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Abstract
Background  Resuscitative endovascular balloon occlusion of the aorta (REBOA) has been used to control massive 
hemorrhages. Although there is no consensus on the efficacy of REBOA, it remains an option as a bridging therapy 
in non-trauma centers where trauma surgeons are not available. To better understand the current landscape of 
REBOA application, we examined changes in its usage, target population, and treatment outcomes in Japan, where 
immediate hemostasis procedures sometimes cannot be performed.

Methods  This retrospective observational study used the Japan Trauma Data Bank data. All cases in which REBOA 
was performed between January 2004 and December 2021 were included. The primary outcome was the in-hospital 
mortality rate. We analyzed mortality trends over time according to the number of cases, number of centers, severity 
of injury, and overall and subgroup mortality associated with REBOA usage. We performed a logistic analysis of 
mortality trends over time, adjusting for probability of survival based on the trauma and injury severity score.

Results  Overall, 2557 patients were treated with REBOA and were deemed eligible for inclusion. The median age of 
the participants was 55 years, and male patients constituted 65.3% of the study population. Blunt trauma accounted 
for approximately 93.0% of the cases. The number of cases and facilities that used REBOA increased until 2019. 
While the injury severity score and revised trauma score did not change throughout the observation period, the 
hospital mortality rate decreased from 91.3 to 50.9%. The REBOA group without severe head or spine injuries showed 
greater improvement in mortality than the all-patient group using REBOA and all-trauma patient group. The greatest 
improvement in mortality was observed in patients with systolic blood pressure ≥ 80 mmHg. The adjusted odds ratios 
for hospital mortality steadily declined, even after adjusting for the probability of survival.

Conclusions  While there was no significant change in patient severity, mortality of patients treated with REBOA 
decreased over time. Further research is required to determine the reasons for these improvements in trauma care.
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Background
Hemorrhage is one of the primary causes of mortality 
in trauma cases and accounts for an estimated 30–40% 
of traumatic deaths [1]. Resuscitation of massive hem-
orrhages often requires massive transfusions and fluids, 
and rapid hemorrhage control is essential. Traditionally, 
aortic cross-clamping (ACC) has been used to tempo-
rarily control massive hemorrhage. However, ACC adds 
further invasiveness to a patient who has already sus-
tained severe trauma, and managing bleeding from the 
incision site poses additional challenges [2]. Resuscitative 
endovascular balloon occlusion of the aorta (REBOA) 
has emerged as an alternative approach for controlling 
hemorrhages with minimal invasion [3]. However, its 
effectiveness is controversial. Some studies have shown 
that compared to ACC, REBOA has a better prognosis 
[2, 4], while others suggested that it is associated with a 
poorer prognosis [5–7]. Recently, a randomized trial con-
ducted in major trauma centers in the United Kingdom 
suggested that REBOA increased the risk of death and 
prolonged the time to definitive hemostasis [7]. However, 
REBOA remains an option as a bridging therapy in non-
trauma centers where trauma surgeons are not always 
available.

The situation surrounding REBOA is progressing with-
out sufficient evidence. Off-the-job training courses for 
REBOA have been conducted worldwide, and devices 
have been improved, including the release of a nar-
rower-diameter access route [8, 9], based on theoreti-
cal benefits. However, the validation of these efforts is 
insufficient. To better understand the current situation 
surrounding REBOA, we examined changes in its usage, 
target population, and treatment outcomes in Japan, 
where immediate hemostasis procedures sometimes can-
not be performed.

Methods
Study design and settings
This retrospective observational study used data from the 
Japan Trauma Data Bank. The study was conducted from 
January 2004 to December 2021. The JTDB is required 
to register all severe trauma cases with AIS 3 or higher 
injuries and was established by the Japanese Association 
for Acute Medicine and Japanese Association for The 
Surgery of Trauma to understand the current status and 
improve the quality of trauma care, akin to the Trauma 
Quality Improvement Program in the United States. By 
the end of December 2021, the JTDB included 303 facili-
ties providing trauma care in Japan, of which 95% were 
government-certified tertiary care centers.

In Japan, trauma patients are usually transported by 
ambulance staffed with paramedics, although physician-
staffed ground or air ambulance is dispatched to the field 
in some cases. However, REBOA is rarely performed in 

pre-hospital settings and is often performed after arrival 
at the emergency department. Moreover, blood transfu-
sion is rarely performed in pre-hospital settings.

This study complied with the principles of the 1964 
Declaration of Helsinki and its amendments and was 
approved by the Ethics Committee of Tsuchiura Kyodo 
General Hospital (approval number: 2022FY10). The 
requirement for informed consent from each patient 
was waived because of the study’s retrospective nature. 
We used the opt-out method, which provides opportuni-
ties to refuse to participate in the study through online 
information disclosure in our hospital. The study was 
conducted in accordance with the Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) reporting statement.

Study participants
The study included all cases for which REBOA was used 
between 2004 and 2021.

Measurements
We collected the following patient information from the 
JTDB: age; sex; year of injury; trauma classification (blunt 
or penetrating); pre-hospital vital signs [systolic blood 
pressure (SBP), heart rate (HR), respiratory rate (RR), 
and percutaneous oxygen saturation (SpO2)]; Glasgow 
coma scale (GCS) score; time from emergency medical 
service dispatch to emergency department (ED) arrival; 
vital signs at ED arrival [SBP, HR, RR, and SpO2, body 
temperature, and GCS, abbreviated injury scale (AIS) 
score for each region, injury severity score (ISS), revised 
trauma score (RTS), status at hospital discharge (sur-
vival or death)]; lactic acid level; focused assessment with 
sonography in trauma (FAST) results; number of REBOA 
cases, cases of cardiac arrest on arrival, and ACC cases; 
and probability of survival based on the trauma and 
injury severity score (TRISS-Ps).

Definitions and outcomes
The AIS was calculated based on AIS 98 until 2018 and 
AIS 2008 after 2019 in accordance with the change in 
JTDB registration rule. Data for pre-hospital GCS score, 
SpO2, and lactic acid levels on ED arrival were only avail-
able after 2019 in the JTDB. Cardiac arrest was char-
acterized by a recorded SBP of 0 mmHg based on the 
registration instructions of the JTDB. The primary out-
come was survival at hospital discharge.

Statistical analysis
The trend of the number, characteristics, and outcomes 
of patients treated with REBOA and the number of facili-
ties where REBOA was used, according to admission 
year, was described. Trends in hospital mortality were 
also compared among specific subgroups, including all 
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patients with trauma, patients treated with REBOA, 
patients treated with REBOA without severe head or 

spine injuries defined by AIS ≥ 3, patients treated with 
REBOA with shock upon hospital arrival (SBP < 80 

Fig. 3  Changes in injury severity score of the patients for whom REBOA was used. The box shows the interquartile range; the horizontal line is the median. 
Abbreviations REBOA, resuscitative endovascular balloon of aorta

 

Fig. 2  Changes in revised trauma score of the patients for whom REBOA was used. The box shows the interquartile range; the horizontal line is the me-
dian. Abbreviations REBOA, resuscitative endovascular balloon of aorta

 

Fig. 1  Number of facilities over time
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mmHg), and patients treated with REBOA without shock 
upon hospital arrival.

Patient characteristics were described using median 
and interquartile range (IQR) for continuous variables 
and number and percentage (%) for categorical variables. 
The chi-square test was used with a significance level of 
0.05 to test the association of variables. We conducted a 
single regression analysis to show the changes in annual 
mortality rates across some subgroups: all patients with 
trauma in the database, all cases in which REBOA was 
used, the REBOA group without severe head or spine 
injury of AIS ≥ 3, cases with SBP < 80 mmHg among 
patients for whom REBOA was used, and patients with 
SBP ≥ 80 mmHg among patients for whom REBOA was 
used. We conducted a logistic regression analysis for the 
annual mortality rate adjusted by TRISS-Ps. All statisti-
cal analyses were performed using R software version 
4.3.1 (R Foundation for Statistical Computing, Vienna, 
Austria).

Results
A total of 427,561 patients were registered with the JTDB 
between 2004 and 2021. Of them, 2557 patients were 
treated with REBOA and were deemed eligible for inclu-
sion. Table 1 presents the baseline patient characteristics. 
Overall, the median age of the participants was 55 years, 
with male patients constituting 65.3% of the study popu-
lation. Blunt trauma accounted for approximately 93.0% 
of the cases. The median transport time was 37 min. The 
median SBP at ED arrival was 70 mm Hg. The thoracic 
region had the highest median AIS score. FAST-posi-
tive cases accounted for 45.9% of the cases. The median 
ISS and RTS values were 34.0 and 4.7, respectively. The 
median TRISS-Ps was 0.35. The overall mortality rate 
was 59.7%, and 16.9% of the patients experienced car-
diac arrest upon arrival. ACC was performed in 16.7% of 
the cases. The number of REBOA cases was 24 in 2004, 
which increased to 262 in 2019. The number of REBOA 
cases declined from 2020 to 167 by 2021. The in-hospital 
mortality rate decreased from 91.3 to 50.9% during the 
observation period.

The number of facilities using REBOA in 2004 
increased from 10 to 105 in 2019. The number of facilities 
using REBOA has decreased since 2020, reaching 62 by 
2021 (Fig. 1). Although RTS changed substantially from 
2004 to 2006, the median and IQR for both RTS (Fig. 2) 
and ISS (Fig. 3) were similar after these periods.

Univariate regression analysis was conducted in vari-
ous subgroups to compare the trends in mortality rates 
(Fig. 4). The REBOA group without severe head or spine 
injury of AIS ≥ 3 had greater improvement in mortal-
ity than that of all-patient group using REBOA and 
all-trauma patient group. The greatest improvement in 
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mortality was observed in patients with SBP ≥ 80 mmHg 
among all patients for whom REBOA was performed.

Logistic regression analysis for the outcome of annual 
mortality indicated steadily declined mortality even after 
adjusting for TRISS-Ps (Fig. 5).

Discussion
A retrospective observational study analyzing data from 
the Japanese nationwide trauma registry over the past 18 
years was conducted on 2,557 patients who underwent 
REBOA. A consistently decreasing trend in mortality was 
observed. The physiological and anatomical severities of 
the patients were similar over the years, and a reduction 
in mortality was observed, regardless of the severity of 
their conditions.

Several previous studies evaluated the mortality rate 
associated with REBOA, ranging from 34 to 70.8% [10–
13]. Aoki et al. showed that the mortality rate of patients 
undergoing REBOA decreased between 2004 and 2015 
[14]. Our study further enriched these results by add-
ing 6 years of data, demonstrating changes over time in 
the number of cases in which REBOA was used, number 
of facilities using REBOA, and analysis of specific sub-
groups. The results of the present study revealed that 
mortality continued improving after 2016. The increase 

in the use of REBOA and the number of facilities imple-
menting it until 2019 may be attributed to the growing 
recognition of the procedure. The introduction of hybrid 
emergency room system in Japan in 2011 partially could 
have contributed to this trend [15, 16].

Furthermore, 7 Fr narrow-diameter balloons were 
approved for clinical use in 2013. They were shown to 
reduce complications related to REBOA [17], includ-
ing lower extremity ischemia. This technical progress in 
REBOA may have resulted in its increased number of 
REBOA uses. The decrease in the number of patients and 
facilities after 2020 could be attributed to the COVID-19 
pandemic. Given that the RTS and ISS remained similar 
over the years, it was suggested that the indications for 
REBOA were consistent over 18 years.

While trauma-related mortality has decreased over 
the years [18], the mortality rate of patients treated 
with REBOA was further reduced compared to that 
of the all-trauma cohort [18]. There are several pos-
sible explanations for this. It is possible that the REBOA 
insertion technique has been partially improved by dis-
seminating off-the-job REBOA training courses in Japan 
[8, 19]. Among the cases of REBOA, a significant reduc-
tion in mortality was observed in patients with an SBP 
of 80 mmHg or higher, indicating that REBOA had a 

Fig. 4  Mortality rate in subgroups and overall trauma over time. Single regression analysis was conducted in various subgroups to compare the trends 
in mortality rates. The black line shows the REBOA group without severe head or spine injury of AIS ≥ 3. The red lines show the cases in which REBOA was 
used. The blue line indicates trauma cases in the database. The purple line shows cases with SBP < 80 mmHg among those where REBOA was used. The 
green line shows cases with SBP ≥ 80 mmHg among cases where REBOA was used. Abbreviations REBOA, resuscitative endovascular balloon of the aorta; 
AIS, Abbreviated injury scale; SBP, systolic blood pressure
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particularly significant effect on improving outcomes in 
bleeding patients with relatively stable conditions. The 
UK-REBOA randomized clinical trial suggested that 
there may be more deaths in the REBOA group, which 
may have been influenced by the longer time to hemosta-
sis in the REBOA group. Furthermore, the improvement 
in the mortality rate of patients without severe head or 
spine trauma was lower than that of patients treated with 
REBOA. These findings indicate that the progress in the 
hemostatic strategy, including damage control resuscita-
tion, contributed to the favorable outcome of the patients 
who underwent REBOA.

This study has some limitations. Because this was ret-
rospective registry-based study, some important infor-
mation was missing, namely when, where, and how 
REBOA was performed. Since information on changes in 
vital signs after arrival at hospital was not available, the 
patients’ condition just before REBOA was unclear. The 
zone, extent, duration of the REBOA inflation, and the 
method used to confirm the placement of the REBOA 
catheter was unclear. The expertise level of the individual 
performing REBOA was unknown. Detailed information 
on the preparation and operation of hemostatic proce-
dures, such as the availability of trauma surgeons and 
operating theaters at each facility, is unavailable in the 
JTDB.

Conclusions
While there was no significant change in patient severity, 
mortality of patients treated with REBOA decreased over 
time. Further research is required to determine the rea-
sons for these improvements in trauma care.
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