 53
Motorcycle crash>20 mph 20 132 7 4.6
Patients with at least one 74 49.0 25 16.6
of these criteria
ACSCOT overall
Patients with at least one 127  84.1 34 225

of the ACSCOT criteria

1SS Injury Severity Score, GCS Glasgow Coma Scale, SBP systolic
blood pressure, RR respiratory rate, ACSCOT American College of

Surgeons' Committee on Trauma
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Table 4 New prehospital items not included in the American College
of Surgeons' Committee on Trauma triage guidelines

1SS>15
(N=151)

1SS=1-15
(N=151)

N % N %

Head
Pupil disorders 62 41.1 10 6.6
Blood loss ear—nose—mouth 45 298 11 7.3
Liquor loss ear-nose—mouth 3 2.0 0 0
Vomiting 22 146 5 33
Loss of consciousness 9% 66.7 19 13.0
Thorax
Compression pain 24 159 7 4.6
Asymmetric trachea 0 0 0 0
Rhonchi—crepitations 3 2.0 1 0.7
Painful breathing 15 9.9 7 4.6
Stridor 2 1.3 0 0
Absent or decreased breath sounds 2 1.3 16 10.6
Abdomen
Compression pain and rebound 20 132 7 4.6
tenderness
Extremities
Pain when moving limb 34 225 94 623
Pain when compression axis 17 113 64 424
Abnormal position limb 24 159 57 377
Skin
Paleness 54 358 21 139
Clamminess 12 7.9 3 2.0
Edema 1 0.7 1 0.7
Other
Heavy weight on patient >50 kg 2 1.3 0 0
CO intoxications 2 1.3 0 0

1SS Injury Severity Score, CO carbon monoxide

descriptions of injuries items with AIS 4 codes reflecting
major trauma patients (ISS>15; i.e., minimal second-degree
burns on >25% body surface or face, paralysis, depressed
skull fracture, and amputation proximal to wrist or ankle).
According to the new model, a patient should be directly
transported to a trauma center when at least one of the nine
items is met.

The newly developed model identified 92.1% of the
major trauma patients with an ISS>15. Furthermore, this
model had a specificity of 79.5%, a PPV of 39.4%, a NPV
of 98.6%, and an accuracy of 81.1%. Compared to the
ACSCOT model, the new model had a higher sensitivity
(»=0.023). Both models did not differ in terms of
specificity (p=0.711). Examining the new model for
identifying patients with an ISS>18 or an ISS>30 resulted
in a sensitivity of respectively 93.7% and 100% and a
specificity of respectively 76.8% and 71.6%. These find-
ings did not significantly differ from the ACSCOT model
(p>0.05).

The new model did not identify 12 of the 151 major
trauma patients with an ISS>15. These patients had a mean
age of 47.2 (£26.4) years and a mean ISS of 20.9 (+4.6;
range 16-29). Almost two-third of these false negatives
incurred extremity (66.7%) injuries, whereas only 39.6% of
the other major trauma patients, the true positives, sustained
extremity injuries (p=0.068). Furthermore, the false neg-
atives mainly incurred head (58.3%), thorax (41.7%), and
external injuries (33.3%). Five of the misclassified patients
had severe thorax injuries (AIS=4), three patients had
severe head injuries (AIS=4) and one patient had a critical
head injury (AIS=5). None of the vital parameters (GCS,
SBP, and RR) were abnormal for these patients.

Table 5 New prehospital triage model with results from stepwise forward and stepwise backward logistic regression

B SE OR 95% CI for OR P
Lower Upper

Head 1 GCS<14 2.262 0.450 9.600 3.971 23.208 <0.001

2 Loss of consciousness 1.405 0.385 4.076 1.915 8.675 <0.001

3 Depressed skull fracture

4 Pupil disorders 1.039 0.449 2.828 1.172 6.821 0.021
Thorax 5 Compression pain thorax 1.818 0.512 6.158 2.256 16.811 <0.001
Abdomen 6 Abdominal compression pain and rebound tenderness 1.344 0.535 3.835 1.343 10.953 0.012
Extremities 7 Paralysis

8 Amputation proximal to wrist—ankle
Skin 9 Burns >25% body surface or face

Constant -1.617 0.215 0.198 <0.001

Patients should be transported to a trauma center if at least one of nine items is met. Items 1, 2, 4, 5, and 6 are derived from logistic regression.
Items 3, 7, 8, and 9 are ACSCOT anatomic items assigned with an Abbreviated Injury Scale of 4.
SE Standard error, OR odds ratio, CI confidence interval, GCS Glasgow Coma Scale
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Discussion

To our knowledge, this is the first study to evaluate the validity
of the US ACSCOT triage criteria in a European trauma
system. Furthermore, other prehospital measurements, not
included in the ACSCOT guidelines, were examined for triage
use in the prehospital setting. Good prehospital triage criteria
are important to ensure that the right patient is directly taken to
the most appropriate hospital. Moreover, triage tools identi-
fying severely injured patients are useful for trauma team
activation at the Emergency Department.

The application of the ACSCOT guidelines in our dataset
revealed a somewhat lower overall sensitivity (84%)
compared to previous studies reporting on the ACSCOT
criteria in US datasets (sensitivity of 95-97%) [15—17]. Only
one study calculated the specificity of the ACSCOT criteria
and reported a much lower specificity (8%) than we found
in our study (78%) [17]. However, this study included
patients with primarily motor vehicle crashes and falls
transported by a helicopter [17]. Many patients in this study
fulfilled one of the mechanistic ACSCOT criteria but were
not severely injured resulting in a very low specificity. No
study has yet reported on the specificity of the ACSCOT
triage guidelines in a population-based dataset.

The percentages of major trauma patients in our study
meeting the ACSCOT physiologic criteria (63%) and the
ACSCOT mechanism of injury descriptors (49%) were
highly comparable to previous studies reporting on sensi-
tivity rates of 56—-65% for the physiologic criteria and 45%
for the mechanism of injury items [16—17]. However, the
ACSCOT anatomic criteria resulted in a much lower
sensitivity in our study (12%) in contrast to a previously
reported sensitivity of 45% [16]. This difference reflects
differences in injury profiles between the US and European
major trauma patients such as the low percentage of
penetrating injuries in our dataset.

In this study, a new triage tool was developed including
the following items: GCS<14, loss of consciousness,
depressed skull fracture, pupil disorders, thorax compres-
sion pain, abdominal compression pain and rebound
tenderness, paralysis, amputation proximal to wrist—ankle,
and burns >25% body surface or face. This model identified
significantly more major trauma patients with an ISS>15
than the ACSCOT model. The specificity was also better,
though not statistically significant. Furthermore, for other
ISS cutoff values, the performance of the new model was
very much comparable to the ACSCOT.

In general, a sensitivity of 85% and an overtriage rate of
50% are accepted for prehospital triage criteria [20]. The
newly developed model had a sensitivity of 92% and would
have identified 58% more major trauma patients than the
currently used triage tool (Revised Trauma Score (RTS) <11)
[11]. The overtriage rate (one minus specificity) of the new
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model was 21%. Trauma registry data showed us that in the
study period a total of 3,192 minor trauma patients were
transported in our trauma system to either the TCWN (n=
1,219) or to one of the regional hospitals (n=1,973).
Application of the new model to all 3,192 minor trauma
patients would have resulted in 670 false positives (i.e., minor
trauma patients wrongly identified as major trauma patients)
directly transported to the TCWN. This comes down to 549
less patients than the 1,219 minor trauma patients who have
actually been transported to the TCWN during the study
period. Overall, the new model could have resulted in a
decrease in the overtriage rate from 38% now to 21%.

Unlike the ACSCOT guidelines, mechanistic factors were
not included in the new model. Previous studies have also
questioned the significance of the mechanistic criteria because
these are prone to false positives [21-24]. For example,
people involved in severe car crashes may be uninjured.
Moreover, details of the mechanism of injury are not always
clear due to lacking eyewitnesses or unconsciousness of the
patient. Furthermore, the proposed model includes only one
physiological item, i.e., the GCS. The GCS is a good
predictor of brain injury [25]. The other physiological
parameters, i.e., the systolic blood pressure and the respira-
tory rate, were excluded. This was not surprising as we
found that three quarter of the patients with severe abdominal
injuries had a blood pressure of >90. Likewise, the majority
of the patients with severe thorax injuries had normal
respiratory rates. It is noteworthy that the GCS<14 would
have identified even more major trauma patients than a RTS
<11. Up to now, the RTS, containing the SBP, the RR, and
the GCS, is one of the most commonly applied triage tools in
the Netherlands. Our new model also includes the following
ACSCOT anatomical items: a depressed skull fracture,
paralysis, amputation proximal to wrist or ankle, and major
burns. These injuries were scarce or even absent in our study
population. We did include them in our model in view of the
high severity of these injuries resulting in an ISS>15 most
likely requiring trauma center treatment. These injuries are
easy to recognize for the ambulance staff.

The debate about which patients need trauma center
treatment should be continued to further define which
patient should at least be identified by triage guidelines. In
our study, we defined these patients as those with an ISS>
15. Furthermore, we also looked at the performance of the
ACSCOT and the new model for patients with an ISS>18
and an ISS>30. Other studies have looked at resource use
such as direct admission to an ICU or Emergency Surgery
[26-28]. There is no golden standard, but recently it was
proven that trauma patients with an AIS>4, i.e., patients
with at least an ISS>15, benefit from trauma center
treatment [4]. Moreover, we consider the ISS preferable to
the resource use for defining major trauma patients in need
of trauma center treatment. The AIS and the ISS are
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anatomically based, consensus-derived, unambiguous scores
which are universally used and enhance comparisons.

This study has several shortcomings. First of all, we only
included trauma patients treated in the level-one trauma cen-
ter. A previous study indicated that the major trauma patients
treated in non-trauma-center hospitals in our trauma system
are less severely injured [11]. The degree to which the new
triage model is able to correctly identify these patients needs
to be investigated. Furthermore, children were excluded from
the study population because children have other physio-
logical and anatomic responses to trauma. Specific trauma
scores, such as the pediatric trauma score have been
developed for children [29]. We are conducting a study to
evaluate the prehospital predictive value of these trauma
scores for severely injured children. Finally, five mechanistic
items of the ACSCOT triage guidelines could not be
evaluated in this study as these criteria are not standardized
items on the ambulance forms in the Netherlands.

The new model needs to be further developed and
evaluated in a prospective study and in other European
datasets. Probably all prehospital triage schemes in other
countries that include the RTS will need to be adjusted in
view of the small number of major trauma patients showing
a lowered RTS in the prehospital setting [11].Trauma
registries are indispensable for these kinds of evaluations.
Likely, other regions or countries will adjust the triage
model because of specific geographical differences, differ-
ences in available resources and expertise at the non-
trauma-center hospitals, and differences in injury profiles.
For instance, the major trauma patients in our study
sustained less severe thorax and abdomen injuries com-
pared to major trauma patients registered by the German
Trauma registry [30]. Moreover, the triage decision in
Germany is often not made by a paramedic but by an
emergency physician at the scene which may lead to other
criteria being included in the triage model.

Hopefully, in the future, a new triage model will assist
ambulance staff to identify all major trauma patients who
should be transported to trauma centers. Eventually, this
may improve survival rates and even nonfatal outcomes.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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