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Abstract

Purpose To find ways to reduce the rate of over-triage without drastically increasing the rate of under-triage, we applied a
current guideline and identified relevant pre-hospital triage predictors that indicate the need for immediate evaluation and
treatment of severely injured patients in the resuscitation area.

Methods Data for adult trauma patients admitted to our level-1 trauma centre in a one year period were collected. Outpatients
were excluded. Correct triage for trauma team activation was identified for patients with an ISS or NISS > 16 or the need
for ICU treatment due to trauma sequelae. In this retrospective analysis, patients were assigned to trauma team activation
according to the S3 guideline of the German Trauma Society. This assignment was compared to the actual need for activa-
tion as defined above. 13 potential predictors were retained. The relevance of the predictors was assessed and 14 models of
interest were considered. The performance of these potential triage models to predict the need for trauma team activation
was evaluated with leave-one-out cross-validated Brier and logarithmic scores.

Results A total of 1934 inpatients > 16 years were admitted to our trauma department (mean age 48 + 22 years, 38%
female). Sixty-nine per cent (n = 1341) were allocated to the emergency department and 31% (n = 593) were treated in the
resuscitation room. The median ISS was 4 (IQR 7) points and the median NISS 4 (IQR 6) points. The mortality rate was
3.5% (n = 67) corresponding to a standardized mortality ratio of 0.73. Under-triage occurred in 1.3% (26/1934) and over-
triage in 18% (349/1934). A model with eight predictors was finally selected with under-triage rate of 3.3% (63/1934) and
over-triage rate of 10.8% (204/1934).

Conclusion The trauma team activation criteria could be reduced to eight predictors without losing its predictive performance.
Non-relevant parameters such as EMS provider judgement, endotracheal intubation, suspected paralysis, the presence of
burned body surface of > 20% and suspected fractures of two proximal long bones could be excluded for full trauma team
activation. The fact that the emergency physicians did a better job in reducing under-triage compared to our final triage model
suggests that other variables not present in the S3 guideline may be relevant for prediction.
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Most severely injured patients are admitted to a level-1
trauma centre.

Because of increasing cost pressures, the current resus-
citation-activating guidelines have been discussed in the
context of over- and under-triage. Patients with a minor
injury admitted to the resuscitation area are considered to
be “over-triaged”, and those whose injury is underestimated
and who are sent to the emergency department instead of
the resuscitation area are considered to be “under-triaged”
because of the potential harm for the patient. We will define
the under- and over-triage rates as being the percentage
of wrongly assigned cases among all considered patients.
The rate of over-triage is assumed to be 30-50%, which is
high but understandable given the aim to reduce avoidable
adverse events in the daily activities of the trauma team.
The ideal rate for patient safety would be 0% under-triage,
together with 0% over-triage in terms of resources and costs
[S].

In the context of the discussion of the costs of over-tri-
age, many studies have reported on the use of the current
guidelines [2-4]. These guidelines contain several indicat-
ing parameters to activate the trauma team in the resusci-
tation area (henceforth called the “trauma team’). We are
interested in whether there is a simpler way to optimise
triage for severely injured patients and to reduce the rate
of over-triage without increasing the rate of under-triage
too greatly. We evaluated the parameters given by the S3
guideline [4] and tried to identify which of these provide the
most relevant pre-hospital triage information that indicates
the need for immediate evaluation and treatment of severely
injured patients in the resuscitation area. We conducted a
retrospective study within our institution to investigate these
questions.

Patients and methods

All trauma patients admitted to our institution in the year
2010 were identified and evaluated in this study. Activation
of the trauma team responsible for the resuscitation room
was coordinated following the underlying criteria based on
the S3 guideline [4] (Table 1). Excluded were ambulatory-
treated patients, patients younger than 16 years and patients
allocated secondarily from other hospitals. 1934 patients
were retained. Correct triage for trauma team activation was
estimated by one collaborator and in general identified if the
patients had an ISS or NISS > 16 or the need for treatment in
the intensive care unit (ICU) due to direct trauma sequelae.
Over- and under-triage was individually crosschecked by
the senior author for every patient in terms of mismatches,
especially in cases of need for ICU treatment with an ISS
or NISS < 16 and if once ISS or NISS were < 16. Over-
triage was recorded if the criteria were not fulfilled and the
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patient was treated in the resuscitation room, in the oppo-
site situation we are in the presence of under-triage. Age,
sex, vital signs (blood pressure, pulse rate, breathing rate
and oxygen saturation), Glasgow Coma Scale (GCS) score,
rescue resource [self, emergency medical service (EMS)
or helicopter EMS (HEMS)], trauma mechanism and ana-
tomical disorders were documented. Admittance to an ICU,
mortality and several trauma and prognostic scores [ISS,
new ISS (NISS), revised trauma score (RTS), revised injury
severity classification (RISC) and trauma ISS (TRISS)] were
recorded retrospectively [6-9].

A detailed analysis of the data showed that most of the
variables used to describe the trauma mechanisms were
mutually exclusive (see Table 1 in the supplementary mate-
rial). To reduce the risk of over-fitting, we summarised
those in one categorical predictor depending on the type of
accident: fall and/or explosion, traffic accident, entrapment,
unclear and other. Note that the levels “other” and “unclear”
are different; if the type of accident is ‘unclear’ the trauma
mechanism is totally unknown. The level ‘other’ on the other
hand refers to a known trauma mechanism which is not pre-
sent in the list. We will refer to this categorical predictor as
accident factor (AF).

Statistical analysis

First, the inclusion probabilities are calculated with mod-
ern Bayesian variable selection techniques [11] for the 13
retained predictors (see Table 3). These probabilities restrict
us to order the potential predictors according to their rel-
evance in the final triage model. A more detailed description
on how these probabilities are computed can be found in the
supplementary material.

Using the latter probabilities, 14 possible triage models
can be defined as follows: The first model is the one includ-
ing all the predictors. Then, for the other models, the pre-
dictors are dropped successively in an order depending on
their inclusion probabilities until we attain a model with
no predictor. Brier and logarithmic scores of the candidate
triage models were calculated using leave-one-out cross-
validation (LOO CV) [12] to evaluate how well they pre-
dict the resuscitation room necessity [13, 14]. The smaller
the scores are, the better the prediction performance of the
model.With this approach, we were able to find the number
of predictors that should be used to assure the best possible
prediction performance. Afterwards, the selected predictors
have been used in a simplified ‘at least one out of x” version
of the model: a patient is triaged to the resuscitation room
once one of the x predictors is different from its reference,
where x is the number of selected predictors. This proceed-
ing is equivalent to a prediction model with x predictors, is
easy to understand and to apply. In a final step, the predictive
accuracy of the 14 possible ‘at least one out of x’ models
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Table 1 Current guidelines for trauma team activation

S3 [4]

ACS COT 2006 [10]

ACS COT 2014 [3]

Physiological
A

Anatomical

Mechanism of injury

Respiratory impairment or require-
ment for intubation

SBP < 90 mmHg
GCS<9

Open head wounds
Unstable chest

Gunshot wounds and penetrating inju-
ries to the neck and torso region

Pelvic fractures
Fracture of >?2 proximal bones

Amputation injury proximal to hand/
foot

Spinal cord injury
Burns >20% and degree > 2b

EMS provider judgement

Fall from >3 m height

RTA: Delta v>30 km/h

RTA: Collision involving a pedestrian
or two-wheeler

RTA: Frontal collision with intrusion
by more than 50-75 cm

RTA: Death of a driver or passenger

RTA: Ejection of a driver or passenger

Respiratory rate < 10 or >29/min
SBP <90 mmHg
GCS<14

Open or depressed skull fractures
Unstable chest

All penetrating injuries to the neck,
torso and extremities proximal to the
elbow and knee

Pelvic fractures
Fracture of >?2 proximal bones

Amputation injury proximal to wrist/
ankle

Paralysis

EMS provider judgement
Mangled extremity
Fall from >3 m height

Vehicle telemetry data consistent with
a high risk of injury

Collision involving a pedestrian or
two-wheeler or v>32 km/h

Collision with intrusion of >30 cm
(occupant site) or >46 cm (any site)

Death of a driver or passenger

Ejection of a driver or passenger

Unable to be adequately ventilated, intu-
bated or given assisted ventilation

Respiratory rate < 10 or >29/min
SBP <90 mmHg
GCS > 13

Deterioration of a previously stable
patient

Transfer requiring blood transfusion
Open or depressed skull fractures
Unstable chest

All penetrating injuries to the neck,
torso and extremities proximal to the
elbow and knee

Pelvic fractures
Fracture of >?2 proximal bones

Amputation injury proximal to wrist/
ankle

Paralysis

Burns > 10% and degree > 2b and/or
inhalation injury (L)

EMS provider judgement

Mangled extremity

Fall from >3 m height (L)

Fall from any height if anticoagulated
(L)

Vehicle telemetry data consistent with a
high risk of injury (L)

Collision involving a pedestrian or two-
wheeler or v>32 km/h (L)

Collision with intrusion of >30 cm
(occupant site) or >46 cm (any site)
@L)

Death of a driver or passenger (L)

Ejection of a driver or passenger (L)

Striking fixed objects with momentum
@

Blast or explosion (L)

High energy electrical injury (L)

Suspicion of hypothermia, drowning,
hanging (L)

Suspected non-accidental trauma (L)

Blunt abdominal injury with firm or
distended abdomen or with seatbelt
sign (L)

ACS COT American College of Surgeons, committee on trauma, Delta v difference of speed (deceleration), A airway (according to ATLS), B
breathing, C circulation, D disability, E exposure, SBP systolic blood pressure, RTA road traffic accident, L light trauma team activation criteria

has been assessed by calculating their under- and over-triage
rates. More detailed information on the methodology can be

found in the supplementary material.

All data were recorded using IBM SPSS Statistics for
Windows (Version 23.0; IBM Corp., Armonk, NY, USA)

and the statistical analysis was done with R [15].
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Results

In the analysed 1 year period, 1934 inpatients admitted to
our trauma department fulfilled the inclusion criteria. Their
mean age was 48.2+21.5 years; 1192 (61.6%) were males
and 742 (38.4%) were females. The median ISS was 4 (IQR
7) points and the median NISS 4 (IQR 6) points. A trauma
team was activated for 593 patients (31%). The median ISS
of those allocated to the resuscitation area was 9 (IQR 14)
points and the median NISS 10 (IQR 20) points. The other
1341 patients (69%) were allocated to the emergency depart-
ment and their median ISS was 4 (IQR 3) points and the
median NISS 4 (IQR 3) points. A high percentage of patients
(n=1066, 55.1%) has been taken to hospital by the EMS,
717 patients (37.1%) were self-allocated and 151 patients
(7.8%) were admitted through the HEMS. Sixty-seven
patients died, giving a mortality rate of 3.5%. From these
patients, six patients died being treated in the emergency
department. According to a RISC of 95.23% this equates to
a standardized mortality ratio (SMR) of 0.73. The baseline
data is shown in Table 2. Twenty-six of the patients (1.3%
of the 1934 patients) were classified as being under-triaged
and 349 (18% of all the patients) as being over-triaged. In
the detailed analysis of the 26 patients who received under-
triage, 17 (65.4%) experienced an underestimated traumatic
brain injury that was considered an indication for trauma
team activation following minor trauma (low fall), had an
initial GCS of 13-15 and suffered from either a chronic alco-
hol consumption or a diminished coagulation due to perma-
nent medication. Twelve of the 26 under-triaged patients
(46.2%) were over 65 years old.

The triage predictors were ordered according to their
inclusion probabilities (Table 3). As shown in Fig. 1, the
model with the 11 most relevant predictors according to their
inclusion probabilities performs best for predictions regard-
ing the logarithmic score [calculated using leave-one-out
cross validation (LOO CV)]. The minimal (LOO CV) Brier
score is acquired with 11 predictors as well. However, the
performance of these prediction models does not decrease
significantly by reducing the number of predictors to eight
(see supplementary material for details). The final eight
predictors retained are: thorax instability, the accident fac-
tor, open TBI, penetrating injury, SBP <90 mmHg, pelvic

Table 3 Triage predictors with inclusion probabilities

Variable Inclusion probability
(1) EMS provider judgement 0.5909
(2) Endotracheal intubation 0.8570
(3) Fracture of > 2 proximal bones 0.8602
(4) Burns >20% and degree >2b 0.9327
(5) Paralysis 0.9772
(6) GCS<9 0.9806
(7) Amputation injury proximal to hand/foot 0.9939
(8) Pelvic fracture 0.9977
(9) SBP <90 mmHg 0.9985
(10) Penetrating injury >0.9999
(11) Open TBI >0.9999
(12) Accident factor >0.9999
(13) Unstable chest >0.9999

Potential predictors ordered using their inclusion probabilities

EMS emergency medical service, GCS glasgow coma scale, SBP sys-
tolic blood pressure, 7B/ traumatic brain injury

Table 2 Baseline data for all

patients Variable ED (n=1341) RR (n =593) All (n = 1934) Missing (n)
Age (years) 49.2+22.0 45.7+20.3 48.2+21.5 0
ISS (points) 4 (IQR 3) 9 (IQR 14) 4 (IQR7) 0
NISS (points) 4 (IQR 3) 10 (IQR 20) 4 (IQR 6) 0
TRISS (%) 98.8+1.4 96.6+7.7 98.2+4.3 104
RISC (%) 97.5+2.7 90.2+20.4 95.2+12.0 0
Sex female (%) 41.8 30.7 38.4 0
Admittance

Self (%) 52.3 2.5 37.1 0
EMS (%) 47.5 72.3 55.1 0
HEMS (%) 0.2 25.2 7.8 0
ICU (%) 1.6 40.1 134 0
Mortality (%) 0.4 (n=6) 10.3 (n=61) 3.5 (n=67) 0
SMR 0.2 1.1 0.7 0

ED admitted to emergency department, RR admitted to resuscitation room, NISS new ISS, ISS and NISS
given as median and interquartile range, TRISS trauma ISS, RISC revised injury severity classification,
EMS emergency medical service, HEMS helicopter EMS, SMR standardized mortality ratio

@ Springer
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fracture, amputation, GCS < 9. Figure 2 shows the so-called
prediction nomogram [12], a graphical presentation of the
prediction model where, depending on the patients’ charac-
teristics they are attributed a certain amount of points. Using

Number of predictors

the total number of points, the necessity of trauma team
activation can be read off easily (using the last two axes). We
refer to the supplementary material for more information on
the statistical analysis.
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Fig.2 Nomogram of the prediction model with eight predictors
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The model with eight predictors is equivalent to an ‘at
least one out of eight’ approach. With the latter procedure
we would activate the trauma team once at least one of the
seven binary predictors is set to true or the accident factor
is different from its reference value (‘other’). This approach
leads to an over-triage rate of 10.8% and an under-triage
rate of 3.3%. We also investigated how the under- and over-
triage rate would evolve depending on how many predictors
where considered in the ‘at least one out of x” approach. Fig-
ure 3 shows the rates for different x’es (number of predictors
selected). This figure reveals that even if we consider the 13
possible predictors and check their occurrence (for example
occurrence of thorax instability, yes or no) to decide on the
trauma team activation, we are not able to attain an under-
triage rate smaller than 3.1%.

Discussion

The aims of this study were to evaluate the S3 guideline for
triage of severely injured patients and to identify the main
predictors for the need for immediate evaluation and treat-
ment of severely injured patients in the resuscitation area.
By investigating which parameters could be discarded
without decreasing the performance of the prediction model,
we reduced the number of triage predictors from 13 to 8.

These variables can easily be ascertained in a preclinical
allocation call. For simplicity, we decided not to employ the
prediction model directly but use a simplified version: once
one of the seven selected binary predictors is set to true or
the accident factor is different from ‘other’, the trauma team
is activated.

Recent studies have shown that the accepted trauma field
triage parameters and guidelines are evolving continuously
and are difficult to summarize [16, 17]. The mechanism-
related criteria have poor specificity [18—24]. Each scoring
system has its own strengths and weaknesses, and these
should be considered when applying any of these systems
[25].

Our findings on pre-hospital predictors are consistent
with those reported in the literature for adult patients. As
shown in recent studies, pre-hospital information for pre-
sumed polytrauma or severely injured patients (EMS pro-
vider judgement) involving the presence of a burned body
surface of >20% should be treated with caution [8, 18, 26].
But regarding burned body surface in paediatric patients it
was told to be relevant to identify the need for admission
to resuscitation room [19]. We cannot further discuss this
parameter hence paediatric patients are excluded in this
study. Due to the difficulties in EMS provider judgement in
the field triage there seem to be a lot of intubated patients
on the scene in this study, which do not fulfil the criteria

Fig.3 Under- and over-triage i
rates as a function of the num- 0.15 o under—.trlage rate
ber of predictors in an ‘at least + over—triage rate
one out of x” model setting
o
. .- +o— o
e — - 11.3%
0.10
— o
0.05 ~_ .
—o0—_
O—O0—
Ol 32% 3.1%
o0—o oO—Oo0—o0—0
0.00 4 *
I I I I I I
2 4 6 8 10 12
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of severely injured patients with the need of resuscitation
room treatment. Despite this, in practice, probably every
intubated patient after trauma will be admitted to the resus-
citation room, whereas Harbrecht et al. [27] pointed out that
regarding to age, penetrating injury, traumatic brain injury
and systolic blood pressure, a limited trauma team activa-
tion can be possible in intubated patients. This is discussed
controversy [28, 29]. Several studies have reported that the
condition of older patients is often misjudged, which leads to
under-triage and increased mortality [18, 30-35]. Our results
could not confirm these findings, but the closer view to the
detailed analysis of the under-triaged patients assumes this,
therefore, further research is indicated.

An ‘at least one out of eight’-prediction model leads to
an over-triage rate of 10.8% and under-triage rate of 3.3%.
Our model performs slightly worse than the triage by the
emergency physicians. This is probably due to the fact that
the choice of the physicians is based on other parameters
than the ones in the S3 guideline of the German Trauma
Society. Unfortunately, our dataset is not suitable to answer
the questions of possible other triage predictors.

Our study has also other limitations. One key limitation
is the retrospective design within a single centre. Further
studies are needed to confirm our data, refine the underlying
triage parameters (e.g. heart rate, systolic blood pressure,
shock index, duration of unconsciousness, GCS on the scene
and at admission, paralysis at the spinal cord level, etc.) and
assess the role of other preclinical predictors such as anti-
coagulative medication, chronic alcohol consumption or age
as potential factors that can predict the need for trauma team
activation.

Conclusions

Different interpretations of the triage guidelines for the
resuscitation area can lead to under- or over-triage, risk of
increased use of resources, or risk to the patient. In the pre-
sent study, the criteria could be reduced to 8 predictors with-
out compromising the predictive performance of the model.
Non-relevant predictors such as the pre-hospital estimated
injury severity, endotracheal intubation, suspected fractures
of 2 proximal long bones, the presence of a burned body
surface of >20% and suspected paralysis could be excluded
for full trauma team activation. The fact that the emergency
physicians did a better job in reducing under-triage com-
pared to our final triage model suggests that other variables
not present in the S3-guideline may be relevant for predic-
tion. Our findings indicate that the triage criteria for the need
of immediate evaluation and treatment in the resuscitation
area should be reformulated.
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