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Abstract

Aim: To report the initial experience and outcomes of Resuscitative Endovascular Balloon Occlusion of the Aorta (REBOA) as an adjunct to pre-hospital

resuscitation of patients with exsanguinating pelvic haemorrhage.

Methods: Descriptive case series of consecutive adult patients, treated with pre-hospital Zone III REBOA by a physician-led pre-hospital trauma

service, between January 2014 and July 2018.

Results: REBOA was attempted in 19 trauma patients (13 successful, six failed attempts) and two non-trauma patients (both successful) with

exsanguinating pelvic haemorrhage. Trauma patients were severely injured (median ISS 34, IQR: 27–43) and profoundly hypotensive (median systolic

bloodpressure [SBP]57, IQR: 40–68 mmHg). REBOA significantly improvedbloodpressure (Pre-REBOAmedianSBP57, IQR:35–67 mmHg versus Post-

REBOA SBP 114, IQR: 86–132 mmHg; Median of differences 66, 95% CI: 25–74 mmHg; P < 0.001). REBOA was associated with significantly lower risk of

pre-hospital cardiac arrest (REBOA 0/13 [0%] versus no REBOA 3/6 [50%], P = 0.021) and death from exsanguination (REBOA 0/13 [0%] versus no

REBOA 4/6 [67%], P = 0.004), when compared to patients with a failed attempt. Successful REBOA was associated with improved survival (REBOA 8/13

[62%] versus no REBOA 2/6 [33%]; P = 0.350). Distal arterial thrombus requiring thrombectomy was common in the REBOA group (10/13, 77%).

Conclusion: REBOA is a feasible pre-hospital resuscitation strategy for patients with exsanguinating pelvic haemorrhage. REBOA significantly

improves blood pressure and may reduce the risk of pre-hospital hypovolaemic cardiac arrest and early death due to exsanguination. Distal arterial

thrombus formation is common, and should be actively managed.
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Introduction

Non-compressible torso haemorrhage (NCTH) is the leading cause of
potentially preventable trauma deaths.1 The majority of these deaths
occur soon after injury, often before any opportunity for definitive
haemorrhage control.2–6 Despite advances in trauma systems over
the past 20 years, the mortality rate in hypotensive patients that
require surgical haemorrhage control has not improved7,8 and
patients undergoing Resuscitative Thoracotomy for proximal control
of exsanguinating sub-diaphragmatic haemorrhage continue to have
extremely poor outcomes.9,10 To meaningfully improve survival from
NCTH, novel strategies of early haemorrhage control are required.

Resuscitative Endovascular Balloon Occlusion of the Aorta
(REBOA) is a minimally invasive damage control procedure for life-
threatening abdominal and/or pelvic haemorrhage.11 It involves
temporary occlusion of the aorta with an endovascular balloon,
providing proximal control to the site of vascular injury whilst
supporting cerebral and myocardial perfusion. The technique was
first described during the Korean war in 1954.12 More recently, similar
techniques have been developed to control non-compressible
bleeding from ruptured abdominal aortic aneurysms,13 major
gastrointestinal bleeding14 and post-partum haemorrhage.15 In
trauma, REBOA provides rapid, temporary control of NCTH,
preserving central perfusion and extending the window in which
definitive haemostasis can be achieved.16–21 However, the duration of
beneficial occlusion is limited by the distal ischaemia created.

For the purposes of REBOA, the aorta can be classified in three
separate zones: Zone I of the aorta extends from the origin of the left
subclavian artery to the coeliac axis; Zone II extends from the coeliac axis
to the most caudal renal artery; and Zone III extends from the most caudal
renal artery to the aortic bifurcation.22 In the context of exsanguinating
haemorrhage and REBOA, either the supra-coeliac aorta (immediately
above the coeliac trunk and diaphragm, Zone I) or the terminal aorta
(below the renal and mesenteric arteries, Zone III) are targeted.

London’s Air Ambulance (LAA) introduced Zone III REBOA for
patients with exsanguinating pelvic haemorrhage in January 2014,
following a two-year implementation and training process.20,23 Here
we report our initial experience, outcomes, and lessons learnt in using
this technique in the pre-hospital setting.

Methods

We report a case series of consecutive patients who received pre-
hospital Zone III REBOA between January 2014 and July 2018. The
study was registered and approved by our Clinical Effectiveness Unit.
Research ethics committee review was waived as it was considered to
be a service evaluation.

Setting

LAA provides a 24-hour dedicated trauma service to the 10 million
inhabitants of London, attending approximately 1800 patients per
year. The experienced physician-paramedic team can deliver a
number of advanced pre-hospital interventions including rapid
sequence induction of anaesthesia, blood transfusion and resuscita-
tive thoracotomy. LAA is based at the Royal London Hospital, which is
a Major Trauma Centre and has approximately 3500 full trauma team
activations per year.

Pre-hospital REBOA

Indications for pre-hospital Zone III REBOA are adults with non-
compressible exsanguinating haemorrhage from either blunt or
penetrating pelvic injury. REBOA is performed as an adjunct to
standard trauma care in patients assessed to be at risk of imminent
hypovolaemic cardiac arrest secondary to exsanguinating pelvic
haemorrhage (with or without lower limb haemorrhage). This group
of patients is characterised by clinical signs including: marked
pallor, diaphoresis, low-volume or non-palpable pulses, profound
hypotension, altered sensorium and “air hunger”, combined with a
consistent mechanism of injury and clinical signs of a pelvic injury
associated with vascular disruption. Standard pre-hospital care of
major trauma haemorrhage includes: direct pressure, immobilisa-
tion of fractures (with application of femoral traction splints or pelvic
binders if indicated), large bore peripheral or central venous
access, administration of tranexamic acid, permissive hypotension
and transfusion of packed red blood cells (PRBC). The pre-hospital
team is able to activate in-hospital major haemorrhage protocols
(known as a ‘Code Red’). Activation of the Code Red protocol alerts
a full trauma team, allows the preparation and immediate
availability of blood products on arrival at the Emergency
Department (ED), and alerts the operating theatre and interven-
tional radiology staff to prepare for the arrival of a patient requiring
immediate intervention.

Zone III REBOA is performed using a 13 mm compliant balloon
catheter (6Fr, 40 cm), inserted over a guidewire (0.035 inch, 145 cm)
via a 7Fr access sheath. The access sheath is inserted percutane-
ously into the Common Femoral Artery (CFA) under ultrasound (US)
guidance. The balloon is advanced to 40 cm (paravisceral aorta), then
following inflation is allowed to migrate distally with proximal aortic
pressure, until it becomes lodged at the aortic bifurcation, therefore
providing in-flow control to the common iliac arteries. Currently, we do
not perform surgical cutdown for CFA cannulation. Following REBOA
the patient is rapidly transported to definitive care and a pre-alert call is
made to the receiving major trauma centre indicating REBOA
deployment.

The introduction of this technique was supported by a structured
education programme,23 regular team training and a robust gover-
nance system. In addition, the Pre-hospital and Emergency Depart-
ment Endovascular Resuscitation (PEER) Course was created to
disseminate knowledge and learning regarding this resuscitation
strategy within the wider pre-hospital and in-hospital team.

Data sources

Data was collected prospectively for all patients where pre-hospital
REBOA was attempted, including patient demographics, vital signs,
injuries, interventions and outcome. Haemodynamic measurements
were recorded throughout the pre-hospital phase and on arrival in the
ED. The Abbreviated Injury Scale (AIS) and Injury Severity Score
(ISS) were used by certified coders to describe patient’s injuries.24

Outcomes

Primary outcome was survival to hospital discharge. Secondary
outcomes were systolic blood pressure (SBP) pre- and post-
REBOA, incidence of pre-hospital hypovolaemic cardiac arrest,
death due to exsanguination, lower limb amputation, and procedural
complications.
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Statistical analysis

Statistical analyses were performed using GraphPad PRISM v6
(GraphPad, La Jolla, CA). Nonparametric data are reported as median
with interquartile range (IQR) and categorical data as frequency (n)
and percentage (%). The Mann–Whitney U test was used to compare
numerical data and Fisher’s exact test was used to compare
categorical data. Paired data were compared using the Wilcoxon
matched-pairs signed rank test. Statistical significance was set as a
two-tailed p value less than 0.05.

Results

During the study period, LAA attended 8258 patients. Pre-hospital
Zone III REBOA was attempted in 21 (0.003%), and successfully
performed in fifteen of these patients. Thirteen procedures were
performed for severe trauma haemorrhage and two for non-trauma
haemorrhage (Table 1). The first pre-hospital REBOA procedure was
performed in May 2014.20

Severe trauma haemorrhage

REBOA was attempted in 19 injured patients with exsanguinating
pelvic haemorrhage. The median age was 32 (range: 22–79) years,
ten (53%) were female, and the majority of injuries (18/19) were
caused by high-energy blunt trauma (Table 1). Patients had severe
injuries, with a median ISS of 34 (IQR: 27–43), and were profoundly
hypotensive, with a median initial SBP of 57 (IQR: 40–68) mmHg.
REBOA was performed in 13 of these patients (68%), while in six
patients REBOA was not possible because of an inability to gain
femoral arterial access. Baseline characteristics of those that received
REBOA were similar to those that did not (Table 2).

Pre-hospital zone III REBOA significantly improved blood
pressure (Pre-REBOA SBP 57, IQR: 35–67 mmHg versus Post-
REBOA SBP 114, IQR: 86–132 mmHg; Median of differences 66, 95%
CI: 25–74 mmHg; P < 0.001), which was maintained to hospital arrival
(median ED SBP 110, IQR: 77–120 mmHg) (Fig. 1). There were no
pre-hospital hypovolaemic cardiac arrests and no deaths due to
exsanguination following REBOA. Patients that did not undergo
REBOA following a failed attempt were significantly more likely to
deteriorate to hypovolaemic cardiac arrest before hospital arrival
(REBOA 0/13 [0%] versus no REBOA 3/6 [50%], P = 0.031) or die from
exsanguination (REBOA 0/13 [0%] versus no REBOA 4/6 [67%],
P = 0.007) (Table 2). Four patients had a transient positive
haemodynamic response to REBOA (Fig. 1). This was secondary
to severe ongoing hypovolaemia (proximal to the balloon) in one
patient that responded to further blood transfusion in the ED (case 13),
coexisting abdominal haemorrhage (case 10) and evolving cardio-
genic shock in two patients that ultimately died (cases 3 and 8)
(Table 1). The median duration of REBOA was 80 min (IQR 75–115).
Definitive haemorrhage control was achieved with surgery and/or
angio-embolisation in seven patients (54%), while in six patients
(46%) haemorrhage stopped spontaneously following REBOA
(Table 3). Among the 13 patients who received REBOA for trauma
haemorrhage, eight (62%) survived to hospital discharge (Table 1).

Early arterial thrombosis following REBOA was common. Ten
patients (77%) developed distal thrombus requiring embolectomy/
thrombectomy (Table 4). In six of these patients, thrombus was
directly related to a traumatic vascular injury. Other complications

included inadvertent superficial femoral artery (SFA) cannulation
requiring patch angioplasty, inadvertent zone II placement causing
renal infarcts, and iatrogenic dissection of the CFA to distal aorta
(managed conservatively).

Lower limb amputations

Severe lower limb injuries were common in this cohort of trauma
patients (median lower limb AIS score 4, IQR: 3–5). Four patients in
the pre-hospital REBOA group (31%) underwent amputations
(3 unilateral, 1 bilateral). Reasons were primary amputation for
non-salvageable mangled extremities (n = 4), and secondary
amputation following multiple attempts at limb salvage (n = 1).
Three patients in the unsuccessful REBOA group (50%) also
underwent lower limb amputations (3 unilateral). Reasons were
primary amputation for non-salvageable mangled extremities
(n = 1), and secondary amputation following attempted limb salvage
(n = 2). There were no significant differences in amputation rate
between the two groups (Table 2).

Non-trauma haemorrhage

Pre-hospital REBOA was performed in two patients with exsangui-
nating haemorrhage from a vascular injury secondary to intravenous
drug abuse (Table 1). LAA was dispatched to these cases as
suspected groin “stabbing” injuries. The first patient was in cardiac
arrest and REBOA was performed as part of the resuscitation, which
resulted in a return of spontaneous circulation. Ultimately, care was
withdrawn due to severe hypoxic brain injury incurred during the
period of arrest. The second patient had a positive haemodynamic
response to REBOA and survived to definitive surgical control and
hospital discharge.

Discussion

This study reports the initial experience of Zone III REBOA, as a pre-
hospital resuscitation strategy for patients with exsanguinating
pelvic haemorrhage. Although infrequently performed, REBOA was
a feasible resuscitation adjunct which significantly improved blood
pressure (consistent with in-hospital data from other centres19,25)
and was associated with a lower risk of deterioration to cardiac
arrest and death from exsanguination.

The protocol was developed by a working group consisting of
clinicians from Pre-hospital Medicine, Emergency Medicine,
Trauma Surgery, Interventional Radiology, Anaesthesia and Inten-
sive Care Medicine. Prior to REBOA implementation, an audit of
severe pelvic haemorrhage at our centre had shown that
approximately half of patients who died, exsanguinated prior to
arrival in the emergency department.2,3 These patients were
identified as a group that may benefit from pre-hospital Zone III
REBOA. The working group anticipated balloon occlusion times
would be in excess of 30 min and to minimise the risk of visceral
ischaemic injury associated with supra-coeliac aortic occlusion
(Zone I), REBOA was limited to distal aortic occlusion (Zone III). In
addition, to minimise femoral puncture site morbidity a maximum
sheath size of 8Fr was specified for percutaneous access. In 2012,
due to a lack of available endovascular devices compatible with this
sheath size, we were limited to balloon types unsuitable for more
proximal aortic occlusion.
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Table 1 – Baseline and outcome characteristics of patients in whom pre-hospital resuscitation included an attempt at Zone III REBOA.

Patient Demographics Characteristics Pre-
REBOA
vital signs

Timings
(min)

Length
of stay
(days)

Outcome Causes of death

Age, years Gender Mechanism of Injury Injury
severity
score

PRBC
in first
24 h,
units

Systolic
blood
pressure,
mmHg

Heart
rate,
bpm

Injury to
LAA
arrival

Balloon
occlusion

ICU Hospital Discharge
from
hospital

Trauma haemorrhage — REBOA
1 33 M Fall 82 feet 45 12 60 130 34 107 10 61 Alive
2 24 F Cyclist crushed by HGV 38 16 U/R 110 18 67 11 57 Alive
3 79 F Pedestrian crushed by vehicle 29 13 46 130 20 87b 0 0 Dead Myocardial disruption and contusion

secondary to crush injury
4 27 F Fall 60 feet 38 10 U/R 90 22 94 7 20c Alive
5 30 M RTC, driver 30 4 56 101 80a 79 8 65 Alive
6 64 F Pedestrian hit by train 29 7 60 139 23 80 13 57 Alive
7 30 F RTC, Pedestrian 54 14 U/R 160 19 65 3 3 Dead Non-survivable traumatic brain injury
8 58 F Pedestrian crushed by HGV 27 18 68 180 20 122 0 0 Dead Hyperkalaemia, non-hypovolaemic

cardiac arrest
9 53 M Cyclist crushed by cement mixer 38 13 65 113 24 115 48 77c Alive
10 24 M Pedestrian crushed by industrial

road roller
59 76 57 139 35 116 5 5 Dead MOF and septic shock secondary to

severe crush injury to abdomen, pelvis
and lower limbs

11 22 M RTC, motorcyclist 22 13 91 147 32 75 5 80c Alive
12 73 M Cyclist crushed by HGV 43 25 73 149 12 138 5 5 Dead MOF and septic shock secondary to

severe crush injury to abdomen, pelvis
and lower limbs

13 38 F Cyclist crushed by HGV 26 17 40 140 15 77 10 68 Alive
Trauma haemorrhage — failed REBOA
14 32 F Fall 70 feet 45 4 (PH) 88 86 24 N/A 10 61 Alive
15 32 F Cyclist crushed by HGV 38d 4 (PH) 78 87 6 N/A 0 0 Dead Exsanguination
16 18 M Junctional stab wounds 25d 11 U/R 52 60e N/A 0 0 Dead Exsanguination
17 51 F Cyclist crushed by HGV 33 42 65 131 19 N/A 4 4 Dead Exsanguination, MOF
18 34 M Cyclist crushed by HGV 34d 23 54 114 18 N/A 0 0 Dead Exsanguination
19 46 M Cyclist crushed by HGV 9 19 52 77 12 N/A 8 65 Alive
Non-trauma haemorrhage — REBOA
20 57 M IVDA N/A 22 0 CA 55 64 0 0 Dead Severe hypoxic brain injury
21 36 M IVDA N/A 3 56 46 21 51 0 3 Alive

PRBC,packed redbloodcells; LAA;London’sAirAmbulance; ICU, intensive careunit;HGV, heavygoodsvehicle;U/R,unrecordable;RTC, road traffic collision;MOF,multi-organ failure;PH,pre-hospital; IVDA, intravenousdrug
abuse — injury to femoral vessels through self-injection; CA, cardiac arrest.
a 39min from injury to dispatch of LAA.
b Balloon remained inflated until death.
c Patient transferred to another hospital on discharge.
d provisional ISS, awaiting post mortem results.
e 47min from injury to dispatch of LAA.
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Duration of balloon occlusion is directly proportional to procedural
morbidity and mortality.18 The median balloon inflation time in this case
series was 80 min (IQR 75–115), which is comparable to other studies
performing REBOA in the ED.18,19,25 Survival to hospital discharge in
this series of injured patients was 62% (8/13). This is in stark contrast to
patients undergoing Resuscitative Thoracotomy for proximal control of
exsanguinating sub-diaphragmatic haemorrhage in the ED. This
treatment strategy continues to demonstrate extremely poor survival
rates.21 Direct comparisons to other case series are not immediately
possible, as this is the first description of civilian pre-hospital Zone III
REBOA. However, an in-hospital case series of Zone III REBOA for
pelvic haemorrhage observed a survival of 46%18 and a review of
published outcomes for in-hospital Zone III REBOA demonstrated a
pooled survival of 54%.11 A further in-hospital REBOA series (Zone I
and III), in a comparably injured cohort of patients (median ISS 39, IQR
10–75) recently demonstrated a survival rate of 59% when used prior to
cardiac arrest. The survival rate was much lower when REBOA was
used post cardiac arrest (25% and 3% for penetrating and blunt trauma

respectively).25 We hypothesise that pre-hospital use of REBOA,
allowing hyper-acute truncal haemorrhage control, can prevent
hypovolaemic cardiac arrest occurring and may therefore lead to
improved survival compared to delayed intervention in the ED.6 In our
series, all trauma haemorrhage cases had the procedure performed
prior to hypovolaemic cardiac arrest. In the non-trauma haemorrhage
group, one case was performed successfully following recent
hypovolaemic cardiac arrest, demonstrating feasibility in this clinical
situation, consistent with experience elsewhere.25

All REBOA procedures were performed percutaneously under US
guidance by pre-hospital clinicians with multi-specialty backgrounds
including Emergency Medicine, Anaesthesia and Intensive Care
Medicine. This demonstrates that clinicians with an appropriate skill
set, combined with robust REBOA specific training, can deliver this
intervention successfully in the pre-hospital setting. Three patients
had sheaths placed in the SFA, all of whom developed ipsilateral
arterial thrombus. Cannulation of the smaller diameter SFA and vessel
occlusion by the 7Fr arterial sheath may have contributed. This

Table 2 – Baseline and outcome characteristics of injured patients who underwent Zone III REBOA or had a failed
attempt.

REBOA (n = 13) No REBOA (n = 6) P-value

Baseline characteristics
Age 33 (26–61) 33 (29–47) 0.749
Gender (male) 6 (46) 3 (50) 1.0
Initial SBP (mmHg)a 57 (35–67) 59 (47–81) 0.627
ISS 38 (28–48) 34 (21–40) 0.505

Outcomes
Pre-hospital cardiac arrestb 0 3 (50) 0.021
Mortality (exsanguination) 0 4 (67) 0.004
Mortality (overall) 5 (38) 4 (67) 0.350
Lower limb Amputation 4 (31) 3 (50) 0.617

Data presented as median (inter quartile range) or frequency (percentage). SBP, systolic blood pressure; ISS, injury severity score.
a Unrecordable SBP estimated at 30 mmHg for calculations.
b Following REBOA attempt.

Fig. 1 – Changes in systolic blood pressure of injured patients with exsanguinating pelvic haemorrhage.
(A) Resuscitated with Zone III REBOA and survived.
(B) Resuscitated with Zone III REBOA and died.
(C) Failed attempt at REBOA.
ED, Emergency departmentent.
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highlights the need for careful identification of the mid inguinal point
using external landmarks, combined with meticulous US technique to
ensure CFA cannulation in challenging clinical environments.

Six of the 19 pre-hospital REBOA attempts (32%) for trauma
haemorrhage were unsuccessful. This was due to an inability to gain
arterial access as a result of inadequate US visualisation of the CFA,
or failure to pass a guidewire. This group had a significantly higher rate
of pre-hospital hypovolaemic cardiac arrest and death due to

exsanguination. It is possible that surgical cutdown and direct
cannulation of the CFA, as performed by other in-hospital and pre-
hospital teams,25,26 may have facilitated arterial access and therefore
REBOA in these cases.

The high rate of early distal arterial thrombus is not unexpected,
although it is previously unreported. In these patients, there are a
multitude of both pro and anti-thrombotic factors. Regional distal
hypoperfusion due to balloon occlusion, arterial injury and concurrent

Table 3 – In-hospital management of injured patients who underwent pre-hospital Zone III REBOA.

Patient CT
prior to
DHCP

Immediate
Interventional
Radiology

Immediate
Open
Surgery

Location of
definitive
balloon
deflation

Haemorrhage control Intervention Other surgical procedures

1 Y Y N IR IIA embolisation Femoral fixation, endovascular thoracic
aortic dissection repair

2 Y N Y OR Laparotomy, pelvic packing,
IIA embolisation.

Ileostomy, colostomy, fasciotomies, popli-
teal artery interposition graft, TKA, pelvic
fixation

3 N N Y NA Laparotomy, pelvic packing Thoracotomy
4 N N Y OR Laparotomy, pelvic packing Pelvic and tibial fixation
5 Y Y N IR REBOA Pelvic fixation & femoral fixation
6 Y N N CT REBOA Pelvic and femoral fixation, completion TKA
7 Y N N CT REBOA Craniectomy
8 N N Y NA REBOA Laparotomy, resuscitative thoracotomy
9 N N Y OR Laparotomy, pelvic packing, IIA

embolisation
Repair SFA REBOA puncture site, Supra
pubic catheter

10 N N Y OR Laparotomy, pelvic packing, splenec-
tomy, bilateral IIA ligation, Repair CFA

Pelvic fixation, Bilateral BKAs

11 Y N N CT REBOA Bilateral Femoral fixation, fixation radius
12 Y N Y OR Laparotomy, ligation IIA Pelvic and ankle fixation, resection of

rectum.
13 N N Y OR REBOA AKA, popliteal artery interposition graft, X-

Fix

CT, computed tomography; DHCP, definitive haemorrhage control procedure; IR, interventional radiology; IIA, internal iliac artery; OR, operating room; TKA,
through knee amputation; NA, not achieved; CFA, common femoral artery; SFA, superficial femoral artery; BKA, below knee amputation; AKA, above knee
amputation.

Table 4 – Arterial thrombosis following pre-hospital Zone III REBOA in injured patients with exsanguinating pelvic
haemorrhage

Patient REBOA access
vessel

Early
thrombosis?

Site of thrombosis Method of
diagnosis

Thrombosis management

1 Right SFA Yes Right SFA CTA Embolectomy
2 Left CFA Yes Left: CFA, PFA, SFA & Popliteal CTA Embolectomy and arterial interposition graft
3 Left CFA No [NA] [NA] [NA]
4 Right SFA Yes Bilateral CFA Embolectomy Embolectomy
5 Left CFA Yes Right CIA CTA Embolectomy & IVC filter
6 Left CFA Yes Left CFA CTA Femoral Embolectomy
7 Right CFA Yes Left CFA Thrombus Embolectomy Right EIA Embolectomy + repeat Embolectomy

Left conservative
8 Right CFA Noa [NA] [NA] [NA]
9 Left SFA Yes Bilateral CFA

Right Popliteal
CTA Bilateral Embolectomies & IVC filter

10 Left CFA Yes Left CFA Embolectomy Embolectomy
11 Left CFA Yes Distal Aorta. Left EIA & CFA CTA Conservative
12 Left CFA Yes Left CFA & PFA and R CIA CTA Embolectomy
13 Left CFA Yes Left Popliteal artery, PFA Embolectomy Embolectomy

SFA, superficial femoral artery; CTA, computed tomography angiography; CFA, common femoral artery; PFA, profunda femoris artery; NA, not applicable; CIA,
common iliac artery; IVC inferior vena cava; EIA, external iliac artery.
a Died during resuscitation.
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administration of procoagulant blood products and antifibrinolytics all
promote clot formation. Conversely, Trauma Induced Coagulopathy
may in theory mitigate some of these effects. We hypothesise the
duration of balloon occlusion, the presence of an indwelling aortic
guidewire, the indwelling sheath time, SFA cannulation and the
burden of injury suffered all contribute to the higher rate of arterial
thrombus seen in this patient cohort compared to rates reported
elsewhere.25 Also, a procoagulant environment may have had some
therapeutic effect, with six of the patients having cessation of
haemorrhage with REBOA alone. These phenomena all require
further investigation, but suggest that REBOA may act as a definitive
therapeutic intervention in addition to a resuscitative adjunct in some
cases.

Throughout the study period, our practice has changed in
response to this finding. Initially access sheaths were left in place
until the patient reached the Intensive Care setting and coagulation
had normalised. We now prioritise rapid sheath removal once
haemostasis has been achieved and the patients haemodynamics
have stabilised following the primary haemorrhage control procedure.
Early interrogation of the lower limb vessels is carried out and where
indicated open exploration and thrombectomy are performed,
followed by direct closure of the CFA. Experience from other centres
utilising ED REBOA suggests removing the sheath (7Fr) and applying
direct pressure for 30 min is all that is required and perhaps this
strategy is partly responsible for the lower rate of distal thrombosis
previously reported.25 However, we feel at present our approach is
effective in terms of mitigating morbidity secondary to early arterial
thrombosis following pre-hospital REBOA.

In our service, a focus on case review and reflection has reinforced
our view that due to the high risk of morbidity associated with this
resuscitation strategy, pre-hospital REBOA should only be used in
patients with exsanguinating haemorrhage that is expected to result in
cardiac arrest before any opportunity for definitive haemorrhage
control, despite standard trauma haemorrhage care. Robust educa-
tion and a strong governance culture reinforces the high threshold for
deployment of this technique.

Following our experience over the past four years, combined with
learning from other centres and with the availability of bespoke low-
profile REBOA devices,27 we are evolving our strategy to include pre-
hospital Zone I REBOA with early Partial REBOA (P-REBOA) for
patients with exsanguinating intra-abdominal haemorrhage. P-
REBOA involves allowing titrated low volume blood flow distal to
the site of aortic occlusion, with the aim of limiting distal ischaemia
while maintaining afterload augmentation and “in-flow” control to the
site of haemorrhage. This strategy may extend the utility of REBOA
and has been demonstrated to be feasible in animal models.28

Complete aortic occlusion above the level of the coeliac artery confers
significant risk of visceral ischaemia and is very unlikely to result in a
survival benefit beyond 60 minutes.25 Therefore, we envisage a short
period of pre-hospital complete Zone I REBOA to avert cardiac arrest,
allow resuscitation, promote clot formation and stabilisation, prior to
the introduction of P-REBOA.29 Development of Endovascular
Variable Aortic Control (EVAC) is currently being investigated as a
method to achieve P-REBOA utilising an automated device, titrating
distal flow based on the patient’s physiology.30 This technology is
likely to result in another paradigm shift in the development of hyper-
acute pre-hospital truncal haemorrhage control.

This study has a number of limitations. First, the study has a small
sample size and thus low power to detect a true effect. However, pre-
hospital REBOA is rarely performed and this study captures the

majority of procedures performed worldwide. Second, there is
potential for selection bias as patients were not randomly selected
to receive REBOA or not. Although baseline characteristics of the two
populations were remarkably similar, we acknowledge that there may
be unmeasured differences between the groups that contributed to the
difference in outcome observed.

Conclusion

This case series demonstrates the feasibility of REBOA in a physician led
pre-hospital care system, as a resuscitation strategy for patients in
extremis from exsanguinating pelvic haemorrhage. Pre-hospital Zone III
REBOA significantly improves blood pressure and may reduce the risk of
pre-hospital hypovolaemic cardiac arrest and early death due to
exsanguination. Distal arterial thrombus formation is common, and
should be expected and actively managed.
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