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M anagement of patients with exsanguinating torso
hemorrhageVthat is, noncompressible hemorrhage in the

chest, abdomen, or pelvisVis challenging. The fate of the patient
with potentially survivable injuries depends on the surgeon’s
timely and effective action and the availability of necessary
resources (e.g., an operating room [OR] and staff, blood prod-
ucts, equipment, and supplies). The current approach is to per-
form emergency surgery with the occasional use of resuscitative
thoracotomy (RT) in the emergency department (ED) with de-
scending aortic clamping for patients in extremis. Recent clini-
cal reports of resuscitative endovascular balloon occlusion of
the aorta (REBOA) have led to discussions about changing
paradigms in the management of patients with exsanguinating
torso hemorrhage.1,2 In fact, some have suggested there is a role
in patients with massive hemorrhage from solid organ injuries3

or even in the prehospital arena.4Although it is clear thatREBOA
will and should play a more prominent role in trauma care, a
rational and evidence-based approach is in order.

HISTORICAL PERSPECTIVE

The history of intra-aortic balloon occlusion (IABO) dates
back to the Korean Conflict.5 In 1954, Lt. Col. Carl W. Hughes
gave a presentation on hemorrhage control in the Course on Re-
cent Advances in Medicine and Surgery at Walter Reed Army
Medical Center.6 In it, he described the use of IABO catheters
in two moribund patientsVboth of whom diedVand specu-
lated that earlier use might prove beneficial to more patients.
Whether due to lack of familiarity with the technique, the poten-
tial for mesenteric and spinal ischemia, concerns for technical
complications, or the unfortunate outcomes of the patients, the
use of such catheters was not widely adopted in either the
military or the civilian world. In the 1970s and 1980s, the groups
from Detroit Receiving Hospital7 and Denver General Hospital8

described the performance of RTwith descending aortic clamp-
ing in the setting of massive hemoperitoneum. It was suggested
that limiting subdiaphragmatic hemorrhage, and redistributing
blood flow to the myocardium and the brain, might avoid car-
diovascular collapse and improve survival. This was arguably a
more straightforward technical exercise than IABO catheter

placement and gained widespread acceptance. A subsequent re-
port from Brooklyn advocated IABO over RT as an ‘‘effective,
comparatively easy, and versatile method for proximal control.’’9

But perhaps because of the high complication rate (35%) re-
ported by Gupta et al.9Vone case of paraplegia, four cases of
the catheter exiting from an aortic injury, and three cases of
femoral arterial thrombosis among 23 patientsVthis technique
never supplanted RTwith aortic clamping as a salvage maneu-
ver for patients in extremis after abdominal trauma. Recent pre-
clinical and clinical reports by the military have reinvigorated
discussion of the use of REBOA in a variety of scenarios as an
alternative to RT.1,10Y12 A small series described six successful
cases of REBOA deployment in a variety of clinical situations
in Houston and Baltimore.2 This trial garnered a great deal of
attention and has led to enthusiasm for learning and applying
the technique in civilian centers. Indeed, the current authors
(W.L.B., C.J.F., E.E.M.) have all attended training courses.
However, it seems that REBOA is prematurely being promoted
for broad use. A Joint Theater Trauma System Clinical Practice
Guideline was created in June 2014 for use by the U.S. mili-
tary; it indicated that REBOA be considered as an alternative
to RT in the setting of extrathoracic blunt or penetrating injury
and severe shock, including prehospital cardiac arrest.13 Ano-
ther group has suggested that REBOA might be used in the ci-
vilian prehospital arena.4 And recently, a group from Japan
reported a protocol in which they placed REBOA, performed
angioembolization of solid organ injuries, and transfused an
average of 3.7 L of blood in the course of ‘‘successful
nonoperative management.’’3

It is important that this new technique be evaluated ri-
gorously and transparently before widespread adoption.14 A
current multicenter study of the American Association for the
Surgery of Trauma is collecting data on patients who undergo
aortic occlusion by means of thoracotomy, REBOA, or laparo-
tomy (LAP) with aortic cross-clamping to compare outcomes.
This study is likely to provide valuable information on the per-
formance and outcomes in various scenarios, but it will be some
time before we see published data from the trial. Furthermore,
as designed, the study is unlikely to provide definitive guidance
on the optimal means of torso hemorrhage control. As a pro-
spective observational study, there will be inherent patient se-
lection and procedure selection biases and potentially poorly
matched subgroups. We submit that the primary maneuvers (RT,
REBOA, and LAP) are complementary and doubt that any one
approach will prove to be a panacea. It is our opinion that the
most appropriate means of torso hemorrhage control must be
tailored to the clinical situation.

CURRENT OPINION
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PROPOSED MANAGEMENT ALGORITHM
FOR CONTROL OF EXSANGUINATING

TORSO HEMORRHAGE

Based on the available evidence, we propose an algo-
rithm for torso hemorrhage control (Fig. 1). The primary
maneuver is determined based on the patient’s condition and
the likely primary source of hemorrhage, as determined by
clinical assessment, focused abdominal sonographic examina-
tion for trauma (FAST), chest x-ray (CXR), and pelvic x-ray.
In the following discussion, the reader is directed to the grid
created by hemodynamic conditions (A, B, C, D) and area of
primary hemorrhage (1, 2, 3).

Prehospital Cardiopulmonary Resuscitation
Patients who arrive at the ED with cardiopulmonary re-

suscitation (CPR) in progress (Fig. 1, column A) should undergo
RT in the ED, as long as the duration of CPR does not exceed
15 minutes for penetrating thoracic trauma, 10 minutes for blunt
trauma, or 5 minutes for nontorso penetrating trauma.15 Failure
to attain a systolic blood pressure (SBP) more than 70 mm Hg
after aortic clamping is a marker of futility.

Thoracic Hemorrhage
Patients in hemorrhagic shock after penetrating thora-

cic trauma (Fig. 1, row 1) will generally require emergent thora-
cotomy. A discussion of optimal incisions is beyond the scope of
this article; the reader is referred to a recent ‘‘Critical Decisions’’
algorithm promulgated by the Western Trauma Association.16

One exception is the patient with thoracoabdominal trajectory.
In this case, rapid determination of the cavity with predominant
blood loss (abdominal vs. thoracic) and exclusion of pericardial
blood using CXR and FAST guide one to the correct body cavity
in the correct order.17

The patient in extremis, that is, SBP less than 60 mm Hg
(Fig. 1, 1B), should have prompt RT in the ED because

cardiovascular collapse is imminent. In this scenario, intra-
thoracic hemorrhage can be directly controlled and the de-
scending thoracic aorta can be occluded above the diaphragm
to redistribute blood flow to the myocardium and the brain. The
deployment of REBOA in the setting of thoracic hemorrhage is
not appropriate and potentially dangerous because it could
exacerbate hemorrhage from thoracic great vessels. The patient
with SBP between 60 and 80 mm Hg needs emergency tho-
racotomy (Fig. 1, 1C). The decision to perform this in the ED
versus the OR is a matter of debate and partly driven by insti-
tutional capabilities. A Western Trauma Association multicen-
ter trial found that patients undergoing emergent thoracotomy
for penetrating chest trauma had significantly better survival if
the thoracotomy was performed in the OR compared with the
ED.18Despite the selection bias in that trial, it seems reasonable
to proceed immediately to the OR if it is available. If the SBP is
more than 80 mm Hg, the patient should be taken to the OR
immediately for thoracotomywithout attempts to further increase
the blood pressure (Fig. 1, 1D).

Abdominal Hemorrhage
Abdominal trauma with hemorrhagic shock (Fig. 1,

row 2) is a clear indication for emergent LAP. In the patient in
extremis, RT with descending thoracic aortic occlusion limits
subdiaphragmatic hemorrhage before LAP and direct hemor-
rhage control (Fig. 1, 2B). An unanswered question is whether
REBOA can be deployed as safely and as rapidly as RT. The
35% complication rate reported by Gupta et al.9 is germaine, as
RTVdespite the unfavorable conditions under which it is typi-
cally performedVhas a remarkably low procedure-related mor-
bidity.8,19,20 At this time, it is our opinion that RT in the ED is
preferred; however, local expertise and experience with the
procedures may favor REBOA deployed in Zone I of the aorta
(Fig. 2). This should be studied in a controlled trial.

Patients with SBP 60 to 80 mm Hg may be best served by
immediate transfer to the OR for LAP and direct hemorrhage

Figure 1. Algorithm for torso hemorrhage control. EDT, emergency department resuscitative thoracotomy.
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control (Fig. 1, 2C). This avoids delays and procedure-related
complications. In a level I or II trauma center with immediate
OR availability, this should take only the time it takes for the
surgeon to make a decision. Of note, however, Paul et al.21 found
that, in their level I trauma center, mortality from intra-abdominal
vascular injury did not improve between the periods 1970 to 1981
and 1996 to 2007 despite in-house trauma surgeons. The authors
did not report time to LAP, so it is unclear whether more rapid
transfer to OR for LAP, or the use of RTor REBOA, could have
improved outcomes (of note, the authors had no patients who
underwent RT either in the ED or OR before LAP). It is likely
that, to make any progress in improving outcomes, hemorrhage
control must happen as quickly as possible. Indeed, Remick
et al.22 analyzed all deaths occurring within the first 4 hours in
the Pennsylvania Trauma Outcomes Study. They found that
5% of the cohort died within 23 minutes and 50% had died by
59 minutes. The intervals were even shorter in the setting of
penetrating trauma or hypotension. The authors suggest that
more rapid transfer to OR is imperative to salvage patients, but it
also raises the question whether RTor REBOA in the ED would
be beneficial.

In a setting that includes inherent delay to LAP (e.g., a
lower-level trauma center), aortic control in the ED could prove
lifesaving. This may prove to be an ideal situation for REBOA,
which could temporize life-threatening bleeding while preparing
for definitive care. This should be studied in a controlled trial.
Patients with an SBP more than 80 mm Hg should proceed to
OR without attempts to further increase the blood pressure until
direct control of hemorrhage is achieved (Fig. 1, 2D).

Pelvic Hemorrhage
Patients with exsanguinating hemorrhage from pelvic

fractures (Fig. 1, row 3) have continued to present complex chal-
lenges to trauma surgeons. Despite unified algorithms streamlining

multidisciplinary care, mortality has remained high.23 Pelvic
packing can be successful in limiting transfusion requirements
and the need for angioembolization.24 Transfer of patients to the
interventional radiology suite for angioembolization is only
appropriate when other sources of major hemorrhage have been
excluded, as ongoing hemorrhage in an uncontrolled environ-
ment can be disastrous. It seems that REBOA deployed in Zone
III (Fig. 2) may prove to be the optimal means of immedi-
ate hemorrhage control in the patient with pelvic fractures in
hemorrhagic shock (Fig. 1, 3B and 3C).25Moreover, the arterial
catheter allows performance of arteriography in the OR, obvi-
ating the need for transport to interventional radiology.

Figure 2. Aortic zones related to REBOA. Zone I extends from the origin of the left subclavian artery to the celiac artery and is a
potential zone of occlusion. Zone II extends from the celiac artery to the lowest renal artery and is a no-occlusion zone. Zone III
exists from the lowest renal artery to the aortic bifurcation. REBOA in this zone may provide particular utility for instances of pelvic
and junctional femoral (contralateral) hemorrhage. Reproduced with permission from Lippincott, Williams & Wilkins. Source:
Stannard A, Eliason JL, Rasmussen TE. Resuscitative endovascular balloon occlusion of the aorta (REBOA) as an adjunct for
hemorrhagic shock. J Trauma 2011;71:1869Y1872.

Figure 3. Revised Denver Health Medical Center (DHMC)
algorithm for the management of hemodynamically unstable
patients with mechanically unstable pelvic fractures. ATLS,
advanced trauma life support.
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At our institution, we have revised our algorithm for the
management of hemodynamically unstable patients with me-
chanically unstable pelvic fractures (Fig. 3). A recent case illus-
trates some advantages of this approach. A 60-year-old woman
was critically injured in a motor vehicle crash. She was initially
taken to a rural level IV trauma center, where she was diagnosed
with an unstable pelvic fracture. A computed tomography scan
at that facility demonstrated traumatic lumbar hernia and first
lumbar vertebral body fracture but no intra-abdominal hem-
orrhage. Of note, computed tomography also revealed a right
common femoral artery injuryVa finding that altered the ap-
proach and warrants consideration in cases of blind insertion
of REBOA. She was transferred by helicopter to our institution,
requiring blood transfusion en route to maintain perfusing blood
pressure. On arrival, her SBP dropped to 50 mmHg. A REBOA
was rapidly inserted via the left common femoral artery, and
blood pressure immediately normalized (Fig. 4, A and B). The
patient was quickly transferred to the OR where she underwent
pelvic packing and external fixation.26The REBOA balloon was

deflated, and the patient underwent pelvic arteriography in the
OR using fluoroscopy (Fig. 5A). There was no pelvic arterial
bleeding, but the right common femoral arterial injury was
visualized (Fig. 5B). The femoral artery was repaired (Fig. 6),
along with other necessary extremity procedures.

Our recommended algorithm for aortic occlusion (Fig. 1)
represents a ‘‘straw man’’ approach for level I trauma centers.
Approaches should be tailored to the resources and expertise
available at individual centers. In the expert hands of Brenner
et al.,2 REBOA can be placed in 6 minutes. However, a sur-
geonwho is less facilewith the techniquemust honestly appraise
his or her skills and available resources before deciding to un-
dertake REBOA versus RT versus LAP in the patient in shock
caused by abdominal or pelvic hemorrhage. The use of smaller-
diameter catheters and fluoroscopy-free insertion techniques
may well facilitate the rapid and safe placement of the catheter.27

At this time, we recommend against broad application of REBOA
in the absence of data demonstrating a favorable benefit-risk
profile. To that end, we propose the following future research
questions:

1. Is there a role for REBOA in the setting of thoracic trauma?
2. If thoracic injury can be excluded with reasonable cer-

tainty, should REBOA replace RT in the setting of blunt
trauma arrest?

3. How does REBOA compare with RT for the patient in ex-
tremis with abdominal trauma?

4. How does REBOA compare with RT for the patient in ex-
tremis with pelvic trauma?

5. Does REBOA offer benefit in a patient with severe shock
(SBP, 60Y80 mmHg) after abdominal trauma or should LAP
be undertaken without delay?

6. Does REBOA offer benefit in a patient with severe shock
(SBP, 60Y80 mm Hg) after pelvic trauma or should pelvic
packing/external fixation/angioembolization be undertaken
without delay?

7. Do new low-profile devices offer significant advantages in
terms of improving the risk-benefit profile of REBOA,
allowing more rapid deployment and potentially fewer
vascular complications?

Figure 4. (A) Plain x-ray in ED demonstrating REBOA balloon
inflated in REBOA Zone III. (B) Patient with pelvic binding
device secured and REBOA catheter in place in left common
femoral artery.

Figure 5. (A) Pelvic arteriogram did not reveal any pelvic arterial contrast extravasation. (B) Right common femoral arteriogram
confirmed arterial dissection.
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8. Who should be performing REBOA? What should be the
standards for training, credentialing, and competency?
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Figure 6. Repair of right common femoral artery. Anterior
external fixation device is in place, REBOA has been removed,
and the left common femoral artery has been repaired.
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