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Abstract
Objective Uncontrolled hemorrhage poses significant morbidity and mortality among injured patients. Resuscitative endo-
vascular balloon occlusion of the aorta (REBOA) utilizes a rapidly-administered minimally invasive transfemoral balloon 
catheter that is inflated for aortic occlusion, allowing for time to arrange definitive surgical or angiographic intervention. 
As indications for its use continue to evolve, this study sought to evaluate whether there is a potential need for REBOA 
implementation in two high-volume trauma centers in Edmonton.
Methods Patient data within our provincial trauma registry was reviewed between 2015 and 2017 to identify major trauma 
patients (Injury Severity Score ≥ 12). Patients eligible for REBOA included patients with blunt or penetrating trauma to the 
torso or pelvis, AND death prior to discharge; and patients taken to the operating room or interventional radiology suite 
within 4 h of arrival. Charts were reviewed to determine if patients met current conventional criteria for REBOA.
Results Out of 3415 trauma patients during our study period, 237 patients met the registry screen as potentially eligible for 
REBOA. After primary researcher review, 67 patients underwent full chart review and then 2 trauma surgeons determined 
that 38 (1.1% of the study population) met criteria for deploying REBOA.
Conclusion A small but significant number of trauma patients at the two trauma centers were identified as potential candi-
dates for REBOA use. Implementation of a REBOA program should be done in alignment with existing clinical practice 
guidelines and professional society recommendations.
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Résumé
Objectif L’hémorragie incontrôlée entraîne une morbidité et une mortalité importantes chez les patients blessés. Le clampage 
aortique par sonde d’occlusion aortique endovasculaire (resuscitative endovascular balloon occlusion of the aorta [REBOA]) 
utilise un cathéter à ballonnet transfémoral mini-invasif à administration rapide qui est gonflé pour l’occlusion aortique, ce 
qui laisse le temps d’organiser une intervention chirurgicale ou angiographique définitive. Alors que les indications de son 
utilisation continuent d’évoluer, cette étude a cherché à évaluer s’il y avait un besoin potentiel de mise en œuvre de REBOA 
dans deux centres de traumatologie à haut volume à Edmonton.
Méthodes Les données sur les patients dans notre registre provincial des traumatismes ont été examinées entre 2015 et 2017 
afin d’identifier les patients traumatisés majeurs (Score de gravité des blessures ≥ 12). Les patients éligibles au REBOA com-
prenaient des patients présentant un traumatisme contondant ou pénétrant au torse ou au bassin, ET le décès avant la sortie; et 
les patients conduits à la salle d’opération ou à la salle de radiologie interventionnelle dans les 4 heures suivant leur arrivée. 
Les graphiques ont été examinés pour déterminer si les patients répondaient aux critères conventionnels actuels de REBOA.
Résultats Sur les 3 415 patients traumatisés pendant notre période d’étude, 237 patients ont répondu à l’examen du registre 
comme étant potentiellement éligibles pour le REBOA. Après examen par le chercheur principal, soixante-sept patients ont 
été soumis à un examen complet de leur dossier, puis deux chirurgiens traumatologues ont déterminé que 38 (1,1 % de la 
population étudiée) répondaient aux critères de déploiement de la REBOA.
Conclusion Un nombre restreint mais significatif de patients traumatisés dans les deux centres de traumatologie a été iden-
tifié comme des candidats potentiels à l’utilisation de REBOA. La mise en œuvre d’un programme REBOA doit se faire en 
conformité avec les directives de pratique clinique existantes et les recommandations de la société professionnelle.

Clinician’s capsule 

What is known about this topic?
REBOA can temporize torso hemorrhage with 
increased adoption in American trauma centers and 
in a handful of Canadian trauma centres.

What did this study ask?
Are there significant numbers of trauma patients at 
two Canadian tertiary trauma centers that meet indi-
cation for REBOA.

What did this study find?
This gap analysis identified a small but significant 
number of patients as potential REBOA candidates, 
supporting consideration for REBOA implementa-
tion.

Why does this study matter to clinicians?
A similar number of eligible patients might exist in 
other Canadian trauma centers supporting wider 
application of this procedure.

Introduction

Proximal aortic occlusion is a management strategy for 
life-threatening torso hemorrhage [1]. Traditionally, open 
thoracotomy has been the method of aortic occlusion [2]. 
Endovascular balloon occlusion of the aorta is a less inva-
sive technique first described during the Korean War [3]. 

Resuscitative endovascular balloon occlusion of the aorta 
(REBOA), has improved temporization of non-compressible 
torso hemorrhage [4–6]. Initial studies comparing REBOA to 
thoracotomy with aortic cross-clamping showed equivalent 
morbidity, thus supporting REBOA as an adjunct to trauma 
care [7]. A recent review found that REBOA improved mor-
tality and patient physiologic parameters [8]. Subsequently, a 
retrospective study suggested higher mortality with REBOA, 
contributing to ongoing equipoise regarding this technology 
[9]. REBOA has been adopted widely in American and Japa-
nese trauma centers and in a handful of Canadian trauma 
centres [7, 10]. Low volumes of penetrating trauma and long 
distance patient transfers due to challenging geography raise 
the question of clinical benefit in Canada. The cost of the 
technology, education, and implementing REBOA within the 
emergency department (ED) is significant. Evidence from 
North America, and the UK suggest approximately 0.5% 
of major trauma patients are REBOA candidates [10, 11]. 
Edmonton has 2 major trauma centres, seeing 1180 adult 
major trauma patients (combined) in 2017: 90% of these 
cases sustained blunt trauma. To determine if REBOA could 
benefit our patients, we designed a gap analysis using the 
Alberta Trauma Registry. The primary objective was to 
identify the total number of patients who were potentially 
eligible for REBOA in Edmonton. Additionally, a second-
ary objective of this study was to describe the current man-
agement of trauma patients deemed eligible for REBOA to 
assess for quality improvement gaps.
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Methods

The Alberta Trauma Registry is a prospectively maintained 
database that collects information on all trauma patients 
with an Injury Severity Score ≥ 12. After obtaining ethics 
approval from the University of Alberta Board of Ethics 
(Protocol Number Pro00079221), the registry was queried 
to identify patients presenting at the two trauma centres 
in Edmonton from January 2015 to December 2017. Site 
A is a Level 1 trauma centre with 700–800 trauma admis-
sions each year; Site B is a Level 2 trauma centre that 
has 400–500 trauma admissions annually. [12] Both sites 
use Advanced Trauma Life  Support® as a standardized 
approach to trauma care. We established a priori screening 
criteria to determine eligibility for REBOA deployment, 
based on anatomic and physiologic criteria. Inclusion cri-
teria were patients presenting with blunt or penetrating 
trauma to the torso or pelvis AND death prior to discharge 
OR taken to the operating room or interventional radi-
ology within 4 h of arrival. Exclusion criteria included 
age < 18 years, isolated head injury, isolated trauma to the 
upper chest, upper extremities, or neck, or suspected proxi-
mal aortic injury. Four-hour inclusion time was chosen to 
err on over-inclusion of candidates from the Registry on 
initial screening.

Cases identified through the registry were then 
abstracted with demographic data, injury data, and initial 
vital signs to screen for full chart review. Two trauma sur-
geons independently assessed REBOA eligibility based on 
published indications: mechanism of injury (blunt or pen-
etrating abdominal trauma), suspected anatomical injury 
pattern (abdominal or pelvic hemorrhage), and physi-
ological response to initial resuscitation (non-responder 
or transient responder) [13, 14]. Consistent with published 
contraindications, patients with pericardial tamponade or 
major thoracic hemorrhage were excluded [13]. Patients 
were excluded if the surgeons deemed resuscitation efforts 
should be ceased owing to clinical futility, such as patients 
outside the accepted window for ED thoracotomy, as per 
recent guidelines [14]. Decisions to include or exclude 
patients were based on information available in the resus-
citation room, including bedside ultrasound and X-ray 
results. If consensus was not achieved, a third trauma sur-
geon was consulted. Data abstraction from physical charts 
was performed by trained abstractors utilizing a standard-
ized form. Following calibration exercises, 10% of charts 
were double abstracted in a blinded fashion to assess 
abstraction reliability; inter-observer reliability was 100%. 
A detailed independent patient screen occurred after full 
data abstraction to generate a final list of potential REBOA 
candidates. Patients included in the final analysis had a 
suspected injury amenable to REBOA based on published 

indications, no contraindications, and persistent hypoten-
sion (defined as a systolic blood pressure < 90 mmHg) in 
the emergency department despite administration of blood 
products [14].

Results

From January 2015 to December 2017, 3415 patients were 
enrolled in the Alberta Trauma Registry from Edmonton’s 
two trauma centres. There were 237 patients who met inclu-
sion criteria for our study based on screening the registry: 
of these, 170 were excluded due to injuries that were not 
amenable to REBOA. Ultimately, 67 patient records under-
went full surgeon chart review, resulting in 38 patients 
(1.1%) included in the cohort of eligible REBOA can-
didates (Fig. 1). Twenty-nine patients were excluded for: 
large hemothoraces with significant chest injury (12, 43%), 
patients responsive to blood products (4, 14%), major intrac-
ranial bleeding (5, 17%), proximal neck vessel injuries (2, 
7%), patient taken to the operating room in < 30 min (2, 7%), 
pericardial rupture (2, 7%), and proximal aortic injury (1, 
4%), and one patient (1, 4%) in cardiac arrest > 20 min sec-
ondary to pelvic hemorrhage but was a confirmed Jehovah’s 
witness who declined blood products.

Trauma Registry 2015-2017:
n = 3,415

Poten�al REBOA candidates:
Full chart review based on injury mechanism and physiologic data

n = 67 (34 site A, 32 site B)

3,178 Excluded

Charts mee�ng inclusion criteria:
Blunt OR penetra�ng trauma involving torso or pelvis AND

Death OR need for surgery/interven�onal radiology <4 hours

n = 237 (147 site A, 90 site B)

True REBOA candidates:
n = 38 (17 site A, 21 site B)

170 Excluded

29 Excluded

Fig. 1  Flowchart demonstrating file screening and review process
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Characteristics of the 38 included patients are provided 
in Table 1. Nine (24%) were transported via rotor-wing with 
the remainder via ground emergency medical services. The 
majority of patients sustained blunt trauma (26, 68%). Based 
on yearly quartiles, 15 patients presented in the months of 
July to September (39%), 10 patients (26%) from January 
to March, nine patients (24%) from April to June and four 
patients (11%) from October to December. Approximately, 
one-third of cases presented overnight (2000-0700).

Blood product transfusion in the ED was measured for all 
patients. The mean number of packed red blood cell units, 
fresh frozen plasma units, and pooled platelets was five, one, 
and zero respectively (Fig. 2). Excluding patients that had 
not maintained code red criteria (i.e. partial responders to 
packed red blood cells with first ED systolic blood pressure 
above 90), for sites A and B, it took an average of 22.3 and 
19.9 min from patient arrival in the ED to transfuse the first 
unit of packed red blood cells, respectively.

In most patients, hemorrhage was due to abdominal inju-
ries (61%). Of the remaining patients, eight (21%) had unsta-
ble pelvic fractures and seven (18%) had a combination of 
visceral and orthopedic (including pelvis or femur) injuries. 
Twelve patients (32%) (5 penetrating and 7 blunt trauma) 
lost vital signs in the ten minutes prior to hospital arrival. 
Twenty-nine (76%) patients underwent laparotomy for hem-
orrhage control. One patient underwent primary angioembo-
lization, with a second patient receiving angioembolization 
post laparotomy. The practice pattern in Edmonton trauma 
centres is to prioritize laparotomy and pelvic packing, 
resulting in only two patients receiving angioembolization. 
Median time to the operating room was 64 min, with 18 
(47%) patients being transferred in under 1 h. Eight patients 
(21%) died in the ED, although only two of these patients 
were part of the cohort that received resuscitative thora-
cotomy. Of the four patients who underwent resuscitative 
thoracotomy, three died and one survived to hospital dis-
charge (Table 2). Based on reported injuries, cause of death 
varied by hospital area. In the ED and Operating Room, 

Table 1  Characteristics of included patients

Data expressed as median or percentage
ISS injury severity score, MVC motor vehicle collision, GSW gunshot 
wound, HR heart rate, SBP systolic blood pressure, GCS Glasgow 
Coma Scale, ED Emergency Department, pRBC packed red blood 
cells

Cohort characteristics Site A
n = 17

Site B
n = 21

Total
n = 38

Demographics
 Age 45 35 38
 Male 82.4% 66.7% 73.7%
 ISS 34 27 33

Mechanism of injury
 Blunt: MVC 35.3% 19.0% 26.3%
 Blunt: car vs. pedestrian 23.5% 23.8% 23.7%
 Blunt: recreational vehicle 0 14.3% 7.9%
 Blunt: fall from height 5.9% 9.5% 7.9%
 Blunt: struck by object 5.9% 0 2.6%
 Penetrating: GSW 17.6% 23.8% 21.1%
 Penetrating: edge weapon 11.8% 9.5% 10.5%

Initial pre-hospital vital signs
 HR 110 94 99
 SBP 90 110 103
 GCS 14 10 14
 Loss of vital signs pre-hospital 23.5% 38.1% 31.6%

Pre-hospital interventions
 Airway (including LMA) 35.3% 38.1% 36.8%
 Blood products started 29.4% 9.5% 18.4%
 Crystalloid volume 1000 1000 1000

Initial ED vital signs
 HR 112 77 105
 SBP 85 76 79
 GCS 3 3 3
 Loss of vital signs in ED 47.1% 52.4% 50.0%

ED interventions
 Endotracheal intubation 94.1% 76.2% 84.2%
 Tube thoracostomy 64.7% 71.4% 68.4%
 ED thoracotomy 5.9% 14.3% 10.5%
 Crystalloid volume 2150 2000 2000
 Units pRBC 5 4 4

ED laboratory results
 Hemoglobin 116 108 111
 Base deficit 13 8 10
 Lactate 7.7 5.0 5.3
 Fibrinogen 1.5 1.7 1.7
 INR 1.3 1.3 1.3

ED length of stay (mins) 84 55 64
Time to disposition < 1 h 41.2% 55.0% 50.0%
Survival to discharge 41.2% 38.1% 39.5%

Fig. 2  Average ED blood product administration per patient
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Table 2  Individual REBOA candidate case analysis

Patient Age/gender Mechanism of injury Major source(s) of hemor-
rhage

Hemorrhage control 
intervention(s)

REBOA zone Outcome

Site A
 1 45 M Blunt—MVC Abdominal solid organ Laparotomy, liver hemor-

rhage control
1 Died in ICU

 2 29 M Penetrating—GSW Torso Abdominal solid organ Laparotomy, splenectomy, 
liver hemorrhage control

1 Survived

 3 47 M Penetrating—Edge weapon 
torso

Mesenteric hemorrhage, 
abdominal solid organ

Laparotomy, mesenteric and 
liver hemorrhage control

1 Survived

 4 26 M Blunt—MVC Abdominal solid organ, 
pelvic fracture, lower 
extremity hemorrhage

Laparotomy, splenectomy, 
pelvic fixation, lower 
extremity hemostasis

1 Survived

 5 36 M Blunt—MVC Mesenteric hemorrhage Laparotomy, mesenteric 
hemorrhage control

1 Survived

 6 68 M Blunt chest trauma (struck by 
object)

Pelvic fracture Pelvic binding 3 Died in ED

 7 79 F Blunt—car vs ped Pelvic fracture, lower extrem-
ity hemorrhage

Laparotomy, pelvic packing 
and fixation

3 Died in ICU

 8 53 M Penetrating—edge weapon 
torso

Mesenteric hemorrhage Laparotomy, mesenteric 
hemorrhage control

1 Survived

 9 62 M Blunt—MVC Pelvic fracture, lower extrem-
ity hemorrhage

Laparotomy, pelvic packing 
and fixation

3 Died in ICU

 10 29 M Blunt—MVC Pelvic fracture, suspected 
abdominal hemorrhage 
unknown source

Pelvic binding 1 Died in ED

 11 59 M Blunt—car vs ped Pelvic fracture, abdominal 
solid organ

Laparotomy with splenec-
tomy, pelvic packing and 
fixation

1 Died in ICU

 12 37 M Penetrating—GSW Torso Abdominal solid organ, mes-
enteric hemorrhage

ED Thoracotomy, laparot-
omy, liver and mesenteric 
hemorrhage control

1 Died in ICU

 13 81 F Blunt—car vs ped Pelvic fracture Pelvic binding 3 Died in ED
 14 28 M Blunt—fall from height Pelvic fracture Pelvic binding 3 Died in ED
 15 35 M Blunt—MVC Abdominal solid organ Laparotomy, liver hemor-

rhage control
1 Died in OR

 16 40 M Blunt—car vs ped Pelvic fracture, mesenteric 
hemorrhage, lower extrem-
ity hemorrhage

Pelvic binding, laparotomy, 
mesenteric hemorrhage 
control, fasciotomies

3 Survived

 17 52 F Penetrating—GSW Torso Abdominal solid organ Laparotomy, liver hemor-
rhage control

1 Survived

Site B
 1 39 F Blunt—car vs ped Abdominal solid organ, mes-

enteric hemorrhage
Laparotomy, mesenteric and 

liver hemorrhage control
1 Died in ICU

 2 35 M Blunt—recreational vehicle Abdominal solid organ Laparotomy, splenectomy 1 Survived
 3 57 M Blunt—MVC Pelvic fracture, lower extrem-

ity hemorrhage
Pelvic binding, laparotomy, 

pelvic packing and fixation, 
angioembolization

3 Died in OR

 4 58 F Penetrating—edge weapon 
torso

Abdominal solid organ, 
abdominal major vascular 
hemorrhage

Laparotomy, liver hemor-
rhage control, vascular 
injury repair

1 Survived

 5 65 M Blunt—recreational vehicle Abdominal solid organ Laparotomy, splenectomy 1 Survived
 6 36 M Penetrating—edge weapon 

torso
Abdominal solid organ ED Thoracotomy, lapa-

rotomy, liver hemorrhage 
control

1 Survived

 7 88 F Blunt—car vs ped Abdominal solid organ Laparotomy, liver hemor-
rhage control

1 Died in ICU
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hemorrhage was most common (ED: 7/8 patients died from 
hemorrhage; Operating Room 4/4 patients died from hem-
orrhage). In the intensive care unit, multi-organ failure was 
most common (multi-organ failure 9/11). Of the 15 surviv-
ing patients, all were discharged home, suggesting a reason-
able neurologic recovery. However, details about neurologic 
status were not reported in the charts reviewed.

Discussion

Interpretation

This gap analysis at two major Canadian trauma cent-
ers identified a small but clinically significant number of 
trauma patients as potential candidates for REBOA. Given 
the number of patients identified, our two trauma centers 
could utilize the technology on a monthly basis. Based on 
local injury patterns, most patients would require Zone 1 

REBOA (79%). The relatively low number of patients pre-
senting with penetrating trauma parallels other Canadian 
trauma centers [15]. Overall, potential REBOA candidates 
had significant injuries with an average injury severity score 
of 33 and presenting systolic blood pressure of 79 mmHg, 
with a mortality rate of 61%; moreover, laboratory results 
revealed that most of the patients were coagulopathic on 
arrival to the emergency department. For resuscitation non-
responders, REBOA could potentially assist in gaining hem-
orrhage control in the ED, while facilitating rapid transport 
to the operating room.

Previous studies

Our study findings were similar to the 2015 gap analysis of 
trauma patients in Wales and England where 397 of 72,677 
patients (0.5%) were potential candidates for REBOA [11]. 
Current literature shows that REBOA improves blood pres-
sure proximal to the catheter, thereby increasing cerebral 

MVC motor vehicle collision, GSW gunshot wound, CVP car vs. pedestrian, ED emergency dept, ICU intensive care unit, OR operating room

Table 2  (continued)

Patient Age/gender Mechanism of injury Major source(s) of hemor-
rhage

Hemorrhage control 
intervention(s)

REBOA zone Outcome

 8 30 M Blunt—MVC Pelvic fracture, mesenteric 
hemorrhage

Pelvic binding, laparotomy, 
mesenteric hemorrhage 
control

1 Died in OR

 9 26 M Penetrating—GSW Torso Mesenteric hemorrhage Laparotomy, mesenteric 
hemorrhage control

1 Survived

 10 50 F Blunt—car vs ped Pelvic fracture Pelvic binding 1 Died in ED
 11 21 F Penetrating—GSW Torso Abdominal major vascular 

hemorrhage
ED Thoracotomy 1 Died in ED

 12 50 M Blunt—fall from height Abdominal solid organ, 
abdominal major vascular 
hemorrhage

Laparotomy, mesenteric and 
liver hemorrhage control

1 Survived

 13 27 F Penetrating—GSW Torso Abdominal solid organ, 
major vascular hemorrhage, 
mesenteric hemorrhage

Tube thoracostomies 1 Died in ED

 14 28 M Blunt—car vs ped Abdominal solid organ Angioembolization 1 Died in ICU
 15 52 M Blunt—MVC Pelvic fracture, solid organ 

hemorrhage
Pelvic binding, laparotomy, 

liver hemorrhage control
1 Died in ICU

 16 24 M Blunt—fall from height Pelvic fracture Pelvic binding 1 Died in ED
 17 41 M Penetrating—GSW Torso Abdominal major vascular 

hemorrhage
ED thoracotomy, laparotomy, 

vascular injury repair
1 Died in OR

 18 19 F Blunt—MVC Pelvic fracture, mesenteric 
hemorrhage, abdominal 
major vascular hemorrhage

Laparotomy, mesenteric 
hemorrhage control, vas-
cular injury repair, pelvic 
fixation

1 Survived

 19 26 M Blunt—car vs ped Abdominal major vascular 
hemorrhage, mesenteric 
hemorrhage

Laparotomy, mesenteric 
hemorrhage control, vascu-
lar injury repair

1 Died in ICU

 20 22 M Penetrating—GSW Torso Abdominal major vascular 
hemorrhage

Laparotomy, vascular injury 
repair

1 Died in ICU

 21 33 M Blunt—recreational vehicle Abdominal solid organ Laparotomy, liver hemor-
rhage control

1 Survived
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and coronary perfusion pressures [4]. REBOA has also been 
shown to reduce blood product usage once the catheter has 
been deployed, both in the emergency room and operating 
room [16]. However, the degree of beneficial effect on mor-
tality and neurological outcomes remains to be seen, with 
one study suggesting an increase in mortality [9]. In con-
trast, a recent review suggested improved mortality, further 
highlighting the need for careful patient selection and ongo-
ing study of REBOA use in a number of different areas [8].

Strengths and limitations

Though deliberate effort was taken to mitigate the potential 
for bias, standard limitations of chart reviews apply. Our 
methods included an a priori data collection form, trained 
data abstractors, and assessment of abstraction quality with 
dual abstraction on some charts. However, coding and cleri-
cal error may have contributed to charts being missed by 
the trauma registry. Cause of death estimation could have 
missed unrecognized cases due to lack of post-mortem 
record assessment. The decision to deploy REBOA is made 
clinically in the resuscitation room with often limited infor-
mation, and we erred on the side of excluding patients with 
significant trauma proximal to the diaphragm that would 
have been apparent on exam or by non-invasive imaging 
modalities. Significant provider and system factors have 
already been rectified at our trauma centres which would 
be considered prerequisites prior to implementing REBOA. 
We believe this requirement for critical system reflection and 
improvement prior to REBOA implementation will have a 
larger positive effect on a greater number of patients than 
REBOA itself. Thus, our focus was to quantify potential 
candidates based on injury pattern and physiology, rather 
than potentially modifiable barriers.

Clinical implications

The number of patients identified in this study and the high 
mortality rate supports the implementation of REBOA at 
our Trauma Centres as an adjunct to hemorrhage control 
protocols. However, identification of bleeding sources, 
basic hemorrhage management, expedited balanced 
transfusion, and streamlined operative and interventional 
access remain a priority [13, 14]. Collaboration with all 
associated services, including emergency, surgery, anes-
thesia, radiology, and allied health is required. Signifi-
cant staff training and maintenance, including simulation 
training, is necessary to optimize performance and patient 
safety. REBOA does not replace resuscitative thoracotomy 
or immediate transfer to the operating room. The time for 

REBOA deployment must be balanced against traditional 
aortic cross-clamping or operative hemorrhage control. 
Ultrasound-guided central vascular access increases rates 
of successful placement, and must be immediately avail-
able [17]. The decision to deploy REBOA should be made 
by the trauma team with surgeon(s) present, to manage 
vascular access and complications, definitive trauma care, 
and operative treatment [13, 14].

Based on the secondary objectives of our study, three 
main quality gaps were identified: underutilization of 
resuscitative thoracotomy; timing and provision of blood 
products in the ED; and timing of patient transfer to the 
operating room. Twelve patients presented to the ED 
within 10 min of cardiac arrest, with 7 patients losing 
pulses after arrival in the ED. Eight patients achieved 
return of circulation with fluid or blood product admin-
istration and only four resuscitative thoracotomies were 
performed. Although our local criteria for thoracotomy are 
consistent with published guidelines [18], there may have 
been exclusions to thoracotomy in patients sustaining a 
blunt mechanism, or reluctance to perform a thoracotomy 
on patients who lost pulses prior to ED arrival. Recruit-
ment of trauma surgeons to both sites has impacted trauma 
resuscitative care from 2018 onwards. Despite evidence 
that balanced transfusions result in improved patient out-
comes [19], the average ratio of administered blood prod-
ucts in our sites was six units of packed red blood cells for 
every one unit of fresh frozen plasma, and no platelets. 
While one possible explanation is survivorship bias, this 
deviation from the recommended ratios suggests a sig-
nificant opportunity for improvement. In addition, delayed 
time to first blood product transfusion in the ED may have 
resulted in higher volumes of crystalloid utilization. Local 
quality improvement initiatives have resulted in significant 
changes to the preparation and timely release of blood 
products, with ongoing review for optimization. Finally, 
patient transfer to the operating room was more than 1 h 
for over 50% of cases. This could be due to patient, pro-
vider, and system factors. Some patients may have been 
transient responders to initial resuscitation, delaying the 
decision to operate. Provider factors could include lack of 
recognition of operative injury, and lack of onsite trauma 
surgeon availability at the time of the study. Ongoing pro-
vider training and increased trauma surgeon manpower 
has helped mitigate provider-related issues in Edmonton 
Zone. System factors include lack of an available “trauma 
ready” operating room at both sites. Time to the operating 
room brings up an important consideration for REBOA 
placement. Many published studies report REBOA occlu-
sion time of 20 min and that occlusive time should not 
exceed 60 min to minimize complications. [8] Operating 
room availability must be able to accommodate this target 
timeline for site deployment.
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Research implications

Prior to adding REBOA to hemorrhage control protocols, 
trauma centres should perform a needs assessment, identify 
stakeholders, ensure adequate expertise and surgical sup-
ports are in place, and plan for quality improvement met-
rics related to REBOA [13, 14]. Centres should also ensure 
optimization of existing quality processes such as timeliness 
of resuscitation, delivery of blood, and emergent operating 
room and interventional radiology availability. For Cana-
dian centers implementing REBOA, prospective data col-
lection is important to assess outcomes and complications. 
Collaboration with other Canadian centers is critical for 
knowledge-sharing to develop rigorous protocols and mini-
mize complications.

Conclusion

Overall, 1.1% of critically injured patients at two Canadian 
trauma centres were identified as potential candidates for 
REBOA from 2015 to 2017, using conservative a priori cri-
teria. Implementation of a REBOA program should be done 
in alignment with existing clinical practice guidelines and 
professional society recommendations.
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