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Resuscitative Endovascular Balloon Occlusion of the Aorta (REBOA) is an endovascular procedure which utilises a catheter- 
based balloon device to achieve aortic occlusion. The aim of this resuscitative measure is to improve blood pressure 
proximal to the occlusion site and therefore preserve cardiac and cerebral perfusion to prevent cardiac arrest. In addi-
tion, there is a relative reduction in arterial flow to the site of injury distal to the balloon. Endovascular techniques are 
gaining acceptance for the in-hospital management of haemorrhage; however, their use in pre-hospital care is still 
limited. This is due to several factors including the technical challenges, training and skill sets of pre-hospital care teams 
and the potential for harm of REBOA, particularly with extended balloon occlusion times. However, non-compressible 
torso haemorrhage is associated with a mortality of approximately 50% and a significant proportion of these deaths 
occur in the pre-hospital phase of care. In the exsanguinating patient, resuscitative thoracotomy with direct aortic 
compression is often the only means to control haemorrhage. This resuscitative measure is now a more established 
pre-hospital intervention which has significantly improved outcomes in the context of penetrating trauma, particu-
larly thoracic injury. However, in the context of blunt injury and subdiaphragmatic haemorrhage, the outcomes from 
pre-hospital resuscitative thoracotomy remain poor. We present our initial technique for successfully introducing 
REBOA for the pre-hospital management of exsanguinating pelvic or groin haemorrhage following trauma, our indi-
cations for REBOA and comments on the problems and limitations encountered, as well as the lessons learned . 
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INTRODUCTION 

Non-compressible torso haemorrhage (NCTH) is the 
leading cause of potentially preventable trauma deaths 
[1]. Junctional vascular injuries and pelvic fractures 
resulting from blunt and penetrating mechanisms of 

injury form a major part of NCTH. These injuries can 
lead to exsanguinating haemorrhage resulting in trau-
matic cardiac arrest with reported mortality rates of up 
to 50% [2–4]. A peak in mortality is observed in these 
patients at around 30 minutes from injury which, for a 
large proportion of patients, occurs in the pre-hospital 
environment [5]. London’s Air Ambulance (LAA) is a 
physician-led pre-hospital service providing an advanced 
trauma team which aims to deliver effective treatment 
to critically injured patients as soon as possible follow-
ing injury. Recent data show that mortality in shocked 
patients undergoing laparotomy is unchanged despite 
advances in trauma care [6]. Resuscitative thoracotomy 
and aortic compression (RT)  is an open surgical tech-
nique which is well established in the hospital, and its 
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use has been described in the treatment of traumatic 
cardiac arrest by non-surgeons in the pre-hospital phase 
of care [7,8]. It is effective for penetrating injuries with 
cardiac tamponade or a thoracic source of haemorrhage 
[9]. However, RT carries major surgical morbidity and 
has poor outcomes in blunt injury and subdiaphrag-
matic haemorrhage [10,11].

We recognised that for a meaningful reduction in 
mortality in patients with subdiaphragmatic exsangui-
nation, novel resuscitation solutions were required. In 
2013, LAA delivered the first known civilian pre- 
hospital resuscitative endovascular balloon occlusion 
of the aorta (REBOA) [4], and since then we have con-
tinued to successfully develop this intervention [12]. 
This was developed using ‘off the shelf’ and readily 
available equipment used for routine endovascular 
procedures. The aims of this article are to describe the 
practical technique which was initially adopted to suc-
cessfully perform pre-hospital REBOA as a resuscita-
tion adjunct following major trauma, to describe our 
indications for REBOA and to comment on the prob-
lems and limitations encountered. We also consider 
how this equipment and technique could be imple-
mented as an endovascular resuscitation and haemor-
rhage control service in austere healthcare systems and 
its potential to be used in the management of postpar-
tum haemorrhage [13] and out-of-hospital cardiac 
arrest [14].

REBOA IN PRE-HOSPITAL CARE

The use of endovascular techniques is becoming more 
prevalent in the in-hospital management of trauma hae-
morrhage [4,15–20]. REBOA involves inflation of a 
compliant balloon within the aorta to provide tempo-
rary occlusion and control of bleeding inflow to the site 
of injury prior to definitive haemostasis. This limits 
ongoing haemorrhage and preferentially supports myo-
cardial and cerebral perfusion, albeit at the expense of 
distal ischaemia. These principles are in keeping with 
RT and aortic cross clamping but achieved in a less 
invasive manner in the already injured patient [20–25]. 
In traditional endovascular practice, vascular access is 
gained via the common femoral artery (CFA), ideally 
under ultrasound scan (USS) guidance or via direct sur-
gical exposure, and devices are positioned and deployed 
under fluoroscopy in the controlled and sterile environ-
ment of an operating theatre, interventional radiology 
suite or hybrid theatre. However, the rapid onset of 
exsanguinating haemorrhage and expected mortality 
associated with NCTH has required REBOA to be per-
formed in more austere conditions encountered in 
pre-hospital care and by physicians from backgrounds 
other than vascular surgery or interventional radiology. 
The aims of pre-hospital REBOA are to permit resusci-
tation, rapidly control exsanguinating haemorrhage and 
to transport to definitive care. 

The aorta can be divided into three distinct zones 
[26]. Zone I extends from the origin of the left subcla-
vian artery to the coeliac axis. Zone II extends from the 
coeliac axis to the most caudal renal artery. Zone III is 
distal from the most caudal renal artery to the aortic 
bifurcation. A multidisciplinary group with expertise 
from emergency medicine and pre-hospital care, trauma 
surgery, interventional radiology, anaesthetics and inten-
sive care medicine began developing a standard operat-
ing procedure (SOP) for pre-hospital zone III REBOA in 
2012. It was agreed that basic measures should be per-
formed first including non-invasive haemorrhage con-
trol techniques such as minimal handling, pelvic 
splinting, limb splinting, tourniquets, transfusion of 
blood products and antifibrinolytics, and rapid transfer 
to a Major Trauma Centre (MTC). At the time of devel-
opment, it was anticipated that balloon occlusion times 
would be in excess of 30 minutes from inflation to defin-
itive haemorrhage control. For this reason, REBOA 
would be limited only to zone III in order to minimise 
the risk of visceral ischaemia. In addition to this, we felt 
that femoral puncture site morbidity should be limited 
by using an 8Fr sheath as a maximum. At this time, 
there was a lack of bespoke lower profile endovascular 
devices with a balloon large enough to occlude the aorta 
in zone I which were compatible with this sheath size, 
precluding more proximal balloon occlusion. These 
were the key factors in establishing the equipment 
required to safely implement a strategy for zone III 
REBOA in the pre-hospital environment.

At present there is no universally agreed definite 
indication for pre-hospital REBOA and the popula-
tion most likely to benefit from the procedure has yet 
to be clearly defined. The in-hospital use of REBOA is 
currently the subject of an ongoing study [27]. We feel 
the use of pre-hospital zone III REBOA is indicated in 
the context of blunt or penetrating injury to the pelvis 
or groin, when a senior, experienced clinical team 
identify unequivocal signs of true exsanguinating hae-
morrhage and imminent risk of hypovolaemic cardiac 
arrest [28]. 

Ethical Approval and Informed Consent 

Ethical approval was not required. No identifiable data 
is included.

LAA TECHNIQUE FOR PRE-HOSPITAL REBOA

The technical performance of REBOA can be challeng-
ing and becomes even more so when performed in time 
critical situations out-of-hospital in an austere environ-
ment. The layout of the REBOA pack carried by LAA 
initially focussed primarily on size and weight but also 
incorporated features to aid the clinician and assistant 
performing the procedure. The packs contained sections 
numbered from one to four, in the order that they were 
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to be used, and the equipment was chosen to be as min-
imal and intuitive as possible. With subsequent develop-
ment this was improved with the introduction of 
bespoke REBOA packs. The equipment and technique 
described here was utilised for all patients in our initial 
case series [8].  

Patient Selection and Positioning

Patient selection is based on decision making by senior 
experienced doctors as part of the LAA team according 
to previously established criteria suggesting exsanguina-
ting pelvic haemorrhage [28] (Table 1). When establish-
ing this service, no age limits were specified but our SOP 
was only to consider pre-hospital REBOA in adult 
patients. REBOA is only considered in cases where the 
impression of these senior clinicians is that the trajec-
tory of presenting physiology is imminent cardiovascu-
lar collapse and traumatic cardiac arrest, with an injury 
pattern congruent with this physiology.   

The patient should be positioned supine in an area 
with 360-degree access and all efforts made to calm, 
protect and optimise the immediate area around the cli-
nician and assistant performing the procedure. Concom-
itant tasks, such as intravenous access and intubation/
ventilation for example, should be performed by other 
members of the team and a separate team member 
should take over the role of team leadership while the 
intervening clinicians are task focussed. In patients with 
suspected pelvic fractures, clothing should be removed 
and a pelvic splint should be applied. It may be necessary 
to carefully move or modify the binder to allow femoral 
vascular access. Prepare the skin and place the drape 
over the patient, exposing the operative area of interest. 

Arterial Access

Arterial access should be gained via the CFA. In patients 
with a suspected junctional vascular injury, the contra-
lateral CFA should be used. The position of the CFA can 
be estimated at a point approximately 2-cm inferior to 
the mid-inguinal point.

The femoral vascular structures should be visualised 
under USS with pulsatile flow seen to confirm the CFA. 
Puncture the CFA under USS guidance using a percuta-
neous entry thin-walled needle (Cook, Indianapolis, 
USA) or in severely shocked patients using a Merit MAK 
mini access kit (Merit Medical, Utah, USA). Access is 
then established by passing an 0.035-inch guidewire into 
the needle followed by a 7Fr sheath (Cordis, California, 
USA) with its dilator on the wire. With a skin incision 
made this should advance into the artery without resis-
tance. Ensure the sheath’s side port is in the ‘off’ posi-
tion. On completion of this step, there will be an 11-cm 
7Fr sheath providing access to the CFA and external 
iliac artery providing a port through which REBOA can 
be performed. 

Balloon Positioning and Inflation

Pass the Amplatz Extra-Stiff guidewire (Cook, India-
napolis, USA) with j-tip through the sheath to a depth of 
approximately 50 cm from the skin incision. The guide-
wire should pass without resistance if in the correct 
intraluminal position. Perform a test inflation of the 
balloon with the pre-loaded 2.5-ml syringe of saline 
provided. Load the balloon catheter (LeMaitre, Massa-
chusetts, USA) onto the guidewire and advance to a 
depth of 40 cm from the skin. Take care to ensure the 
wire is not withdrawn and remains sterile. Inflate the 
balloon with 0.9% NaCl to a maximum of 2.5 ml or 
until resistance is encountered. This balloon will enlarge 
approximately to a 14-mm diameter when inflated with 
2.5 ml. Clearly document the time of balloon inflation. 

Once the balloon is inflated, aortic pulsation should 
push it towards the terminal aorta (if aortic pressure is 
high enough) and it will be supported at the bifurcation. 
Allow the balloon to migrate spontaneously or apply 
very gentle caudal traction if required. Confirm correct 
positioning with an improvement in central haemody-
namic, absence of lower limb pulses and absence (or 
marked reduction) of pulsatile flow on USS distal to the 
balloon. 

The sheath should then be sutured in position and 
the catheter, sheath and wire covered with an adhesive 
dressing. A team member should be tasked with main-
taining the position of the device and wire. 

After REBOA, all efforts should be concentrated on 
minimising balloon occlusion time. Practically speaking, 
this involves immediate transfer for definitive care at an 
appropriate MTC during which there is a focus on vol-
ume resuscitation. 

Following balloon inflation, patients may become 
normotensive or even hypertensive as a result of the 
increased systemic vascular resistance and improved 
coronary perfusion. A return of cerebral perfusion may 
necessitate review of adequate analgesia or depth of 
anaesthesia. As resuscitation continues, increasing aor-
tic pressures may now cause a balloon which had not 
migrated back to the bifurcation to do so. Therefore, 
careful attention must be paid at all times to ensure the 
endovascular device is secured. 

On arrival in the Emergency Department, clear hand
over should be made to the receiving trauma team 
including the presence of REBOA, balloon inflation time 
and the need for prompt haemorrhage control empha-
sised. All processes should function to minimise the 
total time of balloon inflation and distal ischaemia. 

Balloon Deflation and Sheath Removal

Balloon deflation and catheter removal should occur in 
a controlled environment in a planned coordinated man-
ner under instruction of a trauma team leader and with 
input from anaesthetics and interventional radiology or 
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knowledge of our SOP, relevant literature and anatomy 
and a ‘real-time’ high-pressure practical scenario. 

The introduction and development of this technique 
was subject to a stringent and multi-level governance 
process involving all members of the multi-disciplinary 
working group. This ensures that indications and 
response to the procedure are reviewed regularly, any 
complications detected early and that any lessons 
learned are acted on, continually evolving the process. 

LESSONS LEARNED USING THIS INITIAL  
TECHNIQUE

LAA was the first known trauma service to use REBOA 
in the pre-hospital phase. At the time this strategy was 
being developed, the equipment available for REBOA 
was limited, with a relative lack of bespoke devices. The 
technique described here was developed using expertise 
in endovascular practice drawn from other applications. 
However, this equipment is relatively cheap and readily 
available. 

Securing rapid, safe vascular access is a primary and 
essential step in any endovascular procedure. This has 
been shown to be a practically challenging and rate lim-
iting step in performing REBOA [29] with an associated 
morbidity [30]. Performing USS guided percutaneous 
vascular access in hypovolaemic patients in the pre- 
hospital phase presents a unique set of challenges. These 
motor skills can be improved with practice [31] and we 
aim to increase proficiency with this skill formally 
through the PEER course and with a focus on regular 
training. One great advantage of this technique is that it 
can be performed using a 7Fr sheath which has lower 
puncture site morbidity compared with devices requir-
ing a larger access sheath [32].

Not using a bespoke device for REBOA results in this 
initial method being a multistep process. These steps all 
add to the time taken to perform the procedure. It also 
makes learning the process more difficult and requires 
familiarity with more steps and more individual pieces 
of equipment. Transporting, preparing and using each 
piece in the correct order all becomes more difficult and 
adds to the cognitive burden of the team in an already 
high-stress environment. Using stiff guidewires can pres-
ent their own benefits and challenges. They carry a risk 
of an iatrogenic vessel injury or dissection, as well as 
potential misplacement with blind passing. However, 
using a wire does offer secure access once established, 
versatility in exchange of endovascular device and may 
offer technical familiarity to operators. 

A practical point we experienced following balloon 
inflation is often there is a lack or even absence of bal-
loon migration towards the aortic bifurcation if systolic 
pressure is low. This carries the risk of placing the bal-
loon too proximally, or the desire to pull the balloon 
back, which can result in misplacement in an iliac vessel 
or potentially a vascular injury. This can be mitigated by 

trauma/vascular surgery. It is important to be aware that 
profound haemodynamic instability may follow balloon 
deflation due to a sudden reduction in systemic vascular 
resistance, hypovolaemia, reperfusion and washout of 
metabolic products with hyperkalaemia, hypocalcaemia 
and acidosis. Blood products should be immediately 
available for resuscitation and consideration given to 
aggressive pre-emptive resuscitation with blood prod-
ucts, calcium bicarbonate and sodium bicarbonate.

Once REBOA is no longer required, the sheath should 
be flushed and removed once coagulation is normalised 
and according to local institutional procedure. Proactive 
thrombectomy or angiography for thrombus associated 
with the balloon catheter and femoral arterial sheath 
should be performed in all patients. Its presence is very 
likely in our experience and complications common if 
not appropriately managed [12]. Whether the femoral 
arterial sheath is removed or remains in-situ, careful 
regular limb vascular observations should be continued 
as there is a high likelihood of thrombus and delayed 
ischaemic lower-limb complications.

Scene Management and Human Factors

It is expected that the operator performing REBOA will 
become ‘task focused’. A clear dialogue is essential 
between members of the pre-hospital team confirming 
the REBOA operator will be ‘eyes down’ on the proce-
dure, leaving the remaining members to take charge of 
the scene. This is essential to ensure the many other vital 
and time critical interventions are being concurrently 
performed and the team is working efficiently. The proce-
dure packs are organised in such a way that an untrained 
assistant who is unfamiliar with the technique should be 
able to provide useful assistance. We have learnt, how-
ever, that the procedure is quicker and more likely to suc-
ceed when performed by a trained operator and a trained 
assistant. We aim to complete the procedure with needle 
in skin to balloon inflation within 4–6 minutes, although 
this is case dependent. The clinician running the scene 
should also be wary of procedure and scene time and 
communicate appropriately if delays occur.

GOVERNANCE AND TRAINING

This is a procedure which is performed on rare occa-
sions in critically injured patients and therefore requires 
considered application. LAA team members are required 
to go through rigorous assessment before they are per-
mitted to perform REBOA and then undertake regular 
simulation-based training. The Institute of Pre-hospital 
Care has developed the Pre-hospital and Emergency 
Endovascular Resuscitation (PEER) course which con-
solidates a formal two-day education programme in 
endovascular resuscitation theory with practical train-
ing. This is then cemented by a period of time working 
in the service and an assessment of competency including 
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Table 1  Features of exsanguinating heamorrhage – ‘the hateful eight’ [24].

Case Features Clinical Signs of Exsanguinating Pelvic Haemorrhage 

1.  Mechanism featuring large energy transfer or penetrating injury  
    to the pelvis or groin

2.  Injury pattern compatible with vascular injury and major  
    haemorrhage

3.  Rapid evolution of physiological shock state

1.  Pallor

2.  Clammy

3.  Venous collapse

4.  Air hunger

5.  Hypotension (low volume/absent peripheral pulses)

6.  Low/falling End Tidal CO2

7.  Tachy- or bradycardia

8.  Altered mental state. 

Table 2  Equipment required for Zone III Pre-hospital REBOA. Divided into four separate, labelled packs to facilitate 
performance and assistance on scene.

1. Preparation Pack

Sterile Drape 170 cm x 150 cm (3M)

Sterile gloves

Chloraprep

2. Access Pack

Percutaneous pink access needle (Cook 18G 7 cm)

7F Avanti + Percutaneous sheath introducer (Cordis)

Size 11 scalpel

10-ml syringe

Size 0 silk suture

Gauze swabs

3. Occlusion Pack

Amplatz Extra-Stiff guidewire with j-tip (Cook: 0.035 inch, 145 cm)

LeMaitre Over-the-wire Embolectomy Catheter x2, 6Fr, 40-cm, 13-mm balloon (includes 3-ml syringe for balloon inflation)

10-ml 0.9% NaCl flush

Drawing up needle

2.5-ml syringe

4. Securing Pack

Tegaderm film x5

Mini Access Kit 

4F Merit MAK (21G /7 cm needle, 4Fr catheter, 0.018 inch guide wire)

Size 11 scalpel

Size 0 silk suture

Gauze swabs

Haemostatic valve

Red bung

10-ml syringe

Portable ultrasound scanner
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on the problems encountered with this approach. The 
technique described uses ‘off-the-shelf’ equipment which 
is familiar to many clinicians with endovascular prac-
tice. The relative availability and lower cost of this tech-
nique offers some versatility and could be applied in the 
management of bleeding in other areas such as high-risk 
labour or postpartum haemorrhage [13, 36], as well as 
use in austere healthcare settings [37] and in those with 
more limited budgets/resources, or in the management 
of out-of-hospital cardiac arrest [14]. 

It should be stressed that this article is not intended to 
simply be a guide to instruct clinicians on how to perform 
pre-hospital REBOA. The importance of experience in the 
recognition of true exsanguinating haemorrhage, the overall 
context being within a robust training programme support-
ing meticulous technique, and a multi-level governance pro-
gramme as part of a prepared trauma system is imperative.  

LAA has successfully implemented a pre-hospital 
zone III REBOA service and we describe how this was 
practically undertaken as well as reflecting on its 
strengths and limitations. We recognise that, in order to 
further develop pre-hospital REBOA, novel strategies 
and devices permitting zone I occlusion and refined 
occlusion strategies should be adopted and will be the 
subject of ongoing study and validation. 
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