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Purpose: Hemorrhagic shock is the leading cause of death in trauma patients world-
wide. Resuscitative endovascular balloon occlusion of the aorta (REBOA) is a technique 
used to improve the hemodynamic stability of patients with traumatic shock and to 
temporarily control arterial hemorrhage. However, further research is required to de-
termine whether REBOA with cardiopulmonary resuscitation (CPR) in near-arrest or 
arrest trauma patients can help resuscitation. We analyzed trauma patients who un-
derwent REBOA according to their CPR status and evaluated the effects of REBOA in 
arrest situations. 
methods: This study was a retrospective single-regional trauma center study conducted 
at a tertiary medical institution from February 2017 to November 2019. We evaluated 
the mortality of severely injured patients who underwent REBOA and analyzed the fac-
tors that influenced the outcome. Patients were divided into CPR and non-CPR groups.
results: We reviewed 1,596 trauma patients with shock, of whom 23 patients under-
went REBOA (1.4%). Two patients were excluded due to failure and a repeated attempt 
of REBOA. The Glasgow Coma Scale score was lower in the CPR group than in the non-
CPR group (p=0.009). Blood pressure readings at the emergency room were lower in 
the CPR group than in the non-CPR group, including systolic blood pressure (p=0.012), 
diastolic blood pressure (p=0.002), and mean arterial pressure (p=0.008). In addition, 
the mortality rate was higher in the CPR group (100%) than in the non-CPR group (50%) 
(p=0.012). The overall mortality rate was 76.2%. 
Conclusions: Our study suggests that if REBOA is deemed necessary in a timely 
manner, it is better to perform REBOA before an arrest occurs. Therefore, appropriate 
protocols, including pre-hospital REBOA, should be constructed to demonstrate the 
effectiveness of REBOA in reducing mortality in arrest or impending arrest patients.
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INTRODUCTION

Hemorrhagic shock is the leading cause of potentially 

preventable death in trauma patients worldwide [1,2]. 

Resuscitative endovascular balloon occlusion of the aorta 

(REBOA) is a technique for improving the hemodynamic 

stability of patients with traumatic shock, maintaining 

brain and coronary artery perfusion, and temporarily 

controlling arterial hemorrhage [3,4], This procedure can 

also be used as an alternative to resuscitative thoracotomy 

[5]. A recent report discussed the use of REBOA in trau-

ma patients and concluded that REBOA is a technically 

feasible method of rapid aortic occlusion for the resusci-

tation of patients experiencing hemorrhagic shock due to 

abdominal or pelvic bleeding [6,7].

REBOA is extremely time-dependent and has limited 

indications due to complications such as distal ischemia 

and mortality. Nonetheless, in the event of traumatic 

hemorrhagic shock, the appropriate application of RE-

BOA can play an important role in proceeding to the next 

stage of treatment [8].

However, REBOA is not yet included in the standard 

care of most hospitals, as no clear mortality benefits have 

yet been shown. Further research is required to determine 

whether REBOA with cardiopulmonary resuscitation 

(CPR) in a near-arrest or arrest situation can help with 

resuscitation in trauma patients [9,10].

Therefore, in this study, we analyzed trauma patients 

who underwent REBOA according to their CPR status 

and analyzed the effects of REBOA in arrest situations. 

We hypothesized that there would be a difference in the 

need for REBOA depending on the urgency of trauma 

patients.

METHODS

This retrospective study was conducted from February 

2017 to November 2019 at a single regional trauma center 

belonging to a tertiary medical institution in the Republic 

of Korea. Our study was approved by the Institutional 

Review Board (CR319152). 

Population
We used the registry of Yonsei University Wonju Sev-

erance Christian Hospital to examine data on trauma 

patients during the study period with Abbreviated In-

jury Scale (AIS) codes 4 and 5 who underwent REBOA. 

The patients were divided into two groups (CPR and 

non-CPR) for a comparative analysis. The CPR group 

comprised patients with arrest related to trauma who 

received CPR, while the non-CPR group included their 

counterparts who did not receive CPR. Demographic 

data, Glasgow Coma Scale (GCS), the Injury Severity 

Score, systolic blood pressure (SBP), diastolic blood pres-

sure (DBP), mean arterial pressure (MAP), mechanism 

of injury, time to REBOA from injury and emergency 

room (ER) arrival, duration of REBOA, type of occlusion, 

diameter (Fr) of the catheter used, zone of REBOA, sub-

sequent procedures, time to the subsequent procedure 

from REBOA ballooning, complications, and mortality 

were obtained from the electronic medical records of the 

study patients. The GCS scores at the time of the ER visit 

were measured, and blood pressure (BP) was recorded at 

the point when the trauma surgeon decided to perform 

REBOA. The mechanisms of injury were classified as car 

traffic accidents (TA), motorcycle TA, pedestrian TA, 

falls, and crushing injuries. The subsequent procedures 

that patients underwent were classified as CPR, surgery, 

and angioembolization. In all cases in the CPR group, 

CPR was performed pre-hospital or within 10 minutes 

of arrival at the hospital.

REBOA
All cases collected were in-hospital cases. REBOA was 

performed based on the judgment of the trauma surgeon 

on duty when brain injury and chest injury were unclear 

upon the primary assessment and the patient’s BP was low 

(SBP ≤80 mmHg, MAP ≤60 mmHg). We used Reliant 

12-Fr and Rescue 7-Fr catheters, in all cases, the access site 

was the femoral artery. The REBOA zone was confirmed 

via X-ray and total or partial occlusion was performed 

depending on the patient’s condition. The duration of 

REBOA was measured from the first balloon inflation to 

the final deflation.
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Statistical analysis
For the comparison of trauma patients who underwent 

REBOA with or without CPR, the Student t-test was used 

for continuous variables, based on normal distribution, 

which was confirmed using the Shapiro-Wilk test, and 

the Fisher exact test was used to compare categorical 

variables. Analyses were performed using SPSS version  

25 (IBM Corp., Armonk, NY, USA).

RESULTS

Patient selection and characteristics
In total, 1,596 trauma patients with AIS 4 and 5 coding 

with shock were assessed, of whom 23 underwent REBOA 

(1.4%). Two patients were excluded due to failure and 

a repeated attempt of REBOA. The patient flowchart is 

summarized in Fig. 1. 

Twenty-one patients were eligible for this study. In the 

CPR group, eight patients were already receiving CPR at 

the time of ER arrival; six of them had experienced return 

of spontaneous circulation (ROSC) and immediately 

underwent REBOA. Three patients were in-hospital CPR 

cases after ER arrival. The reason for CPR was hemor-

rhagic shock in all cases. The GCS scores were significant-

ly lower in the CPR group than in the non-CPR group 

(p=0.009). The BP readings at ER arrival were lower in 

the CPR group, including SBP (p=0.012), DBP (p=0.002), 

and MAP (p=0.008). The rate of subsequent CPR was 

higher in the CPR group (45.5%) and the rate of surgery 

was significantly higher in the non-CPR group (90%) 

(p=0.035). In addition, the mortality rate was 100% in 

the CPR group, but was lower in the non-CPR group 

(50%) (p=0.012). The overall patient mortality rate was 

76.2%. All participants were blunt trauma patients, and 

those in the CPR group tended to have a shorter time to 

REBOA from injury and from ER arrival, but not to a 

statistically significant extent. The time from REBOA to 

the subsequent procedure for hemostasis was from 0 to 

40 minutes. In the case where the delay was 0 minute, the 

patient received REBOA during CPR, but CPR continued 

without ROSC. The other variables analyzed did not show 

significant between-group differences (Table 1). 

The reasons for REBOA and complications
The most common reason for REBOA was intra-abdom-

inal organ injury (n=10, 48%), followed by pelvic bone 

fracture (n=7, 33%), combined injury (n=3, 14%), and 

lower extremity injury (n=1, 5%) (Fig. 2). In the patients 

with intra-abdominal organ injury, the most commonly 

injured organ was the liver, followed by the inferior vena 

cava, mesentery, kidney, and unknown organs. All cases 

of combined injuries involved a pelvic bone fracture with 

intra-abdominal organ injury (Table 2).

Ischemic complications occurred in two patients, one 

with lower limb ischemia and one with bowel ischemia, 

Fig. 1. Flowchart of the study. REBOA: resuscitative endo-
vascular balloon occlusion of the aorta, CPR: cardiopul-
monary resuscitation.

1,596 trauma patients coding AIS 4, 5 with shock
REBOA=23 (1.4%)

Excluded 2;
Re-try 1
Failure 1

REBOA=21

Survival=0

CPR=11 Non CPR=10

Survival=5Non-survival=11 Non-survival=5
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Table 1. Characteristics of trauma patients according to CPR status

Total (n=21) CPR (n=11) Non-CPR (n=10) p-value

Gender 0.670

  Male 10 (47.6) 6 (54.5) 4 (40.0)

  Female 11 (52.4) 5 (45.5) 6 (60.0)

Age 51.65±18.67 55.09±17.64 48.20±19.73 0.409

GCS 6.38±3.74 3.55±1.80 9.20±5.37 0.009

ISS 29.73±13.44 25.45±9.74 34.00±20.52 0.251

SBP (mmHg) 58.92±12.36 39.73±28.36 66.10±8.63 0.012

DBP (mmHg) 23.42±13.82 9.64±6.84 37.20±19.05 0.002

MAP (mmHg) 35.09±14.39 25.27±18.21 44.90±10.56 0.008

Mechanism of injury 1.000

  In-car TA 6 (28.6) 3 (27.3) 3 (30.0)

  Fall 5 (23.8) 2 (18.2) 3 (30.0)

  Motorcycle TA 3 (14.3) 2 (18.2) 1 (10.0)

  Pedestrian TA 6 (28.6) 3 (27.3) 3 (30.0)

  Crushing injury 1 (4.8) 1 (9.1) 0 (0.0)

Injury to REBOA (minutes) 188.50±85.26 145.00±70.85 232.00±139.66 0.083

ER to REBOA (minutes) 48.54±37.88 19.27±10.25 77.80±45.50 0.059

REBOA to subsequent procedure (minutes) 16.66±12.15 15.82±13.14 17.50±11.15 0.757

Duration (minutes) 177.40±63.02 245.91±57.38 108.90±68.65 0.384

Caliber of catheter 0.837

  Reliant 12 Fr 9 (42.86) 6 (54.5) 3 (30.0)

  Rescue 7 Fr 12 (57.14) 5 (45.5) 7 (70.0)

Type of occlusion 0.387

  Total 13 (61.9) 8 (72.7) 5 (50.0)

  Partial 8 (38.1) 3 (27.3) 5 (50.0)

Zone of REBOA 1.000

  I 10 (47.6) 5 (45.5) 5 (50.0)

  II 2 (9.5) 1 (9.1) 1 (10.0)

  III 9 (42.9) 5 (45.5) 4 (40.0)

Following procedure 0.035

  Ongoing CPR 5 (23.8) 5 (45.5) 0 (0.0)

  Operation 14 (66.7) 5 (45.5) 9 (90.0)

  Angioembolization 2 (9.5) 1 (9.1) 1 (10.0)

Complication 0.214

  Yes 2 (9.52) 2 (18.2) 0 (0.0)

  No 19 (90.48) 9 (81.8) 10 (100.0)

In-hospital mortality 0.012

  Yes 16 (76.2) 11 (100.0) 5 (50.0)

  No 5 (23.8) 0 (0.0) 5 (50.0)

Values are presented as mean±standard deviation or number (%).
GCS: Glasgow Coma Scale, ISS: Injury Severity Score, SBP: systolic blood pressure, DBP: diastolic blood pressure, MAP: mean arterial pressure, TA: traffic 
accident, REBOA: resuscitative endovascular balloon occlusion of the aorta, ER: emergency room, CPR: cardiopulmonary resuscitation.
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both of whom died. In the patient with lower limb isch-

emia, the REBOA zone was III, and partial occlusion was 

performed with a Reliant 12-Fr catheter. In the bowel 

ischemia patient, the REBOA zone was I, partial occlusion 

was performed, and a Rescue 7-Fr catheter was used. The 

duration of REBOA was 350 and 320 minutes for the limb 

ischemia and bowel ischemia patients, respectively (Table 3). 

DISCUSSION

In our study, the variables that showed significant dif-

ferences between the CPR group and non-CPR group in 

trauma patients who underwent REBOA were GCS score, 

initial BP, the subsequent procedure, and mortality. The 

most common reason for REBOA was intra-abdominal 

organ injury. 

In this study, two cases of REBOA were excluded, one 

because of failure and the other because REBOA was 

re-attempted. In the case of failure, hemorrhagic shock 

due to traumatic aortic rupture was suspected and emer-

gency surgery was performed immediately after arrival at 

the hospital. At the same time as the operation, intraoper-

ative REBOA was performed for bleeding control, but the 

catheter was not maintained because continuous CPR was 

performed for resuscitation, and the occlusion failed. The 

case of re-attempted REBOA was a patient with hemor-

rhagic shock due to a pelvic bone fracture. Pre-peritoneal 

pelvic packing (PPP) was performed immediately after 

REBOA. The patient had stable BP, REBOA was removed, 

the patient was transferred to the intensive care unit (ICU), 

and a secondary elective operation was planned. Howev-

er, on the first day in the ICU, the patient showed signs 

of shock again. The patient underwent reinsertion of RE-

BOA, and a secondary emergency operation for bleeding 

control was performed; nonetheless, resuscitation failed, 

and the patient died.

The GCS score has a clear association with prognosis in 

trauma patients, and can clearly document and provide 

characteristics of the patient’s clinical status [11]. In fact, 

many researchers consider the GCS to be an essential tool 

in characterizing changes in a patient’s condition and in 

   Intra-abdominal 
organ injury (n=10)
   Pelvic bone fracture 
(n=7)
   Lower extremity 
injury (n=1)
   Combined (n=3)

Reason of REBOA

48%

14%
5%

33%

Fig. 2. Reasons for REBOA. REBOA: resuscitative endovascular balloon 
occlusion of the aorta.

Table 2. Reasons for REBOA

Reasons for REBOA Number

Intra-abdominal injury

Liver 4

IVC 2

Mesentery 2

Kidney 1

Unknown 1

Pelvic bone fracture 7

Lower extremity injury 1

Combined injury 3

Total 21

REBOA: resuscitative endovascular balloon occlusion of the aorta, IVC: 
inferior vena cava.

Table 3. Two complications after REBOA 

Complication Zone of REBOA Catheter Type of occlusion Duration (minutes)

Lower limb ischemia III 12 Fr Partial 350

Bowel ischemia I 7 Fr Partial 320

REBOA: resuscitative endovascular balloon occlusion of the aorta.
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deciding upon the treatment strategy, especially in pa-

tients with acute head injuries [12]. Even in the absence 

of head trauma, in emergency situations such as massive 

hemorrhage, obtaining the GCS score rapidly and accu-

rately during the primary assessment will assist in mak-

ing rapid treatment decisions, such as REBOA. In other 

words, the GCS provides meaningful assistance in deter-

mining the severity of trauma patients, making regular 

evaluation of the GCS necessary. 

In this study, a significant difference was found in ini-

tial BP between the two groups. This was considered to be 

a natural result, as CPR is performed in cases of arrest or 

impending arrest. In the CPR group, six patients (54.5%) 

underwent an additional procedure after ROSC and five 

patients received ongoing CPR; however, all were cases of 

mortality. Therefore, we report that performing REBOA 

in cases of arrest or impending arrest in trauma patients 

had no significant effect on mortality reduction. How-

ever, a point to consider is that all REBOA cases in our 

study were in-hospital cases. Other research has shown 

that successful REBOA performed pre-hospital in a trau-

matic arrest situation improves survival and many studies 

have demonstrated that pre-hospital or early REBOA is a 

feasible resuscitation strategy [13-15]. If early REBOA can 

be achieved in cases of impending arrest, this may help to 

improve mortality outcomes, and early REBOA should 

therefore be attempted on a regular basis.

According to academic societies specializing in trau-

ma, aortic cross-clamping and PPP are the traditional 

approaches used to control hemorrhage during resuscita-

tion, and are the most important methods for the tempo-

rary stabilization of severely injured trauma patients. Both 

methods have been widely established during the past de-

cades. However, intra-aortic balloon occlusion, the prede-

cessor of REBOA, was first reported by Hughes during the 

Korean War in 1954 and has since been widely applied in 

situations such as arrest, sub-diaphragmatic hemorrhage, 

combat casualties, and pre-hospital management [16]. In 

fact, according to previous studies, the mortality rate of 

severely injured patients who received REBOA was 47.1–

90.4%, which was significantly lower than those treated 

using other techniques, such as thoracotomy [3,4,17-

20]. Our study did not compare a REBOA group with a 

non-REBOA group, but reported a total mortality rate of 

76.2%, which is not meaningfully different from the rates 

reported in previous studies.

In our study, there were two cases of ischemic compli-

cations, which may have been caused by catheter type, 

delayed occlusion time, and/or other variables. According 

to Teeter et al. [21] and Matsumura et al. [22], a 7-Fr in-

troducer device for REBOA may be a safe and effective 

alternative to large-bore sheaths and may remain in place 

during the post-procedure resuscitative phase without 

sequelae. That is, a smaller introducer sheath for REBOA 

should be considered as a catheter option. With regard to 

the occlusion time of REBOA, although Avaro et al. [23] 

suggested that 40 minutes may be an optimal time, Qasim 

et al. [24] performed balloon occlusion for longer peri-

ods without significant procedure-related complications. 

Therefore, the occlusion time of REBOA does not have a 

clear textbook definition and should be applied appropri-

ately depending on the situation.

There are several limitations of this study. Firstly, this 

study had the potential for selection bias as it was limited 

by several factors inherent to retrospective analyses and 

no randomization was performed. Therefore, a random-

ized prospective trial for REBOA may be more helpful to 

confirm the validity of the study. Secondly, the number 

of patients who underwent REBOA in our study was 

small. It is therefore difficult to generalize the results of 

this study. Thirdly, evaluating the GCS, or the patient’s 

state of consciousness, is helpful in choosing whether to 

perform REBOA, but it would be preferable to identify 

injuries through appropriate studies in order to determine 

the causal relationships more clearly. However, most of 

the patients included in this study had experienced severe 

trauma, and therefore did not undergo a full diagnostic 

work-up during the initial resuscitation. Due to these lim-

itations, additional multi-center prospective studies are 

required. However, despite these limitations, this study 

could serve as a spark for further research by Korean 

trauma surgeons and may help the use of REBOA to be 

considered in a more positive light.

CONCLUSION

REBOA was found to be associated with improved sur-
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vival in severely injured trauma patients, but it may be 

inadequate or have little effect on mortality in arrest situ-

ations. In other words, our study suggests that if REBOA 

is deemed necessary in a timely manner, it should be 

performed before an arrest occurs. Therefore, appropriate 

protocols, including pre-hospital REBOA, should be con-

structed to demonstrate the effectiveness of REBOA in 

reducing mortality in arrest or impending arrest patients.
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