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Purpose: There is increasing evidence in the literature regarding resuscitative endovas-
cular balloon occlusion of the aorta (REBOA) globally, but few cases have been reported
in Korea. We aimed to describe our experience of successful Zone III REBOA and to
discuss its algorithm, techniques, and related complications.

Methods: We reviewed consecutive cases who survived from hypovolemic shock after
Zone III REBOA placement for 4 years. We reviewed patients’ baseline characteristics,
physiological status, procedural data, and outcomes.

Results: REBOA was performed in 44 patients during the study period, including
10 patients (22.7%) who underwent Zone III REBOA, of whom seven (70%) survived.
Only one patient was injured by a penetrating mechanism and survived after cardio-
pulmonary resuscitation. All patients underwent interventions to stop bleeding imme-
diately after REBOA placement.

Conclusions: This case series suggests that Zone III REBOA is a safe and feasible proce-
dure that could be applied to traumatic shock patients with normal FAST findings who
receive a chest X-ray examination at the initial resuscitation.

Keywords: Trauma; Trauma centers; Shock, hemorrhagic; Intra-aortic balloon
occlusion

INTRODUCTION

The first case of the intra-aortic balloon catheter occlusion in a trauma case was de-
scribed in 1954; however, this technique was not widely utilized until recent years [1].
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With advances in endovascular techniques, resuscitative
endovascular balloon occlusion of the aorta (REBOA) is
becoming a procedure of choice for many trauma sur-
geons. REBOA can be used for non-compressible torso
hemorrhage in patients with hypovolemic shock. It is
known to preserve cerebral and cardiac perfusion, in ad-
dition to decreasing distal hemorrhage. Aortic clamping
with emergency thoracotomy has been used for the same
purpose, but it carries the risk of tissue damage and a high
morbidity rate [2,3].

Generally, the accepted indication of REBOA is
life-threatening hemorrhage below the diaphragm in in-
jured patients who are in an unresponsive or transiently
responsive state of shock. Furthermore, REBOA is in-
dicated for patients with cardiac arrest due to suspected
torso hemorrhage, but there is lack of evidence regarding
the recommended duration of arrest and the benefits of
REBOA compared with thoracotomy [4]. An aortic bal-
loon can be inflated at the distal thoracic aorta (Zone I)
or the distal abdominal aorta (Zone III) depending on the
injury site. Zone IIT REBOA is indicated for patients with
severe pelvic, junctional, or proximal lower extremity
hemorrhage. In addition, Zone III REBOA can be inflated
for a longer time with fewer complications than Zone I
REBOA.

In Korea, the first case of REBOA for a trauma victim
was reported in 2015, and since then, several trauma
centers have implemented this procedure [5]. In 2015,
Incheon regional trauma center implemented instru-
ments and a protocol for REBOA, leading to its practice
by surgeons after simulation-based training. Our first case
was that of a patient with profound hypovolemic shock
due to hemoperitoneum and pelvic fracture in December
2015. We then performed REBOA in 24 cases during the
next 4 years, as described in a previously published article
[6]. Recently, a pioneering group of surgeons at Dank-
ook University in Korea have developed an endovascular
training for REBOA as a basic course, with guidance re-
garding its implementation at domestic trauma centers [7].

In this report, we describe our experience of successful
deployment of Zone III REBOA and its possible indica-
tions. In addition, we discuss the outcomes of REBOA, its
technical aspects, appropriate algorithms, and complica-
tions.
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METHODS

Patients

We reviewed a case series of consecutive trauma patients
who survived hypovolemic shock after Zone III REBOA
deployment and proper interventions to stop bleeding be-
tween January 2016 and December 2019. Patients whose
REBOA position was changed (Zone III to I, Zone I to III)
were excluded from this study. We reviewed patients’
baseline characteristics and physiological status, including
the initial and the lowest systolic blood pressure (SBP),
SBP after REBOA inflation, heart rate, initial fluids, blood
transfusion, time course, and complications related to
the procedure. Laboratory data such as hemoglobin, pH,
lactate, and base deficit were collected, and trauma scores
were calculated with known formulas. Gachon University
Institutional Review Board (approval number: 2018-037)
waived the requirement to obtain informed patient con-
sent because we used only existing materials and docu-
ments. Data were collected and processed anonymously.

Zone lll

Fig. 1. Division of aortic Zones regarding resuscitative endovascular
balloon occlusion of the aorta.
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REBOA candidates and details of the procedure

To identify traumatic shock patients who were candi-
dates for REBOA, shock was defined as SBP <90 mmHg,
a shock index >1.3, or base excess >5. Patients in shock
who did not respond to the initial resuscitation with a
liter of crystalloid and two units of red blood cell (RBC)
transfusion, or with impending cardiac arrest, were con-
sidered candidates for REBOA. Contraindications for the
procedure included cardiac arrest for more than 10 min-
utes, mediastinal widening, and cardiac tamponade. The
institutional indications for REBOA were initially agreed
upon, but not formally defined, and the trauma surgeon
in charge made the decisions.

The aortic Zones were defined as Zones I, II, and III in
craniocaudal succession (Fig. 1). Zone I is at the descend-
ing thoracic aorta between the origin of the left subclavian
and celiac arteries. Zone II is at the para-visceral aorta
from celiac arteries to the lowest renal artery and Zone
III at the abdominal aorta between the lowest renal artery
and the aortic bifurcation. Zone I was preferred in most
cases of profound shock and impending cardiovascular
collapse. Zone III was recommended in patients with a

Table 1. Clinical characteristics
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pelvic injury or junctional femoral injury without thora-
co-abdominal injury. We avoided Zone II in all circum-
stances due to severe splanchnic ischemia after balloon
inflation.

Trained trauma surgeons inserted all of the aortic oc-
clusion balloons without radiological assistance. A 7-Fr
or 12-Fr sheath was inserted into the common femoral
artery, and its size was selected depending on the balloon
catheters available. During the study period, two kinds
of balloon catheters were available. The CODA balloon
catheter (Cook Incorporated, Bloomington, IN, USA) is
an over-the-wire 12-Fr device with a balloon volume of
60 mL, while the RESCUE balloon catheter (Tokai Medi-
cal Products, Aichi, Japan) is a smaller device (7 Fr) with a
compliant balloon up to 40 mL. There was a written pro-
cedure protocol, and some trauma surgeons in Incheon
regional trauma center participated in REBOA and en-
dovascular training courses in Korea; however, initially,
only a few trained surgeons could perform the procedure.
Incheon regional trauma center started a training course
for vascular and endovascular skills for trauma surgeons
in 2017, and since then, all trauma surgeons have been

Patient 1 2 3 4 5 6 7
Age 20 44 73 20 33 45 62
Sex Male Male Female Female Male Female Male
Mechanism of injury Fall Fall MVC Fall Stab Fall MVC
Injury severity score (ISS) 35 27 26 22 16 38 16
Cardiac arrest before REBOA No No No No Yes No No
FAST o) S Q) S Q) S 0
Initial SBP (mmHg) 60 103 60 59 0 143 80
Lowest SBP (mmHg) 60 48 52 43 0 50 60
Increased SBP after REBOA (mmHg) 68 72 36 29 40 49 36
Initial pH 739 72 728 70 705 732 72
Initial base deficit 4.8 19 19 15 203 94 18
RBC transfusion within 4 hours (unit) 10 19 10 8 20 5 12
FFP transfusion within 4 hours (unit) 5 3 8 4 8 0 8
RBC transfusion within 24 hours (unit) 16 26 21 8 20 7 12
FFP transfusion within 24 hours (unit) 16 17 17 8 14 3 12

REBOA: resuscitative endovascular balloon occlusion of the aorta, FAST: focused abdominal assessment for trauma, MVC: motor vehicle collision,

SBP: systolic blood pressure, RBC: red blood cell, FFP: fresh frozen plasma.
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capable of performing REBOA.

RESULTS

During the study period, REBOA was performed in
44 patients, including cardiac arrest patients. Zone III
REBOA was performed in 10 patients (22.7%), of whom
seven (70%) survived profound hypovolemic shock. The
clinical characteristics of the patients are displayed in
Table 1. Only one patient was injured by a penetrating
mechanism and this patient experienced pulseless electri-
cal activity in the trauma bay. The mean age and injury
severity score (ISS) were 45.4 years and 25.7, respectively.
Focused abdominal assessment for trauma (FAST) find-
ings were negative in all patients. The SBP increased after
REBOA insertion from 29 mmHg to 72 mmHg. All pa-

Table 2. Procedure-related data and outcomes
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tients received more than five units of RBC transfusion in
the first 4 hours after admission.

REBOA-related characteristics and outcomes are shown
in Table 2. We used a 12-Fr balloon catheter in one pa-
tient and for each of the others, we used a 7-Fr balloon
catheter. The mean time of REBOA deployment from
emergency department arrival was 30.5 minutes. The
major source of bleeding was pelvic bone fracture in five
patients and junctional vascular injury in two patients. In
one patient, we performed preperitoneal pelvic packing
(PPP) to control bleeding and angioembolization was
performed in two patients. Both PPP and angioemboliza-
tion were performed in two patients, and direct surgical
vascular repair in the operation room was performed in
two patients. There was one procedure-related compli-
cation, which was femoral artery thrombosis after sheath
removal. The patient underwent immediate surgical

Patient 1 2 3 4 5 6 7
Balloon catheter (Fr) 12 7 7 7 7 7 7
Source of bleeding Pelvis Pelvis Pelvis Pelvis Femoral vessels Pelvis Femoral vessels
Interventions after REBOA PPP PPP AE PPP Surgery AE Surgery

AE AE
Complications No AKI No No No No No

SSl
Procedure-related complications  CFA thrombosis No No No No No No
Outcomes Survive Survive Survive Organ donation Survive Survive Survive
Amputation

REBOA: resuscitative endovascular balloon occlusion of the aorta, PPP: preperitoneal pelvic packing, AE: angioembolization, AKI: acute kidney injury,

SSI surgical site infection, CFA: common femoral artery.

CFA

Thrombus

TR

Suspicious puncture

A site

DFA

Fig. 2. (A) Operative findings of right
¥ femoral artery thrombosis in patient #1.
(B) Open calcaneal fracture of the right
ankle in patient #1. CFA: common fem-
oral artery, DFA: deep femoral artery,
SFA: superficial femoral artery.
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thrombectomy, but the patient was discharged later after
below-knee amputation (Fig. 2). A large profile balloon
and sheath were used in this patient. All patients survived
and were discharged after proper management except one
who died after organ donation due to severe traumatic
brain injury.

DISCUSSION

In this report, we described the characteristics and out-
comes of patients who underwent a ‘pure’ Zone III
REBOA procedure. Our findings suggest that Zone III
REBOA could be applied to traumatic shock patients with
normal FAST findings who receive a chest X-ray at the
initial resuscitation phase. This could be safer and more
feasible than Zone I REBOA.

REBOA algorithm and selection of the target zone

Most algorithms recommend femoral artery access or
REBOA for hypotensive (SBP <90 mmHg) patients with
partial or no response to initial fluid or blood product
resuscitation [8,9]. However, definitions of hemodynam-
ic instability and available resources vary considerably
across trauma centers. Therefore, algorithms should be
tailored to the available resources and expertise at individ-
ual centers [10]. For example, expert vascular surgeons or
interventional radiologists can perform REBOA in a few
minutes, but a surgeon with less experience may experi-
ence delays in definitive procedures such as laparotomy,
pelvic packing, and embolization. In that case, resusci-
tative thoracotomy-aortic cross clamping (RT-ACC) or
rapid transportation to the operation room could be a
life-saving procedure. The more the hemodynamic status
deteriorates, the more difficult common femoral artery
access becomes. Therefore, achieving early access with a
smaller arterial line and upsizing to larger sheath for RE-
BOA placement can be beneficial [11]. For this reason, the
recommended algorithm at Incheon regional trauma cen-
ter involved early access for partial responders with a 4-Fr
sheath and upsizing (if needed during arterial monitor-
ing), and direct 8-Fr sheath placement for non-respond-
ers. In the future, a low-profile balloon, training course
development, and prehospital usage of REBOA could
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enhance the indications for this procedure and change the
algorithm [12,13].

The inflation of the balloon in the three zones has been
illustrated clearly in many studies, and most authors
recommend two possible zones in the aorta for balloon
inflation [8,14]. Zone I placement is indicated for patients
with FAST or CT-positive abdominal injuries, while Zone
III is recommended for patients with hemorrhage due to
pelvic injuries or junctional vascular injuries. Generally,
algorithms recommend FAST and pelvic X-rays to select
the proper occlusion zone in traumatic shock patients
[4,15]. Zone II occlusion was avoided because the viscer-
al arteries supplying the gastrointestinal tract, liver, and
kidney originate there. In theory, Zone I occlusion still
permits collateral or retrograde perfusion of the abdom-
inal viscera. This makes Zone I occlusion the preferred
zone in the initial phase [16]. Some authors argue that
Zone III REBOA provides only minimal hemodynamic
support when compared to Zone I REBOA. For this rea-
son, Zone I REBOA should be performed initially in trau-
matic shock patients to prevent circulation collapse [17].
However, Zone I occlusion can cause widespread organ
ischemia, placing a limitation on the occlusion time. In
contrast, Zone III balloon placement can effectively re-
duce bleeding from pelvic fractures or junctional vessels,
while minimizing the ischemic burden. In addition, it is
relatively easy to perform technically. Although this study
presents a small case series, Zone IIIl REBOA was feasible
and safe for isolated pelvic and junctional hemorrhages.

Outcomes after REBOA

Aortic occlusion (either REBOA or RT-ACC) provides
several beneficial effects in patients experiencing pro-
found shock. These procedures elevate the central arterial
pressure and improve the cerebral and myocardial perfu-
sion rates. In addition, active bleeding below the occlusion
point decreases. Several studies have compared RT-ACC
with REBOA and reported that REBOA showed similar
beneficial effects and improved survival with fewer com-
plications [18,19]. Therefore, in patients without cardiac
arrest, REBOA is more appropriate as the intervention of
choice. Although increasingly many studies have inves-
tigated REBOA utilization, solid evidence of its survival
benefits is lacking. A recent systemic review showed a



significant rise in blood pressure and a survival rate of
approximately 40% with patients in shock, although most
data were obtained from case reports or observational
studies [20]. In the future, the results of combined pro-
spective data collection by the American Association for
the Surgery of Trauma registration (AORTA), the Euro-
pean registry (ABOT), the Japanese registry (DIRECT-IA-
BO) and the UK-REBOA randomized controlled trial will
report data on the indications, outcomes, and complica-
tions of REBOA [20]. Therefore, the Korean Society of
Traumatology should establish a proper REBOA registry,
which will eventually be included in the global registry in
the future as well.

Procedure-related complications

In our series, one patient experienced a procedure-relat-
ed complication (common femoral artery thrombosis).
We suspected that this complication was a consequence
of improper puncture of the femoral artery and use of
a large bore (1-Fr) sheath. The patient underwent be-
low-knee amputation during admission, but we could not
confirm whether this procedure was directly related to
the thrombotic complication because there was a severe
open fracture of the ankle. The most common causes of
complications were vascular injuries during arterial access
and sheath positioning, which occurred in 30% of cases
with larger devices [9,21,22]. Therefore, we recommend
using an ultrasonography (USG)-guided puncture tech-
nique for vascular access in REBOA. In addition, previous
studies have revealed that a low-profile catheter, such as a
7-Fr sheath, led to fewer access-related complications de-
spite the longer duration of sheath placement [12,23]. In
summary, an appropriate arterial access technique such as
USG-guided puncture and low-profile balloon utilization
could minimize catheter-related complications. Other
complications related to perfusion after REBOA include
acute kidney injury (AKI), leg ischemia with embolism,
multiple organ failure, and reperfusion syndrome [9].
Some studies have suggested that Zone I occlusion for
over 60 minutes could result in significant organ dam-
age, such as acute tubular necrosis and spinal cord injury
[24,25]. In contrast, several studies have suggested that
partial, intermittent Zone III REBOA could minimize
such complications [24,26-28]. Therefore, we recommend
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intermittent or partial REBOA to avoid complete occlu-
sion of the aorta for over 60 minutes and the appropriate
usage of Zone III REBOA. In this series, one patient suf-
fered from AKI requiring dialysis, but the patient fully
recovered without sequelae during admission.

Limitations

First, we could not compare cases of traumatic hypo-
volemic shock with or without REBOA to evaluate the
outcomes. Second, because we collected data retrospec-
tively, it was difficult to document all data related to the
procedures. In particular, the durations of inflation and
deflation were not always recorded accurately. We are
now trying to establish a prospectively collected registry
for REBOA. Third, before training courses were offered
for trauma surgeons, only some surgeons were able to
perform REBOA, suggesting that more patients were
candidates for REBOA. Therefore, there was an obvious
selection bias.

CONCLUSION

REBOA is a beneficial adjunct for hypovolemic traumatic
shock patients with torso hemorrhage. Of particular note,
Zone III REBOA is more feasible, safer, and easier to per-
form than Zone I REBOA in selected cases. Algorithms
that properly describe indications and zone selection
should be confirmed by well-designed research in the fu-
ture.
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