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Abstract: Resuscitative endovascular balloon occlusion of the aorta (REBOA) has recently
gained popularity as a minimally invasive alternative to open aortic cross-clamping in the
management of patients with non-compressible hemorrhage arising below the diaphragm. The
purpose of this review is to provide a description of the technical aspects of REBOA use along
with an overview of the current animal and clinical data regarding its use.
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Introduction

Resuscitative endovascular balloon occlusion of the aorta (REBOA) has recently
gained popularity as a minimally invasive alternative to open aortic cross-clamping
in the management of patients with non-compressible hemorrhage arising below the
diaphragm. The first clinical case series on the use of aortic balloon occlusion in the
setting of abdominal trauma was written by Lieutenant Colonel Carl Hughes from the
Korean War.! After this initial case series, little was mentioned about the use of aortic
occlusion balloons primarily due to limitations in the availability of intra-aortic balloon
devices. For several decades, resuscitative thoracotomy (RT) with aortic occlusion via
open cross-clamp was utilized for patients in extremis with non-compressible hemor-
rhage arising below the diaphragm.? With the evolution of endovascular technology
came the development of aortic occlusion balloons for use in the management of
ruptured abdominal aortic aneurysms.*~* These first-generation aortic balloons were
deployed via a 12 French sheath over a stiff guidewire under fluoroscopy and inflated
above the rupture.

Ongoing experience from the military conflicts in Iraq and Afghanistan led to
an increased interest in developing endovascular approaches to hemorrhage control,
including the use of REBOA as an alternative to RT for the purpose of aortic occlu-
sion.® This led to military—civilian collaboration with the development of training
courses tailored for trauma surgeons in the utilization of REBOA.” Several early civilian
adopters began to gain clinical experience with REBOA in the setting of both blunt
and penetrating abdominal trauma. Early case series demonstrated that REBOA was
effective at raising SBP in patients with hemorrhagic shock and was associated with
a trend toward increased survival when compared with RT.3° With the renewed inter-
est in the use of REBOA in the management of hemorrhage due to trauma has come
further improvements in the catheters available, making its adoption and utilization
even more widespread. The purpose of this review is to provide a description of the
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technical aspects of REBOA use along with an overview of
the current animal and clinical data regarding its use.

REBOA technique and indications

REBOA requires an understanding of the anatomy of the
aorta (Figure 1). Zone 1 of the aorta extends from the left
subclavian artery to the celiac artery. Zone 2 continues from

Aortic zone 1

Aortic zone 2

Aortic zone 3

Figure | Aortic zones of occlusion from Stannard A, Eliason JL, Rasmussen TE.
Resuscitative endovascular balloon occlusion of the aorta (REBOA) as an adjunct for
hemorrhagic shock. | Trauma, vol 71, issue 6, pages 1869—1872.""

the celiac artery to the renal artery. Zone 3 extends from
the origin of the lowest renal artery to the aortic bifurcation
(infrarenal aorta). Zone 1 occlusion is utilized in patients
in cardiac arrest or those in hemorrhagic shock with evi-
dence of non-compressible hemorrhage arising below the
diaphragm. Zone 2 is considered to be a no-occlusion zone.
Zone 3 occlusion is reserved for patients without evidence
of intra-abdominal hemorrhage but with evidence of a
pelvic fracture.

A clinical algorithm outlining the clinical decision-
making for REBOA utilization is presented in Figure 2.'
Prior to making the decision to utilize REBOA, it is impera-
tive that a chest X-ray (CXR) be obtained to rule out a major
thoracic vascular injury or other intra-thoracic pathology as
the source of the patient’s hemodynamic compromise (ten-
sion pneumo- or hemothorax). If CXR is suspicious for aortic
injury consistent with mechanism (widened mediastinum,
apical cap, and depressed left mainstem bronchus) then
REBOA is contraindicated. Patients in arrest are unlikely
to undergo CXR but tube or finger thoracostomy to rule out
tension pneumothorax and massive hemothorax should be
performed. The focused assessment with sonography for

Hypotensive (SBP <90)
partial or non-responder

Access common femoral artery for a line

or REBOA
CXR
No REBOA Yes possible aortic No
injury?
Position REBOA in
Zone 1. Inflate
and proceed to Yes FA..ST
emergent positive?
laparotomy
Position REBOA in Pelvic X-ray
Zone 1 and inflate No fracture? No
Position REBOA in
Yes Zone 3 and inflate

Figure 2 REBOA algorithm from Brenner M, Hoehn M, Pasley ], Dubose ], Stein D, Scalea T. Basic endovascular skills for trauma course: bridging the gap between
endovascular techniques and the acute care surgeon. | Trauma Acute Care Surg. vol 77, issue 2, pages 286-291."°
Abbreviations: CXR, chest X-ray; FAST, focused assessment with sonography for trauma; REBOA, resuscitative endovascular balloon occlusion of the aorta.
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trauma (FAST) exam, which both emergency physicians
and trauma surgeons are facile with, is also utilized to assist
with locating the source of hemorrhage within the abdomen,
along with ruling out pericardial tamponade. Patients with
hypotension (defined as SBP <90 mmHg) not responsive to
initial blood product resuscitation and with a positive abdomi-
nal FAST exam would be candidates for Zone 1 occlusion.
Patients who are hypotensive with a negative FAST exam and
a pelvic fracture would be candidates for Zone 3 occlusion.

A comprehensive description of REBOA technique is
beyond the scope of this review. Additional information about
the technical aspects of REBOA has been published by Stan-
nard et al."" Clinicians interested in implementing REBOA
into their clinical practice should seek formal training via one
of the available REBOA courses as described ahead. REBOA
can be divided into the following steps:

1. Arterial access with insertion of arterial sheath (12 vs 7
French depending on the catheter used)

2. Insertion of REBOA catheter with balloon positioning at

appropriate aortic zone

Balloon inflation

Balloon deflation

REBOA catheter removal

Arterial sheath removal

S v kW

Arterial access has been shown to be the critical, often
rate limiting factor in the utilization of REBOA. The common
femoral artery (CFA) should be accessed under ultrasound
guidance if available. External anatomical landmarks can
assist in accessing the CFA when ultrasound is not available,
though this is less ideal. Arterial cut-down also allows for
direct visualization of the CFA and may be the more reliable
method of access in patients already in arrest.'’> However,
a trauma or vascular surgeon is more likely to be familiar
with this technique. Also, it may increase the time to aortic
occlusion when performed by those unfamiliar with this
procedure. Inadvertent cannulation of the superficial femoral
artery has resulted in significant vascular injury and should
be avoided.!> REBOA has been shown to be a faster method
to aortic occlusion than RT after arterial access is obtained,
further highlighting the importance of rapid, successful CFA
access.!? However, for patients already in cardiac arrest, it is
significantly more difficult to obtain reliable percutaneous
arterial access. Rapid conversion to open arterial cut-down
or consideration for performing RT is recommended for
patients in cardiac arrest.

After the appropriately sized sheath has been placed,
the aortic zone of occlusion (Zone 1 or 3) must be decided

based on the clinical algorithm discussed previously. External
landmarks are used to estimate appropriate catheter insertion
depth. Confirmation of appropriate balloon location via digi-
tal X-ray should be performed prior to balloon inflation. At
our center, this is done by performing a CXR or pelvic X-ray
in the emergency department (ED). The catheter should be
seen on the patient’s left side adjacent to the spine. Zone 1
is confirmed by visualizing the balloon above the diaphragm
(Figure 3). Confirmation of the device in Zone 3 is seen on
pelvis X-ray as being in the vertical position at approximately
the L2 or L3 vertebrae (Figure 4).

Figure 3 X-ray imaging of Zone | REBOA.
Abbreviation: REBOA, resuscitative endovascular balloon occlusion of the avorta.

Figure 4 X-ray imaging of Zone 3 REBOA.
Abbreviation: REBOA, resuscitative endovascular balloon occlusion of the aorta.
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The volume of inflation varies among devices and is
dependent on zone of occlusion, with Zone 1 inflation
volume typically being larger than those required in Zone
3 due to differences in aortic diameter. Transduction of
arterial pressure from the REBOA catheter during balloon
inflation is helpful in determining optimal balloon inflation
volume. In addition, monitoring for loss of the contralateral
femoral pulse by palpation or Doppler indicates sufficient
balloon inflation has occurred. Once the device is deployed
in the desired zone, securing the device is critical to prevent
potential complications from balloon migration. Finally, the
time of occlusion should be documented. Following balloon
inflation, the patient should proceed emergently to either the
operating room for exploratory laparotomy or the interven-
tional/hybrid suite for angioembolization. It is important to
remember that REBOA is only a temporizing measure meant
to sustain perfusion to the heart and brain en route to rapid,
definitive hemorrhage control. It is imperative that clinicians
utilizing REBOA be aware of the potential complications
related to the level and duration of balloon inflation. Over
inflation of the balloon can result in either balloon or blood
vessel rupture. In a recent systematic review, Morrison et al
identified three reported deaths that were directly attributed
to balloon over-inflation with resultant aortic rupture.'*

Once definitive hemorrhage control has been obtained,
balloon deflation can occur. This requires coordination with
the anesthesiologist in the operating room or hybrid suite
to optimize volume status. In our experience, incremental
balloon deflation is typically required in order to avoid car-
diovascular collapse. Once the balloon has been deflated,
the REBOA catheter can be removed from the sheath. After
the catheter has been removed, it is critical to assess distal
perfusion in bilateral lower extremities. Diminished or absent
distal pulses in either lower extremity following REBOA
warrant immediate investigation with angiography to identify
any potential vascular complications arising from either the
sheath or the catheter.

The technique for sheath removal is dependent on the size
of sheath inserted. The 12 French sheaths must be removed via
open cut-down with repair of the arteriotomy site and should
be removed at the index operation. The 7 French sheaths do not
require cut-down with arterial repair unless vascular compro-
mise has been identified. At our institution, 7 French sheaths
are pulled in the intensive care unit after we have verified cor-
rection of coagulopathy. Pressure is then held for 30 minutes at
the puncture site followed by 6 hours of bed rest. Neurovascular
checks of the lower extremity are also performed every hour
for the first 24 hours after sheath removal. An ultrasound of the

arterial access site is performed 48 hours after sheath removal
to assess for pseudoaneurysm formation.

Current REBOA data

Animal studies

Multiple animal studies evaluating REBOA utilization
have been performed. These studies are all short term,
lethal hemorrhagic shock models focusing primarily on
balloon inflation times and the associated physiological
consequences. Markov et al studied the effect of 30 vs 90
minutes of occlusion time in a class IV hemorrhagic shock
model in swine. They found that Zone 1 REBOA infla-
tion improved mean central aortic pressure but resulted
in significant elevation in serum lactate levels compared
with swine in hemorrhagic shock without REBOA..!"* Mor-
rison et al demonstrated a clear survival advantage with
both continuous and intermittent REBOA in their study
using an abdominal hemorrhage model in swine (25% vs
37.5% vs 100% mortality).'® White et al compared RT
with open aortic cross-clamping to Zone 1 REBOA in a
class IV hemorrhagic shock model and found that REBOA
increased central perfusion pressures with less physiologic
disturbance than RT with open aortic clamping.!” Kuckel-
man et al evaluated the potential benefits of intermittent vs
full occlusion at Zone 1 in another class IV hemorrhagic
shock model in swine. The authors concluded that inter-
mittent occlusion provided similar hemorrhage control
with fewer physiologic consequences as demonstrated by
decreased acidosis and lower resuscitation requirements in
the intermittent occlusion group.'® In another swine model,
Tibbits et al evaluated the hemodynamic consequences
associated with Zone 1 vs 3 occlusion. They found that
Zone 3 REBOA provided minimal hemodynamic support
compared with Zone 1 REBOA. They also noted less isch-
emic burden and instability upon reperfusion with Zone
3 vs 1 inflation. These findings suggest that, in cases of
impending hemodynamic collapse, Zone 1 REBOA place-
ment may be more efficacious than Zone 3 regardless of
injury pattern.

Human use data

The current literature regarding REBOA utilization is increas-
ing but has been limited to large case series. Brenner et al
published the first modern day case series in the USA report-
ing on use of the 12 French system on six patients from two
level 1 trauma centers.! REBOA placement resulted in a mean
increase in the BP of 55 mmHg and no hemorrhage-related
mortality. Moore et al published the first comparison of
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REBOA as an alternative to RT for non-compressible truncal
hemorrhage arising below the diaphragm and demonstrated
an improved overall survival and fewer early deaths due to
hemorrhage in patients undergoing REBOA.° The American
Association for the Surgery of Trauma Aortic Occlusion for
Resuscitation in Trauma and Acute Care Surgery registry
has published similar findings, with a trend toward improved
survival in patients undergoing REBOA compared with
RT. The survival benefit is most pronounced in patients not
undergoing cardiopulmonary resuscitation at the time of
aortic occlusion. Additionally, REBOA was found to result
in a more consistent improvement in hemodynamic stability
compared with RT.

The duration of occlusion remains an important factor
when considering deployment of a REBOA device. Animal
data have suggested that inflation time of 30 minutes at
Zone 1 are well tolerated but 60 minutes of Zone 1 occlu-
sion results in significant physiologic derangements that
preclude any potential benefit.?® With a goal of <60 minutes
of occlusion in Zone 1 and ~90 minutes in Zone 3, rapid
access to definitive trauma/vascular surgical management
is critical. The goal of REBOA is to improve survival, not
prolong time to death. There exists the potential to expand
this window of time with the use of partial REBOA, though
further studies are necessary to define this technique and
its exact parameters. Partial occlusion of the aorta can be
achieved by not inflating the balloon to the point of aortic
occlusion.?!'#

Outside of the USA, REBOA has also become a favor-
able option in the Japanese EDs, including implementing
training on REBOA for emergency medicine (EM) residents
as part of their education requirements prior to gradua-
tion.”? The Japanese REBOA experience differs somewhat
from the REBOA experience in the USA. While surgeons
are involved in REBOA deployment, many of the REBOA
deployments in Japan are performed by EM physicians
having additional training in interventional radiology.
Another significant difference from the US practice is that
the Japanese uniformly place REBOA in Zone 1 regardless
of the pattern of injury. Sato et al published a case series of
24 patients in which REBOA was placed in four Japanese
EDs that did not have immediate access to a trauma sur-
geon. In this series, the median balloon inflation time was
65 minutes at Zone 1 with a 50% mortality rate at 24 hours.
Five of the 12 survivors at 24 hours experienced complica-
tions, including one case of mesenteric ischemia, one case
of lower extremity ischemia, and three cases of REBOA
inflation in patients with thoracic aortic injuries.?* Kunitatsu

et al performed a retrospective review of 44 hemorrhagic
shock patients who underwent emergency laparotomy for
intra-abdominal hemorrhage over a 6-year period at a single
center. Of these patients, 19 underwent REBOA during
initial resuscitation to control massive intra-abdominal
hemorrhage. Balloon inflation resulted in a significant
improvement in SBP, with mean increase from 75t10
mmHg to 124122 mmHg and with an overall survival rate
of 77.3% and no complications associated with REBOA.%
In another large case series from Japan, Matsumura et al
reported on 109 REBOA cases from 23 centers. They noted
that survivors had a higher pre-occlusion SBP, earlier initial
arterial access, and shorter balloon inflation times.?® The
median time of arrival to arterial access was 25 minutes in
survivors vs 47 minutes in non-survivors. These findings
further emphasize the importance of rapid, accurate central
arterial access for patients undergoing REBOA, as discussed
previously. Achieving early arterial access with an 18-gauge
arterial line placed in the CFA allows for rapid upsizing to
a 7 or 12 French sheath for REBOA deployment. The dif-
ficulty in obtaining CFA access increases exponentially as
a patient’s hemodynamic status deteriorates.

With the advent of smaller, wire-free devices, the utiliza-
tion of REBOA in the combat casualty setting has increased.
Manley et al presented a case series of four wartime injured
patients with torso gunshot or fragmentation wounds, hemo-
peritoneum, and class IV shock that were cared for by a US
Air Force Special Operations Surgical Team in an austere
location.?” Three patients underwent Zone 1 deployment
and one patient underwent Zone 3 deployment. All patients
experienced an improvement in their SBP with balloon
inflation and there were no access or REBOA-related com-
plications. All patients survived to be transported to the next
echelon of care in stable condition. This was followed by a
larger military case series by Northern et al describing 20
military combat casualties with injuries from explosions and
gunshot wounds.?® All patients were in hemorrhagic shock
with mean initial heart rate of 129 bpm and mean initial SBP
of 71 mmHg. Aortic occlusion was achieved with REBOA
catheter placement in Zone 1 (n=17) and Zone 3 (n=2). SBP
increased to an average of 56 mmHg with aortic occlusion.
There were no access-related site complications and all 20
patients survived to achieve transport to the next level of care.

Pre-hospital use of REBOA has also recently been
described in the civilian trauma setting. The London Air
Ambulance Physician Paramedic Team described the first
civilian pre-hospital REBOA in a 32-year-old male that
had fallen 15 feet with an obvious pelvic fracture.”® Zone
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3 deployment resulted in improved hemodynamics and
the patient was transported to a trauma center where he
underwent angioembolization of the pelvis. He was subse-
quently discharged on hospital day 52. Recently, Lamhaut
et al described the first civilian pre-hospital Zone 1 REBOA
deployment by the Service d’ Aide Medicale Urgente in Paris,
France. This is a physician delivered pre-hospital service
that has experience performing extracorporeal life support
(extracorporeal cardiopulmonary resuscitation) in the field.*
They placed a Zone 1 REBOA in a female patient undergoing
CPR with presumed abdominal hemorrhage. The balloon
was inflated within 17 minutes of physician arrival on the
scene and the patient was in the operating theater within 36
minutes of balloon inflation. The patient survived her initial
resuscitation but was found to have metastatic cancer and
transitioned to palliative care. The authors noted that it is
“imperative that REBOA is developed within a system that
can rapidly transport to definitive repair”.*

One of the challenges of REBOA placement in the pre-
hospital setting is the lack of imaging capability to confirm
REBOA position prior to balloon inflation. Wessels et al
recently described the experimental use of radiofrequency
identification to determine REBOA placement in a perfused
cadaver model.’! Ogura et al described their protocol for using
ultrasound to determine REBOA catheter placement using
a wire-based system in conjunction with radial arterial line
monitoring.*? The authors have limited anecdotal experience
with using ultrasound to visualize the balloon inflated in
Zone 3 but ultrasound visualization of Zone 1 placement is
technically challenging.

REBOA utilization in non-traumatic

hemorrhage

The non-traumatic hemorrhagic shock patient is another
potential arena that has yet to be further explored with regard
to endovascular aortic occlusion. Recent promising data out
of a single center case series of eleven patients in hemorrhagic
shock at a large tertiary care center in the USA describes suc-
cess in placing this device in patients with non-trauma-related
intra-abdominal hemorrhage.** Of the eleven patients, 64%
were in arrest due to hemorrhage prior to REBOA place-
ment. The primary causes of intra-abdominal hemorrhage
were reported to be massive upper gastrointestinal tract
bleeding and ruptured visceral aneurysms. Despite the high
proportion of patients in arrest, the in-hospital survival rate
was 64% and there were no REBOA-related complications
reported. Shigesato et al reported successful use of REBOA
in resuscitating a patient in cardiac arrest from hemorrhagic

shock due to a duodenal ulcer bleed.** Despite receiving 20
minutes of CPR prior to return of spontaneous circulation,
this patient survived and was discharged without neurologi-
cal deficit on hospital day 31. These examples open the door
for potential expansion of indications for REBOA in other
patient populations.

A recent article by Dogan et al in Sweden demonstrates
the potential for REBOA in non-traumatic cardiac arrest
patients.* Though this was a small animal model study, it
raises the hypothesis of the utility of Zone 1 occlusion in
augmenting arterial pressure, similar to an intra-aortic bal-
loon pump, and improving cardiac and cerebral perfusion
pressures during cardiac arrest resuscitation. Identifying the
appropriate patient population (minimal downtime, arrest
due to ventricular fibrillation, age qualifications, etc) will
be critical to implementing this in the non-traumatic cardiac
arrest patient. This would require the support of a tertiary
center and resuscitation specialists with the capability of
performing percutaneous coronary intervention during arrest
and/or initiating extracorporeal membrane oxygenation.?>*¢

The utilization of REBOA in the management of peri- and
post-partum hemorrhage is being reported with increased
frequency. With peri- and post-partum hemorrhage remaining
a major cause of maternal and fetal death worldwide, utiliz-
ing a device that limits hemorrhage prophylactically, intra-
operatively or post-partum, could be life-saving and reduce
the large volume blood transfusions currently necessary in
certain high-risk deliveries. These scenarios include placenta
percreta, placenta accreta, and placenta previa. Prophylactic
insertion of iliac artery occlusion balloons has been described
in the setting of elective cesarean section for woman with
malignant placental implantation. However, occlusion at the
level of the common iliac artery does not occlude the ovarian
arteries, which arise directly off of the infra-renal abdominal
aorta. Studies by Ordonez et al and Sun et al demonstrate
the feasibility of using REBOA prophylactically in cesarean
section patients with adherent placentas and the potential to
decrease blood loss during these high-risk procedures.’”
Currently, a much-needed prospective randomized trial is in
the planning stages to examine prophylactic abdominal aortic
occlusion in patients with placenta accrete.>

Another element that has been mentioned in the obstetrics
literature and might be applicable to other medical and trauma
scenarios, is the use of aortic occlusion in patients who opt
out of blood transfusions, like seen with many Jehovah’s
Witnesses.* Expansion of REBOA application into areas
with limited availability of blood products could be poten-
tially life-saving. However, austere environments and less
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developed health care systems have their own challenges,
such as lack of access to surgeons with vascular expertise
needed to address potential complications. Therefore, avail-
able resources in addition to cost must be considered when
implementing a novel device like REBOA. Though further
data are necessary to define the proper indications for
implementation of REBOA in the non-trauma patient, the
aforementioned literature shines light on a promising future.

Complications and pitfalls of REBOA

A variety of complications related to REBOA utilization
have been reported in the literature. Ischemia secondary to
prolonged balloon inflation, aortic or iliac artery rupture or
dissection, arterial vascular thrombosis, pseudoaneurysm
formation, and limb amputation have all been reported. As
expected, more vascular complications have been observed
with the larger 14 or 12 French systems but complications
have occurred with the 7 French systems as well. Taylor et
al described their experience with 48 patients who under-
went REBOA (38 with a 14 French system and 10 with a
7 French System).!* Of the 24 patients who survived until
removal of the 14 French sheath, 19 had primary repair of
the arteriotomy without vascular complication. The other five
patients required additional vascular procedures to repair the
arteriotomy and restore distal flow. Among these five patients,
two had inadvertent but incorrect insertion of the 14 French
sheath into the superficial femoral artery. There were no
vascular complications of sheath removal with the 7 French
system. No lower-extremity amputations were attributed to
REBOA in this series.

In arecent review by Ribeiro et al, REBOA-related com-
plications are described. Major complications of REBOA
catheter insertion are related to vessel injuries, including
aortic dissection, rupture, perforation, embolization, air
emboli, and peripheral ischemia.* Ordonez et al reported
their case series of 27 patients undergoing REBOA via a 10
French system. They reported an 18% incidence of REBOA-
related complications with three patients having arterial
access-related issues requiring open operative repair, and two
patients with visceral ischemia (gastric and right colon).*!
Saito et al reported on their experience with 24 REBOA
cases using a 10 French system from Japan. In this series,
a 12.5% complication rate was reported with three patients
requiring lower extremity amputations due to vascular access-
site complications.*? In another Japanese series, Matsumura
reported on 142 patients that underwent REBOA with
either a larger sheath (12—14 French) or smaller sheath (7-8
French). Two patients in the small sheath group developed

complications (one arterial dissection, one massive hema-
toma). Three patients in the large sheath group developed
complications with one patient developing arterial thrombus
and two patients developing distal ischemia requiring limb
amputation. As anticipated, fewer arterial complications are
being reported with the use of smaller, 7 French sheaths. A
Japanese case series by Teeter et al reported no access-related
complications in 33 patients undergoing Zone 1 REBOA via
a 7 French system.*

Because of the potential for major vascular complications
to occur, REBOA should be performed by a clinician trained
in REBOA with knowledge of the potential complications in
conjunction with an acute care surgeon or an interventional-
ist (vascular surgeon or interventional radiologist) trained in
REBOA. Additionally, in order to resolve possible vascular
complications, a vascular surgeon must be available. Identify-
ing these individuals is a critical component of implementing
a successful REBOA practice at any institution.

Skills and training for REBOA

Surgical exposure of the CFA is a skill needed for successful
use of REBOA should percutaneous access not be possible.
Early clinical experience demonstrates that almost half of
patients required surgical cut-down for access, although
subsequent series and increasing experience with percuta-
neous access is reducing this need.** EM physicians are
quite facile at percutaneous ultrasound-guided CFA cannu-
lation, which could negate the need for surgical cut-down.
The largest limitation for use of REBOA in the ED is lack
of definitive hemorrhage control. Due to the intolerance of
aortic occlusion for lengthy periods of time (particularly
at Zone 1), REBOA is not advocated unless surgical and/
or interventional resources are immediately available.*
Another relative limitation for use of REBOA in the ED is
the inability to repair complications, particularly those that
require immediate attention, if resources are not available
to provide the necessary assistance. It is more the location
where REBOA occurs, rather than the title or training of the
proceduralist, that is critical in assuring good outcomes for
these patients. The military experience, as well as some EM
physicians working with trauma teams in civilian trauma
centers, demonstrate that EM physicians can perform the
procedure with good outcomes as part of a surgical team
when hemorrhage control is immediately available.
Training courses are available for REBOA education
across the USA and abroad. As with any skills simulation
training, it is critical to learn from those with significant
clinical experience, particularly when endovascular and open

Open Access Emergency Medicine 2019:1 |

submit your manuscript 35

Dove


www.dovepress.com
www.dovepress.com

Osborn et al

Dove

surgical skills are not part of a physician’s routine practice.
Participation at any REBOA course does not confer institu-
tional credentialing to perform the procedure. In some high-
volume centers, completion of an accredited course is required
for acute care surgeons to apply for privileges,'® which has
shown to result in safe performance of the procedure and
continued use of REBOA in clinical practice.*’ EM physicians
who have taken the BEST course have also demonstrated
proficiency with REBOA in an advanced military system with
surgical support.?® Conversely, some institutions require no
formal training and have demonstrated safe use of REBOA by
acute care surgeons in environments with experienced surgical
leadership.”® Each institution is responsible for determining
requirements for clinical REBOA implementation.

Recommendations for “best case

scenario” use in EM

Optimal conditions for deployment of REBOA are a coordi-
nated team approach in trauma centers with readily available
access to trauma and vascular surgery. EM physicians are
well-suited partners in the management of hemorrhagic shock
given their expertise in ultrasound-guided vascular access,
emergent procedures, and advanced airway management.
Patients in hemorrhagic shock present a unique challenge
in obtaining adequate venous and arterial access; ultrasound
guidance is often a critical skill and early arterial access of
the CFA with an 18-gauge catheter in these patients can
prove to be a shrewd maneuver. The 18-guage catheter can
easily be upsized to a 7 or 12 French sheath. EM physicians
are adept with ultrasound-guided access making them ideal
partners in obtaining critical arterial access and placement
of a REBOA catheter in conjunction with the trauma surgeon
or even before the trauma surgeon arrives. This is especially
important in higher volume trauma centers where the trauma
surgeon may be temporarily encumbered. Additionally,
mass casualty situations would lend themselves to partner-
ing with EM physicians for initiation of a REBOA catheter
for temporary hemorrhage control while awaiting definitive
control. Patients in cardiac arrest are less ideal candidates
given limited experience by EM physicians with arterial cut-
down procedures when compared with trauma and vascular
surgeons. Patients requiring transfer out to another facility
for definitive hemorrhage control are not ideal candidates
due to the need for prolonged occlusion, especially in Zone
1. Additionally, lack of familiarity with REBOA of EMS
personnel or even receiving center personnel would also prove
to be prohibitive to placement of a REBOA catheter prior to
transfer. Doing so would require short transport times and

a comprehensive team of physicians competent in REBOA
catheter placement and management to be present during
all phases of the transfer process. A report from a mature,
coordinated system has described the implementation of a
REBOA program at outlying facilities where two patients
were transferred after REBOA; in one case, the physician
accompanied the patient to the tertiary care center in order
to manage the catheter and continue resuscitation.*” This
could likely only be accomplished in a very small number
of comprehensive trauma systems.

Conclusion

REBOA is a useful adjunct in the emergent management
of non-compressible truncal hemorrhage arising below the
diaphragm. The use of REBOA provides for temporary hem-
orrhage control and improved hemodynamics until definitive
surgical or endovascular hemorrhage control can be achieved.
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