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Abstract
Objectives To perform a province-wide evaluation of adult major traumas and determine the proportion of patients who met 
clinical and/or anatomical criteria for resuscitative endovascular balloon occlusion of the aorta (REBOA).
Methods This is a retrospective analysis of all major trauma patients (age > 16) presenting to the sole adult level 1 trauma 
centre in Nova Scotia over a 5-year period (2012–2017). Data were collected from the Nova Scotia Trauma Registry and 
medical charts. We identified potential REBOA candidates using either: (1) clinical criteria (primary survey, Focused Assess-
ment with Sonography for Trauma, pelvic/chest X-ray); or (2) anatomical criteria (ICD-10-CA codes). Potential candidates 
with persistent hypotension were considered true REBOA candidates.
Results Overall 2885 patients were included in the analysis, of whom 248 (8.6%) patients were in shock (including 106 trans-
fer patients) and had their charts reviewed. A total of 137 patients met clinical criteria for REBOA; 44 (1.5%) had persistent 
hypotension 10–20 min into resuscitation and were considered true REBOA candidates. There were 59 patients who met 
anatomical criteria for REBOA, of whom 15 (0.5%) patients had persistent hypotension and were true REBOA candidates. 
The 15 REBOA candidates based on anatomical criteria also met clinical criteria for REBOA.
Conclusions In this registry-based retrospective analysis, 1.5% of adult major trauma patients Nova Scotia were REBOA 
candidates based on resuscitative clinical presentation, while 0.5% were candidates based on post hoc anatomical injury 
patterns. Our findings suggest that using clinical findings and bedside imaging modalities as criteria may overestimate the 
number of candidates for REBOA.
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Résumé
Objectifs Effectuer une évaluation à l’échelle de la province des traumatismes majeurs chez l’adulte et déterminer la pro-
portion de patients qui répondaient aux critères cliniques et/ou anatomiques de l’occlusion endovasculaire par ballonnet de 
réanimation de l’aorte (REBOA).

 * Robert S. Green 
 greenrs@dal.ca

 Sean Hurley 
 sean.hurley@dal.ca

 Mete Erdogan 
 mete.erdogan@nshealth.ca

 Nelofar Kureshi 
 nelofar.kureshi@nshealth.ca

 Patrick Casey 
 patrick.casey@nshealth.ca

 Matthew Smith 
 msmith8@dal.ca

1 Department of Emergency Medicine, Dalhousie University, 
Halifax, NS B3H 4R2, Canada

2 Trauma Nova Scotia, Nova Scotia Health Authority, Room 
1-026B Centennial Building, 1276 South Park Street, 
Halifax, NS B3H 2Y9, Canada

3 Division of Neurosurgery, Department of Surgery, Dalhousie 
University, 1796 Summer Street, Halifax, NS B3H 3A7, Canada

4 Division of Vascular Surgery, Department of Surgery, 
Dalhousie University, 1796 Summer Street, Halifax, 
NS B3H 3A7, Canada

5 Department of Critical Care, Dalhousie University, Halifax, 
NS B3H 4R2, Canada

http://crossmark.crossref.org/dialog/?doi=10.1007/s43678-021-00100-3&domain=pdf


529Canadian Journal of Emergency Medicine (2021) 23:528–536 

Vol.:(0123456789)1 3

Les méthodes Analyse rétrospective de tous les patients ayant subi un traumatisme majeur (âge > 16 ans) qui se sont présen-
tés au seul centre de traumatologie de niveau 1 pour adultes en Nouvelle-Écosse sur une période de 5 ans (2012-2017). 
Les données ont été recueillies à partir du registre des traumatismes de la Nouvelle-Écosse et des dossiers médicaux. Nous 
avons identifié des candidats potentiels à la REBOA en utilisant l’un ou l’autre : 1) des critères cliniques (enquête primaire, 
évaluation ciblée avec échographie pour les traumatismes, radiographie pelvienne/du thorax) ; ou 2) des critères anatomiques 
(codes CIM-10-CA). Les candidats potentiels présentant une hypotension persistante étaient considérés comme de véritables 
candidats au REBOA.
Résultats Au total, 2 885 patients ont été inclus dans l’analyse, dont 248 (8,6 %) étaient en état de choc (dont 106 patients 
transférés) et ont vu leur dossier révisé. Au total, 137 patients répondaient aux critères cliniques pour la REBOA ; 44 (1,5 
%) présentaient une hypotension persistante de 10 à 20 minutes en réanimation et étaient considérés comme de véritables 
candidats à la REBOA. Il y avait 59 patients qui répondaient aux critères anatomiques pour le REBOA, dont 15 (0,5 %) 
avaient une hypotension persistante et étaient de véritables candidats au REBOA. Les 15 candidats REBOA basés sur des 
critères anatomiques répondaient également aux critères cliniques de REBOA.
Conclusions Dans cette analyse rétrospective basée sur un registre, 1,5 % des patients adultes ayant subi un traumatisme 
majeur en Nouvelle-Écosse étaient des candidats au REBOA sur la base d’une présentation clinique de réanimation, tandis 
que 0,5 % étaient des candidats sur la base de modèles de blessures anatomiques post-hoc. Nos conclusions suggèrent que 
l’utilisation des résultats cliniques et des modalités d’imagerie au chevet du patient comme critères peut surestimer le nombre 
de candidats à la REBOA.

Clinician’s capsule 

What is known about the topic?
Resuscitative endovascular balloon occlusion of the 
aorta (REBOA) is a potentially life-saving interven-
tion in trauma patients with non-compressible sub-
diaphragmatic haemorrhage.

What did this study ask?
Retrospectively, how many patients met criteria 
for potential REBOA intervention over 5  years at a 
Canadian Level 1 trauma centre?

What did this study find?
1.5% of major trauma patients met clinical criteria 
for REBOA, while 0.5% of patients met post hoc ana-
tomical criteria for REBOA.

Why does this study matter to clinicians?
This represents the first evaluation of potential clini-
cal utilization of REBOA in Canada; using clinical 
criteria may overestimate REBOA candidacy.

Introduction

Trauma is the leading cause of death in Canada for individu-
als aged 1–44 years [1] and the leading cause of death and 
disability worldwide in patients under 60 [2]. Haemorrhage 
is the second leading cause of traumatic deaths [3] and is 
responsible for up to 85% of all treatable traumatic deaths 
[4]. Non-compressible sub-diaphragmatic haemorrhage is 
often difficult to diagnose and manage [5] Resuscitative 
endovascular balloon occlusion of the aorta (REBOA) is 

a temporizing procedure for haemodynamically unstable 
patients with suspected sub-diaphragmatic haemorrhage 
prior to definitive surgical management or angiography.

Despite mixed evidence supporting REBOA use [6–9], 
trauma centres continue to implement REBOA programs 
[10]. Two previous studies quantified potential candidates 
in civilian populations and found 0.5% and 0.6% of trauma 
patients met REBOA criteria in the UK and Philadelphia, 
respectively [11, 12]. Both studies retrospectively deter-
mined REBOA candidacy based on anatomical injury 
patterns from definitive imaging, operative reports and 
autopsies, which may not be obvious at presentation when 
REBOA is considered. To date, no study has used clinical 
criteria such as presenting physiology and clinical findings 
(e.g., primary survey, bedside imaging) to quantify REBOA 
candidacy. Furthermore, REBOA candidacy has not been 
evaluated in a Canadian trauma system, where injury pat-
terns differ and transport times may be prolonged [13, 14].

Our primary objective was to determine the proportion of 
adult major trauma patients in Nova Scotia who met clinical 
and/or anatomical criteria for REBOA. As secondary objec-
tives, we compared characteristics and outcomes between 
patients who met clinical and/or anatomical criteria.

Methods

Study design and setting

This is a retrospective observational study of all adult major 
trauma patients presenting to the ED at the Queen Eliza-
beth II Health Sciences Centre (QEII HSC) over a 5-year 
period (2012–2017). The QEII HSC is the only adult level 
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1 trauma centre in Nova Scotia (population 971,395) and 
receives some major trauma patients from New Brunswick 
and Prince Edward Island. The rate of penetrating trauma 
is around 10%, with approximately 400–450 adult trauma 
team activations annually, based on physiologic, ana-
tomic, mechanistic, and logistic criteria [15]. Major trauma 
patients transported direct from scene to the QEII HSC have 
a median prehospital time of 51 min (interquartile range 
37.0–71.3 min) [16]. There is currently no REBOA program 
at our centre.

This study was performed in accordance with the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines for reporting observa-
tional studies [17]. Ethics approval was obtained from the 
Nova Scotia Health Authority Research Ethics Board (File#: 
1024562).

Data collection

Data were collected from the Nova Scotia Trauma Registry 
(NSTR) and patient chart. The NSTR is a provincial popu-
lation-based registry under the Nova Scotia Department of 
Health and Wellness and contains data on patients with an 
Injury Severity Score ≥ 12 and an appropriate International 
Statistical Classification of Diseases and Related Health 
Problems, Tenth Revision, Canada (ICD-10-CA) code. The 
registry includes penetrating traumas with an ISS ≥ 9, all 
trauma team activations regardless of Injury Severity Score, 
and traumas resulting in death prior to hospital arrival or in 
the ED. From the NSTR, we collected age, gender, injury 
date, injury type (blunt, penetrating), ICD-10-CA injury 
code, trauma team activation, Glasgow Coma Scale score 
on ED arrival, Injury Severity Score, maximum Abbreviated 
Injury Score Head score, systolic blood pressure (SBP) on 
ED arrival, blood transfusion within 24 h of injury, time 
from ED to operating room (OR), requirement for mechani-
cal ventilation, intensive care unit (ICU) and in-hospital 
length of stay, and mortality (in-hospital, ED, ICU).

A chart review was performed for trauma patients in 
shock, defined as having SBP < 90 mmHg on ED arrival 
and/or requiring transfusion of ≥ 1U of packed red blood 
cells (pRBCs) at the sending facility, during transport, or in 
the ED. The primary author (SH) extracted data from charts 
through review of primary survey and Focused Assessment 
with Sonography for Trauma (FAST) documentation (stand-
ardized written trauma forms and Trauma Team Leader 
reports), chest and pelvic X-ray reports. Information was 
collected from the trauma assessment form and Trauma 
Team Leader dictated report on FAST results and on any 
thoracic injury or other REBOA contraindications based on 
physical examination. Additionally, we collected chest X-ray 
results, pelvic X-ray results, pulseless electrical activity 

(PEA) arrest > 10 min in the ED, and all SBPs recorded in 
the nursing notes at 10-20 min following ED arrival.

Criteria for identifying REBOA candidates

Two separate criteria (clinical, anatomical) were used to 
determine REBOA candidacy. Anatomical criteria involved 
ICD-10-CA inclusion and exclusion codes (Supplemen-
tary Appendix 1) and were based on an earlier study which 
included four categories: pelvic fractures, solid organ 
injuries (liver, spleen, kidney, pancreas), traumatic lower 
extremity amputation, and major abdominal and lower 
extremity vascular injuries [12]. Patients with major neck 
vascular injuries, thoracic injuries, axillary injuries, upper 
extremity with amputation and/or vascular injuries were 
excluded. Alternatively, clinical criteria were based largely 
on the Shock Trauma REBOA algorithm which identifies 
any patient in shock (SBP < 90 mmHg) without obvious 
thoracic injury on chest X-ray as a REBOA candidate [18]. 
Zone 1 and zone 3 REBOA placement is differentiated based 
on FAST and pelvic X-ray interpretation.

When applying clinical criteria, we excluded transfers 
with prior computed tomography imaging showing no major 
abdominal or pelvic injuries, which were presumed to be 
readily available to the Trauma Team Leader before or on 
ED arrival. In applying clinical or anatomical criteria, we 
excluded patients who did not meet trauma team activations 
criteria, had PEA arrest > 10 min before ED arrival, had 
emergent laparotomy at a regional hospital prior to transfer, 
had pre-existing terminal illness, or had contraindicated inju-
ries including major neck vascular trauma, isolated penetrat-
ing thoracic trauma, isolated head trauma, suspected neuro-
genic shock, upper extremity vascular trauma or amputation, 
lower extremity below knee amputation, burns, drowning, 
or suspected thoracic aortic injury on portable chest X-ray.

Patients who met all clinical or anatomical inclusion cri-
teria (and no exclusion criteria) were considered “potential” 
REBOA candidates. Potential candidates with documenta-
tion of at least one episode of an SBP < 90 mmHg in the 
10–20 min following ED arrival were deemed non-respond-
ers or partial responders to initial resuscitation efforts and 
considered “true” REBOA candidates.

Outcome measures

Primary outcome of interest was the proportion of true 
REBOA candidates among all major trauma patients, based 
on clinical or anatomical criteria. Secondary outcomes 
included time from ED to OR, requirement for mechanical 
ventilation, length of stay (in‐hospital, ICU), and mortality 
(in-hospital, ED, ICU).
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Data analysis

Simple descriptive statistics were used to report patient 
characteristics and outcomes. Students t tests and Chi-
square or Fisher’s exact test were used, as appropriate, to 
compare characteristics and outcomes between potential or 
true REBOA candidates based on: (1) clinical criteria or (2) 
anatomical criteria. To maintain independence of groups, 
patients who met both clinical and anatomical criteria were 
assigned to the anatomical criteria group. All analyses were 
performed using IBM SPSS Statistics Version 25 (Armonk, 
NY: IBM Corp). In keeping with the privacy policy of the 
Nova Scotia Department of Health and Wellness, cell sizes 
smaller than 5 are reported as “n < 5”.

Results

There were 2885 adult major trauma patients over a 5-year 
period (Fig. 1). Of these, 248 (8.6%) patients (including 
106 transfers) were in shock (97 had SBP < 90 mmHg on 
ED arrival, 181 required blood transfusion, and 30 had 
SBP < 90 mmHg on ED arrival and required blood transfu-
sion) and underwent a detailed chart review. We identified 
137 patients that met clinical criteria for REBOA, of whom 
44 (1.5% overall, 17.7% of shock patients) had persistent 
hypotension 10–20 min into resuscitation and were consid-
ered true REBOA candidates (39 in zone 1, 5 in zone 3). By 
comparison, 47 patients with shock met anatomical crite-
ria for REBOA. Of these, 15 (0.5% overall, 6.0% of shock 
patients) had persistent hypotension and were deemed true 
REBOA candidates. All 15 true REBOA candidates based 
on anatomical criteria also met clinical criteria for REBOA.

Table  1 compares characteristics and outcomes of 
potential REBOA candidates based on clinical or anatomi-
cal criteria. Both sets of criteria were met by 47 patients; 

these patients were included in the anatomical crite-
ria group. Patients who met clinical criteria were more 
likely to have a higher Injury Severity Score (27.7 ± 12.4 
vs. 19.2 ± 10.2; p < 0.001) and higher respiratory rate on 
ED arrival (22.9 ± 6.9 breaths/min vs. 20.6 ± 4.6 breaths/
min; p = 0.042). A greater proportion of patients who met 

Patients with SBP ≥90mmHg
and no transfusion of pRBCs 

(n = 2673) 

Major trauma patients 
in NSTR, 2012-2017 

(n = 2885)

Patients with SBP<90mmHg 
and/or transfused with pRBCs
within 24h of injury (n = 248)

Patients who met 
TTA criteria (n = 204)

Documentation not 
available in EMR

(n < 5) 

Transfers from 
regional hospitals 
to L1TC (n = 95)

Patients assessed
for clinical exclusions

at L1TC (n = 177)

•CT prior to transfer with no
major intraabdominal or 
pelvic injuries (n = 23) 

•Emergent laparotomy prior
to transfer (n < 5) 

Patients with documentation 
available in EMR (n = 245)

Transferred 
without CT 

(n = 41)

Direct transport
to L1TC
(n = 109)

Injury contraindications (n = 40)
• Major neck vascular trauma (n = 9)
• Isolated penetrating thoracic trauma (n = 9)
• PEA arrest >10 mins before arrival (n = 8)
• Isolated head trauma (n = 6)
• Neurogenic shock suspected clinically (n < 5)
• Upper extremity vascular trauma or 

amputation (n < 5)   
• Lower extremity below knee amputation

(n < 5)
• Burn (n < 5)

Potential REBOA
candidates (n = 137) 

Patients with SBP ≥ 90mmHg at 10-20 mins 
into resuscitation (n = 93)

True REBOA
candidates (n = 44)

Did not meet TTA 
criteria (n = 41)

Transferred with 
CT showing major
intraabdominal or 

pelvic injuries 
(n = 27) 

No ICD-10-CA inclusion 
codes or ≥1 ICD-10-CA 
exclusion code (n = 187) 

Exclusions (n = 11)
• Did not meet TTA  
criteria (n = 9)

• Exploratory laparotomy 
prior to transfer (n < 5)

• PEA arrest >10 mins 
before arrival (n < 5)

Patients with SBP ≥90mmHg
10-20mins into resuscitation

(n = 32)

Anatomical Criteriaa

(n = 245)

Patients with ≥1 
ICD-10-CA inclusion

code and no exclusion 
codes (n = 58) 

Clinical Criteriab

(n = 245)

Potential REBOA
candidates (n = 47) 

True REBOA
candidates (n = 15)

Fig. 1  Flowchart of patient selection using clinical or anatomical cri-
teria for REBOA. NSTR Nova Scotia Trauma Registry, pRBC packed 
red blood cells, EMR electronic medical record, REBOA resuscitative 
endovascular balloon occlusion of the aorta, L1TC Level 1 Trauma 
Centre, CT computed tomography, CXR chest X-ray, SBP systolic 
blood pressure, PEA pulseless electrical activity. aICD-10-CA injury 
codes for inclusion and exclusion (Supplementary Appendix  1). 
Patients were excluded if they did not meet trauma team activa-
tion criteria, had PEA > 10  min, or had emergent laparotomy at a 
regional hospital prior to transfer. They were further excluded if they 
had SBP > 90 mmHg at 10–20 min into resuscitation. bTrauma team 
activation, FAST, pelvic X-ray, chest X-ray. Patients were excluded 
if they did not meet these criteria, or if they had a CT in a regional 
hospital prior to transfer that did not show intraabdominal or pelvic 
injuries, emergent laparotomy at a regional hospital prior to trans-
fer, CXR with suspected thoracic aortic injury, or any other clearly 
documented injury pattern on primary survey not amenable to 
REBOA. They were further excluded if they had SBP ≥ 90 mmHg at 
10–20 min into resuscitation

▸
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anatomical criteria had a mild Glasgow Coma Scale on ED 
arrival (66.0% vs. 42.2%; p = 0.008). Both groups were simi-
lar in age, gender, injury type, other vitals on arrival (SBP, 
temperature, heart rate), blood transfusion, time to OR, and 
transfers. The only difference in outcomes was increased 

ICU length of stay in patients who met clinical criteria 
(6.7 ± 7.4 days vs. 3.0 ± 5.6 days; p = 0.003).

Characteristics and outcomes of true REBOA candidates 
are compared in Table 2. The only difference observed 
between patients who met clinical or anatomical criteria was 
increased ISS in those who met clinical criteria (32.1 ± 12.0 

Table 1  Characteristics and 
outcomes of potential REBOA 
candidates based on clinical or 
anatomical criteria

REBOA resuscitative endovascular balloon occlusion of the aorta, ISS Injury Severity Score, AIS Abbre-
viated Injury Scale, GCS Glasgow Coma Scale, ED emergency department, ICU intensive care unit, OR 
operating room, SD standard deviation, IQR interquartile range
a Excluding 47 patients who also met anatomical criteria
b Within 24 h of injury

Characteristic/outcome Clinical criteria (n = 90)a Anatomical criteria (n = 47) p value

Characteristics
 Age, mean ± SD (range) 47.3 ± 22.0 (17–89) 47.3 ± 19.3 (18–83) 1.00
 Male gender, n (%) 63 (70.0) 32 (68.1) 0.82
 Injury type, n (%)
  Blunt 81 (90.0) 39 (83.0) 0.24
  Penetrating 9 (10.0) 8 (17.0)

 GCS on ED arrival, n (%)
  Mild (14–15) 38 (42.2) 31 (66.0) 0.008
  Moderate (9–13) 6 (6.7) n < 5 0.46
  Severe (3–8) 5 (5.5) n < 5 0.74
  Missing 41 (45.6) 13 (27.7) 0.042

 Max AIS head, mean ± SD
  Mild/moderate (1–2) 21 (23.3) 9 (19.1) 0.57
  Serious/severe (3–4) 16 (17.8) n < 5 0.23
  Critical (5) 12 (13.3) n < 5 0.17
  Missing 41 (45.6) 32 (68.1) 0.012

 ISS, mean ± SD 27.7 ± 12.4 19.2 ± 10.2  < 0.001
 Vitals on ED arrival, mean ± SD
  SBP 106.6 ± 30.1 101.1 ± 31.0 0.32
  Temp 36.4 ± 1.1 36.3 ± 1.1 0.61
  RR 22.9 ± 6.9 20.6 ± 4.6 0.042
  HR 101.7 ± 26.7 99.9 ± 27.6 0.71

 Blood  transfusionb, n (%) 77 (85.6) 40 (85.1) 0.94
 Time to OR
  Within 2 h, n (%) 19 (21.1) 17 (36.2) 0.057
  Within 12 h, n (%) 48 (53.3) 31 (66.0) 0.16
  Within 24 h, n (%) 55 (61.1) 36 (76.6) 0.07
  Overall, median (in hours) [IQR] 7.2 [2.4–24.6] 3.7 [1.4–13.9] 0.26

 Transfers, n (%) 43 (47.8) 22 (46.8) 0.91
Outcomes
 LOS, mean ± SD
  ICU 6.7 ± 7.4 3.0 ± 5.6 0.003
  In-hospital 25.0 ± 44.6 25.4 ± 48.6 0.96

 Mechanical ventilation, mean ± SD 6.4 ± 7.2 4.1 ± 5.5 0.06
 Mortality, n (%)
  ED n < 5 0 (0) 0.55
  ICU 15 (16.7) 6 (12.8) 0.55
  In-hospital 21 (23.3) 6 (12.8) 0.14
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vs. 19.0 ± 10.9; p = 0.001). Outcomes were similar between 
true REBOA candidates who met clinical or anatomical cri-
teria. Finally, Table 3 describes characteristics of 29 patients 
who met clinical criteria (but not anatomical criteria) for 
REBOA.

Discussion

Interpretation of findings

This study represents the first assessment of REBOA can-
didacy in a Canadian provincial trauma system and the first 

Table 2  Characteristics and 
outcomes of true REBOA 
candidates based on clinical or 
anatomical criteria

REBOA resuscitative endovascular balloon occlusion of the aorta, ISS Injury Severity Score, AIS Abbre-
viated Injury Scale, GCS Glasgow Coma Scale, ED emergency department, ICU intensive care unit, OR 
operating room, SD standard deviation, IQR interquartile range
a Excluding 15 patients who also met anatomical criteria
b Within 24 h of injury

Characteristic/outcome Clinical criteria (n = 29)a Anatomical criteria (n = 15) p value

Characteristics
 Age, mean ± SD (range) 45.1 ± 21.4 (17–87) 47.7 ± 17.7 (18–83) 0.69
 Male gender, n (%) 23 (79.3) 11 (70.7) 0.65
 Injury type,  n (%) 0.07
  Blunt 27 (93.1) 11 (73.3)
  Penetrating n < 5 n < 5

 GCS on ED arrival, mean ± SD
  Mild (14–15) 9 (31.0) 8 (53.3) 0.15
  Moderate (9–13) n < 5 0 (0) 0.34
  Severe (3–8) n < 5 n < 5 0.96
  Missing 12 (41.4) 5 (33.3) 0.60

 Max AIS head, mean ± SD
  Mild/moderate (1–2) 7 (24.1) n < 5 0.76
  Serious/severe (3–4) n < 5 n < 5 0.77
  Critical (5) 8 (27.6) n < 5 0.22
  Missing 11 (37.9) 9 (60.0) 0.16

 ISS, mean ± SD 32.1 ± 12.0 19.0 ± 10.9 0.001
 Vitals on ED arrival, mean ± SD
  SBP 95.3 ± 36.4 92.7 ± 44.7 0.84
  Temp 36.3 ± 1.4 36.1 ± 0.6 0.60
  RR 24.2 ± 6.8 21.0 ± 5.7 0.13
  HR 101.8 ± 32.1 84.1 ± 31.9 0.09

 Blood  transfusionb, n (%) 22 (75.9) 10 (66.7) 0.51
 Time to OR
  Within 2 h,  n (%) 11 (37.9) 7 (46.7) 0.58
  Within 12 h,  n (%) 18 (62.1) 10 (66.7) 0.76
  Within 24 h,  n (%) 20 (69.0) 10 (66.7) 0.88
  Overall, median in hours [IQR] 4.3 [1.3–18.8] 1.7 [0.8–32.1] 0.55

 Transfers,  n (%) 10 (34.5) n < 5 0.13
Outcomes
 LOS, mean ± SD
 ICU 6.8 ± 8.5 5.5 ± 8.4 0.63
 In-hospital 22.5 ± 29.8 41.7 ± 82.8 0.27
 Mechanical ventilation, mean ± SD 6.32 ± 8.6 5.36 ± 7.4 0.72
 Mortality,  n (%)
  ED n < 5 0 (0) 0.54
  ICU 8 (27.6) n < 5 1.00
  In-hospital 13 (44.8) n < 5 0.24
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application of clinical criteria to identify REBOA candi-
dates. Over a 5-year period, 1.5% of major trauma patients 
were REBOA candidates based on clinical criteria, while 
0.5% were candidates based on anatomical injury patterns. 
REBOA programs require the involvement of multiple medi-
cal and surgical specialties and allied healthcare providers, 
robust simulation and skills maintenance programs, financial 
considerations, and commitment to quality assurance and 
patient safety [19]. Based on the results of this study, only 
Canadian trauma centres with adequate volumes of critically 
ill trauma patients are likely to support a robust and viable 
REBOA program.

Comparison to previous studies

Two previous studies of REBOA candidacy have been per-
formed in civilian populations; both used anatomical injury 
patterns from definitive imaging, operative reports, and 
autopsies as criteria [11, 12]. Despite differences in geog-
raphy and rates of penetrating trauma, our study identified 
a similar percentage (0.5%) of REBOA candidates based 
on anatomical criteria compared to 0.5% in the UK [11] 
and 0.6% in Philadelphia, USA [12]. Definitive imaging, 
OR reports and autopsies are not readily available when 
patients present to the ED, which is a limitation of these 
studies. To overcome this limitation, we assessed REBOA 
candidacy based on documented physiology on ED arrival, 
clinical findings, and bedside imaging.

Strengths and limitations

This study has several limitations. First, there is no 
clear consensus on the indications for REBOA. Using 
SBP < 90 mmHg and/or 1U of pRBCs in 24 h as indicators 
of haemorrhagic shock is debatable. Our decision to use 
SBP < 90 mmHg was largely based on the Shock Trauma 

REBOA algorithm [18], the most widely cited and accepted 
criteria [20–22]. We included patients who received ≥ 1U 
pRBCs within 24 h to capture patients who potentially had 
a SBP ≥ 90 mmHg on arrival but quickly decompensated 
in the ED, as practice in our trauma system utilizes early 
transfusion for any trauma related hypotension. There is 
likely a clinical difference between a patient who receives 
blood products for resuscitation due to haemorrhagic shock 
on ED arrival versus a haemodynamically stable patient who 
receives blood products for anaemia 23 h after ED arrival. 
The NSTR only captures data on transfusions within 24 h 
of injury; however, our initial screening criteria were meant 
to be oversensitive. Second, in order to differentiate poten-
tial and true candidates, we used lowest documented SBP 
10–20 min into resuscitation to identify patients in shock 
that were partial or non-responders to initial resuscitation 
efforts in a reasonable timeframe to consider placement and 
inflation of a REBOA catheter. Third, since a single author 
reviewed the charts, there could be potential discrepancies in 
the interpretation of chart documentation of the primary sur-
vey and Trauma Team Leader clinical reports. Furthermore, 
while formal reports of portable chest and pelvic X-rays 
were not readily available at time of initial ED assessment, 
the identification of obvious major injuries was assumed to 
be within the skillset of the Trauma Team Leaders. A final 
limitation unique to our population is the transfer of trauma 
patients from all regional centres to a single level 1 trauma 
centre. Some patients who presented to a regional centre 
could have met clinical criteria for REBOA (e.g., several 
patients underwent emergency laparotomy prior to transfer 
to the QEII HSC). However, since there is unlikely to be the 
patient volume or expertise to insert and manage REBOA 
catheters in these smaller centres, we screened for REBOA 
candidacy following patient arrival at the QEII HSC only. 
Despite these limitations, this study has important strengths. 
Data were collected from a provincial population-based reg-
istry with quality-control procedures for accurate and com-
plete data entry including computer checks, visual checks, 
and an annual re-abstracting audit of 10% of cases. Although 
our results should be generalizable to other trauma systems 
in Canada, more work is required to validate our findings in 
other centres.

Clinical implications

Our study found 15 patients who met both clinical and ana-
tomical criteria for REBOA and a further 29 patients who 
only met clinical criteria. This suggests applying clinical 
criteria derived from pre-existing algorithms may over-
estimate REBOA candidacy when based on clinical find-
ings and bedside imaging modalities alone, and therefore 
REBOA may be utilized when it is not indicated. Nine of 
these patients did not have abdominal or pelvic injuries, but 

Table 3  Injury patterns of true REBOA candidates who met clinical 
but not anatomical criteria

REBOA, resuscitative endovascular balloon occlusion of the aorta

Injury pattern True REBOA 
candidates 
(n = 29)

No abdominal injury,  n (%) 9 (31.0)
Isolated intracranial injury n < 5
Isolated thoracic injury n < 5
Intracranial + thoracic injuries n < 5
Spinal cord injury n < 5
Other n < 5
Abdominal injury with exclusion,  n (%) 20 (69.0)
Thoracic injury 18 (62.1)
Neck vessel injury n < 5
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rather some other injury accounting for their shock presen-
tation (e.g., major intracranial injury, spinal cord injury, or 
isolated thoracic injury). Placement of REBOA catheters in 
these patients would expose them to potential harms such as 
vascular access complications, distal ischaemia, and reperfu-
sion injuries without having any intra-abdominal or pelvic 
injuries that would benefit from REBOA [23]. The remain-
ing 20 patients had abdominal or pelvic injuries potentially 
amenable to REBOA, but had other injuries that would 
have excluded them from REBOA placement including tho-
racic or neck vascular injuries. Most of these patients were 
excluded for traumatic haemothorax; REBOA placement 
distal to injury could lead to increased thoracic haemor-
rhage, potentially worsening their outcomes.

Research implications

Although studies have demonstrated REBOA is effective in 
raising the SBP of patients in major haemorrhagic shock 
once it is placed in the correct aortic zone, evidence for the 
mortality benefit following REBOA in patients with trau-
matic haemorrhage continues to be mixed [24]. Two recent 
studies used propensity score matching to compare out-
comes between patients who underwent REBOA and those 
who did not and found increased overall mortality [7, 8], and 
higher rates of acute kidney injury and lower limb ampu-
tations in the REBOA group [8]. A third study, however, 
observed improved survival to discharge among REBOA 
patients using a nationwide trauma database in Japan [25]. 
The discrepancy of patient selection between anatomical and 
clinical criteria may help to explain the discordant outcomes 
with REBOA in these studies. Our study suggests identify-
ing abdominal or pelvic injuries amenable to REBOA and 
excluding patients with contraindicated injury patterns is 
difficult in many critically ill trauma patients. Future work 
is needed to determine which patients will benefit most from 
REBOA based on clinical presentation and bedside imaging 
modalities.

Conclusion

In this registry-based retrospective analysis, 1.5% of all adult 
major trauma patients in Nova Scotia were REBOA candi-
dates based on resuscitative clinical presentation and bed-
side imaging, while 0.5% were candidates based on post hoc 
anatomical injury patterns. Our findings suggest that using 
clinical findings and bedside imaging modalities as criteria 
may overestimate the number of candidates for REBOA.
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