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INTRODUCTION According to domestic and foreign authors, the leading cause of death in victims with polytrauma is blood loss. Resuscitative endovascular 
balloon occlusion of the aorta (REBOA) is one of the new promising ways to manage bleeding in patients in a state of traumatic shock. There are a large 
number of publications in the world scientific literature indicating the high effectiveness of this technology in the treatment of bleeding. However, in the 
Russian Federation, this method has not yet entered into everyday practice, and scientific research on this matter is scarce. 

AIM Based on literature data and analysis of our own sample, to justify the need to use REBOA technology for the treatment of victims with polytrauma. 

MATERIAL AND METHODS A retrospective analysis of the medical records of patients with polytrauma admitted to the N.V. Sklifosovsky Research Institute 
for Emergency Medicine in 2021 was carried out. Data from medical records and the results of forensic medical examinations were studied. The main 
sample included victims with polytrauma (Injury Severity Score, ISS, of more than 17 points) delivered from the scene of the incident in a state of traumatic 
shock (systolic blood pressure, SBP, of less than 90 mm Hg) and a verified source of bleeding. To assess the potential survival of victims, we used the 
Trauma Score and Injury Severity Score (TRISS) scale. 

RESULTS Of the 92 patients with polytrauma, 19 patients (20.6%) had indications for REBOA. The most common sources of bleeding were injuries to the 
pelvic ring, 14 (73.7%), abdomen, 11 (57.9%), and chest, 7 (36.8%). In 6 victims (31.5%), there were combined abdomen and pelvic injuries as the area of 
blood loss. The mean age of the victims was 48.8±19.9 years, the mean ISS value was 39.4±20.1. On admission, the mean SBP was 62.4±31.5 mm Hg, and 
heart rate — 91.8±43.3 beats/min. In 8 victims (42.1%), norepinephrine was administered immediately upon hospitalization at an average dose of 
837.5±537.0 ng/kg/min. As a result of their injuries, 15 patients (78.9%) died, and 4 were discharged from the hospital. According to the conclusions of 
forensic experts, the leading cause of death was blood loss in 11 (61.1%), severe traumatic brain injury (TBI) in 4 (22.2%), and infectious complications in 
3 cases (16.7%).The TRISS was calculated for each patient. In order to identify the most potentially viable patients with indications for REBOA, we excluded 
5 patients with severe TBI (the mean TRISS was 20.9±11.1%), and 5 patients with the TRISS of less than 50% (the mean TRISS was 10.0±14.1%), the latter 
died from hemorrhagic shock. Among the remaining 9 patients with higher TRISS values, 5 (26.3%) who died had the mean TRISS of 80.5±15.8%, 
comparable to the mean TRISS of 83.3±2.4% in the 4 survivors. 

CONCLUSION 1. According to foreign and domestic publications, the technology of resuscitation endovascular balloon occlusion of the aorta (REBOA) is 
effective for stopping internal bleeding in patients with polytrauma. 2. When analyzing our own sample of patients, it was proven that 20.6% of patients 
with polytrauma had indications for the use of REBOA. Most of them (78.9%) died. The main cause of death was hemorrhagic shock. 3. About a quarter of 
patients (26.3%) with indications for REBOA had a potentially high chance of survival. In the future, the use of this technology may reduce the number of 
deaths. 
Keywords: REBOA, polytrauma, aortic occlusion, hemorrhage, bleeding 
For citation Zhukov AI, Zadneprovsky NN, Ivanov PA, Kokov LS. On the Feasibility of Using REBOA Technology for the Treatment of Patients with 
Polytrauma. Russian Sklifosovsky Journal of Emergency Medical Care. 2024;13(1):14–21. https://doi.org/10.23934/2223-9022-2024-13-1-14-21 (in Russ.) 
Conflict of interest Authors declare lack of the conflicts of interests 
Acknowledgments, sponsorship The study has no sponsorship 

Affiliations 

Aleksander I. Zhukov 
 

Junior Researcher, Department of Combined and Multiple Trauma, N.V. Sklifosovsky Research Institute for Emergency 
Medicine; 
https://orcid.org/0000-0001-6926-6497, zhukovai@sklif.mos.ru; 
35%, concept and design of the study, analysis of the data obtained, text editing 



Translated by E.V. Trushina 
 

 
Russian Sklifosovsky Journal of Emergency Medical Care. 2024;13(1):14–21. 
https://doi.org/10.23934/2223-9022-2024-13-1-14-21 

15 
 

Nikita N. Zadneprovsky 
 

Candidate of Medical Sciences, Senior Researcher, Department of Combined and Multiple Trauma, N.V. Sklifosovsky 
Research Institute for Emergency Medicine;  
htts://orcid.org//0000-0002-4432-9022, zacuta2011@gmail.com; 
25%, concept and design of the study, analysis of the data obtained, text editing 

Pavel A. Ivanov 
 

Doctor of Medical Sciences, Head of the Scientific Department of Combined and Multiple Trauma, N.V. Sklifosovsky 
Research Institute for Emergency Medicine;  
htts://orcid.org//0000-0002-2954-6985, ipamailbox@gmail.com; 
20%, concept and design of the study, analysis of the data obtained, text preparation and editing 

Leonid S. Kokov 
 

Academician of the Russian Academy of Sciences, Doctor of Medical Sciences, Professor, Head of the Scientific Department 
of Emergency Cardiology and Cardiovascular Surgery, N.V. Sklifosovsky Research Institute for Emergency Medicine; Head 
of the Department of X-ray Endovascular and Vascular Surgery, Russian University of Medicine; 
https://orcid.org/0000-0002-3167-3692, lskokov@mail.ru; 
20%, concept and design of the study, analysis of the data obtained, text editing 

 

BP – blood pressure 
MSS – musculoskeletal system 
REBOA – Resuscitative Endovascular Balloon Occlusion of 

the Aorta 

SBP – systolic blood pressure 
TBI – traumatic brain injury 

INTRODUCTION 

Treatment of victims with polytrauma is a 
difficult task for the team of any multidisciplinary 
emergency hospital. Despite the achievements of 
medical science and practice, there remains a high 
mortality rate among patients who received 
polytrauma. The variability in the location of injuries 
and the peculiarities of each victim’s body response 
to severe trauma require a multidisciplinary 
approach to treatment. Massive internal bleeding is 
a key link in the development of all pathogenetic 
changes in patients with polytrauma. According to 
foreign and domestic authors, up to 75% of victims 
die from blood loss, with the peak of its development 
occurring in the first hours after injury [1–4]. It is 
worth considering that the likelihood of 
development and severity of multiple organ failure, 
as well as purulent-septic complications, depend on 
the volume of blood loss [5]. All this forces us to 
improve and develop new treatment methods. 

In recent years, the method of resuscitative 
endovascular balloon occlusion of the aorta, 
hereinafter referred to as REBOA, has been used in 
foreign hospitals and has proven its effectiveness. 
This is a minimally invasive way to stop bleeding in 

seriously injured patients through temporary 
endovascular occlusion of the aorta. 

The indication for the use of REBOA is the 
presence of traumatic shock against the background 
of ongoing bleeding “below” the diaphragm due to 
trauma/wound of the abdomen and (or) pelvis. An 
indicator of the presence of traumatic shock in a 
patient within the indications for REBOA is a systolic 
blood pressure (SBP) of less than 90 mmHg and a lack 
of response to intensive care [6]. Contraindications 
for its use include: ongoing intrapleural bleeding, 
rupture of the thoracic aorta or cardiac chambers, 
which can lead to death if the aortic lumen is 
occluded below the level of damage. The method is 
used to a limited extent in victims with neck wounds 
and bleeding from damaged limbs. In victims with 
severe traumatic brain injury (TBI), the method is 
used with extreme caution, since a sharp rise in blood 
pressure (BP) after balloon installation can provoke 
secondary hemorrhage in the brain and its 
membranes [6]. 

Hospital survival when using REBOA technology 
in patients with polytrauma in various foreign 
studies ranges from 33 to 53% [7–12]. Of particular 
note are the high survival rates (46–70%) in victims 
with pelvic trauma when using the discussed method 
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of stopping bleeding [13, 14]. The initial results of 
using the method by Russian specialists are 
comparable with the data of foreign colleagues. 
Scientific work by domestic military surgeons 
indicates an increase in the daily survival rate of 
victims to 42%, and 30-day survival to 17% [15]. 

The results of using the technology are attracting 
more and more interest in it. In large foreign 
hospitals, the REBOA method is actively used and 
introduced into local algorithms for the treatment of 
seriously injured patients. In Russia, at the time of 
preparation of this article, only a few works on this 
topic have been published. This can be explained by 
the excessive caution of domestic specialists 
regarding the introduction of this method into 
clinical practice. This assumption is supported by 
poor information content and insufficient 
equipment of domestic medical institutions with the 
necessary consumables. The need for clinical 
implementation of the REBOA method, as well as its 
inclusion in treatment standards and clinical 
recommendations, requires domestic research on 
this topic. 

Aim: based on literature data and analysis of our 
own sample, to justify the need to introduce the 
REBOA technology in domestic emergency hospitals. 

MATERIAL AND METHODS 

The object of the retrospective study was 92 
patients with polytrauma and injuries to the 
musculoskeletal system (MSS), who were treated in 
the Department of Combined and Multiple Trauma 
of the N.V. Sklifosovsky Research Institute for 
Emergency Medicine in 2021. Data from medical 
records and the results of forensic medical 
examinations were studied. Inclusion criteria were 
the presence of damage to more than two areas of the 
body, including MSS injury, with an injury severity 
score (ISS) of more than 17; traumatic shock (SBP of 
less than 90 mmHg) and a verified source of bleeding. 
The sample did not include patients with polytrauma 
transferred from other medical organizations. To 
assess the potential survival of the victims, the 
Trauma Injury Severity Score (TRISS) index was 

calculated for each patient [16–18]. The scale 
includes an assessment of the severity of injury of 
victims according to Abbreviated Injury Scale/ Injury 
Severity Score (AIS/ISS) and “input patient data”: 
level of consciousness according to the Glasgow 
Coma Scale, systemic pressure parameters, and 
respiratory rate. As a result, we received a predicted 
survival rate for each victim. 

RESULTS 

Among all patients with polytrauma admitted in 
2021, 19 patients (20.7%) had indications for REBOA. 
On admission, the mean value for SBP was 62.4±31.5 
mm Hg, and for heart rate - 91.8±43.3 beats/min. In 
8 victims (42.1%), norepinephrine was administered 
immediately upon hospitalization at an average dose 
of 837.5±537.0 ng/kg/min. 

In 14 victims (73.7%), the main source of bleeding 
was fractures of the pelvic ring, accompanied by the 
formation of pelvic and retroperitoneal hematomas. 
Damage to abdominal organs with the development 
of hemoperitoneum was recorded in 11 patients 
(57.9%). Chest trauma with the development of 
hemothorax occurred in 7 cases (38.8%). Among the 
chest trauma victims, there was no ongoing intense 
intrapleural bleeding, which is a contraindication to 
REBOA. Sources of blood loss were localized in the 
abdomen and pelvis in 6 (31.5%) cases (Fig. 1). Thus, 
11 patients (57.8%) had indications for 
supradiaphragmatic balloon installation in the first 
zone of the aorta. 

 

Fig. 1. Localization of the source of bleeding and combination of 
blood loss areas 
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All the victims received comprehensive 
treatment aimed at stopping the bleeding, however, 
15 patients (78.9%) died, and only 4 victims (21.1%) 
were discharged (Fig. 2). 6 victims (31.5%) lived for 
less than 24 hours, with an average hospital stay of 
3.3±1.1 hours. The average bed day for the remaining 
9 patients who died was 7.7 ± 8.8 days, and the 4 
survivors were treated in the hospital for an average 
of 77.5 ± 33.4 days. 

 

Fig. 2. Distribution of victims according to treatment outcomes 

According to the results of forensic medical 
examinations, the leading cause of death – in 11 
(61.1%) patients – was blood loss; severe TBI with 
the development of dislocation syndrome and AIS 
score from 4 to 6 (one way or another, some of the 
victims had non-fatal TBI) - in 4 victims (22.2%); and 
in 3 patients (16.7%), the leading factors in 
thanatogenesis were infectious complications and 
multiple organ failure syndrome. In 3 victims the 
causes of death were combined (Fig. 3). 

 

Fig. 3. Frequency of causes of death 

To assess the potential survival of victims, we 
used the TRISS scale, the results of which determine 
the probability of survival of each victim as a 
percentage (Fig. 4). 

 

Fig. 4. Distribution of patients with polytrauma and indications for 
REBOA with assessment of the potential survival of victims using 
the TRISS scale 
Notes: ОДА — musculoskeletal system; REBOA — resuscitative 
endovascular balloon occlusion of the aorta 

In order to identify the most potentially viable 
patients with indications for REBOA, we excluded 5 
patients with severe TBI (mean TRISS score of 20.9 ± 
11.1%), and 5 victims with the TRISS survival rate of 
less than 50% (mean TRISS score of 10.0 ± 14.1%), the 
latter died from hemorrhagic shock. Among the 
remaining 9 patients with high survival rates, 5 
(26.3%) who died had a mean TRISS score of 80.5 ± 
15.8%, comparable to the mean TRISS score of 83.3 ± 
2.4% of the 4 survivors. 

DISCUSSION 

Since the emergence of the problem of treating 
severe injuries, many treatment regimens have been 
proposed [19]. Among institutions dealing with 
polytrauma, the most widely used tactics is Damage 
control, which has proven effective in reducing the 
number of deaths [20]. It is based on a modern 
understanding of the pathophysiology of trauma, 
and its main goal is to achieve surgical hemostasis 
without performing major reconstructive surgical 
interventions with simultaneous intensive care and 
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early massive blood transfusions. Treatment of 
hemorrhagic shock is the cornerstone in the fight for 
the life of the victim. Thus, according to the results 
of a large multicenter trial (J.A. Harvin et al., 2017), 
mortality among traumatized patients who 
underwent laparotomy with a blood pressure of 90 
mmHg or lower was 46%; and 60% of deaths were 
associated with blood loss [21]. In our sample, the 
leading cause of death in patients with polytrauma 
was bleeding (61.1%), which also correlates with the 
data of domestic authors and foreign research [1–4]. 
This justifies the need to use an integrated approach 
in the treatment of each victim. One important 
element in this tactics is the REBOA technology. 
Figuratively speaking, it forms a “saving bridge” for 
a seriously injured person between admission to 
intensive care and the moment of final bleeding stop 
in the operating room. The main goal is to 
temporarily and minimally invasively stop bleeding 
in the unstable patient before the main surgical stage 
of hemostasis, and the effect of aortic cross-
clamping is that systemic pressure increases and the 
volume of blood loss decreases. Numerous studies 
show the effectiveness of using this minimally 
invasive technology in military and civilian 
hospitals. Balloon catheters are produced at 
domestic sites, they are affordable, and their quality 
characteristics are not inferior to their foreign 
counterparts. 

The idea of the REBOA method is based on the 
conditional division of bleeding into “compressible” 
and “incompressible”. “Compressible” bleeding – 
from wounds of the neck, limbs, soft tissues of the 
head and torso – can be stopped using a tourniquet, 
clamp or pressure bandage. “Incompressible 
bleeding” - cavitary, often internal bleeding from 
parenchymal organs, vessels of the chest, abdomen 
and pelvis - can only be stopped with direct surgical 
intervention [22]. When using REBOA, an “internal 
tourniquet” is formed on the aorta, which stops this 
bleeding. Occlusion of the aorta is carried out by 
using a special catheter with an elastic balloon at the 
end, inserted through an introducer into the lumen 
of the femoral artery. To determine the balloon 
installation level, the aorta is conventionally divided 
into three zones. The first zone is located from the 

left subclavian artery to the celiac trunk, and 
occlusion in this zone “blocks” subphrenic bleeding. 
The second zone is from the celiac trunk to the renal 
arteries. Positioning the balloon in this area is 
contraindicated due to the high risk of acute kidney 
injury. The third zone is from the renal arteries to the 
aortic bifurcation. 

Performing occlusion in this area helps stop 
intrapelvic bleeding [6]. According to our study, 
approximately 60% of victims had indications for 
REBOA in the first zone, which roughly correlates 
with domestic and foreign data [6, 23]. It is also worth 
noting that the placement of the balloon in the first 
zone inhibits bleeding in the abdomen and pelvis, 
and also allows for a stronger hemodynamic response 
[24]. This should be taken into account when treating 
patients with pelvic injuries and extremely low blood 
pressure. 

An additional advantage of this technology is 
that there is no need to use an X-ray operating room 
or special equipment. It is enough to determine the 
level of balloon installation using external 
landmarks (the distance from the introducer to the 
xiphoid process or umbilicus) [6, 25]. In order to 
control the supradiaphragmatic position of the 
catheter, it is recommended to conduct an X-ray 
examination. To do this, a contrast agent is injected 
into the balloon; and many modern catheters also 
have X-ray positive markers. The position of the 
balloon in the third zone can be assessed using 
ultrasound diagnostics, which facilitates its use. 

It must be taken into account that the use of 
balloon occlusion of the aorta as an isolated 
technique cannot save the victim. This is just an 
element of a large set of emergency treatment 
measures and an intermediate intervention, which, if 
final and timely surgical hemostasis is achieved, can 
lead to a positive result. A good example is the data 
on the increase in survival rate of victims after 
REBOA performed against the background of an 
increase in the volume of blood transfusions [23]. 
However, there are studies that provide examples of 
patients in extremely critical condition in whom 
balloon installation did not cause a rise in blood 
pressure [23]. 
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Along with the obvious advantages of this 
method, some issues regarding the use of REBOA 
remain unresolved. According to one literature 
review, complications when using balloon occlusion 
occur in 2.4% of patients. Most often, this is the 
development of thrombosis of the femoral artery and 
distal embolism of the lower limb on the side of the 
introducer with the need for its subsequent 
amputation [6, 26]. When performing aortic 
occlusion in patients with severe TBI, one should be 
on guard and suspect the possibility of developing 
reperfusion syndrome, especially when the duration 
of aortic occlusion exceeds the permissible limit [6]. 

The REBOA technology continues to actively 
develop. In recent years, more and more publications 
have been devoted to partial aortic occlusion 
(pREBOA). According to the authors, the use of this 
method reliably provides a greater hemodynamic 
response and allows for prolongation of occlusion 
[27]. The use of partial occlusion further reduces the 
incidence of complications and increases the survival 
rate of victims [27]. There are publications on the use 
of the discussed technology at the prehospital stage, 
including the use of air ambulances to evacuate 
patients from the scene of the accident [25, 28]. 
Balloon occlusion of the aorta can also be used if the 
patient has “non-traumatic indications.” Thus, a 
larger number of publications are devoted to the 
successful use of REBOA in the process of 
cardiopulmonary resuscitation, including in non-
traumatic cardiac arrest [29–32]. Another promising 
area of its application is cases of pathological 

placenta accrete, which may be accompanied by 
massive postpartum hemorrhage. In this regard, to 
prevent massive intraoperative blood loss, some 
obstetricians-gynecologists recommend using 
balloon occlusion of the aorta [6]. 

The high effectiveness and prospects for reducing 
the mortality rate of victims, the minimally invasive 
nature of REBOA arouse scientific and practical 
interest in this technology. Today in the Russian 
Federation, federal clinical guidelines for the 
treatment of patients with polytrauma and patients 
with placenta accrete are being prepared, which 
recommend temporary occlusion of the aorta [33, 
34]. Considering our data and the results of global 
research, the possibility of using REBOA has high 
potential in an emergency hospital. 

CONCLUSIONS 

1. According to foreign and domestic 
publications, the technology of resuscitative 
endovascular balloon occlusion of the aorta (REBOA) 
is effective for stopping internal bleeding in patients 
with polytrauma. 

2. When analyzing our own sample of 
patients, it was proven that 20.6% of patients with 
polytrauma had indications for REBOA. Most of them 
(78.9%) died. The main cause of death was 
hemorrhagic shock. 

3. About a quarter of the patients (26.3%) with 
indications for REBOA had a potentially high chance 
of survival. In the future, the use of this technology 
may help reduce the number of deaths. 
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