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Abstract

Purpose of Review Hemorrhagic shock remains a major
cause of potentially preventable death in civilian and mil-
itary trauma. Balloon occlusion of the aorta has emerged as
a viable technique to address non-compressible torso
hemorrhage. The purpose of this review is to describe the
current state of translational and clinical data on REBOA
and help define its role in modern trauma algorithms.
Recent Findings Recent findings suggest that REBOA is
feasible in many clinical areas including prehospital.
Robust animal data define a reasonable safety profile and
current clinical data suggest that there are subset(s) of
patients who may benefit from REBOA over traditional
EDT and/or in conjunction with other resuscitation
measures.

Summary Although enthusiasm for the technique may
have outpaced high-quality clinical data, ongoing efforts
through multicenter trials seek to identify the ideal clinical
scenario for REBOA. We also discuss future translational
and clinical series for the next generation of REBOA.
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Introduction

Hemorrhagic shock (HS), in particular non-compressible
torso hemorrhage (NCTH), remains the major cause of
potentially preventable death among the severely injured in
both civilian and military settings [1]. In civilian literature,
hemorrhage accounts for the largest proportion of mortality
occurring within the first hour of trauma center care with
NCTH accounting for 60-70% of mortality despite other-
wise survivable injuries [2]. Modern wartime data describe
that NCTH is the leading cause (50%) of potentially sur-
vivable injuries [3]. As NCTH is not amenable to direct
pressure control, it is particularly lethal [4-7].

Initial efforts toward hemorrhage control are paramount,
a combined lesson learned between the military and
civilian trauma community. In the civilian setting, cam-
paigns similar to the American College of Surgeons
Committee on Trauma ‘Stop the Bleeding’ program [8]
teach the importance of direct pressure and tourniquet use
to prevent exsanguination. The military ‘buddy aid’ acro-
nym has changed from ABC (airway, breathing, circula-
tion) to ‘X-ABC’—attention to controlling exsanguinating
hemorrhage is the initial goal [9]. This change is supported
by current statistics. Military data collected between 2002
and 2009 reported 1570 vascular injuries, 40% of which
were associated with major vascular injuries [10].
Tourniquet use has improved survival in this group with
reported overall survival up to 87%, with few complica-
tions; however, the use of tourniquets leaves the problem of
junctional hemorrhage unsolved [11].

Proximal vascular control in the setting of NCTH must
be gained via thoracotomy, laparotomy, or from an
extraperitoneal approach. In the setting of pelvic hemor-
rhage, pre-peritoneal packing of bleeding may be effective
and is well described [12, 13]. These options for addressing
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central and junctional bleeding in a patient in extremis
remain a challenge. Resuscitative thoracotomy has a high
mortality rate, due largely to the nature of the injuries
leading to arrest [14—19]. Access to the abdominal aorta
through a transabdominal or extraperitoneal approach also
carries a high morbidity [20]. The above maneuvers to
control bleeding are also best done in the controlled
operative setting and attempts to perform these in the
emergency room or prehospital will be met with failure
without the immediate availability of surgical or inter-
ventional resources [21].

Resuscitative endovascular balloon occlusion of the
aorta (REBOA) has emerged as a technique to stabilize
patients in hemorrhagic shock by temporarily occluding the
aorta. The described technique refers to the placement of a
temporary occlusive balloon in the aorta via a common
femoral artery approach, allowing proximal coronary and
cerebral perfusion while preventing downstream hemor-
rhage [22, 23]. It serves as an alternative to aortic clamping
or compression via a thoracotomy or laparotomy. REBOA
can provide total or partial occlusion of the aorta either just
above the diaphragm (Zone I, Fig. 1) or above the iliac
bifurcation (Zone III, Fig. 2) depending on the presumed
location of hemorrhage. The balloon catheter is inserted
through a sheath placed in the common femoral artery
(CFA) via ultrasound, blindly, or by surgical cut-down.
Contraindications to REBOA include suspected major
cardiac, pulmonary, or vascular injury above the dia-
phragm, all of which may require direct access to the chest
for appropriate management, particularly in the setting of
arrest.

In cases of traumatic cardiac arrest, or peri-arrest
physiology, open thoracotomy provides the access to per-
form open cardiac massage during resuscitation. Patients
who arrest secondary to penetrating thoracic trauma still
require an emergency department thoracotomy (EDT) with
aortic cross-clamp, as REBOA offers no ability for treat-
ment, and occluding the descending aorta may worsen
proximal hemorrhage. In the case of penetrating thoracic
trauma, REBOA placement may worsen bleeding at sites
proximal to the balloon. In some centers, REBOA has
replaced resuscitative thoracotomy for other than signifi-
cant thoracic trauma. Benefits of this approach include the
ability to perform CPR continuously during REBOA
placement, especially in light of recent data supporting
closed chest CPR as equivalent to open chest CPR at
improving markers of resuscitation [24, 25]. Recent data
suggest that REBOA may in fact have superior survival
benefit to thoracotomy in select patients [26].

Statement of the Problem

The use of a balloon to occlude the aorta for traumatic
bleeding was conceptualized very early in trauma, with the
first documented use being Lieutenant Colonel Carl
Hughes in the Korean War [27]. He reported the use of an
intraaortic balloon occluder in 2 critically injured soldiers.
He postulated that intra-abdominal aortic tamponade would
improve coronary perfusion to improve shock in the

Fig. 1 Zone 1 ER-REBOA™ prior to balloon inflation. Confirmation
X-ray confirms catheter placement at the distal thoracic aorta
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Fig. 2 Zone 3 ER-REBOA™ placed for refractory hypotension
status post transpelvic GSW
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moribund patient and noted in his series that earlier use
would have likely led to improved outcomes. Although
both patients died, blood pressure was temporarily restored
in one case. There were no further reports in the trauma
literature until the 1980s, when several clinical case series
for hemorrhagic shock were described. Low et al. descri-
bed the use of a Percluder balloon in 15 trauma patients (23
total patients, 5 ruptures AAA, 3 others) in comparison to
the military antishock trousers (MAST). Of the 9 patients
with vital signs present at the time of occlusion, 100%
showed an improvement in blood pressure and allowed
time for volume replacement. One trauma survivor later
died of ischemic complications after 90 min of aortic
occlusion. Overall survival was 26% and re-established
feasibility of the technique for hemorrhage [28]. Gupta’s
series a year later reported intraaortic balloon occlusion in
21 patients in hemorrhagic shock from penetrating wounds.
The technique was successful at occlusion and restoration
of blood pressure in 20 patients, and there were 7 long-term
survivors [29].

Enthusiasm for the technique was little at the time, other
than for vascular surgery applications. In the mid-1990s,
the initial case series on endovascular repair for ruptured
abdominal aortic aneurysms (rAAA) were published.
Aortic occlusion became the first step in the management
of rAAA and advances in technology greatly promulgated
the technique which has now become standard of care.
Despite advancing technology, the primary use of AO
occurred in the fluoroscopy suite. It was not until decades
later that military and civilian collaboration led to a
resurgence of interest and adaptation of the tools and
technique to make AO a “bedside” procedure [30, 31].

Translational Data to Support Clinical Use
of REBOA

Preclinical translational research supporting the use of
REBOA in the 2000s supported growing clinical enthusi-
asm [32e¢, 33]. It had been recognized since 1985 that
coronary blood flow was augmented during CPR with the
addition of aortic occlusion [34]. In a dog model of CPR
and ventricular fibrillation arrest, Spence et al. displayed
that cerebral blood flow improved by 100% and blood
pressure improved by 130% with the addition of aortic
balloon occlusion [35]. This data were confirmed by Sesma
et al. in swine, with aortic balloon occlusion shown to
increase end tidal CO2 (ETCQO?2), cerebral and coronary
perfusion significantly during CPR [36].

Driven by a clinical gap on the battlefield [6, 37],
translational work leads to the description of the REBOA
technique and the proposed clinical algorithms for its
application [38¢]. White et al. were the first to describe the

use of REBOA in a swine model of NCTH [32]. Using a
swine model of class IV shock, groups were randomized to
balloon aortic occlusion, thoracotomy and aortic clamping,
or no occlusion. Both groups with aortic occlusion showed
improved cerebral and coronary perfusion as well as cen-
tral blood pressure, but the balloon occlusion group also
showed less acidosis, improved lactate, and required less
fluid and inotropic support (epinephrine) than the open
aortic clamping group. The establishment of a reliable
swine shock model led to further translation data on
REBOA [39]. In particular, the landmark work of Stannard
et al. in 2011 [40] that both described the technique as an
adjunct for hemorrhagic shock and also provided a clinical
algorithm to follow, as well as describing the zones of
aortic occlusion that further all clinical and training algo-
rithms have referenced. Markov et al., in the same model,
showed a significant lactic acidosis, renal injury, and liver
necrosis after 90 min of balloon occlusion in shock as
compared to 30 min. Although all parameters recovered to
baseline after resuscitation, these data supported the rec-
ommendations to keep occlusion time under 90 min [41].
Avaro et al. compared 40 and 60 min occlusion times in a
swine model of uncontrolled splenic hemorrhage, showing
improved survival from shock and decreased fluid resus-
citation requirements (saline) with aortic balloon occlusion.
All animals in the 40-min group survived, but 75% of the
animals in the 60-min group died upon balloon deflation/
reperfusion, suggesting a cumulative metabolic insult over
prolonged occlusion times [37]. Scott et al. performed
balloon occlusion over 60 min in a pure hemorrhage swine
model with acceptable results as well, but this work
included a new device. Comparing a fluoroscopy-free
balloon device to a traditional aortic occlusion balloon (and
a 7Fr vs. 14Fr sheath), all animals displayed improved
blood pressure and survival. Of note, lactate peaked 45 min
after balloon deflation, consistent with a reperfusion phe-
nomenon, but normalized over the following 48 h of care
during the protocol [38].

Recognizing the potential for ischemia with prolonged
inflation times, intermittent occlusion was compared to
complete occlusion in another swine model of hemorrhage,
a model that included a laparoscopic liver injury. This
protocol also incorporated modern damage control prac-
tices, including damage control surgery and whole blood
resuscitation. Both intermittent and complete occlusion
produced higher blood pressure than controls (no occlu-
sion) and had improved survival (75% for complete, 68.5%
for intermittent) over controls (100% mortality) [32]. There
were no differences noted in metabolic burden (pH, lactate)
between complete and intermittent occlusion. This study
was also the first to look at the inflammatory burden of
REBOA. Although significantly increased from baseline in
both groups, no differences were seen between intermittent
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and complete occlusion for TNF-alpha, IL-6, or IL-8 in this
group. Although no significant differences were noted
between techniques, it was recognized that the physiologic
and metabolic burden of 60 min occlusion time was ame-
liorated (recovered to baseline) by the addition of a modern
damage control resuscitation strategy. In a separate study,
IL-6 was noted to significantly rise from baseline in the 60-
and 90-min occlusion time points [33].

REBOA has also been evaluated in the setting of life-
threatening venous injury (common iliac vein injury). The
REBOA group showed an improvement in blood pressure,
and survival increased from 4 min in controls to over
40 min with REBOA despite equivalent blood loss. It was
concluded from this work that REBOA is effective at
extending the survival time and perhaps allowing for
definitive surgical bleeding control in the setting of major
venous injury [42]. Current animal models of TBI and
polytrauma with REBOA as a resuscitation adjunct have
shown preserved cerebral blood flow without exacerbating
progression of brain injury [43]. Proximal and distal aortic
occlusion (Zone 1 vs. Zone 3) has been investigated in
swine over a 60 min occlusion time, revealing no statistical
difference in mortality or spinal complications—though
spinal cord-related mortality was noted to be 12.5% in both
groups [44]. REBOA has also been investigated in animal
models for safety during CT imaging [45] and in flight/
medical evacuation [46].

As described above, balloon occlusion in excess of
90 min has been associated with liver and renal dysfunc-
tion. Endpoints evaluated in the lab thus far have included
physiologic variables (HR, BP) and basic chemistries (e.g.,
Lactate, LDH, AST, and Creatinine). While this informa-
tion is illuminating, it is far from a comprehensive meta-
bolic, proteomic, inflammatory, or immune analysis.
Ongoing collaborative protocols between the University of
Maryland Shock Trauma Center and military research
teams in San Antonio aim to shed light on the ideal dura-
tion of aortic occlusion, looking specifically and mesenteric
vascular flow (Doppler) over variable durations of occlu-
sion (up to 6 h). Additional outputs include comprehensive
inflammation assessment, assessment of coagulopathy,
markers of endothelial damage, markers of neurologic and
spinal dysfunction, and histological analysis to include
brain, lung, kidney, and liver tissue for evidence of
ischemia necrosis [47]. Data from this work should shed
light on underlying metabolic insult of REBOA and the
ideal time points for aortic occlusion as, currently, the
acceptable maximum time for aortic occlusion in humans
remains unknown [48-50].

@ Springer

Clinical Series

There is a growing body of clinical evidence that REBOA,
as an adjunct to ‘buy time’ to definitive surgical
hemostasis, may improve outcomes including survival. The
first clinical series at a large civilian trauma center came
from the University of Maryland Shock Trauma Center and
University of Texas at Houston in 2013, with a series of 6
patients described [49¢]. These patients—4 blunt and 2
penetrating—were treated with REBOA, 3 with zone 1
occlusion and 3 with zone 3 occlusion. In this series, there
was a mean increase in systolic blood pressure of
55 mmHg over a mean occlusion time of 18 min. There
were no reported hemorrhage-related deaths and no
REBOA complications. Although this series was per-
formed at a high-volume center with experts in the tech-
nique and was a small series, this demonstrated that the
technique was feasible in the civilian setting.

A four-year clinical series, from 2011 to 2015, reported
REBOA use in 31 patients at another high-volume trauma
center. Balloon occlusion also resulted in a median
increased systolic blood pressure of 55 mmHg and spon-
taneous return of circulation in 60% of patients who had
arrested. Early death from hemorrhage was reported at
28%, and only 2 patients expired prior to operative inter-
vention could be attempted [50].

In another combined effort of the 2 early institutional
adopters of REBOA, the concept of ‘buying time’ to
definitive surgical bleeding control was demonstrated, with
increased survival to emergency department to the OR
(mortality in ED, OR, ICU for thoracotomy vs. REBOA:
62.5 vs. 16.6%, 8.3 vs. 12.5%, and 19.4 vs. 33.3%). While
the thoracotomy statistics are comparable to historical
values (9.7%), overall survival was significantly higher at
37.5% for the REBOA group [22].

While REBOA in the United States has become familiar
to larger centers, international use has been established for
some time. The Japanese National inpatient database was
reviewed for REBOA use between 2010 and 2014, com-
paring REBOA outcomes to thoracotomy within 24 h of
admission, excluding penetrating injury. Analyzing 259
patients, no differences were identified in outcomes
including mortality, transfusions, ICU length of stay, ven-
tilator free days, or cost [51]. Saito et al. described a
clinical series out of Tokyo including 24 patients under-
going REBOA for pelvic fracture or intra-abdominal
bleeding with hemodynamic instability. They noted a sur-
vival of 30%. Of the survivors, 3 vascular complications
(one iliac injury and 2 limb ischemia cases) went on to
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require amputation. This series describes REBOA as fea-
sible but requiring further safety evaluation [52]. The rel-
ative complication of limb ischemia compared to mortality
remains a point of discussion.

Further data from the Japanese data bank were analyzed
to look at the hazard ratio of REBOA placement. In this
series of over 45,000 patients, 452 received REBOA within
24 h of admission. This group had a higher ISS and higher
mortality (ISS 35 vs. 13, Mortality 76 vs. 16%). After
propensity matching, these authors conclude that REBOA
is associated with a higher likelihood of death compared to
a matched trauma population who did not receive it. This
conclusion however may reflect the lower morbidity of use
(as compared to thoracotomy) and its use as a ‘salvage’
maneuver in extreme cases [53].

REBOA has also been successfully demonstrated in the
emergency room and ICU setting in Japan. In a series of 25
patients (16 trauma and 9 non-trauma) REBOA was
achieved in 22 cases, with an improvement in blood
pressure parameters, and reported survival of 20% at 24 h
and 12% at 60 days, with no reported complications. This
series demonstrated the technical feasibility of REBOA in
non-surgical settings [54].

Several significant differences exist in the use of
REBOA in Japan compared to our own use in the US. The
original data, some of which described limb loss as a
complication (Saito et al.), were gathered in patients who
received REBOA with larger in-dwelling sheaths which
were managed differently. Intra-thoracic hemorrhage is not
a contraindication to REBOA in Japan, and some patients
received AO as a last ditch effort in resuscitation. The
devices used even today are slightly different requiring a
guide wire for placement, and the practitioners are all EM
doctors performing REBOA in the ED.

Military data from the UK were reviewed to identify
casualties that could potentially benefit from REBOA. Over
a 10-year dataset, 18.5% of casualties were determined to
have a potential indication for REBOA placement, and
within this group there were 145 prehospital deaths
(n = 174). The median time to death in this cohort was
75 min, making an argument for early, perhaps even pre-
hospital consideration for REBOA placement [55]. The
concept of prehospital REBOA is not new, as the London Air
Ambulance Services is credited with successful placement of
the first prehospital placement of REBOA [56]. However, it
is important to recognize differences in local and regional
trauma systems when interpreting international data. In the
UK, for example, prehospital care is often delivered by
emergency physicians or anesthesiologists, versus para-
medic equivalents in the US. In Japan, trauma volume is
lower as is the availability of in-house trauma surgeons, and
there is broad use of endovascular and other non-surgical
techniques in the ICU and emergency room settings [57].

These regional differences must be accounted for when
interpreting the above datasets.

Many major trauma centers in the US have begun to train
and utilize the technique within institution-specific guideli-
nes and protocols. Clinical data are currently being collected
and reported both within institutions as well as in multi-
institutional collaborations such as AORTA (the Aortic
Occlusion for Resuscitation in Trauma and Acute Care
Surgery) working group [58¢]. All adult patients treated with
resuscitative aortic occlusion via open or endovascular
means in the acute phases after injury, patients with transient
or refractory hypotension (SBP < 90) with fluid in the
abdomen or pelvic fracture, or those deemed by the attending
surgeon to benefit from aortic occlusion are included in the
study. In the most recent analysis of this dataset, including 46
REBOA and 68 open procedures, hemodynamic improve-
ment was noted in 62.3% of cases (67.4 REBOA vs. 61.8%
open), but a significantly higher number in the REBOA
group achieved a stable blood pressure for over 5 min (47.8
vs. 27.9% open). To date, there are no other statistical dif-
ferences between groups, with comparable mortality (Open
vs. REBOA 83.8 vs. 71.7%, p = 0.120) and neurologic
outcomes between groups. Complications have been
acceptable, with vascular/access complications between 2
and 5% (50% of access was via open cut-down, the vast
majority of those in patients in arrest without a palpable
femoral pulse), and no limb-threatening ischemia or need for
vascular bypass in the REBOA groups.

Increasing enthusiasm for REBOA outside of the trauma
arena has led to its widespread use, and case reports are
emerging more frequently describing its use in post-partum
hemorrhage [59, 60] as a bridge to uterine artery
embolization. The largest series includes 36 patients with
100% survival and no major complications [61]. It has been
used during caesarian section and gynecological pathology
[62-64], as an adjunct to control retroperitoneal bleeding
[65], oncologic surgery [66], hepatobiliary surgery [67],
gastrointestinal bleeding [68], and of course abdominal
aneurysmal disease [69, 70].

Atlarge-volume trauma centers, with REBOA experience
and expertise, it takes an average of 6.6 min to obtain
endovascular aortic occlusion [58¢]. CFA access remains the
primary challenge, and current recommendations for access
are both institution and patient specific and practitioner
dependent. Current options include percutaneous and open
CFA access, with confirmation of intraaortic placement via
plain X-ray, ultrasound [71], manual confirmation (during
exploratory laparotomy), fluoroscopy, or without image
confirmation [72].

Vascular complications remain a significant concern and
one of the hurdles to widespread adoption. A single-insti-
tution experience reported by Taylor et al. [73] examined a
5-year dataset, with 48 cases. 38 patients underwent
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occlusion via a 14Fr sheath and 10 via a 7Fr system. Of the
survivors, 19 required arterial repair and none required
repair in the 7Fr group. No amputations were required.
Another series examined 33 patients with Zone 1 REBOA
placement in a Japanese clinical dataset. All access was
percutaneous, with placement of a 7Fr sheath and an
average sheath dwell time of 28 h in survivors. No com-
plications were related to sheath insertion or removal in
this group, nor were any complications identified upon
follow-up [74]. Of note, in this series 30/33 REBOA
catheters were placed by emergency medicine physicians.
It has been demonstrated in a preclinical model that pre-
hospital providers can, without prior training, learn and
perform REBOA. Four US Special Operations medical
personnel demonstrated safe access and reasonable proce-
dural competency for REBOA placement in a perfused
cadaver model after undergoing a basic didactic and hands-
on training session [75]. There is general agreement that
arterial complications from REBOA (distal embolus, dis-
section flaps, pseudoaneurysms, distal ischemia, etc.) be
addressed expeditiously in consultation with vascular sur-
gery colleagues.

A recent case series of prehospital military REBOA
supports the potential use in the far forward environment
[76¢]. The series describes four cases by a surgically cap-
able forward resuscitation team, with placement by both
surgeons and emergency providers. Two patients suffered
fragmentation gunshot wounds, one with hemoperitoneum
and one in severe (Class 4) shock. REBOA was placed via
ultrasound-guided arterial access with 3 balloon inflations
in zone 1 and one in zone 3. In all cases, blood pressure was
restored allowing for initiation of whole blood resuscitation
and performance of emergent surgical bleeding control.
Balloon ischemia time ranged from 18 to 60 min. All
patients survived transfer to the next level of care and there
were no reported REBOA complications. A case report of
the first REBOA placed in combat in Afghanistan has been
submitted for publication (authors own work). This case
reports the use of REBOA for proximal bleeding control, as
an adjunct to buy time to obtain definitive surgical control
in a case of a transpelvic gunshot wound and sacral plexus
injury. This patient survived to hospital discharge. He did
suffer gluteal necrosis after pelvic embolization, which
required flap coverage. It is unlikely that this was related to
the brief duration (5 min) of aortic occlusion.

The Next Evolution of Aortic Occlusion
With the concurrent trends in broad clinical usage and the
technologic improvements in REBOA, and the ability of

the technique to be used outside of major trauma centers,
including the prehospital setting, broadening of the
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indications and usage can be expected. As discussed above,
the creation of a lower profile, wire-free device compatible
with a 7Fr sheath has facilitated placement in the prehos-
pital and far forward setting [38¢]. FDA approval of the
ER-REBOA™ device and expansion of indications in
April 2017 to include fluoroscopy-free confirmation will
continue to promote the use of the device in other settings
[77]. A military-funded, Industry-sponsored multi-institu-
tional grant has begun at several high-volume centers to
investigate the use of the newly approved device. It is
currently available in 100 level 1 trauma centers in the US
(ref: personal communications).

Ongoing preclinical research on partial occlusion and vari-
able occlusion REBOA and industry support of the technical
aspects of a ‘smart balloon’ show tremendous promise. It is
understood that prolonged balloon inflation, while good for
hemorrhage control, can create unacceptable ischemia distally
with prolonged use. Additionally, there are cases in the litera-
ture illustrating the potential catastrophic effect of proximal
aortic and carotid hypertension created with aortic occlusion
[78]. Intermittent deflation of the balloon has been successful in
the lab [79]. Partial occlusion ()REBOA) seems protective—in
animal studies—against the aortic overpressure phenomenon.
In one swine study of hemorrhagic shock after induced coag-
ulopathy, blood loss and survival between compete and pRE-
BOA were similar, but complete occlusion led to extreme
MAPs and prolonged supra-physiologic carotid blood flow,
where partial occlusion preserved these parameters at physio-
logic levels [80+]. Additionally, rebound hypotension, duodenal
ischemia (on histology), and serum lactates were all improved
with pREBOA versus complete occlusion.

pREBOA has been described clinically as well [81],
with staged deflation of the balloon after definitive surgical
control of bleeding, conceptually decreasing the ischemia
reperfusion burden of occlusion while avoiding the supra-
physiologic pressures created proximally [82]. The dura-
tion of AO may be prolonged with intermittent partial AO
as described by investigators at Travis Air Force Base [80e,
81], but the question of the ideal techniques to prolong use
is still being deciphered.

A hybrid variable occlusion technology has been
developed utilizing an extracorporeal circuit interfaced
with the endovascular balloon, with automatic feedback
used to variably control balloon/aortic wall pressure.
Translational work has demonstrated the ability to regulate
proximal aortic pressure while simultaneously preserving a
physiologic degree of distal blood flow [83]. Theoretic
advantages of this technology clearly include prevention of
distal ischemia, but can also alleviate concerns for pro-
gression of traumatic brain injury [43]. Admittedly, how-
ever, the role of balloon aortic occlusion in the setting of
TBI is poorly understood. Current research projects,
through military and civilian partnerships, are evaluating
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the utility of variable aortic occlusion in prolonged field
care scenarios. Conceptually, a casualty on the battlefield
could have an automated aortic balloon placed that would
be able to maintain a physiologic balance between hem-
orrhage and ischemia, while awaiting evacuation, for up to
72 h [84]. The addition of better prehospital imaging (In-
frared and automated ultrasound) to assist with arterial
access and combining variable occlusion technology with
distal and proximal drug delivery designed to preserve
preload and afterload, as well as reduce ischemic burden,
are all current considerations in REBOA research and
funding.

Conclusion

Despite widespread enthusiasm, REBOA is an evolving
technique. Preliminary data suggest that there are sub-
set(s) of patients who may benefit from REBOA over tradi-
tional EDT and/or in conjunction with resuscitation
measures. FDA approval of the ER-REBOA™ has
undoubtedly expanded the use of REBOA. Many of the
current clinical questions may be answered in the future with
maturation of databases such as AORTA. For many trauma
and acute care surgeons, REBOA represents a promising
option for the treatment of the very real, common, and life-
threatening problem of NCTH. It is best considered another
tool in the armamentarium of the trauma surgeon and as such
will rely on the individual skill, resources, training, and
experience of the trauma team to save lives.
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