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ABSTRACT
Background Resuscitative endovascular balloon 
occlusion of the aorta (REBOA) is increasingly being used 
for temporary bleeding control in patients with trauma 
with non- compressible truncal hemorrhage (NCTH). 
In recent years, the technique is gaining popularity in 
postpartum hemorrhage and non- traumatic cardiac 
arrest, although still underutilized. In other surgical 
fields, however, there is not yet much awareness for the 
possible advantages of this technique. Consequently, for 
non- trauma indications, limited data are available.
Methods Description of the use of REBOA in two 
patients with hemorrhagic shock due to exsanguinating 
non- traumatic NCTH.
Results In the first case, REBOA was deployed at 
the emergency department in a patient in their 80s 
presenting with hemorrhagic shock due to a ruptured 
abdominal aortic aneurysm. Hemodynamic stability was 
obtained and a CT scan was subsequently performed 
for planning of endovascular aneurysm repair. After 
successful placement of the endograft, the REBOA 
catheter was deflated and removed. In the second case, 
REBOA was performed in a patient with shock due to 
iatrogenic epigastric artery bleeding after an umbilical 
hernia repair to prevent hemodynamic collapse and 
facilitate induction of anesthesia for definitive surgery. 
During laparotomy, blood pressure- guided intermittent 
aortic balloon occlusion was used to preserve perfusion 
of the abdominal organs. Patient made a full recovery.
Conclusion REBOA deployment was successful 
in achieving temporary hemorrhage control and 
hemodynamic stability in patients with non- traumatic 
NCTH. REBOA facilitated diagnostic work- up, 
transportation to the operating room and prevented 
hemodynamic collapse during definitive surgical repair. 
In the right patient and skilled hands, this relatively 
simple endovascular procedure could buy precious time 
and prove lifesaving in a variety of non- compressible 
hemorrhage.

BACKGROUND
Catastrophic hemorrhage is a significant cause of 
potentially preventable death in both patients with 
trauma and non- trauma.1 Historically, resuscita-
tive thoracotomy with aortic cross clamping has 
been used as hemorrhage control and resuscitative 
measure for patients with trauma in extremis from 
non- compressible truncal hemorrhage (NCTH). 
Nowadays, resuscitative endovascular balloon 

occlusion of the aorta (REBOA) is increasingly 
being used for control of traumatic NCTH.

With this technique, an aortic occlusion balloon 
catheter is inserted into the descending aorta via the 
femoral or brachial artery. By intraluminal occlusion 
of the aorta above the level of hemorrhage, REBOA 
achieves temporary distal hemorrhage control 
while maintaining proximal cerebral and myocar-
dial perfusion. REBOA could be applied in the 
emergency department (ED) or in the prehospital 
arena to serve as bridge to definitive surgical hemo-
stasis and prevent lethal exsanguination. REBOA is 
also increasingly being used in hybrid setting during 
definitive bleeding control treatment.2

Numerous studies describe the possible value of 
REBOA and its use in the trauma population. In 
recent years, the technique is gaining popularity 
in postpartum hemorrhage and non- traumatic 
cardiac arrest, although still underutilized.3 4 In 
other surgical fields, however, there is not yet much 
awareness for the possible advantages of this tech-
nique. Consequently, for non- trauma indications, 
limited data are available.

In the Netherlands, REBOA has solely been 
incorporated as standard care in the largest Dutch 
level 1 trauma center while potential benefit of 
more widespread REBOA use has been demon-
strated.5 In other hospitals, REBOA may only be 
applied in rare cases when a surgical specialist 
acquainted with REBOA is on duty. In this report, 
we demonstrate two cases of non- traumatic REBOA 
use in urban Dutch hospitals, in a patient with a 
ruptured abdominal aortic aneurysm and a patient 
with iatrogenic surgical hemorrhage where REBOA 
was performed to facilitate diagnostic work- up and 
definitive surgery.

CASE DESCRIPTION
Case 1
A patient in their 80s presented to the ED with 
suspected pneumonia not responding to antibiotic 
treatment. On admission, the patient was hemo-
dynamically and neurologically stable with a respi-
ratory rate of 18/min, oxygen saturation of 97%, 
heart rate of 92 bpm, blood pressure of 131/95 mm 
Hg (mean arterial pressure 107 mmHg) and body 
temperature of 36.1°C. Soon after admission, the 
patient became restless with tachypnea 33/min, 
desaturation below 80% requiring oxygen therapy, 
irregular tachycardia up to 200 bpm and a non- 
measurable blood pressure. The abdomen was 
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enlarged and tender. There was suspicion of hemorrhagic shock. 
Ultrasound examination revealed free intra- abdominal fluid, 
suspect for a ruptured abdominal aorta aneurysm (rAAA). Labo-
ratory examinations and arterial blood gas revealed: hemoglobin 
9.4 g/dL, hematocrit 28%, thrombocytes 3.17×109/L, sodium 
139 mmol/L, potassium 4.4 mmol/L, chloride 105 mmol/L, pH 
7.17, bicarbonate 13.9 mmol/L, base excess −13.9 mmol/L and 
lactate 8.8 mmol/L. Massive transfusion protocol was initiated, 
the patient was sedated and intubated, and a vascular surgeon 
was consulted. In the ED, the vascular surgeon placed a REBOA- 
catheter (ER- REBOA PLUS, Prytime Medical Devices, Boerne, 
Texas) via ultrasound- guided percutaneous femoral artery access 
with an 8 Fr introducer sheath (Avanti+, Cordis, Santa Clara, 
California). The balloon was positioned using anatomical land-
marks.6 After REBOA deployment, patient became hemodynami-
cally stable and a CT angiography (CTA)- scan could be obtained. 
CTA- scan confirmed the presence of an rAAA and the patient 
was transferred into the operating room (OR) for endovas-
cular aneurysm repair. Concurrently exact measurements were 
performed in a vascular planning tool (3Mensio Vascular, Pie 
Medical Imaging BV, Maastricht, The Netherlands). The REBOA 
balloon was repositioned to zone 1 as CTA revealed the balloon 
was initially placed just distally of the superior mesenteric artery 
in zone 2 (figure 1). After successful placement of the endograft, 
the REBOA- catheter was deflated and removed. Total occlusion 
time was approximately 30 min. Laparotomy was performed 
because of high suspicion of abdominal compartment syndrome. 
During laparotomy, the patient developed pulseless electrical 
activity. Resuscitation was unsuccessful. The patient was trans-
ferred to the intensive care unit (ICU) where he died.

Case 2
A patient in their 50s received laparoscopic repair of an umbil-
ical hernia. One day postoperatively, patient collapsed at home. 

He was transported to the ED by ambulance. Initial vital signs 
at the ED were respiratory rate 20/min, non- measurable oxygen 
saturation, heart rate 91 bpm, blood pressure 60/40 mm Hg and 
Glasgow Coma Score 15. He had a large peri- umbilical hema-
toma. There was no hemodynamic response to resuscitation with 
3 units of red blood cells (RBC, 275 mL/unit). Arterial blood 
gas values were hemoglobin 11.9 g/dL, pH 7.31, bicarbonate 
16 mmol/L, base excess −9.6 mmol/L and lactate 8.2 mmol/L. 
Point- of- care ultrasound showed a large amount of free intra- 
abdominal fluid. Subsequent abdominal CT- scan revealed a large 
intraperitoneal hematoma ventrally and around the liver, spleen 
and in the lower pelvis. The patient was transported into the 
OR for laparotomy. In the OR, prior to laparotomy and under 
local anesthesia, a vascular surgeon placed a balloon catheter 
(Reliant Stent Graft Balloon Catheter, Medtronic Plc, Minne-
apolis, Minnesota) via ultrasound- guided percutaneous femoral 
artery access with a 12 Fr sheath (Sentrant introducer sheath 
64 cm, Medtronic Plc, Minneapolis, Minnesota) to avoid lethal 
hemodynamic collapse during induction of general anesthesia. 
The balloon was positioned at the height of the diaphragm in 
zone 1, which was confirmed with X- ray. Balloon occlusion 
resulted in 25 points increase of proximal mean arterial pressure 
to 75 mm Hg. During laparotomy, intermittent partial aortic 
occlusion was titrated in close collaboration with the anesthe-
siologist to maintain a target systolic blood pressure of 90 mm 
Hg, which was gradually reduced to 60 mm Hg to preserve 
renal perfusion. Five liters of blood were evacuated from the 
abdomen and the abdomen was packed with laparotomy pads. 
Surgical control of an epigastric artery bleeding was achieved. 
In total, the patient received 12 units RBC and 7 units Octaplas 
(200 mL/unit). Periprocedural lactate increased from 6.7 mmol/L 
to 8.1 mmol/L. After 1 hour, the balloon catheter and introducer 
sheath could be removed. An AbThera dressing (KCI USA, San 
Antonio, Texas) was applied for temporary abdominal closure. 

Figure 1 CT images of the fully inflated aortic occlusion balloon above the ruptured abdominal aortic aneurysm with clear distinction between the 
proximal contrast enhanced blood- filled aorta and the absence of distal blood flow in sagittal (a) and coronal (c) plane and 3D reconstruction (b).
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Lactate levels already decreased to 5.9 mmol/L 1 hour postop-
eratively. The next day, the abdomen was closed after second 
look surgery. Postoperatively, the patient went to the ICU. He 
developed acute kidney failure for which he received continuous 
venovenous hemodiafiltration (CVVHD) for 11 days. Eventu-
ally, the patient has made a full recovery.

DISCUSSION
We report two successful REBOA deployments in hemodynam-
ically unstable patients due to NCTH. In both patients, REBOA 
improved hemodynamics with elevated mean arterial pressures 
and hereby maintained cerebral and cardiac perfusion and 
oxygenation. In the first case, REBOA enabled performing diag-
nostic imaging and transportation to definitive surgery, while 
in the second case, it prevented cardiovascular collapse during 
induction of anesthesia and laparotomy until the bleeding was 
controlled.

The first case emphasizes the importance of proper training 
and direct availability of a complete REBOA kit at the ED. The 
surgeons could act straight away and no precious time was lost. 
In this case, mid- sternum was used as external landmark to posi-
tion the balloon. Although literature has shown that this is a safe, 
reliable method for zone 1 positioning with low error rates, in 
this patient, the balloon was unintentionally placed in zone 2 
(CT scan).6–8 Aortic lengths and tortuosity increase with age.6 9 
When using REBOA in elderly patients with rAAA, this associ-
ated tortuosity can be challenging, especially when using guide- 
wire free deployment. There is a risk of placing the balloon ‘too 
low’ if aortic and iliofemoral elongation is not properly taken 
into consideration. One should also take into account the risk 
of creating a free rupture while blindly advancing the catheter 
into the aorta in rAAA patients. Hence, although imaging- free 
REBOA has successfully been performed,3 10–13 mostly in the 
younger trauma population, balloon position guidance and 
confirmation with an imaging modality currently remain recom-
mended when readily available. No adverse effects of zone 2 
occlusion have been described,14 but robust data substantiating 
the widespread recommendation to avoid this zone, where the 
visceral arteries originate, is currently lacking.

Intermittent aortic balloon occlusion was performed in the 
second case to prevent abdominal organ ischemia. During this 
process, anticipation and clear communication with the anesthe-
siologist are indispensable to avoid large pressure fluctuations 
or sudden collapse. A transient peri- procedural lactate eleva-
tion was observed, which already diminished 1 hour postoper-
atively. CVVHD was necessary for 11 days, but kidney function 
was normalized at follow- up 3 weeks later. Providers should be 
aware of the risk of (iatrogenic) ischemia and reperfusion injury 
and pro- actively mitigate this risk when possible, either through 
partial and intermittent inflation or through the use of balloons 
with flow channels.15–20 Deflating the balloon as much and as 
early as clinically possible is crucial.

In both cases, REBOA- trained and skilled surgeons were 
involved, highlighting the importance of REBOA awareness 
and proficiency. Knowledge of possible indications, as well as 
the practical know- how of the procedure, technical aspects and 
pitfalls in combination with a motivated multidisciplinary team, 
are essential aspects for successful and durable implementation 
of REBOA in clinical practices. Frequent training in obtaining 
femoral artery access and the REBOA procedure is a prerequisite 
to keep skills up to date.21–24

REBOA indications stretch beyond those of traumatic origin 
and include non- compressible obstetric and gastrointestinal 

hemorrhage.3 25–28 We advocate that all medical specialties 
treating bleeding patients should be involved in developing 
hospital- wide NCTH control protocols to ensure broad support 
in the future.

Aim of this dual case report was to raise awareness for the 
potential of REBOA in non- traumatic bleeding control at the 
ED and in the run- up to definitive hemorrhage control. Inherent 
to its working mechanism, REBOA is always a temporary solu-
tion serving as a bridge to definitive therapy. In the right patient 
and skilled hands, this relatively simple and elegant endovas-
cular procedure could buy precious time and prove lifesaving in 
a variety of non- compressible hemorrhage.
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