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Background: Traumatic brain injury (TBI) is the leading cause of poor neurological outcomes and multiple organ 
failure worldwide. The use of resuscitative endovascular balloon occlusion of the aorta (REBOA) has been proposed 
to increase proximal pressure above the balloon to proximal organs, particularly improving cerebral and cardiac 
perfusion. This study assessed the prevalence of REBOA candidates and absolute contraindications in major trauma 
patients with varying TBI severities.
Methods: A retrospective analysis was conducted on 1158 major trauma patients who were transported to a Level I 
trauma center in Bangkok, Thailand, between 2020 and 2021. After exclusions, we analyzed two groups: 258 patients 
with severe TBI and 293 with nonsevere TBI.
Results: REBOA candidacy was significantly greater in the nonsevere TBI group (65.5% vs. 37.2%, p < 0.001). This 
group also exhibited more severe bleeding in regions below the occlusion where bleeding control is critical: abdo-
men-to-groin (58.7% vs. 29.1%, p < 0.001), intra-abdominal sources (47.1% vs. 23.3%, p < 0.001), and unstable pelvic 
injuries (19.1% vs. 9.3%, p = 0.002). In addition, the nonsevere TBI group had a greater prevalence of REBOA contrain-
dications: overall (44.0% vs. 1.9%, p < 0.001), aortic (30.4% vs. 1.2%, p < 0.001), and cardiac (18.1% vs. 1.2%, p < 0.001) 
injuries. Concomitant conditions were more frequent in the nonsevere TBI group (5.5% vs. 1.2%, p = 0.012).
Conclusions: The nonsevere TBI group demonstrated significantly more potential REBOA candidates, absolute con-
traindications, and concomitant conditions than the severe TBI group. These findings underscore the need for a 
comprehensive evaluation of the advantages of REBOA in unstable patients comparing severe and nonsevere TBI 
patients.
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INTRODUCTION

Traumatic brain injury (TBI) and exsanguination, espe-
cially with noncompressible torso hemorrhage, are 
leading causes of death in trauma patients [1,2]. Recent 
advances in trauma resuscitation have enhanced the 
early detection and management of these conditions, 
improving survival rates significantly. This progress 
includes the broad application of endovascular resus-
citation in trauma management (EVTM) techniques, 
including resuscitative endovascular balloon occlusion 
of the aorta (REBOA). This procedure has proven par-
ticularly effective in controlling severe hemorrhage in 
patients with noncompressible torso hemorrhage and 

© 2024 The Author(s)
This is an open access article published under the terms of 
the Creative Commons Attribution License (CC BY 4.0), which 
permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.

Corresponding author:
Tongporn Wannatoop, Assistant Professor of Surgery, Division 
of Trauma Surgery, Department of Surgery, Faculty of Medicine 
Siriraj Hospital, Mahidol University, 2 Wanglang Road, Bangkok 
Noi, Bangkok 10700, Thailand.
Email: tongporn.wan@mahidol.ac.th

Journal of Endovascular Resuscitation and Trauma Management

https://doi.org/10.26676/jevtm.23392
mailto:tongporn.wan@mahidol.ac.th


﻿Sornmanapong  T, et al.2

ensuring essential perfusion to critical organs such as 
the heart and brain. The use of REBOA has been inte-
grated into numerous clinical guidelines for prehospital 
and inpatient settings [3–7]. Moreover, injury mecha-
nisms such as hanging, major burns with shock, intox-
ication, and electric shock causing cardiac arrest, while 
less likely to cause severe bleeding, may still necessitate 
advanced resuscitative efforts. In such cases, the deploy-
ment of REBOA can be pivotal. By increasing proximal 
pressure to critical organs, REBOA enhances support 
during cardiopulmonary resuscitation and can act as 
a bridge to extracorporeal cardiopulmonary resuscita-
tion, potentially improving survival outcomes.

TBI is closely associated with poor prognosis, pri-
marily due to initial brain damage and subsequent clin-
ical deterioration, which often precipitates multiorgan 
dysfunction. Numerous guidelines recommend multi- 
disciplinary discussions to evaluate the prognosis of 
severe and catastrophic brain injuries, ensuring that care 
decisions, including the timing of care withdrawal, are 
well-informed and prevent premature cessation of sup-
port [8–14]. However, accurately assessing neurological 
status during initial trauma resuscitation is complex due 
to various confounding factors. Computed tomography 
(CT) is important for assessing TBI severity but is fre-
quently impractical for unstable patients during initial 
management. Typically, these patients first receive essen-
tial resuscitative procedures or surgery, with a CT scan 
deferred until hemodynamic stability is assured. Recent 
studies have highlighted the benefits of REBOA in 
enhancing proximal arterial pressure to critical organs, 
particularly the brain. In addition, REBOA serves as a 
bridging intervention, allowing unstable patients to sta-
bilize for necessary diagnostics and strategic planning, 
potentially including preparations for organ donation 
[15,16].

This study aimed to examine differences in the prev-
alence of potential candidates for REBOA in patients 
with severe versus nonsevere TBI. In addition, the study 
sought to identify the absolute contraindications to 
REBOA in these groups. This analysis will enable more 
precise and effective deployment of REBOA, optimizing 
the use of local resources in the management of these 
critical conditions.

METHODS

In this retrospective study, we evaluated adult patients 
older than 18 years who sustained major trauma and 
were transported to a Level I trauma center in Bangkok, 
Thailand, between 2020 and 2021. We modified the 
definition of major trauma from the 2011 Field Triage 
Decision Scheme [17] to suit our trauma unit’s medi-
cal resources and capabilities. The Abbreviated Injury 
Scale (AIS) demonstrates the level of injury based on 
anatomical location and severity: AIS-head was char-
acterized by CT scans or autopsy reports as an AIS of 

the head region of 3 or higher being defined as “severe 
TBI,” which is associated with clinical progression and 
outcome. We excluded patients with lethal brain injuries 
(including pontomedullary or brainstem lacerations, 
exposed brain matter, and decapitation) and those with 
incomplete medical records.

The characteristics and parameters of patients were 
reviewed including the age, gender, and mechanism of 
injury. Data were collected from two groups which 
included patients with severe trauma who presented 
with unstable conditions such as systolic blood pressure 
below 90 mmHg and/or traumatic cardiac arrest with 
signs of life on arrival, individuals who were declared 
dead at the scene of major trauma and transported to 
the Department of Forensic Medicine, and those who 
were pronounced dead upon hospital arrival. Given the 
challenges in assessing patient status at major trauma 
scenes within Thailand’s trauma system, our research 
is also interested in focusing on the group of patients 
that died at the scene. Emergency responses at the scene 
of major trauma typically involve volunteers and pri-
vate ambulance services with widely varying levels of 
clinical expertise. This variability complicates the detec-
tion of subtle signs of life and accurate neurological 
assessment, especially in patients in profound shock or 
traumatic cardiac arrest with limited performance in 
our system. Our study thus sought to identify potential 
missed opportunities for resuscitation in these critical 
patients.

Referring to various clinical practice guidelines [4–6, 
18,19], we selected the patients eligible for REBOA 
including those who experienced traumatic cardiac 
arrest and/or significant intra-abdominal bleeding. The 
eligibility criteria for significant intra-abdominal bleed-
ing were as follows:

	•	 AIS scores of 3 or higher for liver and spleen inju-
ries, and scores of 4 or higher for kidney injuries; 
active hemorrhaging from the abdominal vascula-
ture, the presence of unstable pelvic fractures, or 
injuries at groin junctions.

Due to the risk of exacerbating conditions following 
balloon inflation, the absolute contraindications for the 
use of REBOA were aortic injury and cardiac injuries, 
with or without cardiac tamponade.

Statistical Analysis

We summarized the demographic and clinical char-
acteristics of the participants using descriptive statis-
tics. Statistical analyses were performed with PASW 
Statistics, version 18 (SPSS Inc., Chicago, IL, USA). 
Categorical variables are presented as numbers and 
percentages, and continuous variables are presented as 
means ± standard deviations or medians and interquar-
tile ranges. The distribution of all continuous data in 
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this study was normal. Categorical comparisons utilized 
the chi-square test or Fisher’s exact test, as appropriate. 
Student’s t test was applied to analyze normally distrib-
uted continuous data. A p-value of less than 0.05 was 
considered to indicate statistical significance for all tests.

Ethical Approval and Informed Consent

The Siriraj Institutional Review Board of the Faculty of 
Medicine Siriraj Hospital, Mahidol University, Bangkok, 
Thailand, approved the study protocol (reference num-
ber Si-874/2023). Due to the retrospective and anonym-
ity-preserving design of this study, written informed 
consent was not required from the participants.

RESULTS

This study evaluated 1158 major trauma patients who 
were transported to our center between 2020 and 2021. 
After applying the exclusion criteria, we analyzed two 
groups: 258 patients with severe TBI and 293 patients 
with nonsevere TBI (Table 1).

Both groups were predominantly male and the aver-
age age was approximately 40 years. Blunt injuries were 
significantly more common in the severe TBI group 
than in the nonsevere TBI group (93.0% vs. 81.9%, 
p < 0.001). Motorcycle accidents were the predomi-
nant cause of blunt injuries in both groups (60.9% in 
severe TBI and 56.3% in nonsevere TBI). In contrast, 
the incidence of penetrating injuries, stabbing, and other 
injuries was significantly greater in the nonsevere TBI 
group than in the severe TBI group (14.0% vs. 7.0%,  
p = 0.012; 9.6% vs. 0.4%, p < 0.001; and 4.1% vs. 
0.4%, p = 0.010, respectively).

In this study, 65.5% of patients in the nonsevere 
TBI group were identified as potential candidates for 
REBOA. This proportion was significantly greater 
than the 37.2% observed in the severe TBI group  
(p < 0.001). Notably, the incidence of severe bleeding in 
the abdomen-to-groin region was higher in the nonsevere 
TBI group (58.7%) than in the severe TBI group (29.1%,  
p < 0.001). Similarly, 47.1% of the nonsevere TBI patients 
experienced intra-abdominal bleeding, which was sig-
nificantly more than the 23.3% observed in the severe 
group (p < 0.001). In addition, unstable pelvic injuries 
were present in 19.1% of nonsevere TBI patients versus 
9.3% of their severe counterparts (p = 0.002; Table 2).

Regarding REBOA contraindications, the nonsevere 
TBI group had a significantly higher overall incidence of 
contraindications (44.0% vs. 1.9%, p < 0.001), includ-
ing aortic injuries (30.4% vs. 1.2%, p < 0.001), and sig-
nificant cardiac injuries (18.1% vs. 1.2%, p < 0.001). In 
addition, concomitant conditions were more common 
in the nonsevere TBI group (5.5%) than in the severe 
TBI group (1.2%, p = 0.012; Table 2).

DISCUSSION

Advanced trauma resuscitation techniques are continu-
ally improving survival rates for the two leading causes 
of death in major trauma patients: TBI and exsanguina-
tion. The application of REBOA in TBI has two primary 
objectives. First, it enhances arterial pressure proximal 
to the balloon to boost cerebral and cardiac blood flow. 
Second, it controls hemorrhage to preserve hemoglo-
bin and oxygen transport. These factors are critical for 
preventing secondary brain injury [20]. Translational 
research involving rodent polytrauma models has 
shown promising results, indicating that REBOA may 

Characteristics
Severe TBI Group 

(n = 258)
Nonsevere TBI Group  

(n = 293) p-value

Age (years), mean±SD 40.2±18.2 40.4±16.9 0.894
Male sex, n (%) 214 (82.9%) 252 (86.0%) 0.383
Mechanism of injury, n (%)
	•	 Blunt
	 –	 Motorcycle accident
	 –	 Motor vehicle collision
	 –	 Pedestrian struck
	 –	 Fall from height
	 –	 Fall from the same level
	 –	 Other blunt injury
	•	 Penetrating
	 –	 Gunshot wound
	 –	 Stab wound
	 –	 Other penetrating injury
	•	 Othersa

240 (93.0%)
157 (60.9%)

15 (5.8%)
33 (12.8%)
22 (8.5%)
7 (2.7%)
6 (2.3%)

18 (7.0%)
17 (6.6%)
1 (0.4%)
0 (0.0%)
1 (0.4%)

240 (81.9%)
165 (56.3%)

21 (7.2%)
22 (7.5%)
17 (5.8%)
13 (4.4%)
2 (0.7%)

41 (14.0%)
12 (4.1%)
28 (9.6%)
1 (0.3%)

12 (4.1%)

<0.001
0.322
0.639
0.055
0.282
0.396
0.210
0.012
0.264

<0.001
>0.999
0.010

TBI, traumatic brain injury.

aIncludes cases resulting from hanging, major burns with shock, intoxication, and electric shock causing cardiac arrest.

Table 1  Demographic and mechanism of injury profiles in major trauma patients in the severe TBI and 
nonsevere TBI groups.
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improve cerebral perfusion by temporarily improving 
intracranial pressure and brain tissue oxygenation [21]. 
In addition, REBOA has been shown to maintain cir-
culation effectively in potential organ donors, even in 
patients with severe TBI and a poor prognosis [16]. Our 
findings highlight a high prevalence of REBOA can-
didates, including those with severe or nonsurvivable 
TBI, with numbers exceeding those reported in some 
prior studies [22–27]. By distinguishing between these 
groups, our research sought to refine the approaches 
and effectiveness of resuscitation strategies, contribut-
ing to enhanced patient care protocols, especially the 
necessity for REBOA implementation in controlling sig-
nificant bleeding sources.

Recent research on the use of REBOA in TBI patients 
has produced mixed results. Studies indicate that it 
either improves neurological outcomes or shows no dif-
ference. These outcomes are influenced by the physio-
logical effects of aortic occlusion [20,28,29]. However, 
the application of REBOA warrants careful consid-
eration. There are concerns that supraphysiological 
pressures generated above the balloon could increase 
intracranial pressure. This elevation may lead to brain 
edema and aggravate intracranial bleeding, risks that 
are highlighted as contraindications in several clinical 
guidelines [18,30].

Debate persists over the benefits of maintaining 
increased proximal pressure above the balloon for 
critical organs, particularly the brain and heart, even 
when there is no active bleeding beneath the REBOA 
placement. For example, one study compared hypo-
tensive blunt trauma patients with TBI who were 
treated both with and without REBOA. It reported no 
significant differences in mortality rates or discharge 
Glasgow Coma Scale (GCS) scores [28]. Similarly, 
data from the American College of Surgeons Trauma 
Quality Improvement Program (ACS TQIP) database 

from 2015 to 2017 were collected from adult civilian 
blunt trauma patients, both with and without TBI, who 
underwent REBOA. Analysis revealed no notable differ-
ences in inpatient mortality or complications. Notably, 
TBI patients treated with REBOA presented with lower 
GCS scores, lower systolic blood pressure values, and 
greater injury severity scores [29]. Importantly, both 
studies excluded patients who died upon arrival at the 
hospital or who required immediate cardiopulmonary 
resuscitation.

A study by the Multi-Institutional Trials Committee 
of the American Association for the Surgery of Trauma 
examined extremely unstable TBI patients. The mortal-
ity odds were 3.1 times greater for resuscitative thora-
cotomy than for REBOA, suggesting a potential benefit 
of REBOA in reducing mortality. However, the study 
encompassed a broad range of TBI severities, from mild 
(27% of the study population) to severe. This diversity 
is critical because different severities of TBI naturally 
progress in varying ways [20]. Therefore, this variability 
highlights the need for cautious application of REBOA, 
considering that its perceived effectiveness might also be 
influenced by these inherent differences in the progres-
sion of TBI.

Future studies are expected to refine approaches 
for various scenarios and systems, thus enhancing our 
understanding of the risk–benefit balance associated 
with REBOA. A key factor in clinical decision-making 
is the feasibility of conducting thorough investigations, 
including necessary CT scans, which are vital for guid-
ing treatment strategies in TBI patients. The complexity 
of clinical presentations, influenced by multiple factors, 
often complicates the accuracy of initial evaluations. 
The initial GCS score is generally insufficient for formu-
lating early definitive plans because it can be affected 
by external factors not directly related to primary brain 
injury.

Severe TBI  
(n = 258)

Nonsevere TBI  
(n = 293) p-value

Potential indications for REBOA, n (%)
	•	 Overall potential indication for REBOA

(including the purpose of bleeding control and restoring circulation)

	•	 Significant bleeding source(s) at the abdomen–groin
	 ○	 Major intra-abdominal bleeding
	 ○	 Unstable pelvic injury
	 ○	 Junctional hemorrhage injury at the groin

96 (37.2%)

75 (29.1%)
60 (23.3%)
24 (9.3%)
1 (0.4%)

192 (65.5%)

172 (58.7%)
138 (47.1%)
56 (19.1%)

2 (0.7%)

<0.001

<0.001
<0.001
0.002
0.920

Absolute contraindications for REBOA, n (%)
	•	 Overall
	•	 Aortic injury
	•	 Cardiac injury with or without cardiac tamponade

5 (1.9%)
3 (1.2%)
3 (1.2%)

129 (44.0%)
89 (30.4%)
53 (18.1%)

<0.001
<0.001
<0.001

Potential indications and contraindications for REBOA in the same case, n (%) 3 (1.2%) 16 (5.5%) 0.012

REBOA, resuscitative endovascular balloon occlusion of the aorta; TBI, traumatic brain injury.

Table 2  Suitability of REBOA in severe versus nonsevere traumatic brain injury groups.
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One major obstacle to finalizing a diagnosis of TBI 
is the patient’s unstable hemodynamic status. This 
instability can delay definitive diagnostic procedures in 
favor of more immediate life-saving interventions, such 
as damage control surgery or radiological measures. In 
these situations, REBOA can be strategically deployed 
as a bridging maneuver to maintain hemodynamic sta-
bility, thereby allowing for the timely completion of 
essential diagnostic assessments and the development of 
definitive treatment plans. Conversely, the inappropri-
ate application of REBOA might occur if its use is not 
carefully tailored to the patient’s injury severity. It may 
be overused in patients with predictably poor outcomes 
or underused in situations where it could benefit non-
bleeding patients by enhancing cerebral blood supply. 
Accurate resolution of these complex issues is crucial 
for optimizing resource management and improving the 
standard of care for polytrauma patients. The necessity 
for treatment strategies that are precise and tailored to 
individual needs underscores the importance of contin-
uously updating clinical protocols to align with emerg-
ing data and outcome analyses.

A noteworthy finding in our study was the reduced 
number of severe TBI patients identified as potential 
candidates for REBOA compared with those with non-
severe TBI (Table 2). This observation aligns with other 
research that reported fewer potential REBOA candi-
dates among severe TBI patients [31]. Understanding 
this disparity is essential for integrating REBOA effec-
tively into clinical practice, particularly within our 
healthcare system.

The primary injury mechanism in our region, 
motorcycle accidents, significantly contributes to life- 
threatening conditions in TBI patients. Unfortunately, 
detailed records on helmet usage were insufficient, but 
the correlation between motorcycle accidents and TBI 
was clear. In terms of hemorrhage control, our major 
trauma cohort had significantly more potential REBOA 
candidates in the nonsevere TBI group than in the severe 
TBI group. This finding suggests that there are differ-
ent levels of physiological instability caused by life- 
threatening conditions between these groups.

Moreover, the findings underscore the need to develop 
strategies that expedite final diagnoses using CT imag-
ing. Such strategies would enable timely and effective 
decision-making in our setting, where patients may lack 
substantial financial resources and some treatments are 
not covered by Thailand’s Universal Coverage Scheme 
(a government health insurance program).

One guideline advocates for a whole-body CT 
scan before implementing REBOA when feasible [32]. 
However, given the significant number of patients at our 
hospital who are present with severe bleeding, prioritiz-
ing immediate surgical intervention or REBOA remains 
crucial to stabilize patients initially.

The application of REBOA in unstable patients 
demands a careful consideration of safety, particularly 

regarding contraindications. Although our study 
revealed a greater prevalence of potential REBOA can-
didates in the nonsevere TBI group, absolute contrain-
dications and concurrent conditions must be assessed 
meticulously. This approach necessitates a detailed eval-
uation of both indications and contraindications during 
trauma resuscitation, tailored to the resources available 
at the medical facility.

How will our clinical practices evolve based on these 
findings? Recognizing the high frequency of bleeding 
sources in both severe and nonsevere TBI patients, 
where REBOA has shown potential benefits, we will 
consider implementing endovascular trauma manage-
ment principles while simultaneously implementing 
early prevention of secondary brain injury, administra-
tion of tranexamic acid, and neurosurgical consultation 
which has been our practice following standard ATLS 
guidelines. In addition, our protocol will include secur-
ing early vascular access to expedite REBOA deploy-
ment, enhancing resuscitation monitoring, and ensuring 
swift preparation for immediate whole-body CT scans. 
Moreover, we will intensify our commitment to fulfill-
ing surgical criteria and applying REBOA judiciously, 
with a balanced consideration of indications and 
contraindications.

This strategic enhancement aims to refine trauma 
resuscitation practices, ensuring that they are adapt-
able to the evolving needs and specific conditions of our 
patient population. We strive to optimize patient out-
comes and use medical resources efficiently by integrat-
ing the study findings into our protocols.

Our study is limited by its retrospective design,  
single-center focus, and small sample size, which may 
affect the generalizability of the findings. Institutional 
policies on autopsies restricted detailed injury assess-
ments: autopsies were limited to individuals with only 
severe injuries; minor wounds were not examined post-
mortem. These limit our ability to compute compre-
hensive injury severity scores for patients who died at 
the scene and were transferred to the Department of 
Forensic Medicine. These constraints highlight the vari-
ability in trauma care systems and available resources, 
which differ significantly from those in other studies. 
Future research should expand to multicenter and 
international settings to address these disparities and 
enhance the reliability of REBOA assessments. This 
expansion would allow for a more diverse range of 
clinical experiences and patient demographics, aiding in 
refining guidelines and improving their practical appli-
cation in varied healthcare environments.

CONCLUSIONS

This study has revealed a greater prevalence of poten-
tial REBOA candidates in the nonsevere TBI group, 
particularly for controlling bleeding sources. However, 
a higher incidence of absolute contraindications in the 
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same group necessitates careful risk assessment when 
considering REBOA for resuscitation and as a bridging 
intervention to facilitate timely CT diagnostics. These 
findings suggest that employing REBOA could signifi-
cantly enhance trauma care efficiency, especially when 
REBOA is integrated into protocols designed for rapid 
and comprehensive early evaluations. Such integration 
is crucial in settings constrained by limited resources 
and the necessity for cost-effective approaches for 
trauma patients with severe TBI, potentially leading to 
improved patient outcomes and more efficient use of 
healthcare resources.
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