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Abstract

Introduction Direct transport from the scene of injury to a trauma centre reduces saves lives. In Ontario, paramedics use the
field trauma triage standard (FTTS) to determine if a patient meets trauma bypass criteria. Recent studies have questioned
the efficacy of the FTTS in identifying severely injured patients. The objective of this study was to determine the predictive
performance of the FTTS on the need for trauma center care in patients who were transported to a trauma center.

Methods This was a single-center health records study of patients transported by ambulance directly to a level 1 trauma
center. Hospital based trauma center need and injury severity score-based need were defined. Bivariate associations with
one or more FTTS criteria were tested using the Wilcoxon two-sample test for continuous variables, and the Chi-square or
Fisher’s exact test for categorical indicators. The sensitivity and specificity of each category of the FTTS were calculated.
Results There were 1427 patients included in the study, with 76% men, mean age of 40, and 76% had a blunt mechanism.
The overall sensitivity and specificity of the FTTS was 90.9% and 20.8% for hospital-based need and 91.6% and 20.3 for
injury severity need. The most sensitive variable for hospital-based need was physiologic criteria (53.7). Mechanism of
injury was the most sensitive criteria for injury severity need (54.8). Physiological criteria had the highest association with
hospital-based and injury severity need (adjusted odds ratios 7.5 [95% CI 5.8-9.8] and 5.1 [95% CI 3.9-6.7]).

Conclusions The FTTS has fair performance in identifying the need for hospital-based and injury severity need. Systolic
blood pressure less than 90 mmHg, Glasgow Coma Scale (motor) less than 6, and falls greater than 6 m were most predictive
of trauma center need. Improving prehospital trauma triage is critical to ensure timely transport to a trauma centre.

Keywords Trauma - Triage - Pre-hospital - Predictive - Performance

Résumé

Introduction Le transport direct de la scéne de la blessure a un centre de traumatologie permet de sauver des vies. En Ontario,
les ambulanciers paramédicaux utilisent la norme de triage des traumatismes sur le terrain (FTTS) pour déterminer si un
patient répond aux criteres de pontage traumatique. Des études récentes ont remis en question I’efficacité du FTTS dans
I’identification des patients gravement blessés. L’objectif de cette étude était de déterminer la performance prédictive du FTTS
sur le besoin de soins en centre de traumatologie chez les patients qui ont été transportés dans un centre de traumatologie.
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Méthodes 11 s’agissait d’une étude des dossiers médicaux d’un seul centre portant sur des patients transportés par ambulance
directement a un centre de traumatologie de niveau 1. Les besoins des centres de traumatologie hospitaliers et les besoins
basés sur le score de gravité des blessures ont été définis. Les associations bivariées avec un ou plusieurs criteres FTTS ont
été testées a I’aide du test a deux échantillons de Wilcoxon pour les variables continues et du test de Fisher pour les indica-
teurs catégoriels. La sensibilité et la spécificité de chaque catégorie du FTTS ont été calculées.

Résultats 11y avait 1427 patients inclus dans I’étude, avec 76% d’hommes, age moyen de 40, et 76% avaient un mécanisme
émoussé. La sensibilité et la spécificité globales du FTTS étaient de 90,9 % et de 20,8 % pour les besoins hospitaliers et de
91,6 % et de 20,3 % pour les besoins de gravité des blessures. La variable la plus sensible pour les besoins hospitaliers était
les critéres physiologiques (53,7). Le mécanisme de blessure était le critere le plus sensible pour le besoin de gravité de la
blessure (54,8). Les criteres physiologiques étaient les plus associés aux besoins hospitaliers et aux besoins en maticre de
gravité des blessures (rapports de cotes ajustés de 7,5 [IC 4 95 % 5,8-9,8] et 5,1 [IC 2 95 % 3,9-6,7]).

Conclusion Le FTTS a un rendement équitable pour ce qui est de déterminer le besoin de soins hospitaliers et de gravité
des blessures. La pression artérielle systolique inférieure 2 90mmHg, 1’échelle de coma de Glasgow (moteur) inférieure & 6
et les chutes supérieures a 6m étaient les plus prédictives des besoins du centre de traumatologie. L’amélioration du triage
des traumatismes avant 1’hospitalisation est essentielle pour assurer un transport rapide vers un centre de traumatologie.

Mots clés Traumatisme - Triage - Préhospitalier - Prédictif - Performance

Introduction

Direct transport from the scene to a trauma hospital, “trauma
bypass”, reduces mortality severely injured patients [1-3].
Accurate identification in the field of patients who benefit
from higher level care is essential for improving patient
outcomes. Over-triage can result in reduced availability of
prehospital and in-hospital resources, and increased costs to
the system [4]. Under-triage may result in delays to definitive
care, increasing morbidity and mortality [1-3].

In Ontario, Canada paramedics should bypass the clos-
est emergency department (ED) and transport patients
directly to a trauma center if a patient meets specific criteria.
These criteria are outlined in the Basic Life Support Stand-
ards—Field Trauma Triage Standard (FTTS) (Appendix) [5].
The last update to the Ontario FTTS was in 2014 and was
performed through expert consensus from various emer-
gency medical services (EMS) and trauma centre stakehold-
ers. During the last revision in 2014, the FTTS adapted by
the Ontario Ministry of Health was aligned with the Center
for Disease Control and Prevention (and American College
of Surgeons Committee on Trauma Field Triage Decision
Scheme [6]. There is considerable variability in regional
operations which makes the field triage of trauma patients
difficult to compare. Additionally, the lack of standardization
in prehospital trauma triage makes it difficult to find consist-
ent performance data. Previously these field triage criteria
have been found to under triage 14-34% and over triage
12-31% of patients [7]. An under-triage rate of less than 5%
and an over-triage rate of greater than 35% are considered
acceptable according to the American College of Surgeons
[7, 8]. Understanding the accuracy of the current FTTS can
identify areas for improvement in future iterations.

&)\ Springer gﬁ% CAEP | ACMU

Trauma centre need can be based on the hospital
resources required or the injury severity score. Hospital-
based need has been defined as a patient requiring one or
more of the following: need for blood transfusion, need for
surgical interventions on arrival, admission to intensive care
unit, or in-hospital mortality [9—11]. Injury severity need
has been defined as an injury severity score of greater than
15 [12].

The objective of this study was to determine the accuracy
and predictive performance of the FTTS to determine the
need for trauma centre care for patients transported to a level
one trauma center.

Methods
Study design

This was a single-center health records study of all patients
who were transported by ambulance to a level 1 trauma
center, St. Michael’s Hospital between January 1, 2020 and
December 31, 2021. The study was approved by the hospital
Research Ethics Board.

Setting

St. Michael’s Hospital is one of two adult level one trauma
centers for the Greater Toronto Area, supporting a popula-
tion of almost 6.5 million residents [13]. St. Michael’s Hos-
pital is a 500-bed, urban, academic lead trauma center in
the downtown Toronto core with~ 1500 trauma activations
per year (including both direct from scene and interfacility
transfers). Injured patients that meet trauma bypass criteria
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or trauma activation criteria are treated by the trauma team
and have their data collected in the trauma registry. Injured
patients that are not trauma team activations are treated
solely by the emergency medicine physician in the emer-
gency department. Patients are transported by five paramedic
services from the surrounding municipalities as well as the
provincial air ambulance provider which transports patients
from up to 240 km away via helicopter. All paramedic ser-
vices provide electronic patient call reports for patients
transported to the trauma center reviewed for this study.

Participants

Data were gathered from the St. Michael’s Hospital trauma
registry and manual review of paramedic records. All
patients presenting as trauma team activation or trauma
admissions have demographic and outcomes data collected
and stored in the hospital trauma registry as mandated by
level 1 accreditation standards. Patients were included if they
were a trauma team activation and transported directly from
the scene of injury by paramedics. Patients were excluded
if they were brought to hospital by police, as an interfacility
transfer, or walked in, or did not have a paramedic record
available in their hospital records.

Variables: the FTTS criteria

The Ontario FTTS is comprised of 20 distinct criteria. The
criteria are divided into physiological, anatomical, mecha-
nism of injury, and special criteria (Appendix). According
to the standard, patients meeting any one of the 20 criteria
should be transported directly to a trauma center from the
field if they are a 30-60 min drive depending on regional
policies and procedures. Patients that meet the FTTS that are
greater than this drive time should request an air ambulance
response to facilitate more timely transfer.

Data sources and measurement

Patients were identified through the trauma registry and
patient demographic, injury characteristics, and outcome
data were abstracted from this database. At present there is
no formal variable collected as to whether a patient meets
FTTS or not in the current paramedic records. Thus, a
manual review of the paramedic records was performed to
assess for the presence or absence of any of the FTTS cri-
teria. Patients were scored at three levels of detail: (1) the
presence of any FTTS criteria, (2) the category met (physi-
ological, anatomical, mechanism or injury, special crite-
ria), and (3) the specific criteria met. We relied solely on
paramedic documentation of their physical exam findings to

support concern for anatomic injuries (i.e. presence of pelvic
fracture, depressed skull fracture, flail chest). All paramedic
records were reviewed by a single rater with worked expe-
rience as a paramedic. The study team met after 10, 50,
and 200 charts and then as needed to review and assess any
issues on data collection. Due to the large sample size of
the study, it was decided to maintain a single reviewer with
clinical expertise for consistency, thus no inter-rater reli-
ability calculations were performed.

Primary and secondary outcomes

The primary outcome for our study was hospital-based need.
Hospital-based need was defined as a patient requiring one
or more of the following:

1. transfusion of blood products in the trauma bay,
admission to the operating room or intensive care unit
from the trauma bay, or,

3. death within 48 h of admission [9-11].

The secondary outcome was an injury severity score
greater than 15, which we have labelled as injury severity
need [12].

Statistical methods

The patient sample was described using mean (standard
deviation), median (interquartile range), and counts (pro-
portions). Bivariate associations with one or more FTTS
criteria were tested using the Wilcoxon two-sample test for
continuous variables, and the Chi-square or Fisher’s exact
test for categorical indicators. The sensitivity and specificity
of each categories of the FTTS criteria (“Physiologic Crite-
ria”, “Anatomical Criteria”, “Mechanism of Injury Criteria”,
and “Special Criteria”) were calculated for hospital-based
need and injury severity need. Two separate multivariable
logistic regression models for hospital-based need and injury
severity need included variables considered clinically impor-
tant as potential predictors. The first model included all four
categories of the FTTS criteria. The second model included
the presence of specific criteria of the FTTS (Appendix).
Burns and pregnancy were not included due to low number
of events (4 and 1, respectively). Adjusted odds ratios with
95% confidence intervals were estimated for each model. All
tests were two-tailed and statistical significance was defined
if the p value was less than 0.05 (Table 1). All analyses
were performed using SAS 9.4 (SAS Institute Inc., Cary,
NC, USA).
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Table 1 Baseline patient characteristics

Demographic Overall (n=1427) Did not meet FTTS Met FTTS (n=1186) p value
(n=241)

Age (median, IQR) 40 (28-59) 56 (38-72) 38 (28-56) <0.01

Age by categories, %

Less than 29 27.5 13.7 304 <0.01

30-49 34.6 26.1 36.3

50-69 24.2 31.1 22.8

Greater than 70 13.6 29.1 10.5

Sex, %

Male 76.0 714 76.9 0.07

Mechanism of injury, %

Motor vehicle collision 11.1 2.5 12.9 <0.01

Fall 27.5 58.1 21.3

Gunshot 5.6 2.1 6.3

Stab 18.4 3.7 214

Pedestrian/cyclist 16.1 4.6 18.4

Motorcycle 8.2 0.4 9.8

Recreational vehicle 2.2 1.7 24

Industrial 1.8 33 1.4

Assault 6.5 21.6 35

Other 2.5 2.1 2.6

Injury Severity Score (median, IQR) 8 (1-17) 5 (1-10) 9 (1-17) <0.01

Method of arrival, %

Air 7.1 2.1 8.1 <0.01

Land 92.9 97.9 91.9

Blood products, %

Blood products transfused in trauma bay, n (%) 11.8 4.2 13.3 <0.01

Massive hemorrhage protocol in trauma bay, 1 (%) 6.4 0.8 7.6 <0.01

Disposition, %

Operating room 10.7 5.0 11.8 <0.01

Intensive care unit 17.4 10.8 18.7

Ward 43.1 51.9 41.3

Discharged home 23.1 30.7 21.5

Died in emergency department 35 0.0 4.2

Other 2.3 1.7 2.5

In-hospital mortality, %

Within 48 h 53 0 6.4 <0.01

After 48 h 3.6 1.7 4.1

Alive 91.0 98.3 89.5

Total length of stay in days (median, IQR) 3 (1-10) 3(1-8) 3 (1-10) 0.17

Results

A total of 1427 patients were included, with 1186 (83.1%)
patients meeting at least one of the FTTS criteria (Fig. 1).
The mean age was 44.8 years and 76% were male. Hospi-
tal-based need was met in 482 (33.8%) of patients and 405
(28.4%) patients met injury severity need (Table 2).

€\ Springer g{:@ CAEP | ACMU

Sensitivity, specificity, and adjusted odds ratios for FTTS
criteria categories are reported in Table 3. Overall, physi-
ologic criteria were strongly associated with both hospital-
based need and injury severity need with adjusted odds ratio
of 7.5 (95% CI1 5.8-9.8) and 5.1 (95% CI 3.9-6.7) respec-
tively. Physiologic criteria also had the highest specificity
for both hospital-based need and injury severity need (86.2
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Identified Trauma Cases

in Registry
n=1479
Interfacility Transfer
n=14
Walk In
n=34

Screened Trauma Cases
n=1431

No ePCR in EMR
n=4

Eligible Trauma Cases
n=1427

Fig.1 Cohort creation flow diagram

and 82.1). Physiologic criteria were most sensitive (53.7) for
hospital-based need, but mechanism was most sensitive for
injury severity need (54.8). Overall, the FTTS had an area
under the curve of 0.78 for hospital-based need and 0.74
for injury severity need. Overall, the FTTS had a sensitiv-
ity of 90.9 and specificity of 20.8 for hospital-based need
and a sensitivity of 91.6 and a specificity of 20.3 for injury
severity need.

Adjusted odds ratios for the association between each
specific FTTS criteria and hospital-based need and injury
severity need are reported in Table 4. Systolic blood pres-
sure < 90 mmHg and Glasgow Coma Scale (GCS) motor
were associated with the highest odds of hospital-based
need with respective adjusted odds ratios of 7.1 (95% CI
4.5-11.5), 5.5 (95% CI 3.9-7.8). Paralysis (adjusted odds
ratio 6.8 [95% CI 2.1-21.8]), GCS motor < 6 (adjusted odds
ratio 3.8 [95% CI 2.8-5.4]), and fall > 6 m (adjust odds ratio
3.0 [95% CI 1.9-4.9]) were most strongly associated with
injury severity need.

Discussion

Interpretation of findings

This study found that the FTTS had fair accuracy in
predicting both hospital-based need and injury sever-

ity need (AUCs 0.75 and 0.73). The physiological cri-
teria of the FTTS had the strongest association with

Table 2 Frequency of patients meeting hospital-based trauma center
need criteria, patients meeting injury score-based trauma center need,
and patients meeting each FTTS criteria (n=1427)

Frequency n (%)

Trauma center need

Hospital based trauma center need 482 (33.8)
Injury based trauma center need 405 (28.4)
Physiological criteria
Glasgow Coma Scale (motor) <6 269 (18.9)
Systolic blood pressure < 90 mmHg 156 (10.9)
Respiratory rate < 10 or > 30 breaths/min 114 (8.0)
Anatomical criteria
Penetrating 353 (24.7)
Chest wall deformity or instability 18 (1.3)
Two or more long bone fractures 15 (1.1)
Crushed, degloved, or pulseless extremity 28 (2.0)
Amputation 9 (0.6)
Pelvic fracture 24 (1.7)
Open or depressed skull fracture 42 (3.0)
Paralysis 15(1.1)
Mechanism of injury criteria
Fall>6 m 117 (8.2)
High risk motor vehicle collision 154 (10.8)
Pedestrian struck 227 (15.9)
Special criteria
Motorcyclist > 30 kmh 137 (9.6)
Age>55 (+one other anatomic/physiologic/ 281 (19.7)
mechanism)
Systolic blood pressure < 110 mmHg AND 392.7)
age>65
Anticoagulants/bleeding disorders 25 (1.8)
Burns 4(0.3)
Pregnant 1(0.1)

both hospital-based need and injury severity need. The
specific criteria most strongly associated with hospital-
based need were systolic blood pressure < 90 mmHg
and GCS(motor) < 6. The specific criteria most strongly
associated with injury severity need need were paralysis,
GCS(motor) < 6 and fall greater than 6 m.

Many of the anatomic criteria of the FTTS that are chal-
lenging diagnoses to make in the prehospital environment
are the least predictive of TCN. Penetrating injury, chest
wall deformity, pelvic fracture, and open or depressed skull
fracture were not associated with trauma center need. Injury
patterns, while highly specific, often lack sensitivity and are
challenging to correctly diagnose in the absence of diagnos-
tic imaging [7]. This study relied on paramedic assessment
and documentation of concern for possible injuries to iden-
tify the anatomic FTTS criteria. Given the austere prehospi-
tal environment, it can be difficult to reliably identify some
anatomic criteria. Additionally, paramedic documentation
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Table 3 Accuracy of the field trauma triage standard criteria in predicting trauma center need

Variable Hospital based need Injury severity need
Specificity (95% CI)  Sensitivity (95% CI) Adjusted odds  Specificity (95% CI) Sensitivity (95% CI) Adjusted odds
ratio (95% CI) ratio (95% CI)
Physiologic 86.2 (83.9-88.4) 53.7 (49.2-58.3) 7.5(5.8-9.8) 82.1(79.6-84.4) 50.9 (45.9-55.8) 5.1(3.9-6.7)
Anatomic 71.1 (68.1-74,0) 40.0 (35.6-44.6) 2.1(1.6-2.8)  68.3(65.3-71.1) 35.1(30.4-39.9) 1.8 (1.3-2.4)
Mechanism 55.6 (52.3-58.8) 43.8 (39.3-48.3) 1.4 (1.1-1.9)  60.0 (56.9-63) 54.8 (49.8-59.7) 2.7(2.0-3.5)
Special Criteria ~ 82.0 (79.4-84.4) 26.6 (22.7-30.7) 1.3 (0.9-1.8) 81.8 (79.3-84.1) 27.7 (23.4-32.3) 1.4 (1.1-1.9)

Table 4 Adjusted odds ratios
and 95% confidence intervals
for the association of trauma

center need for individual
criteria of the field trauma triage
standard

Variable Hospital based need Injury severity need
odds ratio (95% CI) odds ratio (95% CI)
Physiological criteria
Glasgow Coma Scale (motor) <6 5.5 (3.9-7.7)* 3.8 (2.8-5.4)*
Systolic blood pressure < 90 7.1 (4.5-11.5)* 2.9 (1.9-4.5)*
Respiratory rate < 10 or> 30 2.1 (1.2-3.5)* 1.3 (0.8-2.2)
Anatomical criteria
Penetrating 1.4 (0.9-1.9) 1.2 (0.8-1.7)
Chest wall deformity 1.7 (0.4-8.2) 0.8 (0.2-3.0)
Two or more long bone fractures 3.0 (0.8-11.6) 2.3(0.6-8.1)
Crushed, degloved, or pulseless extremity 2.5 (1.1-6.0)* 1.1 (0.4-3.0)
Amputation 4.9 (0.4-58.1) 2.1 (0.3-13.6)
Pelvic fracture 1.1 (0.4-3.2) 3.0 (1.1-8.2)*
Open or depressed skull fracture 1.7 (0.8-3.9) 2.6 (1.2-5.5)*
Paralysis 3.1(0.9-10.2) 6.8 (2.1-21.7%)
Mechanism of injury criteria
Fall>6 m 2.2 (1.4-3.7)* 3.0 (1.9-4.9)*
High risk motor vehicle collision 0.8 (0.5-1.3) 1.5(0.9-2.3)
Pedestrian struck 0.9 (0.6-1.3) 1.6 (1.1-2.5)*
Motorcyclist> 30 kmh 1.1 (0.7-1.8)* 2.6 (1.7-4.2)*
Special criteria
Age > 55 (+one other anatomic/physiologic/mechanism) 1.3 (0.9-1.7) 1.3 (0.9-1.9)
Systolic blood pressure < 110 mmHg AND age > 65 1.2 (0.5-2.8) 1.5(0.7-3.2)
Anticoagulants/bleeding disorder 0.9 (0.3-2.4) 0.9 (0.3-2.4)
Area under the curve 0.8 (0.7-0.8) 0.7 (0.7-0.8)

*Significance of p <0.05

for these anatomic injuries was limited, which may explain
why they were not found to be predictive of trauma center
need.

Comparison to previous studies

Two studies within the Ontario trauma system identified that
approximately 80% of all interfacility transfers to a trauma
center met at least one of the FTTS criteria, suggesting that
adherence to FTTS is a challenge [14]. The American Col-
lege of Surgeons Committee on Trauma recently revised
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their field triage guidelines in 2021 [7]. The biggest change
was a departure from the current step-wise approach to the
creation of two “high risk” categories (injury patterns and
mental status/vital signs) and two “moderate risk” categories
(mechanism of injury and EMS judgement) (Appendix). Our
study supports this approach as we found that many of the
current FTTS criteria that now fall within the new high-risk
categories were associated with trauma center need.

Vital signs have long been used to predict the mortal-
ity of trauma patients [16]. Our study showed that sys-
tolic blood pressure < 90 mmHg, GCS(motor) < 6, and
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respiratory rate (< 10 or> 30) were some of the most
predictive for trauma center need. Shock index is another
useful tool that incorporates heart rate divided by systolic
blood pressure, with a shock index greater than 1.0 being
associated with higher mortality [16—18]. The use of shock
index as a sole predictor of trauma center need remains
unknown, however, the importance of vital sign assess-
ment and consideration of shock index have been included
in the updated American College of Surgeons field triage
guidelines [7]. The overall mortality of our study is similar
to previous large system level trauma studies [19, 20].

Strengths and limitations

One of the strengths of this study was the extensive review
of paramedic documentation to identify FTTS performance
based on the initial paramedic assessment. By using para-
medic documentation as opposed to only registry data, we
were able to identify FTTS criteria not captured in any health
administrative databases. The primary limitation of this
study is that we only included patients who were transported
to a trauma center. Therefore, the performance may be differ-
ent on an entire trauma population. We likely overestimate
sensitivity because we have no true assessment of the false
negative rate of trauma patients. Likewise, we likely under-
estimate the specificity as the true negatives never come to
the trauma centre. The use of a single, paramedic rater for
auditing paramedic records could potentially introduce pro-
vider bias into the analysis of the patients’ conditions.

Clinical implications

We identified the individual FTTS criteria associations with
trauma center need. This could lead to the development of a
more parsimonious iteration of the FTTS by removing non-
significant criteria. A more concise tool may reduce the cog-
nitive load for paramedics in making decisions to transport
patients to a trauma center in a high acuity, chaotic prehos-
pital environment [15]. Additionally, removing criteria not
predictive of TCN may reduce over-triage. The sensitivity of
the FTTS was low, indicating there are a number of patients

who do not meet the current FTTS that have trauma center
need. Identification of additional factors that predict trauma
center need is important to reduce under-triage and delays to
care. For example, a study within the Ontario trauma setting
identified recreational vehicle collisions such as all-terrain
vehicles and snowmobiles to be associated with trauma
center need [14]. Emergency physicians working at non-
trauma centres must be familiar with their regional trauma
triage practices. Poor adherence to FTTS can cause undertri-
age of severely injured patients [14]. Local hospitals, EMS,
and trauma centres should ensure a robust quality assurance
process to review patients that met trauma bypass criteria
but were not brought to a trauma centre.

Research implications

Further investigation should explore paramedic decision
making in prehospital trauma triage to understand how and
why paramedics make triage decisions, along with insights
into these triage decisions, including concordance versus
discordance with guidelines [7, 16]. This may help inform
triage performance optimization. Additionally, future inves-
tigations should explore the removal of variables that are
non-predictive of trauma center need and/or addition of new
criteria on sensitivity and specificity.

Conclusion

The FTTS as used by paramedics in Ontario to triage trauma
patients demonstrated fair performance in identifying trauma
center need. The specific criteria most strongly associated
with hospital-based need were systolic blood pressure less
than 90 mmHg, and GCS (motor) less than 6. The specific
criteria most strongly associated with injury severity need
need were paralysis, GCS (motor) less than 6, and falls
greater than 6 m. Improving the precision of prehospi-
tal trauma triage is critical to ensure that severely injured
patients are identified and have timely transport to a trauma
center.
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