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Background: Resuscitative endovascular balloon occlusion of the aorta (REBOA) has become an established adjunct 
to hemorrhage control. Prospective data sets are being collected, primarily from large high-volume trauma centers. 
There are limited data and guidelines, to direct the implementation and use of REBOA outside these highly resourced 
environments. Smaller centers interested in adopting a REBOA program could benefit from closing this knowledge gap. 
Methods: A clinical series of cases utilized REBOA at a busy community trauma center (ACS Level 2) from January 
2017 to May 2018. Seven cases are identified and reported, including outcomes. Considerations and ‘lessons 
learned’ from this early institutional experience are discussed. 
Results: REBOA was performed by trauma and acute care surgeons for hemorrhage and shock (blunt trauma n = 3, 
penetrating trauma n = 2, no trauma n = 2). All were placed in Zone 1 (one was placed initially in Zone 3 then 
advanced). The mean (SD) systolic pressure (mmHg) before REBOA was 43 (30); post-REBOA pressure was 104 (19). 
Four of the patients were placed via an open approach, and three were percutaneous (n = 2 with ultrasound). All with 
arrest before placement expired (n = 3) and all others survived. Complications are described.
Conclusions: REBOA can be a feasible adjunct for shock treatment in the community hospital environment, with 
outcomes comparable to large centers, and can be implemented by acute care and trauma surgeons. A rigorous 
process of improvement programs and critical appraisal are critical in maximizing the benefit in these centers. 
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INTRODUCTION

While resuscitative endovascular balloon occlusion of 
the aorta (REBOA) has been described as a tool for the 
control of exsanguinating hemorrhage since 1954 [1], 
there has been an explosion in its use globally within the 
last decade [2–5]. Although practiced in Japan and 
Europe for longer, there has been a recent increase in the 
utilization of REBOA in the trauma systems of the 
United States. Initial studies utilizing REBOA have been 
performed at large highly resourced trauma centers with 
reassuring results. The American Association for the Sur-
gery of Trauma (AAST) prospective Aortic Occlusion 
for Resuscitation in Trauma and Acute Care Surgery 
(AORTA) registry continues to collect and analyze data 
on utilization and trends for REBOA use.

While the defined role of the multi-institutional study 
is to “capture contemporary methods of aortic occlusion 
(AO) with the purpose of refining clinical protocols and 
future data collection”, the database fails to capture much 
of the available data regarding REBOA use at smaller 
trauma centers not enrolled in the study. Illustrating 
this point, 103 centers out of the 256 hospitals currently 
using the newer ER-REBOA catheter®, are Level II or III 
trauma facilities [6]. The AORTA database includes data 
from roughly 22 centers, while the National Trauma 
Data Bank reports over 60 centers using REBOA, there-
fore, the AORTA database only captures a small portion 
(approximately 1/3) of the available usage data. Thus, 
preliminary published results may disproportionally skew 
findings toward large and robust trauma systems due to 
the higher use of REBOA at those institutions [5].

In an attempt to increase awareness of REBOA compli-
cations and pitfalls, the Basic Endovascular Skills for 
Trauma (BEST) study group has published consensus 
guidelines on the implementation, pitfalls and best prac-
tices for the application of REBOA – comprised primarily 
of expert opinion, a compilation of case reports, and 
anecdotal evidence [7]. Military use has also been care-
fully utilized, with associated guidelines that could serve 
as a starting point for institutional implementation [5]. 
Currently, there is a lack of published data on the imple-
mentation and institutional ‘lessons learned’ from smaller 
trauma centers in the United States and guidance on best 
practices for the safe institutional adoption of REBOA for 
early hemorrhage control.

The following case series represents the early experi-
ence of a smaller trauma center serving multiple coun-
ties in coastal South Carolina, following the adoption of 
REBOA technology. When the FDA approved Prytime 
Medical’s ER-REBOA® catheter for medical use in 
October 2015, the decision was made to include REBOA 
as a potential alternative to Emergency Department (ED) 
thoracotomy at this institution in January 2017, while it 
was still a growing Level II trauma center. We report our 
early institutional successes, as well as lessons learned, 
during the initial 16 months after implementation.

PATIENTS AND METHODS

A clinical series of all cases utilizing REBOA, from 
January 2017 to May 2018, were included. The use of 
REBOA was considered part of the routine clinical care 
for traumatic, vascular, and/or acute surgical bleeding. 
Indications for use were for the emergent management 
of hemorrhage. In all cases, the ER-REBOA® was placed 
by acute care and trauma surgeons. Observations and 
data extraction were performed retrospectively, with an 
exempt determination from the Edward Via College of 
Osteopathic Medicine Institutional Review Board.

Case Study 1

A 52-year-old male presented to an outside hospital 
with shortness of breath and left lower quadrant pain. 
He was diagnosed with a 7.8 cm × 7.8 cm ruptured 
infra-renal abdominal aortic aneurysm with extensive 
retroperitoneal hemorrhage, and transferred to this 
institution (Table 1). Prior to arrival, the patient had 
multiple episodes of hypotension and was transiently 
responding to 2 liters of normal saline and 2 units of 
packed red blood cells (PRBCs). Upon arrival, the patient 
was confused, pale, cool and diaphoretic. Blood pressure 
was unobtainable with non-invasive blood pressure 
cuffs. Access for REBOA was initially unsuccessful with 
palpation alone (by the accepting vascular surgeon), but 
subsequently obtained with ultrasound (US) guidance 
(US-guided percutaneous, 18 gauge access to the right 
common femoral artery (CFA), upsized over a .035 wire 
directly to a 7-Fr sheath) by the on call trauma surgeon. 
The ER-REBOA balloon was positioned into Zone 1 
using anatomic landmarks, placement confirmation was 
made with portable chest x-ray, and the balloon was 
inflated with 10 ml of contrast/saline mix (Figure 1). 
Systolic blood pressure (SBP) became obtainable at 110 
mmHg (sustained), massive transfusion protocol (MTP) 
was initiated and the patient was taken for laparotomy. 
The aortic rupture was identified, proximal and distal 
control obtained, and the REBOA balloon was deflated 
under direct visualization. The aorta was repaired with 
a tube graft. Post-operative care was uncomplicated 
(sheath removal by vascular surgery on post-operative 
day (POD) 1) with the exception of temporary acute 
kidney injury (creatinine elevation to 2.30 POD 2). The 
patient was discharged home POD 11 following resolu-
tion of his acute kidney injury.

Case Study 2

A 45-year-old male presented after a fall from five sto-
ries (Table 1). The patient was alert but confused, with 
a heart rate of 115 b/m and SBP of 130. The initial 
physical exam revealed bruising to the abdomen, an 
unstable pelvis, and an open left elbow deformity. The 
initial extended focused assessment with sonography 
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for trauma (eFAST) exam was negative for fluid, with 
the absence of lung sliding on the left chest suggesting a 
pneumothorax. The patient rapidly declined, becoming 
obtunded, leading to intubation and tube thoracostomy, 

which resulted in no rush of air nor evacuation of signif-
icant blood. SBP after intubation and insertion of chest 
tube was 100 mmHg and deteriorated to 63 mmHg 
despite 1 L of normal saline and 1 unit of PRBCs, and 
MTP was activated. As the patient was felt to be in a 
‘peri-arrest’ condition, despite initial blood product 
resuscitation, REBOA was placed (US-guided percuta-
neous, 18 Gauge access to the right CFA, upsized over 
.035 wire directly to a 7-Fr sheath) in Zone 3 (using 
anatomic landmarks) and inflated with 5 ml of saline. 
The SBP did not respond (via cuff measurement) after  
4 minutes of balloon inflation, therefore the balloon was 
deflated, advanced to Zone 1, and re-inflated with 8 ml 
of saline. This resulted in a stable SBP of 116 mmHg. 
The patient was taken to CAT scan in an effort to rap-
idly rule out neurologic injury and evaluate the extent of 
the pelvic fracture (and facilitate mobilization of the 
interventional radiology team), followed immediately 
by the operating room (OR) for exploration. 

Operatively, the ileo-colonic mesentery was found to 
be avulsed with active bleeding. A non-expanding Zone 2 
retroperitoneal hematoma, grade 1 liver and splenic lac-
erations were identified and packed. The REBOA bal-
loon was deflated after 32 minutes. Devitalized bowel 
was resected and the patient’s abdomen was left open. 

Table 1 Demographics and summary of REBOA use in seven patients. Time to occlusion is calculated from the time that REBOA is 
decided upon (verbal confirmation or obtaining the access kit) until the balloon is verbalized to be inflated.

Patient

1 2 3 4 5 6 7

Age (yrs) 52 45 82 71 37 19 20

Sex Male Male Female Female Female Male Male

Indication/mechanism Ruptured AAA Fall MVC Found down GSW GSW Crush

Injury severity score (ISS) n/a 22 21 0 25 25 18

Access method Ultrasound Ultrasound Cut down Cut down Percutaneous Cut down Cut down

SBP before REBOA, mmHg 60 63 0 0 70 60 50

SBP after REBOA, mmHg 110 116 131 70 110 90 100

Cardiac arrest before REBOA No No Yes Yes No Yes No

Zone of Inflation 1 3, 1 1 1 1 1 1

Admission pH 7.18 7.20 n/a 7.81 7.10 6.54 7.24

Admission base deficit -8 -11 n/a >30 -14 <-30 -5

Time to occlusion, min 11 4, 6 7 6 2 n/a n/a

Time of occlusion, min 28 32 n/a n/a 19 n/a 9

Surgery after REBOA Yes Yes Yes No Yes Yes Yes

Embolization after REBOA No Yes No No No No No

Complication Temporary acute 
kidney injury

No No No Transient 
ischemia,  
pulmonary 
embolism

No Ischemia, 
amputation, 
pseudo- 
aneurysm

Outcome Alive Alive Death Death Alive Death Alive

Figure 1 ER-REBOA balloon inflated in Zone 1 via landmarks. 
Case 1.
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wire directly to a 7-Fr sheath) and inflated in Zone 1 
(anatomic landmarks, Figure 2), with a return of carotid 
pulses after AO. No effort at imaging confirmation was 
made due to the desire for uninterrupted CPR. Arterial 
blood gas results revealed a profound alkalosis (pH 
7.81, pCO2 > 50, HCO3 63.3, Base Excess > 30), lactate 
of 10.11, and glucose 547, and hemoglobin 5.4 mg/dl. 
The patient went into persistent PEA and expired.

Case Study 5 

A 37-year-old female presented after sustaining a close 
proximity gunshot wound to the left lower quadrant of 
the abdomen (Table 1). She arrived neurologically intact. 
Initial SBP was 143 and was tachycardic (125 bpm). 
She was taken immediately to the OR for exploratory 
laparotomy, and upon induction of anesthesia became 
hypotensive. MTP was activated. Laparotomy revealed 
an expanding Zone 3 retroperitoneal hematoma with 
extension to Zone 2 on the left. During exposure, signifi-
cant bleeding was encountered, and despite packing, the 
patient’s SBP fell below 70 mmHg. A REBOA catheter 
was inserted into Zone 1 (percutaneous via palpation, 5-Fr 
sheath access to the right CFA, upsized over .035 wire to 
a 7-Fr sheath).  AO resulted in normalization of SBP and 
cessation of intra-abdominal hemorrhage, allowing iden-
tification and local vascular control of a partially tran-
sected (<50% circumference) left external iliac artery. 
The aortic balloon was deflated, and the arteriotomy was 
repaired. The femoral 7-Fr sheath with REBOA catheter 
were left in place post-operatively with the balloon fully 
deflated, she was left in discontinuity with an open abdo-
men, and transferred to the ICU for further management.

He was then taken to the interventional radiology (IR) 
suite for pelvic angiography and no active extravasation 
was found. After stabilization in the ICU, the REBOA 
sheath was removed (approximately 8 hours later). The 
patient underwent subsequent surgical correction of 
multiple fractures. On hospital day 6, the patient was 
neurologically intact and transferred to a hospital closer 
to his home (at family request) for recovery.

Case Study 3

An 82-year-old female presented after a motor vehicle 
crash (MVC) from a distant rural county (Table 1). The 
patient was unresponsive on presentation, cold, pale, 
and mottled, with a thready femoral pulse. Initial chest 
x-ray was negative for hemorrhage. Within minutes of 
arrival, the patient lost a palpable pulse (PEA on moni-
tor). CPR was started, and the patient was intubated. 
Bilateral finger thoracostomies resulted in no blood or 
rush of air. An eFAST exam was indeterminate but 
revealed no pericardial tamponade. The decision was 
made to utilize REBOA (Cut down, 18 Gauge access to 
the right CFA, upsized over .035 wire directly to a 7-Fr 
sheath).  The balloon was placed and inflated in Zone 1 
(anatomic landmarks with recorded insertion distance 
of 35 cm measured at the sheath, 8cc saline inflated) and 
confirmed with x-ray. Continued CPR and MTP resulted 
in the return of spontaneous circulation (ROSC). Post-
ROSC vitals revealed an SBP of 131 mmHg and a heart 
rate of 121. A diagnostic laparotomy in the trauma bay 
revealed hemoperitoneum. She again became pulseless, 
and ROSC was achieved a second time. The patient was 
taken to the OR, where she was found to have a grade 3 
splenic laceration, multiple mesenteric rents, Zone 1 
and bilateral Zone 2 retroperitoneal hematomas. The 
patient lost her pulse again in the OR, further resuscita-
tion was felt to be futile and the patient expired.

Case Study 4

A 71-year-old female presented after a reported fall from 
standing, 6 hours prior, where she struck her right hip 
(Table 1). She had no external signs of trauma. Medical 
history included uncontrolled diabetes and dementia, 
and was noted by Emergency Medical service personnel 
to have elevated blood glucose (BG > 500 mg/dl). Upon 
presentation, the patient was alert but confused, with 
bilateral breath sounds, but hypotensive (SBP 88) and 
tachycardic (HR 130). Chest x-ray and eFAST exam 
were unremarkable. Her mental status rapidly declined, 
requiring intubation, and precipitated subsequent car-
diac arrest. CPR was started. Two units of PRBCs were 
rapidly administered in addition to a liter of normal 
saline. Rather than proceed directly to thoracotomy in 
this elderly patient with a questionable history for trau-
matic arrest, a REBOA catheter was placed (Cut down, 
5-Fr sheath access to the right CFA, upsized over .035 

Figure 2 ER-REBOA catheter positioned in Zone 1 via 
anatomic landmarks. Case 4.
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injuries were noted. Devitalized bowel was removed, 
continuity was restored and the abdomen was closed. 
The REBOA sheath was removed and the left femoral 
arteriotomy was repaired primarily with the assistance 
of the on call vascular surgeon. While still in the OR, the 
patient lost distal pulses and Doppler signals on the left 
side. The repair was reopened, and Fogarty thrombec-
tomy was performed for the removal of a large amount 
of clot, and return of dopplerable signal. The patient 
was then heparinized and was therapeutic. A prophy-
lactic four-compartment fasciotomy was performed 
and the patient was transferred to the ICU for further 
management.

On POD 3, after extubation, the patient was unable 
to move his left toes, foot or ankle. He developed wors-
ening ischemia to the Left Lower Extremity (LLE), 
resulting in myonecrosis at his fasciotomy site. Despite 
maximal efforts at limb salvage, the patient required 
LLE amputation on POD 15. On POD 23, he was noted 
to have a left femoral pseudo-aneurysm, with bleeding, 
requiring operative repair. He continued to recover and 
was discharged to rehab on hospital day 48.

DISCUSSION

This clinical series represents the initial experience of 
using the REBOA device at a busy ACS Level II trauma 
center, and offers an opportunity to evaluate successes 
and pitfalls in this environment. Our institution pro-
vides 24/7 in-house trauma surgeons, meaning that the 
trauma and acute care surgeon is likely to be the first 
surgical line of defense for a range of traumatic and 
non-traumatic cases of hemorrhage. A priori, a review 
of institutional practice for controlling hemorrhage was 
undertaken and, as is paralleled in the literature, hemor-
rhage continues to be a leading cause of trauma-related 
mortality. After this review (and with the FDA approval 
of the Fluoroscopy free, 7-Fr delivery ER-REBOA) it 
was determined that the addition of a ‘new technique’ to 
control hemorrhage may be beneficial. 

The initial team exposure and introduction to endo-
vascular aortic occlusion devices occurred via training 
provided at the Center for Advanced Medical Simula-
tion and Learning (CAMLS) Center in Tampa, Florida. 
All staff, residents and trauma nurses had the opportu-
nity to participate in practice on the REBOA Access Task 
Trainer (RATT) at the simulation center, or at a similar 
local training session. This training and exposure were 
all simulation based. Two staff surgeons had also previ-
ously completed the American College of Surgeons BEST 
course prior to implementation. No additional local cre-
dentialing was required for board-certified critical care 
surgeons to utilize REBOA, as it is considered a core 
competency at this institution. Residents were allowed to 
assist, but not perform, REBOA. After every use, a 
detailed performance review is performed, with critical 
appraisal of the indication, technique, and outcomes. 

In the ICU the patient was noted to have loss of 
pulses distal to the REBOA access site. The catheter and 
sheath were then removed, resulting in the return of pal-
pable distal pulses. Further operative care was routine, 
though complicated by respiratory failure (secondary to 
pulmonary embolus, heparin-induced thrombocytope-
nia, and IVC filter placement). She was discharged home 
on POD 16.

Case Study 6

A 19-year-old male was transferred from an outside hos-
pital after suffering a gunshot wound to the right lower 
abdomen and right buttock (Table 1). During transport 
via helicopter, the patient arrested twice, was intubated 
and resuscitated with ROSC. The patient received 5 liters 
of saline, 10 units of PRBCs, and tranexamic acid prior 
to arrival. Upon arrival, the Glascow Coma Scale (GSC) 
was 3. Airway was confirmed, bilateral chest tubes were 
placed with a minimal return of blood or air. The patient 
had palpable femoral pulses and was tachycardic. MTP 
was continued with a focus on recovering a balanced 
blood product resuscitation. Epinephrine, sodium bicar-
bonate, and calcium chloride were given. SBP declined 
to <60 mmHg, with intermittent bradycardia, and so a 
REBOA was placed (cut down, 5-Fr sheath access to the 
right CFA, upsized over .035 wire to a 7-Fr sheath), 
inserted in Zone 1 via anatomic landmarks and inflated. 
The patient had a transient SBP increase and was taken 
to the OR for laparotomy. In the OR, multiple injuries 
were noted including a transected right iliac artery and 
expanding hematoma in the pelvis. Despite maximal 
efforts at bleeding control, including the assistance of 
the on call vascular surgeon, the patient was unable to 
be recovered and expired in the OR. 

Case Study 7

A 20-year-old male presented after sustaining an abdom-
inal crush injury and pinning from the bucket of heavy 
excavating machinery (Table 1). The patient had a pat-
ent airway, normal neurologic exam and with a GCS of 
15 and palpable distal pulses on arrival. He was initially 
hypotensive, however, became normotensive after receiv-
ing crystalloid resuscitation. He had diffuse abdominal 
tenderness and periumbilical ecchymosis. A FAST exam 
was negative. He was taken to CT, during which his SBP 
began to drop. MTP was initiated and he was taken to 
the OR immediately. Significant arterial bleeding was 
noted near the mesenteric root. 

Initial attempts at bleeding control failed and the SBP 
fell to <50 mmHg. A REBOA balloon was placed (cut 
down, 5-Fr sheath access to the right CFA, upsized over 
.035 wire to a 7-Fr sheath), advanced into Zone 1 via 
anatomic landmarks and inflated. The arterial bleeding 
at the mesenteric root was then controlled and ligated, 
after which the REBOA balloon was deflated. No further 
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the trauma and vascular surgeon, and highlights that 
team communication, with the inclusion of vascular sur-
geons, can be an important aspect of safe implementa-
tion at smaller facilities. Also of note is the use of REBOA 
in a rAAA with a wire-free, non-steerable device in the 
ED. Careful attention to tactile feedback and the use of 
x-ray permitted safe insertion is required as there is 
potential for the catheter to advance out into the aneu-
rysm sac and cause further damage.

This retrospective case series also highlights several 
pitfalls, especially in regards to vascular complications 
following REBOA. It is important to point out that there 
were no balloon specific complications – such as aortic 
lacerations, balloon ruptures, etc. – which are consistent 
with national data. However, the patients in cases 5 and 
7 suffered sheath and access related complications – 
including one amputation. In case 5, where the sheath 
was left in place to the ICU, limb ischemia was only 
transient and resolved with sheath removal. This may be 
related to the smaller arterial diameter of this female 
patient, or possibly vascular spasm, but it resolved none-
theless. In case 7, the sheath was removed in the OR, 
however early thrombosis of the access site led to a 
period of ischemia that ultimately required limb ampu-
tation, despite salvage efforts by trauma and vascular 
surgeons. While practice patterns are variable, it may be 
prudent to remove the REBOA sheath prior to leaving 
the OR. Certainly, a high level of vigilance during and 
after resuscitation is necessary. If the decision to leave 
the OR with the sheath in place is made, assessment of 
distal perfusion with angiography and physical exam is 
highly recommended.

After review, we have implemented new REBOA 
placement and post-placement management guidelines. 
For example, in several cases above there is no recording 
of insertion distance. It is now protocol to record dis-
tances. Though still not always recorded, there is now a 
mechanism for feedback, proper quality assurance, and 
review. Documented vascular exams pre-insertion, 
during use and hourly post-placement are also now man-
dated, and are tracked by the trauma performance 
improvement (PI) team. Doppler evaluation for insertion 
site pseudo-aneurysm within 48–72 hours post-insertion 
is recommended. An angiogram of the access extremity is 
ordered if the patient shows signs of lower limb isch-
emia. Vascular surgery is available to assist with any 
complications, and mandatory vascular consultation for 
every REBOA case is being considered. All attempts are 
made to limit each occlusion time to less than 30 minutes 
(though it is understood that some guidelines allow 
30–60 minutes occlusion for Zone 1, longer for Zone 3 
[8]), with inflation/deflation times recorded in every case. 
Our local guidelines recommend removing the sheath ‘as 
soon as possible once resuscitative goals have been 
achieved.’ This is purposely ambiguous to allow for 
practice variability, but the use of thromboelastometry, 
thromboelastography, or other adjuncts may be helpful 

The trauma team initially created its own supplemen-
tal catheter insertion kit, which has since been updated to 
the pre-made Prytime convenience kit. The ER-REBOA 
catheter and convenience kit are kept together in each 
primary trauma bay, with another stocked in the main 
trauma OR. Continuous and portable arterial waveform 
monitoring capabilities were not initially available, but 
have been added to the trauma resuscitation bays and 
are utilized with REBOA when required. Ultrasound is 
available in all resuscitations. Access choice is currently 
surgeon preference, but with increasing exposure to 
US-guided access, we feel that this modality will be cho-
sen more frequently.

Institutional indications for use were initially agreed 
upon within the trauma team, but not formally defined. 
These have since been formalized and largely parallel 
algorithms from larger trauma centers [7]. In general, the 
critical first step is the recognition of a patient in shock, 
from both traumatic and non-traumatic causes. SBP 
< 90 mmHg, HR > 120 b/m, shock Index >1.3, or BD less 
than -5 have been used to define shock. Contraindica-
tions for REBOA include arrest from non-hemorrhagic 
causes, PEA arrest >10 min, known proximal traumatic 
aortic dissection, and cardiac tamponade/obstructive 
shock. However, as is illustrated in case study 4 (very 
likely to be a medical arrest) it can be difficult to identify 
the precipitating cause of cardiac arrest in every situa-
tion. When a patient arrives in arrest, with an unknown 
cause (trauma as a possible mechanism), all efforts are 
made at resuscitation. 

Additionally, we do not consider age as a contraindi-
cation to REBOA. When a witnessed traumatic arrest 
occurs in an elderly patient, we consider it reasonable to 
resuscitate with the adjunct of an intra-aortic balloon, 
preferring this over the additional morbidity of an inva-
sive open thoracotomy – although this is highly situa-
tion and provider dependent.

All deaths in our cases (n = 3) were patients that 
arrested prior to REBOA deployment. All patients that 
were hypotensive prior to REBOA deployment (n = 4) 
survived. Considering the results from the AORTA data-
base and dismal survival rates of all aortic occlusion 
when a patient is pulseless (3% survival to discharge [5]), 
it may be reasonable to include prehospital arrest as a 
contraindication for using REBOA. 

The significance of these observations is, of course, 
limited due to the small sample size, but in general, 
we feel that early utilization of REBOA (prior to arrest) 
offers an advantage in our institution. In the case of non- 
traumatic bleeding, where specialty services may be 
delayed, REBOA may add a layer of security and ‘buy 
time.’ To illustrate this point, the first application of 
REBOA at this facility was for a hemodynamically unsta-
ble ruptured AAA (rAAA) patient in extremis in the ED, 
bridging the patient to the successful definitive manage-
ment of the AAA. It also bears mention that this initial 
success (seen in case 1) resulted from the collaboration of 
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to refine these endpoints. This institution utilizes Rota-
tional Thromboelastometry (ROTEM) primarily. We 
have also created a flow sheet, included in the standard 
trauma ‘packet,’ to improve the quality and consistency 
of data collected in these patients (Figure 3). 

These results describe our early experiences in using 
the ER-REBOA device in the resuscitation of seven 
hemodynamically unstable patients. We feel that these 
results are comparable to available national data. While 
we continue to review local practices, there have already 
been many lessons learned within our facility and we 
are considering the utility of expanding to indications 
described at other institutions [9–11]. Though we have 
limited experience with other indications at this point, 
the trauma PI team has identified other cases where 
REBOA could have potentially been useful. Overall, 
we feel that any difference in outcomes, particularly 
complications, may be attributed to the ways in which 

REBOA was implemented compared to large academic 
centers with protocols, algorithms, senior mentorship, a 
rigorous QA process, and a specific credentialing pro-
cess that requires completion of a standardized REBOA 
training program. The lack of some or all of the above 
at our institution may or may not make a difference in 
outcomes, but data from high-volume institutions sug-
gests these entities are likely to be important. Ideally, 
this early experience from a smaller trauma center can 
compress the learning curve of other institutions, and 
help identify the patients for whom REBOA will confer 
the most benefit.
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Background: One limitation of resuscitative endovascular balloon occlusion of the aorta (REBOA) is hemodynamic 
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INTRODUCTION

Resuscitative endovascular balloon occlusion of the 
aorta (REBOA) is becoming an acceptable and effective 
intervention for hemorrhage control and hemodynamic 
support in the setting of non-compressible torso hemor-
rhage (NCTH). One limitation of REBOA is the pro-
found hemodynamic lability that occurs upon reinstituting 
distal aortic flow. The hemodynamic instability follow-
ing balloon deflation is a product of distal vascular vaso-
dilation from ischemia as well as the ischemia-reperfusion 
injury that occurs upon reinstitution of blood flow [1–3]. 
This vasodilation can result in a profound shock state 
that may require extensive resuscitation efforts regard-
less of the initial injury. With the ongoing evolution of 
REBOA, several strategies have been described in an 
attempt to mitigate the ischemic burden of REBOA and 
minimize the subsequent ischemia-reperfusion state. 
Among them, intermittent REBOA (I-REBOA) [4,5], 
partial REBOA (P-REBOA) [6–8], and endovascular 
variable aortic control (EVAC) [9] have all demonstrated 
promise, but the applicability of each is currently limited 
by technologic challenges [10]. Although REBOA use 
continues to increase in patients with NCTH, there 
remains a need for a practical, effective strategy to man-
age the resultant reperfusion injury.

The 2018 guidelines from the American College of 
Surgeons Committee on Trauma do not recommend any 
specific steps for weaning from REBOA, except that the 
balloon should be deflated as soon as possible, and the 
patient must be monitored for at least 24 hours thereaf-
ter [11]. The Joint Trauma System Clinical Practice Guide-
line recommends slow deflation in conjunction with 
ongoing resuscitation and mentions the potential need 
for intermittent balloon inflation and deflation as hemo-
dynamic stability is restored [12]. Finally, the Basic Endo-
vascular Skills for Trauma (BEST) course recommends 
stepwise deflation over a 5-minute period to slowly 
reperfuse distal vasculature [13]. Prior translational work 
has demonstrated that the timing of aortic flow return 
upon deflation of a REBOA balloon is inconsistent and 
unpredictable, with a return to full flow occurring over a 
very small range of balloon volumes [14,15]. Further-
more, due to the distal vasodilation that occurs during 
complete aortic occlusion, aortic flow returns at a higher 
rate than initial baseline flow resulting in rapid washout 

of ischemic metabolites from distal vascular beds [14]. 
Based on the current literature, the optimal method of 
weaning a patient from complete aortic occlusion remains 
unclear, yet critical for increasing the safety and thera-
peutic duration of REBOA technologies.

Considering the hemodynamic compromise upon 
Zone 1 balloon deflation, one potential solution would 
be simply to reposition the balloon more distally into 
Zone 3 while resuscitation continues. Even though the 
degree of hemodynamic support provided by Zone 3 
REBOA remains unclear based on the current literature, 
it is reasonable to infer that Zone 3 REBOA would pro-
vide some hemodynamic support, albeit less than that 
provided by Zone 1 REBOA. We proposed this stepwise 
reperfusion strategy as an immediately clinically rele-
vant method to address the hemodynamic instability 
upon REBOA balloon deflation. Our objective for this 
study was to determine if immediately transitioning 
from Zone 1 REBOA to Zone 3 REBOA would have 
physiologic benefits compared to deflation from Zone 1 
occlusion alone. We hypothesized a net benefit of hemo-
dynamic support that would outweigh any additional 
ischemic burden incurred. We used a swine model to 
investigate this strategy, using proximal MAP following 
reperfusion as a primary outcome. Secondary outcomes 
included resuscitation requirements, serum lactate con-
centration, and markers of renal function.

MATERIALS AND METHODS

Overview

The Institutional Animal Care and Use Committee at 
David Grant Medical Center, Travis Air Force Base, 
California approved this study. All animal care and use 
were in strict compliance with the Guide for the Care 
and Use of Laboratory Animals in a facility accredited 
by the Association for the Assessment and Accreditation 
of Laboratory Animal Care International. Healthy adult 
castrate male and non-pregnant female Yorkshire-cross 
swine (Sus scrofa) from various vendors were acclimated 
for a minimum of seven days. Animals were housed in 
individual cages with 12-hour day-night cycles. They 
had free access to food and water until 12 hours prior to 
experimentation. Every experiment was supervised by an 
attending veterinarian. At the time of experimentation, 

Conclusions: In an animal model of hemorrhagic shock and Zone 1 REBOA, subsequent Zone 3 aortic occlusion did 
not add a significant ischemic burden, but it also did not provide significant hemodynamic support. The effect of this 
strategy on functional outcomes warrants further study. Continued investigation is necessary to determine optimal 
resuscitative support strategies during reperfusion following Zone 1 REBOA.
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animals weighed between 70 and 92 kg and were between 
4.5 and 5.5 months of age.

Conduct of the protocol, including animal prepara-
tion, injury, intervention, and critical care, is illustrated 
in Figure 1. Animals were subjected to a 25% total 
blood volume hemorrhage over 30 minutes, followed by 
45 minutes of Zone 1 REBOA. During this time, animals 
were assigned, using a block randomization scheme, to 
one of two experimental arms: standardized critical care 
along with an additional 55 minutes of Zone 3 REBOA 
following deflation of the Zone 1 balloon (Z1Z3 group, 
n = 6), or standardized critical care without Zone 3 
REBOA (Z1 group, n = 6). Critical care was continued 
for a total experimental time of 360 minutes, during 
which vasopressors were titrated and isotonic fluid 
boluses were administered based upon predefined phys-
iologic parameters.

Animal Preparation

Animals were premedicated with 6.6 mg/kg intramuscu-
lar tiletamine/zolazepam (Telazol, Fort Dodge Animal 
Health, Fort Dodge, IA). Following isoflurane induction 
and endotracheal intubation, general anesthesia was 
maintained with 2% isoflurane in 100% oxygen. To off-
set the vasodilatory effects of general anesthesia, an 
intravenous infusion of norepinephrine (0.01 µg/kg/min) 
was instituted upon venous access and titrated prior to 
experimentation to achieve a target mean arterial pres-
sure between 65 and 75 mm Hg. Animals were mechan-
ically ventilated with tidal volumes of 7–10 mL/kg and 
a respiratory rate of 10–15 breaths per minute, which 
was sufficient to maintain end-tidal CO2 at 40 ± 5 mm 
Hg. Balanced electrolyte solution (Plasma-Lyte A, Bax-
ter Healthcare Corporation, Deerfield, IN) was adminis-
tered at a rate of 10 mL/kg/h until the abdomen was 

closed, at which point the rate was decreased to 5 mL/kg/h 
for the remainder of the study to replace insensible losses. 
All animals received a bolus of 1 L Plasma-lyte A upon 
venous access. Intravenous heparin was administered to 
achieve an activated clotting time (ACT) of 100 seconds, 
similar to human baseline values. An underbody warmer 
was used to maintain core body temperature between 
35 and 37°C.

Following celiotomy, the spleen was removed to min-
imize hemodynamic variation from autotransfusion 
[16]. The supraceliac aorta was exposed by dividing the 
diaphragm and dissected circumferentially for a length 
of 5–10 cm. Two adjacent intercostal arteries were ligated 
to facilitate placement of an 11 mm periaortic flow 
probe (Transonic Systems Inc, Ithaca, NY). The abdo-
men was closed with cable ties.

Bilateral external jugular veins were cannulated (7 Fr 
sheath on the left, 9 Fr dual lumen catheter on the right) 
to facilitate medication and fluid administration, as well 
as for central venous pressure monitoring. The right 
brachial artery was exposed and cannulated with a 7 Fr 
sheath for controlled hemorrhage. The left axillary 
artery was exposed and cannulated with a 9 Fr sheath 
for proximal mean arterial pressure (pMAP) monitor-
ing. The left femoral artery was exposed and cannulated 
with a 12 Fr sheath for Coda balloon placement (Coda, 
Cook Medical, Bloomington, IN) and distal mean arte-
rial pressure (dMAP) monitoring. The right femoral 
artery was exposed and cannulated with a 7 Fr sheath 
for ER-REBOA placement (ER-REBOA, Prytime Medi-
cal, Boerne, TX). The left femoral vein was exposed and 
cannulated with a dual lumen resuscitation catheter for 
blood transfusion. The position of the Coda balloon in 
Zone 1, just proximal to the diaphragmatic hiatus, and 
the ER-REBOA balloon in Zone 3, just distal to the 
most distal renal artery, were guided by palpation during 

Figure 1 Experimental design.
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celiotomy and confirmed by fluoroscopy after abdomi-
nal closure but prior to the start of experimentation.

Data Collection

Physiologic parameters and aortic flow measurements 
were collected in real time using a multichannel data 
acquisition system (MP150, Biopac Systems Inc., Goleta, 
CA). Measured parameters included heart rate, blood 
pressure proximal and distal to the intraaortic balloons, 
central venous pressure, core temperature, and aortic 
blood flow. Arterial blood was collected at routine inter-
vals throughout the study for blood gas analysis, basic 
metabolic profile, and blood counts. Urine was collected 
and quantified at similar intervals.

Hemorrhage, Intervention, and Critical Care

At the start of the experiment, animals underwent con-
trolled hemorrhage of 25% of their estimated total 
blood volume. Blood volume was estimated at 60 mL 
per kilogram of body weight. Blood was withdrawn 
over 30 minutes into citrated blood collection bags. 
During this time, animals were randomized.

At the end of 30 minutes, the Zone 1 balloon was 
inflated in all animals. Complete aortic occlusion was 
confirmed by loss of aortic flow. Occlusion in Zone 1 
was maintained for 45 minutes. Transfusion of shed 
blood began 10 minutes prior to deflation of the Zone 1 
balloon. The volume of shed blood was transfused over 
30 minutes with a rapid infuser (Belmont Instrument 
Corporation, Billerica, MA). The Zone 1 balloon was 
deflated over 5 minutes, starting at T75. At T80, critical 
care commenced for all animals. The animals random-
ized to the Z1Z3 group immediately underwent infla-
tion of the Zone 3 balloon. Complete aortic occlusion 
was again confirmed by the loss of the distal arterial 
pressure waveform. This balloon remained inflated in 
Zone 3 for an additional 55 minutes. It was deflated 
over a 5-minute interval starting at T135. This duration 
of Zone 3 occlusion was chosen based upon previous 
experience in our lab as the amount of time that would 
provide support during the most tenuous period in 
resuscitation after Zone 1 reperfusion, but would not 
produce a burden of ischemia from which the animal 
could not recover.

For all study animals, critical care with isotonic fluid 
boluses, vasopressor titration, and electrolyte correction 
proceeded from T80 to T360. Boluses of 500 mL Plasma- 
lyte A were administered for pMAP less than 60 mm Hg 
with CVP less than 7 mm Hg. The norepinephrine infu-
sion rate was increased by 0.02 mcg/kg/min for pMAP 
less than 60 with CVP greater than or equal to 7 mm Hg. 
The norepinephrine infusion rate was decreased by 0.01 
mg/kg/min when the pMAP exceeded 70 mm Hg. These 
interventions were administered automatically in a closed 
loop algorithm by a custom automated syringe pump for 

norepinephrine and a Masterflex peristaltic pump 
(Cole-Parmer, Vernon Hills, IL) for fluid boluses. Serum 
potassium concentrations greater than 6.0 mmol/L were 
corrected with insulin and dextrose. Serum glucose con-
centrations less than 60 mg/dL were corrected with dex-
trose boluses and continuous infusions. Serum calcium 
concentrations less than 1.00 mmol/L were corrected 
with calcium gluconate. Animals were euthanized at 
T360 without recovering from general anesthesia.

Data Analysis

Experimental data were entered into Excel datasheets 
(Microsoft Corporation) and transferred to STATA ver-
sion 14.0 (Stata Corporation, Bryan, TX) for analysis. 
Continuous variables are presented as means and stan-
dard errors of the means (SEMs) if normally distributed, 
and as medians with interquartile ranges if not normally 
distributed. Between groups, comparisons were con-
ducted with a t-test or Mann–Whitney U-test, as appro-
priate. Statistical significance was set at p less than 0.05. 
The sample size was determined using an a priori power 
calculation using G*Power (Heinrich-Heine Universität 
Düsseldorf, Germany) to detect a difference in MAP of 
15 mm Hg with a standard deviation of 9 mm Hg, a 
power of 80%m and a statistical significance if p < 0.05.

RESULTS

There were no differences in baseline hemodynamics or 
laboratory analysis between groups, except that animals 
in the Z1Z3 group had a higher starting creatinine 
(1.7 mg/dL 95% confidence interval (CI) 1.6–1.8 versus 
1.3 mg/dl 95% CI 1.2–1.5) (Table 1). After the initial 
hemorrhage period both groups had a similar minimum 
pMAP (Z1 32 mm Hg 95% CI 29–36 versus Z1Z3 30 
mm Hg 95% CI 23–36) and had similar average pMAP 
during the initial Zone 1 intervention phase (Z1 129 
mm Hg 95% CI 106–152 versus Z1Z3 118 mm Hg 
95% CI 103–133) (Figure 2).

During the Zone 3 phase there were no differences 
in proximal MAP (Z1 57 mm Hg 95% CI 50–64 ver-
sus Z1Z3 61 mm Hg 95% CI 56–65), aortic flow 
(Z1 3,984 mL/min 95% CI 3,247–4,721 versus Z1Z3 
3,362 mL/min 95% CI 2,961–3,762), need for IV crystal-
loids (Z1 1,633 mL 95% CI 1,272–1,995 versus Z1Z3 
1,150 mL 95% CI 543–1,757), norepinephrine dose (Z1 
7 µg /kg 95% CI 4–10 versus Z1Z3 4 µg/kg 95% CI 1–7), 
or urine output (Z1 237 mL 95% CI 91–382 versus Z1Z3 
265 mL 95% CI 222–307) between groups (Table 2). 

By the end of the study there were no differences in 
final lactate (Z1 5.2 mmol/L 95% CI 3.7–6.8 versus 
Z1Z3 4.4 mmol/L 95% CI 3.1–5.7), although the creat-
inine was higher in the Z1Z3 group when compared to 
the Z1 group (2.3 mg/dl 95% CI 1.9–2.6 versus 1.7 mg/
dl 95% CI 1.4-2.0). However, there was no difference in 
the change in creatinine from baseline to the end of 
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study between groups (Z1 0.4 mg/dl 95% CI 0.1–0.7 
versus Z1Z3 0.6 mg/dl 95% CI 0.3–0.9). There was 
also no difference in final urine output between the two 
groups across the timeline of the study (Z1 3,057 mL 
95% CI 1,727–4,384 versus Z1Z3 1,872 mL 95% CI 
863–2,881, p = 0.10).

DISCUSSION

The physiologic consequences of reperfusion after 
Zone 1 REBOA are a significant barrier to increasing its 
accepted therapeutic duration and widespread adop-
tion. Balloon deflation results in rapid washout of isch-
emic metabolites as well as the initiation of reperfusion 
injury. This combined physiologic insult leads to signifi-
cant hemodynamic instability. To counter this, we tested 
an alternate method of REBOA weaning by reposition-
ing the REBOA catheter in the distal aorta after initial 
Zone 1 occlusion. In this study, our data showed no dif-
ference in MAP with or without Zone 3 occlusion, there-
fore we concluded that this repositioning strategy does 
not provide any further support to the vital organs when 
compared to a standardized resuscitation with intrave-
nous crystalloids and vasopressors for this particular 
pathologic state. We have also demonstrated that Zone 3 
occlusion below the level of the renal arteries does not 
increase the overall ischemic burden, but does result in a 
trend toward decreased urine output following deflation 
of a Zone 1 balloon. While the decrease in urine out-
put did not reach statistical significance, it may be clini-
cally significant and is an area of ongoing investigation. 
Taking these findings into consideration, Zone 3 occlu-
sion does not appear to be a helpful adjunct following 
prolonged Zone 1 occlusion to counter hemodynamic 
depression or for the treatment of the ischemia-reperfusion 
injury.

Current REBOA instructional programs suggest bal-
loon deflation should be performed in a stepwise manner 
over a 5-minute period to allow for a slow reintroduc-
tion of blood flow to distal vascular beds. This time 
period will allow the vascular beds proximal to the point 
of occlusion to compensate for the decreased perfusion 
that can result from the reintroduction of blood flow 

Table 1  Baseline physiology, labs, and hemodynamic characteristics.

Z1 (n = 6) Z1Z3 (n = 6) p-Value

Weight kg 78 (69–85) 79 (71–86) 0.76
Sex male:female 1:5 3:3
Temperature (°C) 35.8 (35.1–36.5) 35.2 (34.7–35.7) 0.11
Labs
 pH 7.43 (7.40–7.47) 7.42 (7.40–7.45) 0.42
 P:F ratio 372 (272–473) 381 (299–463) 0.87
 Hemoglobin (g/dL) 10.3 (9.5–11.1) 10.7 (9.8–11.6) 0.42
 White blood cells (× 109/L) 15.2 (12.0–18.4) 15.4 (13.8–17.0) 0.89
 Platelets (× 109/L) 275 (228–323) 273 (170–375) 0.95
 Potassium (mmol/L) 3.7 (3.5–3.9) 3.7 (3.5–3.9) 0.78
 Creatinine (mg/dL) 1.3 (1.2–1.5) 1.7 (1.6–1.8) <0.01
 Lactate (mmol/L) 2.4 (2.0–2.9) 2.5 (2.2–2.8) 0.82
 Glucose (mg/dL) 93 (84–101) 85 (75–96) 0.18
Hemodynamics
 Proximal MAP (mm Hg) 66 (60–73) 69 (63–74) 0.51
 Aortic flow (mL/min) 2,959 (2,492–3,425) 3,027 (2,697–3,359) 0.76

Error presented as standard error of the mean.

Figure 2 Comparison of mean arterial blood pressure (a) 
and mean aortic flow (b) over the time of the entire study 
between the groups with and without Zone 3 REBOA during 
the first hour of critical care (T80-T135) following Zone 1 
balloon deflation. Neither pressure nor flow was significantly 
different between the groups at any point during the course 
of the experiment. Data are presented as the mean and 
standard error of the mean. n = 6 per group.
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into a dilated distal vasculature that can occur following 
even short periods of complete Zone 1 aortic occlusion. 
Prior work has demonstrated that the reintroduction of 
distal flow likely occurs in an unpredictable fashion, and 
that aortic flow after a period of occlusion is hyperemic, 
with rates over twice the baseline aortic flow rate [14,15]. 
This can result in profound hemodynamic instability. 
Recent data from translational animal models have 
shown that Zone 3 REBOA alone provides a modest 
degree of proximal hemodynamic support in the setting 
of hemorrhagic shock, but not enough to rescue a patient 
on the brink of cardiovascular collapse [17]. In this cur-
rent study, the Zone 3 occlusion was implemented not 
as a resuscitative maneuver during hemorrhage, but as a 
weaning adjunct after resuscitation and deflation of a 
Zone 1 occlusion balloon. Therefore, this was essen-
tially a Zone 3 occlusive intervention during an ischemia- 
reperfusion shock state. When comparing the earlier 
studies with Zone 3 occlusion during hemorrhagic shock, 
it seems that the lack of significant hemodynamic sup-
port by the Zone 3 balloon in this study may be explained 
by the difference in the pathophysiology of the shock 
state in these animals [18–21]. Instead of hypovolemia 
with the possibility of vasoconstriction in vascular beds 
above the Zone 3 occlusion, these animals had a combi-
nation of profound vasodilation from 45 minutes of isch-
emia combined with the inflammatory mediators released 
during the reperfusion when the Zone 1 occlusion ended. 
Prior work has demonstrated that circulating cytokines 
following reperfusion can lead to systemic vasodilation, 
inflammatory state, and multi-organ dysfunction [2]. 

The synergistic hit of maximal vasodilation and release 
of the ischemic metabolites may be too great for Zone 3 
REBOA to be of benefit. Further work is warranted to 
specifically isolate and study the effects of REBOA and 
subsequent weaning on cardiac performance.

The most recent Joint Trauma System Clinical Prac-
tice Guideline advises no longer than 30–60 minutes of 
REBOA in Zone 1, but the recommendations for Zone 3 
are less specific [12]. In our study, we expected to 
observe a second hemodynamic insult upon reperfusion 
after Zone 3 REBOA, but we did not see one that 
reached statistical significance. The equivalence of final 
lactate concentrations between the two groups also sug-
gests that any “second hit” was likely to be of no signif-
icant consequence to the animal. The animals in our 
Z1Z3 experimental arm underwent a total of 100 min-
utes of hindlimb ischemia. The lack of a second hit in 
terms of physiologic complications suggests that longer 
occlusion times are possible with Zone 3 REBOA, and 
further study is warranted to guide maximum duration 
recommendations for REBOA in Zone 3.

One unexpected finding of this experiment was the 
trend toward lower urine output in the Z1Z3 group. Our 
expectation was that diverting blood flow from the hind-
limbs to the abdominal viscera with Zone 3 occlusion 
would improve perfusion of abdominal vascular organs, 
even in the absence of systemic hemodynamic augmenta-
tion. We did find a significant difference in final creati-
nine, but this was accounted for by a baseline difference 
in creatinine between the two groups. Specifically, when 
the change in creatinine over the entire experimental 

Table 2  Physiologic, laboratory, and hemodynamic outcomes.

Z1 (n = 6) Z1Z3 (n = 6) p-Value

Resuscitation totals
 Crystalloid (mL) 7,400 (6,148–8,652) 5,700 (2,462–8,938) 0.24
 Norepinephrine (µg/kg) 50 (38–62) 45 (17–73) 0.67
 Urine output (mL/kg) 3,057 (1,727–4,384) 1,872 (863–2,881) 0.10
Resuscitation during T80–T135
 Crystalloid (mL) 1,633 (1,272–1995) 1,150 (543–1,757) 0.11
 Norepinephrine (µg/kg) 7 (4–10) 4 (1–7) 0.14
 Urine output (mL/kg) 237 (91–382) 265 (222–307) 0.64
Labs
 Peak lactate (mmol/L) 9.6 (8.5–10.7) 10.6 (9.5–11.7) 0.12
 Final lactate (mmol/L) 5.24 (3.7–6.8) 4.4 (3.1–5.7) 0.30
 Final creatinine (mg/dL) 1.7 (1.4–2.0) 2.3 (1.9–2.6) <0.01
 Delta creatinine (mg/dL) 0.4 (0.1–0.7) 0.6 (−.3–0.9) 0.19
Hemodynamics
 pMAP nadir during hemorrhage (mm Hg) 32 (29–36) 30 (23–36) 0.29
 pMAP average during Zone 1 REBOA (mm Hg) 129 (106–152) 118 (104–133) 0.34
 pMAP average T80–T135 (mm Hg) 57 (50–64) 61 (56–65) 0.25
 pMAP average during critical care (mm Hg) 60 (57–63) 61 (56–66) 0.59
 Aortic flow average T80–T135 (mL/min) 3,984 (3,247–4,721) 3,362 (2,961–3,762) 0.09
 Aortic flow average during critical care (mL/min) 3,960 (3,176–4,743) 3,604 (3,160–4,048) 0.33

T80–T35 represents the first 55 minutes of the critical care phase, during which the Zone 3 balloon was inflated in the Z1Z3 group. 
pMAP, proximal mean arterial pressure. Error presented as standard error of the mean.
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duration was calculated, there was no difference between 
groups. There was a trend toward oliguria in the animals 
randomized to the Z1Z3 group which was surprising and 
is not yet fully elucidated. However, this trend has been 
noted in canine studies of Zone 3 occlusion that demon-
strated decreased renal blood flow [22,23]. A potential 
next step will be to determine if the visceral organs did, in 
fact, receive more flow during the Zone 3 occlusion 
period. Future analysis will be aimed at understanding the 
relationship of these trends to renal blood flow.

There are several limitations to this study. First, it was 
impossible to blind the investigators to the study arm 
assigned to each animal and there is always the possibil-
ity of investigator bias in a non-blinded study. However, 
with full automation of balloon inflation and deflation, 
as well as delivery of resuscitative interventions, we 
attempted to minimize treatment variability among sub-
jects. Another limitation of this study was the small sam-
ple size. We did observe some trends in data that did not 
elaborate into significant differences between the groups, 
but that may indeed become statistically significant at 
larger sample sizes. It is unclear based upon this study 
whether these would amount to clinical significance. 
Additionally, this study’s relatively short time period 
after initial resuscitation prevented fuller understanding 
of longer-term benefits or consequences that may have 
manifested later in a survival study. Also, without the 
utilization of proteomics or advanced biomarker analy-
sis, it is possible that there were unrecognized physio-
logic phenomena underlying the trends that we 
demonstrated. It is unclear from this study if alternative 
methods of transitioning from Zone 1 to Zone 3 could 
provide benefit. For this study, we allowed a 5-minute 
period between Zone 1 deflation and Zone 3 inflation to 
adhere to the BEST course guidelines. It is possible that 
the immediate washout of the additional ischemic 
metabolites in the hindlimbs was enough to cause suffi-
cient instability in the animal such that Zone 3 REBOA 
was not effective. It is possible that a two-balloon 
method with slower deflation of Zone 1 while Zone 3 is 
already inflated would provide a more hemodynamically 
stable transition, although this maneuver may prove to 
be too complex with current technology to be clinically 
applicable. Along the same lines, it is possible that the 
partial obstruction of the bilateral femoral arteries with 
the sheaths that we used may have contributed to the 
ischemic burden in the hindlimbs. We attempted to con-
trol for this with uniform sheath placement among all 
animals regardless of the experimental arm, but different 
results may have been seen if a different model had been 
used. Another potential limitation is in the design of our 
resuscitation paradigm, as it was based upon CVP and 
MAP. Since there is currently no consensus regarding the 
best estimator of volume status, we chose CVP due to 
its ease of measurement and clinical applicability. There 
is certainly room for future investigation using other 
resuscitation parameters, which may yield different results. 

These limitations notwithstanding, this study does pro-
vide quantifiable data regarding the relative contribu-
tion of an alternate weaning method that is possible 
with current REBOA technology.

CONCLUSION

In our swine model of ischemia-reperfusion injury 
induced by hemorrhagic shock with Zone 1 REBOA, 
the subsequent transition to Zone 3 aortic occlusion as 
a method of weaning did not provide increased hemo-
dynamic stability but also did not add a significant isch-
emic burden. Continued investigation is necessary to 
develop optimal support strategies to wean from Zone 1 
REBOA and minimize hemodynamic instability.
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Non-compressible torso hemorrhage in trauma remains a leading cause of death in austere environments. Advance-
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occlusion [e.g. resuscitative endovascular balloon occlu-
sion of the aorta (REBOA) and selective aortic arch 
perfusion (SAAP)], and abdominal aortic/junctional tour-
niquets. Interventions involving compression or aortic 
occlusion give a short-term survival advantage by offer-
ing continued perfusion to vital organs; however, the 
associated morbidity of ischemia distal to the occlusion 
can result in irreversible injury and potentially exacer-
bate trauma induced systemic inflammatory response 
syndrome (SIRS) [4–7].

With advancements in endovascular techniques for 
aortic occlusion in trauma, the physiologic sequelae are 
still poorly understood. There is both translational evi-
dence and clinical outcomes, which indicate that our 
focus must shift to the management of these outcomes. 
Multiple accounts of distal ischemia and secondary 
reperfusion injury following recirculation have been 
reported following occlusion [6]. Ischemia-reperfusion 
injury (IRI) develops through several signaling path-
ways involving ischemic-induced cell injury, impaired 
intracellular calcium hemostasis, depletion of ATP, the 
formation of toxic metabolites and production of free 
radicals leading to further oxidative damage [8]. It can 
also cause a subsequent inflammatory response resulting 
from the induction of multiple cytokines and chemokines 

INTRODUCTION

Hemorrhage is the leading cause of preventable death 
in pre-hospital combat casualty care and civilian trauma 
[1,2]. The majority of potentially survivable deaths 
involve hemorrhages in the torso, which are difficult to 
control in the field [3]. There have been several promis-
ing advancements in modalities for management, includ-
ing resuscitation with balanced blood products, aortic 
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with worsening of oxidative stress [9]. This, in turn, 
leads to complications in regulating vascular barrier 
properties, control of adhesion and extra-vascular traf-
ficking of immune cells, regulation of vascular tone, and 
control of hemostatic mechanisms [10].

The purpose of this review is to discuss and compare 
the different modalities of treatment for non-compressible 
hemorrhage in the context of therapeutic window and 
technique, physiologic impact, and logistical constraints. 
In particular, we will discuss the implications of these 
therapies and the consequences associated with IRI. 
Finally, we will examine therapeutic targets for manag-
ing the physiologic dyshomeostasis or “physiologic pen-
alty” that can be incurred by aortic occlusion during 
non-compressible hemorrhage control.

REBOA

Despite improvements in resuscitation, non-compressible 
torso hemorrhage is challenging to manage without con-
trol of the bleeding source. Different techniques have 
been proposed recently including REBOA (Figure 1) [11]. 
REBOA is an endovascular technique of achieving distal 
control to treat NCTH that has resulted in near cardio-
vascular collapse [11,12]. The hopes of this technique are 
to reduce mortality, along with reperfusion injury, in con-
trol of non-compressible torso hemorrhage [13]. 

Reports of the use of balloon occlusion of the aorta 
were seen as early as the Korean War [11]. In 1954, 
Hughes et al. described the use of a novel intra-aortic 
balloon catheter for the use of moribund patients with 
uncontrolled hemorrhage (>10 U of blood adminis-
tered) in the hopes of enhancing perfusion of the coro-
nary arteries [12]. In 1986, Low et al. had demonstrated 
its use again with a death due to ischemia in one patient 
and difficulty with placement in others [14]. The appli-
cation of REBOA over the following years lagged due 
to technology, lack of skill set for placement, and antic-
ipated ineffectiveness [11,15]. With the recent evolu-
tion of technology and endovascular advancements, 
there has been an increased use and push for further 
research [11,15]. 

The current technique of placement is by deploying a 
balloon occlusion catheter into the aorta via the com-
mon femoral artery (CFA) [11]. The CFA is palpated, 
identified via ultrasound or found under direct vision by 
cutdown [15]. The artery is then accessed using a sheath 
which can then be upsized over a wire for use with larger 
balloon catheters. Following access, the insertion depth 
can be approximated via external landmarks, x-ray con-
firmation or under fluoroscopy [11,15,16]. The balloon 
catheter is then inserted into the pre-determined level 
and inflated until aortic occlusion is achieved [17].

The aorta is divided into three zones as described by 
Stannard et al. [11]. Zone 1 is an occlusion site denoted 
between the left subclavian artery to the celiac artery. 
Zone 1 is above the xiphoid process. Zone 2 is between 
the celiac artery and the lowest renal artery and is 
known as the no-occlusion zone. Zone 3 is designated 
as the area below the lowest renal artery to the aortic 
bifurcation and the anatomical landmark for the bifur-
cation is the umbilicus [11,15,17].

Aortic occlusion and cross clamping in the settings of 
abdominal exsanguination are usually pursued in the 
setting of near cardiovascular collapse [15]. The emer-
gent nature of this procedure makes balloon positioning 
and confirmation more difficult. Given the acuity of the 
situation, it may not be feasible for positioning confir-
mation via fluoroscopy, as these may not be available. 
The majority of Level I trauma centers confirm place-
ment via plain film (52%), followed by blind insertion 
(26%), and fluoroscopy (13%) [18]. Current techniques 
for confirmation of placement require imaging that is 
not readily available in an austere environment, how-
ever, promising results of fluoroscopy free deployment 
of REBOA has been reported by special operations med-
ical forces in recent combat operations [19].

Fluoroscopy free placement of REBOA catheters using 
anatomical landmarks, however, may be associated with 
potentially harmful complications ranging from balloon 
malposition to aortic rupture. Placement proximal to 
Zone I could theoretically lead to ischemic stroke or dan-
gerously elevated cardiac afterload [20]. Placement in 
Zone II can lead to occlusion of the celiac trunk, supe-
rior mesenteric artery, or inferior mesenteric artery lead-
ing to visceral ischemia [20]. Placement distal to Zone III 
can occur in the iliac artery; injury to which can cause 
severe pelvic or junctional hemorrhage [20]. Misplace-
ment in a groin access site can cause dissection or isch-
emia to the lower extremity with the risk of amputation 
[4]. Scott et al. have reported inadvertent placement in 
the renal artery in animal studies involving REBOA [21].

While fluoroscopy free deployment represents a tech-
nical/mechanical risk factor for REBOA use, there are 
additional physiological penalties to consider [6,7]. The 
decision to perform aortic occlusion requires a balance 
of the need to support pressure and the physiologic con-
sequences of occlusion. Kralovich et al., for exam-
ple, reported ventricular strain and impaired function 

Figure 1 ER-REBOA™ catheter (reprinted with 
permission from Prytime Medical™).
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following balloon occlusion in swine [22]. Another 
study by White et al. demonstrated lactic acidosis and 
elevated serum lactate levels in swine during aortic 
occlusion [17]. However, in comparison to resuscitative 
thoracotomy, lactate levels are decreased and there is 
less requirement for fluids during resuscitation [17].

Although REBOA appears to have less metabolic aci-
dosis than aortic cross clamping, there are still physiologic 
consequences associated with placement and duration of 
occlusion appears to be a factor in the amount of tissue 
damage [6]. Markov et al. found that in comparison to 
control animals, REBOA groups had greater increases in 
serum lactate after balloon deflation subsequent to vis-
ceral and lower extremity reperfusion [7]. In another 
example, Annecke et al. demonstrated remote pulmonary 
injury following lower body ischemia and reperfusion 
[25]. Additionally, in retrospective studies, there have been 
reports of higher hospital mortality with REBOA use in 
Zone 1 following occlusion times greater than 30 minutes, 
lower extremity ischemia, and acute kidney injury [4,26].

Markov et al. and several others have demonstrated 
a negative physiologic effect with increasing periods of 
occlusion, especially when greater than 40−60 minutes 
[7,25,26]. Although duration of aortic occlusion result-
ing in negative physiologic sequelae have not been easily 
extrapolated from the current literature due to ischemic 
burden present from hemorrhagic shock, there is a con-
sensus that increases in occlusion time increases adverse 
effects [28]. Complications that have resulted following 
prolonged occlusion include irreversible organ injury, 
supraphysiologic increases in blood pressure causing 
cardiac failure, worsening traumatic brain injury, and 
increased mortality [23,24,25]. Lastly, Morrison et al. 
demonstrated that greater occlusion times were associ-
ated with increased release of interleukin (IL)-6, increased 
acute respiratory distress syndrome (ARDS), and increased 
lactate burden [6].

Several studies have proposed partial balloon deflation 
in order to mitigate these physiologic consequences and 
reperfusion injury associated with increasing occlusion 
times [27,29,30]. Partial REBOA (P-REBOA) is a contin-
uous, low volume, distal perfusion through partial aortic 
occlusion [30]. Russo et al. demonstrated that P-REBOA 
was able to maintain proximal  mean arterial pressure 
(MAP) at normal physiologic levels, avoid hemodynamic 
extremes, and continue distal perfusion to minimize isch-
emia and subsequent IRI when compared to complete 
occlusion [30]. 

By maintaining even a small amount of perfusion dis-
tally, there is the potential to reduce rates of tissue isch-
emia and rebound hypotension after balloon deflation, 
which can result in decreased morbidity and mortality 
[29]. It also has the potential to decrease the effects of 
supraphysiologic elevations in  systolic blood pressure 

and increased afterload [29]. Not only can partial REBOA 
be a promising solution to these sequelae, but we can 
continue to mitigate secondary insults by properly defined 

strategies in the use of aortic occlusion by limiting overall 
occlusion times, monitoring responses to ongoing blood 
transfusions, and prompt hemorrhage control in the 
operating room. Overcoming the limitations associated 
with complete aortic occlusion could further impact 
management of non-compressible torso hemorrhage.

SAAP 

SAAP is a resuscitation technique for medical and trau-
matic cardiac arrest [32]. SAAP is a catheter that is 
placed into the descending thoracic aorta that is used to 
provide perfusion to the heart and brain with an oxygen- 
carrying perfusate while also limiting further subdia-
phragmatic hemorrhage (Figure 2) [33]. Theoretically, 
this could reverse myocardial ischemia and acidosis, 
increase myocardial contractility, restore arterial vaso-
motor tone, and possibly promote the return of sponta-
neous circulation (ROSC) [32]. The benefit over REBOA 
would be in those patients with lost intrinsic circulation.

The technique itself is similar to REBOA, in which a 
large lumen balloon catheter is inserted through the fem-
oral artery into the high thoracic aorta just distal to the 
left subclavian artery takeoff [32]. The balloon is then 
inflated preventing distal flow and further hemorrhage. 
An oxygenated perfusate is then infused into the isolated 
aortic arch, thus increasing flow to the heart and brain. 
Different types of perfusate have been tested such as red 
blood cells (RBCs), fluorocarbon and hemoglobin-based 
oxygen carriers [34]. 

As SAAP takes over perfusion to the heart and 
brain, the blood products transfused through the cathe-
ter can cause profound ionized hypocalcemia and ven-
tricular dysrhythmias [34]. Manning et al. demonstrated 
co-administration of intra-aortic calcium appeared to 
counteract this complication and allowed for successful 
ROSC [34]. Blood is presently the only feasible product 
available for use at this time and would need continuous 
infusion of calcium during SAAP. 

Prior SAAP studies have used other products such as 
perfluorocarbons and hemoglobin-based oxygen carri-
ers that currently are not approved for use [34]. These 
perfusates are hypothesized to increase oxygen delivery 

Figure 2 Example of 87 cm selective aortic arch perfusion 
catheter prototype (a) and 11.5 Fr balloon catheter tip com-
pared to extracorporeal membrane oxygenation catheters (b).
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Several case reports have also demonstrated its use, 
including application during an en-route phase of care 
to control severe hemorrhage in a casualty with trau-
matic bilateral amputation of the lower extremities [38]. 
Following application and resuscitation, the patient 
who was previously in extremis upon arrival, had 
improvement of end-tidal CO2, return of a carotid pulse, 
and survived through surgical intervention following 
transport [38]. Thus, the AAJT may be a promising 
intervention in combat trauma during situations of pro-
longed field care and temporary control of NCTH.

The hemodynamic responses seen with application 
show a significant increase in blood pressure and a sig-
nificant reduction in circulatory volume with an increase 
in peripheral vascular resistance [35]. A notable tachy-
cardia also occurred following application, which may 
be attributed to the discomfort or pain that is caused by 
application [35]. This aspect of painful application was 
also noted on human test subjects [36]. The pressure 
applied in order to cease blood flow caused moderate 
pain in the subject, however, pain scores returned to 
zero upon device deflation [36]. 

Kheirabadi et al., however, observed several concern-
ing aspects in the application of AAJT including respira-
tory arrest upon release of the tourniquet, sudden 
cardiac arrest after reflow, sudden hyperkalemia, eleva-
tions in lactate, and metabolic acidosis [35]. Their group 
also demonstrated marked increases in creatine kinase 
(CK). Of note, there were no observations of acute renal 
failure and disseminated intravascular coagulation 
(DIC), despite a similarity to some of the physiologic 
changes in crush syndrome. In addition, these complica-
tions were not seen in studies where application time 
was decreased [35].

Given the possible complications associated with 
AAJT placement, there may be unforeseen and even det-
rimental consequences during release due to the distal 
ischemia as seen with other methods of occlusion. Fur-
ther studies need to be undertaken in swine and human 
populations in regards to the physiologic effects of 
AAJT placement and release.

SIRS, IRI, and Future Metabolic Targets

The SIRS response in trauma and burns shares similar 
features with sepsis but may have mechanisms more 
intimately tied to tissue oxygenation and perfusion. 
Severe trauma and sepsis were found to be associated 
with increased inflammation and also compromised 
immune systems [39]. Surgery and trauma cause selec-
tive suppression of the T helper (Th)-1 lymphocytes 
with a shift toward Th-2 cytokine patterns for immune 
suppression, which differs from the immune response 
associated with sepsis [40]. This increased inflammation 
is evidenced by elevated IL-6, neutrophilia, increased 
immature granulocyte counts, anemia, lymphopenia, 
and tachycardia [41]. 

to tissues and possibly decrease oxidative stress. This 
resuscitation fluid would be helpful in the critical man-
agement of hypovolemia while simultaneously reducing 
or preventing end-organ injury due to IRI [33].

Other proposed perfusate additives can include the 
addition of epinephrine. Limitations are noted on the 
total infusion volume, rate, and total infusion that can be 
used [32]. Manning et al. demonstrated that with normal 
saline in swine studies, despite using substantial flow 
rates, mid-aortic arch pressures did not reach normal 
physiologic ranges [32]. With the addition of epinephrine, 
however, the mid-aortic and coronary perfusion pressures 
increased well into the normal physiologic range [32].

The temperature of the perfusate, as well, remains 
unaddressed. A relatively hypothermic solution may be 
beneficial for facilitating neurologic recovery but may 
make defibrillation more diff icult [32]. Further studies 
need to be undertaken to establish the best temperature 
for the perfusate.

Multiple complications have been associated with 
this technique with some similarities to REBOA. These 
include pulmonary edema, cerebral edema, aortic dis-
section, aortic rupture, catheter misplacement, air 
embolism, femoral artery injury/thrombosis, and wound 
infection or hematoma [32]. Current research is still 
ongoing regarding the physiologic consequences of 
SAAP. These consequences will also need to be com-
pared to those who are revived after cardiac arrest with-
out the use of SAAP, as arrest alone has similar effects 
on ischemia-reperfusion. At this time, we can only infer 
that it will have similar complications to REBOA, along 
with sequelae of distal ischemia and possible reperfu-
sion injury in prolonged occlusion.

External Compression Approaches

Junctional trauma is defined as an injury occurring at 
the junction of two anatomically distinct zones. Junc-
tional hemorrhage cannot be controlled by standard 
limb tourniquets, creating an area of uncompressible 
hemorrhage [35]. To attempt to control this in the field, 
there have been advancements in specialized tourni-
quets capable of controlling these areas, including the 
abdominal aortic and junctional tourniquet (AAJT).

This tourniquet has been suitable in explosive device 
situations where there is a high level of leg amputation, 
urogenital, and pelvic injuries [35]. Its clearance has also 
been expanded for junctional use at the groin level [35]. 
Application of the tourniquet is aimed at compression of 
the groin or pelvic area, particularly the iliac vessels. The 
belt is placed around the lower abdomen and pneumatic 
bladder is inflated to 300 mmHg. Theoretically, it is able 
to compress the abdominal wall enough to occlude the 
underlying abdominal aorta and vena cava [35]. 

There have been several studies in both human and 
swine populations demonstrating the effectiveness of 
AAJT at reducing peripheral blood flow [35,36,37]. 
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developed for use as a “bridge to dialysis” concept. The 
gold standard for renal replacement therapy is difficult in 
this setting given the logistical footprint of equipment, 
high volumes of sterile fluid, and the training necessary 
for operation. There are currently ongoing studies evalu-
ating the feasibility of a simplified hemoperfusion system 
that can reduce potassium in cases of acute hyperkalemia 
during pre-hospital combat casualty care.

With the complications of IRI and hyperkalemia 
associated with aortic occlusion, there is also an increase 
in multiple cytokines that in part create a secondary 
injury in trauma patients. Removal of these harmful 
cytokines has been shown to produce an effective result 
in critically ill patients. Cytokine filtration has been 
demonstrated in several patient populations including 
SIRS, sepsis, cardiopulmonary bypass surgery, and even 
ex vivo lung perfusion [47,48,49]. Given that the cyto-
kines released in IRI are similar to SIRS and sepsis, cyto-
kine filtration may be a promising additional target.

Cytokine adsorber, or Cytosorb (Figure 3), works by 
non-selectively removing various mediators via hemoad-
sorption [47]. It contains hemocompatible, porous poly-
mer beads and adsorbs mediators by size exclusion 
chromatography and hydrophobic interactions [47]. The 
column is attached to a circuit for filtration such as hemo-
dialysis or continuous renal replacement therapy [47]. 

Not only do we see an inflammatory response from 
SIRS in trauma but IRI has the ability to create another 
induction of inflammation with release of various cyto-
kines, chemokines, and increased oxidative stress [9]. With 
this cascade of events, there is further microvascular dys-
function in ischemic tissues and organs following reperfu-
sion. IRI produces complications in regulating vascular 
barrier properties, control of adhesion and extra-vascular 
trafficking of immune cells, regulation of vascular tone, 
and control of hemostatic mechanisms [10]. 

Radical oxygen species (ROS) that are produced after 
reperfusion following traumatic injury are one of the most 
potent chemoattractants for polymorphonuclear leuko-
cytes (PMNs) and result in further cell membrane damage 
by lipid peroxidation [42]. This increase in activated 
PMNs is the main cause of secondary organ and tissue 
damage with subsequent development of multi-organ dys-
function (MOD) and ARDS [42]. Several cytokines are 
also activated, including IL-1, IL-6, thromboxane A2 
(TXA2) and tissue necrosis factor (TNF), which provide 
signals between the responding leucocyte and the vascular 
endothelial barrier and are believed to be responsible for 
selective adhesion and transmigration of leukocytes [43]. 

Aortic occlusion, in particular, has been associated 
with the greater release of IL-6 and increasing lactate 
levels with inflammatory sequelae, including increased 
incidence of ARDS [6]. The increasing lactate reported 
in multiple studies was associated with a significant 
ischemia related perfusion injury [6]. There are also sig-
nificant metabolic derangements seen with the release of 
tourniquets and deflation of balloon catheters [6,35]. 
This includes profound hyperkalemia that, as discussed 
previously, may be similar to a crush injury with the use 
of AAJT or IRI in aortic occlusion.

Along with IRI and the increasing rates of massive 
blood transfusion (>100−50 mL/min), we are more 
commonly seeing severe hyperkalemia and acute kidney 
injury (AKI). Rates of AKI occurred in 12.5% of the 
combat population with a 5-fold increased risk of death 
[44]. Hyperkalemia may occur during massive transfu-
sion secondary to increased concentration in blood with 
longer durations of storage [45]. This, in turn, has been 
linked to cardiac arrest in trauma patients and critically 
ill adults following a massive blood transfusion.

In order to prevent post-transfusion hyperkalemia, a 
potassium adsorption filter has been developed [46]. 
This filter aims to function by adsorbing excess potas-
sium ions from red blood cell concentrate. The maxi-
mum speed that blood can be transfused through this 
filter is at a rate of 50 mL/min [46]. Matsurra et al. stud-
ied potassium adsorption with rates of transfusion and 
noted that there is a decreased amount of adsorption 
with increasing rates of transfusion [46]. Given these 
results, it may not be feasible for use in massive transfu-
sion protocols, as the rate is not adequate.

More recently, however, newer modifications to potas-
sium filters for use in austere environments have been 

Figure 3 CytoSorb® filter for removal of serum 
cytokines.
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Background: The role of endovascular treatment of acute traumatic venous injuries (ATVI) remains controversial. 
Endovascular resuscitation and hybrid trauma management (EVTM) concepts, which constitute the combination 
of conventional and endovascular capabilities in the treatment of vascular injuries continue to evolve, yet pub-
lished reports of traumatic venous injuries treated by endovascular means remain confined to sporadic case 
reports.
Methods: The medical literature from 1990 to 2017 using Pubmed and OVID Medline databases was reviewed to 
search for reports on the endovascular treatment of ATVI. No publications were excluded due to the small number of 
publications available. Sixteen reports were found. The manuscripts were analyzed regarding the mechanism, loca-
tion, and type of injury; endovascular techniques utilized; and both clinical and radiographic outcomes.
Results: Endovascular treatment was reported in only 16 patients with ATVI during the study period. Most cases (10/16; 
62.5%) were secondary to blunt trauma, while the rest (6/16; 37.5%) were secondary to penetrating injuries equally 
divided between gunshot wounds and stab wounds. Endovascular stent or stent graft utilization was employed in 12 of 
these cases, 2 cases were treated by endovascular embolization and in 2 cases endovascular balloons were used for 
temporary hemorrhage control to facilitate open surgical exposure and intervention. No mortalities related to the endo-
vascular interventions were reported.
Conclusion: The experience with endovascular treatment of ATVI remains very limited. The results currently avail-
able, although very limited in numbers, appear promising. Additional study will prove essential in defining the opti-
mal employment of EVTM concepts in the management of venous injuries, particularly as technology continues to 
advance and experience with these modalities increases.
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INTRODUCTION

Acute traumatic venous injuries (ATVI), caused second-
ary either to blunt or penetrating mechanisms, are very 
rare. These injuries are, however, associated with high 
mortality rates of up to 50% at the scene of injury and 
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30–50% among those that reach hospital [1,2]. These 
figures have not changed during the past decades, 
despite all the advances in prehospital care, damage 
control resuscitation, and surgery.

ATVI are frequently accompanied by multiple, often 
severe, organ injuries. Most major veins, which are high 
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volume–low pressure systems, are located deep within 
the neck, mediastinum, and retroperitoneum, and as 
such are not easily accessible to control with expedient 
packing. The location of these major injuries often 
dictates extensive anatomic dissection in order to expose 
and control the bleeding venous source. Van Rooyen et 
al. reported a 37% mortality rate among patients with 
inferior vena cava (IVC) injuries secondary to the pene-
trating mechanism of injury. These investigators sug-
gested that the consideration of less aggressive treatment 
for hemodynamically stable patients may improve the 
high mortality rate [3].

The evolving concepts of endovascular resuscitation 
and hybrid trauma management (EVTM), which have 
gained in popularity, represent attractive alternative treat-
ment paradigms for cases which were previously treated 
with open surgery. Recent publications have demon-
strated lower complication and mortality rates among 
patients treated by such endovascular means [4,5].

The published literature regarding endovascular man-
agement of significant ATVI is scarce and remains con-
fined to case reports. The aim of our study was to 
summarize the cumulative experience of endovascular 
treatment of ATVI through a review of the available 
English medical literature.

MATERIALS AND METHODS

A systematic review of the English medical literature 
was conducted, using the Pubmed (www.pubmed.gov, 
accessed 1 February 2012) service of the National 
Library of Medicine/National Institutes of Health and 
the OVID Medline databases to identify all case reports 
and case series of endovascular management of ATVI. 
Only reports regarding acute trauma patients were 
included while iatrogenic as well as delayed traumatic 
venous complications were excluded from the search 
database. Specifically, the search terms “venous”, “axil-
losubclavian veins”, “iliac veins”, “superior and inferior 
vena cava”, “innominate vein” were combined with 
“trauma” or “injury” and “endovascular management” 
and “grafts” to identify articles for review. The follow-
ing criteria were used to select studies to be included in 
the analysis: adequate information regarding the mech-
anism, location, and type of the injury, type of endovas-
cular management, surgical intervention, and follow-up.

RESULTS

The use of endovascular techniques for the treatment 
of ATVI was described in only 16 cases, constituting 
13 males and 3 females, during the 20 years period from 
1997–2017. The mean age of patients was 43.1 years 
old (18–76). Blunt trauma was the leading cause of 
ATVI, comprising 62.5% (10/16) of cases. Penetrating 
trauma comprised the remaining 37.5% (6/16), with 
equal distribution between gunshot wounds (GSW) and 

stab wounds (3 cases each). Stent or stent grafts were 
utilized in 12 cases – 5 IVC, 4 iliac, 1 subclavian, 1 axillary, 
and 1 hepatic vein stents (Table 1). Femoral veins were the 
preferred access portal for intra-vascular approach to 
injuries. Stent or stent graft placement achieved 100% 
angiographic as well as clinical hemorrhage control. 
Radiographic follow-up images were available for only 
7 cases, all of which demonstrated patent veins. The 
timing of follow-up ranged from 48 hours to 12 months 
after the injury. Endovascular balloons were used in 
2 cases in order to gain temporary hemorrhage control 
while surgical exposure was conducted to facilitate repair 
of IVC injuries secondary to GSW [18,19]. Endovascular 
embolization was used in 2 cases of zone III penetrating 
neck injuries with isolated jugular vein injury [20,21]. 
The details of these 4 cases are described in Table 2.

There were no endovascular-related mortalities 
reported. One patient, successfully treated for IVC bifurca-
tion injury with good clinical and angiographic results, 
died of a concomitant brain injury [12]. No complications 
related to the endovascular procedures were reported.

DISCUSSION

The use of venous stents and stent grafts in cases of 
chronic venous stenosis, as in May Thurner syndrome, has 
proven a successful and commonly adopted practice for 
many years. Primary patency rates of 71% and secondary 
patency of 90% over 24 months following the utilization 
of this approach, have been reported by Raju and col-
leagues [22]. The optimal role of endovascular treatment 
in cases of acute trauma venous injury, however, has not 
been well elucidated. The main purpose of our present 
review was to review the accumulated world experience 
with such treatments in human clinical applications.

ATVI are extremely rare and are associated with 
high mortality rates – up to 50% in subclavian and 
axillary vein injuries as described by Demetriades and 
co-investigators [23]. The traditional treatment of ATVI 
has been limited to surgical exploration with primary 
or lateral repair, or ligation of the vein in extreme cases. 

EVTM, however, is becoming the preferred mode of 
treatment among selected hemodynamically stable 
patients in capable centers, either as a replacement or as 
an adjunct to traditional open surgical treatment at dis-
tinct injury locations [24]. The tendency to use EVTM is 
gaining more and more popularity with the improved 
understanding of the ability of this modality to minimize 
the “secondary hit” associated with major open surgical 
intervention associated with open surgical repair [25].

Several previous animal studies have demonstrated 
the potential feasibility and benefit of EVTM technology 
application in significant venous injury. In addition to 
human studies outlined in our results, our review identi-
fied a number of exploratory studies describing endovas-
cular hemostasis of severe venous injuries in animal 
hemorrhagic models. In one of these studies, Porta et al. 
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created angiographic retrohepatic vena cava injury in 20 
canines, demonstrating that all animals treated by stent 
grafts (10 dogs) in their model could achieve survival 
compared with the control group (10 dogs) in whom 
mortality was 100% [26]. Additional work conducted 
by Wang et al. in a swine injury model showed that tem-
porary stent graft insertion through the infrahepatic 
vena cava could be utilized effectively to facilitate surgi-
cal repair of major hepatocaval injury when combined 
with a Pringle maneuver [27]. Finally, in a study of ret-
rohepatic IVC injuries conducted by Reynolds et al., 
researchers examined the efficacy of balloon occlusion 
of the suprahepatic IVC as an adjunctive maneuver. In 
this swine model, injury was created to the retrohepatic 
vena cava and hepatic inflow control was achieved by 
clamping of the hepatoduodenal ligament and infrahe-
patic vena cava. In their intervention group, suprahe-
patic IVC control was obtained by resuscitative balloon 
occlusion. In the intervention group, time to death was 
significantly prolonged and the blood loss was signifi-
cantly reduced compared with the control group [28]. 

Endovascular treatment adjuncts have increasingly 
proven attractive for the treatment of specific severe vas-
cular injuries due to the complexity and poor results of 
traditional open treatments [29,30]. The repair of trau-
matic major venous injuries presents a similar surgical 
challenge traditionally associated with a myriad of com-
plications. The challenge with the open surgical treatment 
of these injuries is attributed to the distorted anatomy 
secondary to ongoing bleeding and associated obscuring 
hematoma. Exposures can be time-consuming, and iat-
rogenic injuries to adjacent tissues during harried expo-
sures in obscured hemorrhagic fields represent a significant 
risk. The exposure itself, by its very nature, disrupts any 
tamponade effect which may have been temporizing 
ongoing hemorrhage – often to a disastrous effect.

While attractive options, the present endovascular 
treatments do possess some limitations. Effective access 
and imaging are required, in addition to the appropriate 

expertise. Long-term patency of employed stent-grafts 
in low flow states remains a matter about which little is 
known and, accordingly, their use should likely be 
reserved for high flow large diameter veins, such as the 
vena cava or iliac veins, among hemodynamically stable 
patients [31]. 

Our present review demonstrates that existing litera-
ture is devoid of well-organized studies of endovascular 
treatment of ATVI. At present, they appear encouraging 
in their reported results, all that has yet been demon-
strated in the literature is based on case reports or case 
series. Reporting bias almost certainly exists – as all 
published reports describe only the successful treatment 
of patients who survived the ATVI.

Existing case reports also demonstrate that endovas-
cular adjuncts have been applied across a variety of 
large venous structures. As these capabilities represent 
a range of modalities that can be utilized – from bal-
loons to embolization techniques to stent grafts – they 
also represent a menu of adjuncts that can be effec-
tively considered for utilization in isolation or in con-
junction with open repair. In one case reported by 
Denton et al., primary repair, embolization, and stent-
ing were used in sequence to treat venous injuries in the 
same patient [6]. Despite the array of potential options, 
there remains no effective consensus on the ideal ana-
tomic sites for endovascular adjuncts. Regardless, the 
present consensus among trauma and vascular sur-
geons suggests that the vessels most likely to prove 
amenable are those which are difficult to approach sur-
gically and are associated with the greatest risk of iat-
rogenic injury during the exploration and exposure for 
open treatment [32].

The use of the femoral vein as the preferred access 
site was noted from the available review. This finding is 
easily explained by the maneuverability and versatility 
this site allows the treating physician and the fact that 
the upper part of the body is usually much more 
“crowded” with the staff members who take care of the 

Table 2 Summary of studies on severe venous trauma patients treated by hybrid approach without stenting.

Age Sex Mechanism Description Access Treatment Mortality Follow-Up 
Imaging

Angeles [18] 24 Male GSW IVC transection LFV &. 
RIJV

Proximal and 
distal control 

No N/A

Bui [19] 50 Male GSW  IVC transection - RFV Proximal and 
distal balloon 
control

No US

Sanabria [20] 35 Male GSW Right internal 
jugular vein 
transection  

LIJV Embolization No CT

Yamanaka [21] 76 Male Stab wound Right jugular 
bulb transection

RIJV & 
LIJV

Embolization No N/A

GSW, gunshot wound; IVC, inferior vena cava; LFV, left femoral vein; LIJV, left internal jugular vein; N/A, not available; RFV, right femoral vein; RIJV, right internal 
jugular vein.
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airway and breathing systems of the patient during the 
acute phases of treatment.

Balloon occlusion of major venous injuries likely rep-
resent the most expedient and applicable modality for 
employment in major venous injury. Reynolds and col-
leagues were the first to describe the successful use of 
resuscitative balloon occlusion of the IVC (REBOVC) in 
an experimental setting. In the hands of these research-
ers, REBOCC demonstrated superior hemorrhage con-
trol and prolonged time to death in a swine model of 
liver hemorrhage as compared to a non-intervention 
control group [28]. Balloons were utilized by multiple 
groups in our review. Descriptions of use included the 
use of two balloons, proximal and distal to the injured 
vein, in order to control the bleeding and allow a proper 
definitive solution, either by a surgical or endovascular 
approach.

Although the majority of injuries employed stent 
grafts to provide for venous injury repair, Sofue and col-
leagues used a non-covered stent to facilitate repair. In 
their described use, this bare metal device was utilized 
due to the unavailability of a covered one, as part of the 
treatment of an iliac vein injury [15]. Covered stent 
grafts, however, have shown superiority in other similar 
vascular uses [33,34], and should be the device of choice 
– as they provide one deployment coverage of the injury 
location from intravascular access. The use of heparin-
ized stents, the degree of the stent oversize (compared to 
estimated or measured vessel diameter), and types of 
balloons that should optimally be employed as adjuncts 
remain to be elucidated more effectively.

Post-intervention management after endovascular 
repair also requires additional study in the trauma set-
ting – particularly as it relates to optimal surveillance of 
patency and anti-platelet or anticoagulation regimens. 
The use of anti-aggregation therapy, specifically via dual 
antiplatelet (DAP) use, is advised when stents are used in 
order to treat arterial pathology [35]. The venous sys-
tem may be even more prone to thrombosis following 
intimal injury as compared to the arterial system due its 
basic low flow state. Select reported literature suggests 
that primary venous repair is associated with a 15% 
risk for thromboembolic events [36]. It is important to 
note, however, that there remains no significant mean-
ingful data to guide anti-aggregation or anticoagulation 
therapy following venous repair by any modality – open 
or otherwise. [35]. Strong consideration of DAP or anti-
coagulation therapy is warranted, however, little is 
known about the ideal dose or duration.

Although our study is the largest review of its kind to 
date, it has important limitations that must be recognized. 
Reporting bias among case reports of these types must 
be considered. While successful in their results, the 
reports also represent the practices of multiple centers 
across which standardization of evaluation, treatment, 
and capabilities are unlikely.

CONCLUSIONS

Our present review, which gathers together existing 
available case reports, demonstrates that the endovascu-
lar treatment of major venous injury is both feasible and 
potentially effective. Well-organized studies should be 
conducted regarding the type of endovascular repair 
modalities that are most likely to be beneficial. Optimal 
post procedure pharmacological adjuncts and follow-up 
require additional study.
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expanded, so too has interest in its potential application 
to normovolemic hypotension. In particular, the appli-
cation of REBOA as an adjunct closed chest cardiopul-
monary resuscitation has received significant attention, 
including the presentation of preliminary animal data 
(Pan-Am EVTM, 2018) and publication of a recent 
review summarizing animal research and case reports 
[13]. As was the case for hypovolemic hypotension prior 
to the development of the ER-REBOA catheter, avail-
able devices, such as intra-aortic balloon pump devices, 
are constrained by the need for specialized clinical envi-
ronments which are generally not available in Emer-
gency Department trauma bays. Herein we describe the 
use of the ER-REBOA catheter deployed in a case of 
non-traumatic hypovolemic shock and cardiac arrest.

Case Description

A 26-year-old man was found lying on the ground in an 
abandoned building known for illicit intravenous drug 
use. The patient was in cardiac arrest and paramedics 
began cardiopulmonary resuscitation. The patient had 
the return of spontaneous circulation after a short course 
of CPR prior to transport. Paramedics noted the man 
had lower-abdominal bruising as well as ligature marks 
across his bilateral lower extremities. Although initially 
treated as a cardiac arrest secondary to illicit drug use, 
the patient was transported to an ACS verified Level 1 
Trauma Center for treatment.
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INTRODUCTION

Resuscitative endovascular occlusion of the aorta 
(REBOA) has a deep history, with recent advances in 
technology resulting in a resurgence of interest [1,2]. 
This innovation was driven by an interest in advancing 
truncal hemorrhage control for trauma patients, and the 
subsequent increase in the use of REBOA has resulted 
in documented use predominantly in trauma patients 
including case series [3,4] and registry studies [5–7]. In 
addition, several authors have identified the potential 
utility of REBOA in non-traumatic hemorrhage includ-
ing postpartum hemorrhage [8–10], retroperitoneal 
debridement [11], post-surgical and gastrointestinal 
bleeding [12]. As the use of this resuscitative adjunct has 
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Upon arrival to the Emergency Department, the patient 
was nonresponsive with a Glasgow Coma Scale (GCS) of 
3 but breathing spontaneously. The patient was intubated 
for airway protection after naloxone was administered 
with no response. The patient’s pulse rate was 130 bpm 
and blood pressure 50/palp. Since the patient was unre-
sponsive with extensive bruising and unclear history of 
events, the patient’s status was escalated to a Level I 
trauma alert by the emergency physician who evaluated 
him. The trauma team arrived with the patient still in 
extremis and the massive transfusion protocol was acti-
vated. Given the concern for possible intraabdominal or 
pelvic hemorrhage as a cause for the patient’s shock, the 
decision was made to insert an ER-REBOA™ catheter 
(Prytime Medical, Boerne, TX) [13–15].

The right femoral artery was cannulated percutane-
ously using a 7 French arterial sheath and the catheter 
balloon was advanced and inflated in Zone 1 at 45 cm. 
Based on available military guidelines at the time, Zone 1 
is approximately at 45–47 cm and Zone 3 at 22–25 cm. 
The balloon was inflated until resistance was encoun-
tered and the patient’s blood pressure responded (approx-
imately 12 mL of saline). Immediate blood pressure 
improvement followed to 115/65. A FAST examination, 
chest x-ray, and pelvic x-ray were performed in the 
trauma bay at this time which showed no injuries consis-
tent with hemorrhagic shock as well as ER-REBOA™ 
catheter placement in Zone 1 (Figure 1). The patient was 
then taken immediately to undergo a CT scan of the 
head, chest, abdomen, and pelvis, which also were nega-
tive for injuries, to explain his hypotension (See balloon 
above the diaphragm in Figure 2). A small-volume pneu-
momediastinum was discovered which was attributed 
to the patient receiving chest compressions and right 
middle-lobe opacities likely due to aspiration.

As the patient’s state of shock was cardiogenic in 
nature, the catheter balloon was deflated after 30 minutes 
to allow perfusion of the abdominal viscera. This was an 
early experience with ER-REBOA™ at our institution 
and we did not deflate the balloon for the CT scans nor 
did we attempt partial inflation. We have since changed 
our practice to deflate the balloon at least partially just 
before obtaining the abdomen/pelvis portion of our 
scans to allow contrast flow and better identify injuries. 
After balloon deflation, systolic blood pressure dropped 
again to the 70s but was successfully augmented with 
vasopressors. In total, the patient received 5 units of 
packed red blood cells, 7 units of fresh-frozen plasma,  
2 units of platelets, and 10 units of cryoprecipitate. The 
balloon catheter and introducer sheath were removed 
about two hours later at the bedside and pressure held 
until hemostasis was assured. We now aim to remove the 
ER-REBOA™ catheter within six hours of placement 
and the introducer sheath within 24 hours of placement.

The next morning, acute compartment syndrome of 
the right lower extremity was noted and the patient 
underwent an emergent four-compartment fasciotomy. 

An intra-operative angiogram of the right femoral artery 
performed at this time revealed no arterial injury or 
vascular abnormality to suggest catheter-related compli-
cations. Thus, the patient compartment syndrome, and 

Figure 1 The ER-REBOA™ catheter can be seen left of the 
spine above the diaphragm.

Figure 2 Trauma CT chest/abdomen/pelvis with ER-REBOA™ 
catheter balloon seen above the diaphragm.
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subsequent rhabdomyolysis, was attributed to a pro-
longed compression position after being down for an 
unknown period of time and low-flow state during his 
cardiac arrest.

Patient Outcome

The patient ultimately required an above-the-knee ampu-
tation for necrotic and non-functional tissues of his right 
lower extremity which failed to recover despite fascioto-
mies. He was discharged on hospital day 52 and was 
seen doing well in an outpatient clinic two weeks later.

CONCLUSIONS

Resuscitative endovascular balloon occlusion of the aorta 
(ER-REBOA™) has been used to temporarily occlude the 
aorta in Zone 1 or 3 in order to control intraabdominal 
or pelvic hemorrhage and to provide proactive manage-
ment of life-threatening, refractory, hemorrhagic shock in 
addition to maximal conventional therapy [10,16]. This 
is the first published case report to date of ER-REBOA™ 
use in a non-traumatic cardiac arrest setting leading to 
a patient surviving. Much like an intra-aortic balloon 
pump inflating during diastole, the ER-REBOA™ balloon 
catheter augmented the patient’s perfusion of the heart and 
brain. This allowed time to fluid resuscitate the patient, 
evaluate for possible traumatic injuries, and ultimately 
transition blood pressure support to the use of vasopressor 
medications. We strongly believe the use of ER-REBOA™ 
to augment cardiac afterload ultimately contributed to 
the patient surviving this incident. The ER-REBOA™ 
was readily available and could be placed quickly at the 
bedside without the need for angiography. Future uses of 
ER-REBOA™ in the setting of non-traumatic cardiac 
arrest patients should also consider partial balloon infla-
tion to allow some distal perfusion while augmenting 
proximal cardiac and cerebral perfusion. Further research 
into the feasibility as well as outcomes for patients in 
non-traumatic cardiac arrest is required to better utilize 
this emerging technology.
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According to his relatives, the patient was a chronic 
cologne abuser and had ingested an unknown amount 
of cologne one day prior. He had no medical history and 
was not on any medication. His initial vital signs were a 
blood pressure of 80/60 mmHg, a pulse of 98 beats/min, 
oxygen saturation of 94% and a temperature of 36.2 °C. 
Due to the patients Glasgow Coma Scale (GCS) of 6 
(E4M1V1), he was intubated with rapid sequence intu-
bation. Laboratory studies showed profound lactic aci-
dosis with a calculated level of methanol of 319 mg/dl 
(pH: 6.76, HCO3: 6.3 mEq/L, PO2: 115 mmHg, PCO2: 
37 mmHg, lactate: 6 mmol/L, anion gap: 44). The patient 
was catheterized for urgent hemodialysis (HD) through 
his right internal jugular vein and transferred to the 
intensive care unit (ICU). While awaiting preparations 
for HD, fluid resuscitation, bicarbonate and norepi-
nephrine infusion was initiated along with 10 cc/kg of 
intravenous ethanol bolus over 30 minutes followed by 
a continuous ethanol infusion of 2 cc/kg/h iv infusion. 
A right radial artery catheter was also placed for moni-
toring blood pressure. A continuous veno-venous hemo-
diafiltration (CVVHDF) was initiated due to persistent 
hypotension and profound acidosis. The blood ethanol 
level was measured at 6-hour intervals and the infusion 
was regulated to keep serum ethanol level over 150 mg/dl. 
As the patient became more hypotensive during CVVHDF, 
dopamine and epinephrine infusions were added and 
doses were escalated to reach a norepinephrine infusion 
of 40 mcg/min, dopamine infusion of 50 mcg/min, and 
epinephrine infusion of 40 mcg/min. After 24 hours, 
CVVHDF began to fail because the patient had per-
sistent profound hypotension despite triple inotropic 
support and this yielded a loss of efficacy in the perfor-
mance of the HD device.

BACKGROUND

Resuscitative endovascular balloon occlusion of the aorta 
(REBOA) was first described by Hughes in the Korean 
War [1] and regained popularity in the late 2000s. It is 
successfully used in patients with non-compressible torso 
hemorrhage due to trauma [2] as well as situations asso-
ciated with non-traumatic bleeding such as placenta per-
creta [3] and uncontrollable gastrointestinal bleeding [4]. 
As REBOA use evolves with time, the life-saving poten-
tial of the procedure, especially in bleeding patients, has 
made itself a useful tool in Emergency Departments (EDs) 
and also in prehospital environments [5].

CASE REPORT

A 61-year-old male presented to the ED with progressive 
loss of vision and impaired consciousness for 3 hours. 
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To facilitate CVVHDF, we decided to perform a zone 
3 partial REBOA (pREBOA) to augment systolic blood 
pressure. A 6 Fr introducer sheath was placed into the 
right common femoral artery (CFA) with ultrasound (US) 
guidance followed by a 6 Fr Fogarty catheter. After con-
firmation that the tip of the catheter was at zone 3 by US, 
the balloon was fully inflated. Another 6 Fr introducer 
sheath was placed with the same method into the contra-
lateral CFA to monitor blood pressure below the balloon 
so that pREBOA could be titrated to maintain a distal 
systolic blood pressure of 80 mmHg. With pREBOA, a 
blood pressure of 130/80 mmHg was achieved proximal 
to the balloon and the systolic blood pressure distal to 
the balloon was 45 mmHg. In the meantime, an extra-
corporeal membrane oxygenation (ECMO) protocol was 
initiated and 118 minutes after balloon inflation veno- 
arterial ECMO was commenced following the balloon 
deflation and withdrawal of the occlusion catheter. 
Systolic blood pressure distal to the balloon just before 
the deflation was 80 mmHg. Concomitantly to ECMO, 
inotrope support was weaned as tolerated until only a 
26 mcg/min of norepinephrine infusion was required 
(Figure 1). Once a proximal mean arterial pressure 
greater than 90 mmHg was achieved, CVVHDF resumed 
with ethanol and bicarbonate infusion. Despite all efforts, 
lactate levels did not decrease less than 12.8 mmol/L and 
on the 9th hour of ECMO, the patient developed brady-
cardia and then cardiac arrest. After 50 minutes of CPR, 
the patient was declared dead.

DISCUSSION

Although REBOA is a promising new therapy for the 
management of non-compressible torso hemorrhage 

even in austere combat environments [6], we presume 
that it may be an evolving bridging therapy for manage-
ment of various critically ill patients.

To the best of our knowledge, our case is the first 
example of REBOA in the literature utilized to facilitate 
CVVHDF in an intoxicated patient. In a recent case 
report, REBOA was unconventionally used to improve 
hemodynamic support in a patient with proximal aortic 
aneurysm rupture [7]. Similarly, we only aimed to slightly 
augment mean arterial pressure (MAP) without occlud-
ing the renal arteries, thus we preferred a zone 3 REBOA. 
We also did not want to bear the consequences of limb 
ischemia and reperfusion injury in an already critically 
ill patient with profound lactic acidosis. This was the 
main reason for us to perform a pREBOA rather than a 
complete one (cREBOA). Unfortunately, we were obliged 
to use a 6 Fr Fogarty balloon catheter with a 13 mm 
balloon diameter because we could not find a larger cath-
eter at our institution. However, this lack of resources 
served our purposes well. We inflated the balloon with 
volume increments of 0.5 ml until we reached a volume 
of 2 ml which is the maximum balloon volume allowed 
and left it fully inflated via a stopcock. Thus, we aimed 
to protect the balloon from blowing.

Reva et al. demonstrated that with a 40–49% par-
tial occlusion the aorta yields a significant increase in 
MAP in a bleeding sheep model [8]. As we experienced, 
placing a contralateral CFA sheath might be useful 
while monitoring the blood pressure distal to the bal-
loon of the catheter. While providing a distal systolic 
blood pressure over 80 mmHg to avoid limb ischemia, 
it may also provide valuable information about the 
efficacy of the aortic occlusion. Along with the concept 
of Endovascular Perfusion Augmentation for Critical 

Figure 1 The clinical and interventional course of the patient. 
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Care (EPACC) by Williams et al. [9], the main reason for 
us to perform an aortic occlusion was to augment the 
blood flow proximal to the occlusion balloon, in partic-
ular, renal arteries at the cost of possible lower limb 
ischemia. However, this possibility constitutes the main 
reason for monitoring the blood pressure distal to the 
balloon to predict any potential lower limb hypoperfu-
sion. In a brief report [10], DuBose recommended using 
an 8 Fr ER-REBOA catheter to measure the distal arte-
rial pressure below the occlusion balloon and deflating 
the balloon gradually until the distal arterial waveform 
below the balloon was observed. However, with the lack 
of an 8 Fr catheter in our institution, we were not capa-
ble of performing a cREBOA. Therefore, there was not 
an interrupted but only slightly diminished blood flow 
distal to the balloon. In addition, we presume that using 
a smaller catheter to achieve pREBOA might be practi-
cal unlike DuBose’s method. In this case, we tried to 
focus on the balance of the augmentation of the proxi-
mal blood pressure versus introducing enough blood 
flow below the balloon while avoiding limb ischemia.

REBOA may serve as a bridge to numerous life-saving 
interventions such as ECMO, selective aortic branch 
occlusion, coiling, and embolization. In our case, the 
catheter balloon was inflated in order to ‘step up’ the 
ECMO. pREBOA acted as the ‘fourth inopressor’ along 
with dopamine, norepinephrine, and epinephrine and 
provided time for ECMO setup and priming.

CONCLUSION

REBOA may be a useful tool in the management of 
critically ill patients with a variety of etiologies, even 
for intoxicated patients. In addition to serving as a 
bridge to advanced life-saving interventions, REBOA 
may act as a substitute inotrope when combinations of 
other inotropic agents fail to preserve the mean arterial 
pressure.
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Background: Injury to the abdominal aorta as part of a blunt injury is a rare event and is normally associated with 
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Conclusions: BAAIs are rare and can occur in isolation, i.e. without any accompanying abdominal injuries. Despite 
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managed.
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Blunt injuries to the aorta are classified by type and by 
location. The types of aortic injury include free rupture 
and pseudoaneurysm, in which the external contour of 
the aorta is abnormal, as well as intimal tears and large 
intimal flaps, in which the external contour of the aorta 
is unchanged. The classification of the zones of injury are 
based on possible endovascular approaches: Zone I injuries 
range from the diaphragmatic hiatus to the origin of the 
superior mesenteric artery (SMA); Zone II encompasses the 
SMA, inferior mesenteric artery (IMA), and renal arteries; 
and Zone III includes injuries below the renal arteries [1].

The management of blunt abdominal injury ranges 
from non-operative management to open aortic repair. 
In the past few decades, endovascular techniques have 
emerged. As more experience is gained with aortic aneu-
rysm repair in elective and urgent settings, the endovas-
cular management of thoracic and abdominal aortic 
repair in trauma is rapidly becoming more common.

We present two cases where injury to the abdominal 
aorta was the sole abdominal injury. Details on the man-
agement and outcome are described and a review of the 
available literature is presented. 

Case Report 1

A 52-year-old cyclist presented to the trauma bay after 
falling from his bicycle at a high speed of 80 kph (approx. 
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INTRODUCTION

Injury to the abdominal aorta as part of a blunt injury 
is a rare event. A Western Trauma Association study 
reviewed 392,315 blunt injury cases and found blunt 
abdominal aortic injury (BAAI) in only 113 (0.3%) cases 
[1]. In many of these cases, the aortic injury is associated 
with other abdominal injuries, such as solid organ injury, 
small bowel injury, mesenteric hematoma, colon injury, 
etc. [2]. The increasing use of multi-detector computed 
tomography (CT) scans has led to an increase in the 
detection of injuries to the abdominal aorta [3].



Journal of Endovascular Resuscitation and Trauma Management Vol. 2, No. 3, 2018

124 Raguan B et al.

50 mph) during a cross-country ride. He was alert, con-
scious and ambulating at the scene, though his helmet 
had fractured. His vital signs were normal and stable at 
the scene and during transfer. Primary survey in the 
trauma bay was normal, and secondary survey revealed 
substantial subcutaneous emphysema in his right chest 
and torso, as well as a deformity of the right clavicle. 
Pedal pulses were normal. A chest X-ray in the trauma 
bay revealed subcutaneous emphysema with no pneu-
mothorax, and FAST examination was negative.

The patient proceeded to the CT scanner for a 
“whole-body” scan (see Figure 1). The CT revealed sub-
stantial subcutaneous emphysema, extending from the 
cranium to the scrotum, as well as minimal right-sided 
pneumothorax, minor pneumomediastinum, and air in 
the spinal column. There was a right-sided clavicular 
fracture and a fracture to his right 6th rib. Additionally, 
there was a large intimal flap in the infra-renal aorta, 
with partial thrombosis. No other head, chest or abdom-
inal injury was noted.

The patient continued to be stable and with normal 
vital signs. He was admitted to the intensive care unit, 
and gastro-esophagoscopy and bronchoscopy were per-
formed to rule out airway and/or esophageal leak. Both 
studies were normal. After other injuries were ruled out, 
the patient was taken to the operating room for angiog-
raphy and endovascular repair of the aortic injury.

A Bentley 16 × 59 mm2 covered stent graft was 
deployed in the infra-renal aorta through a 6 Fr sheath 
in the right groin, and a second (16 × 59 mm2) stent-
graft was deployed with some overlap to provide an 
extension for the stent (see Figure 2). During deploy-
ment, thrombus material lodged in the left leg resulting 
in acute leg ischemia. Immediate thrombectomy was 
successfully performed. The patient had no history of 
hypertension, and his blood pressure was in the normal 
range during his hospital stay, so no effort was made to 
lower his blood pressure further. The patient was dis-
charged 5 days later after the subcutaneous emphysema 
had resolved and remained well at follow-up 6 months 

Figure 1 Computed tomography images of the patient in case 1. (a) Coronal, (b) sagittal, and  
(c) axial views with enlarged images in the inserts.

a

c

b
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later. He was treated with enoxaparin (LMWH) for 3 
months after surgery, as well as aspirin which we have 
recommended that he continue to take indefinitely.

Case Report 2

A 57-year-old patient was referred to the ER 15 weeks 
after sustaining an open fracture of his right tibia and 
fibula. While repairing his minivan, the vehicle rolled 
onto him, compressing his leg and abdomen, resulting in 
an open leg fracture. The patient initially downplayed 
the severity of his abdominal pain due to his leg injury, 

thus, no work-up on the abdomen was performed. His 
leg was repaired, and the patient was referred to a reha-
bilitation center.

Three months after his injury, the patient was referred 
to the ER due to acute ischemia of his left leg. Duplex 
ultrasonography was performed and revealed thrombo-
sis of the left popliteal artery. An additional CT angiog-
raphy of the chest and abdomen revealed a large mural 
and “floating” thrombus in the abdominal aorta (see Fig-
ure 3). After further questioning, it seems he had sus-
tained a significant abdominal blunt trauma at the time 
of the accident. We speculated that the findings in the 
aorta were a result of an intimal tear which occurred at 
the time of the initial trauma. 

The patient underwent endovascular repair with a 
(Bentley 16 × 59 mm2) covered stent graft with a satisfy-
ing technical result (see Figure 4). Some of the fresh 
thrombus dislodged distally and a femoral thrombec-
tomy was successfully performed, with the pallor resolv-
ing and flow restored on the doppler. 

The patient had no history of hypertension, and his 
blood pressure was in a normal range during his hospi-
tal stay, therefore no effort was made to lower his blood 
pressure further. The patient experienced an uneventful 
post-operative course and was alive and well on follow- 
up 6 months later. We recommended lifelong aspirin.

DISCUSSION

Isolated blunt injury to the abdominal aorta is rare. We 
present two such cases, as well as details of the manage-
ment and outcomes. In patients where abdominal explo-
ration is unwarranted, the advantages of endovascular 
approaches are even more significant. Suspicion of blunt 
abdominal trauma should be raised in patients present-
ing with a seat belt sign, abdominal wall disruption, 
lumbar spine fracture, hollow viscus injury, or abnormal 
peripheral pulses [4]. However, both patients we have 
presented demonstrated none of these signs. There 
should be a high index of suspicion for blunt abdominal 

Figure 2 Intra-operative images of the patient in case 1, before (left) and after 
(right) deployment of the stent-graft.

Figure 3 CT angiography images of the patient in case 2.
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zones 1 and 3 were treated with all three approaches, 
injuries to zone 2 were never treated with an endovascu-
lar approach [1]. In a separate review of 436 patients 
with BAAI, only 42 patients (10%) underwent repair, and 
the majority of them (29 patient, 69%) underwent endo-
vascular repair [2].

An endovascular approach to a BAAI offers several 
advantages. In cases where open abdominal exploration is 
not necessary, endovascular repair avoids the morbidity 
of an open abdominal or retroperitoneal approach. In 
patients in which exploration reveals gross contamination 
of the peritoneal cavity, an endovascular approach avoids 
contamination of major vessels and graft material [5].

CONCLUSION

BAAIs are rare and can occur in isolation, i.e. without 
any accompanying abdominal injuries. Despite histori-
cally being treated mostly by open repair, endovascular 
repair offers many advantages and can be safely man-
aged. We expect endovascular treatment to become the 
mainstay of treatment in the near future.
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injury in all patients who present no other abdominal or 
vascular injuries. As the frequency of CT scans in the 
evaluation of trauma patients continues to increase, 
more such asymptomatic injuries to the abdominal aorta 
are likely to be detected [3].

The Western Trauma Association conducted a review 
of over 392,315 blunt trauma patients from 1996–2011, 
113 of which had a BAAI. The leading cause of injury 
was motor vehicle injury (60%). The review does not 
specify if patients presented with no other abdominal 
injury, as was the case in our two patients. However, the 
number of associated injuries: 50 cases of spine fractures, 
45 of hemoperitoneum, 43 of solid organ injury, 39 of 
small bowel injury, 32 of colon injury, etc. suggests that 
the majority of cases involve injury to another abdominal 
organ. In a separate study of 414 patients from 180 cen-
ters, 119 patients (27%) sustained blunt injuries to the 
abdominal aorta without any other major injuries [2]. 

In the Western Trauma Association cohort, 17.7% of 
cases presented as intimal tears, 36% as large intimal 
flaps, 15.9% as pseudoaneurysms, and 31.9% as free 
ruptures. Forty cases (35.4%) were managed non- 
operatively, 49 cases (43.4%), including all of the aortic 
free ruptures, were managed with open surgical repair, 
and only 17 cases (15%) were managed mainly with 
endovascular therapy. The choice of the treatment was 
affected by the patient’s condition, the type of injury and 
the zone of injury (see Table 1). Injuries without contour 
abnormalities were treated mostly with a non-operative 
or endovascular approach, whereas free rupture was 
exclusively treated with open repair. While injuries to 

Figure 4 Intra-operative images of the patient in case 2, before (left) and after 
(right) deployment of the stent.

Table 1 Management of BAAI according to the zone of injury.

Zone of Injury Management

Zone 1 Non-operative, endovascular, or open repair
Zone 2 Non-operative or open repair
Zone 3 Non-operative, endovascular, or open repair
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Background: Aortic balloon occlusion or resuscitative endovascular balloon occlusion of the aorta (REBOA) for hem-
orrhage control during endovascular aortic repair (EVAR) is a technique that has been used for decades for ruptured 
abdominal aortic aneurysms (rAAA). This usually requires bilateral femoral access, however, when only single-sided 
vascular access can be obtained this complicates the procedure if these techniques are to be used. We present two 
cases of single-sided vascular access, recently performed at our institution, using simultaneous REBOA and aortic 
stent-graft placement during EVAR in rAAA. 
Method: This is a description of two clinical cases where REBOA and EVAR were performed through single-sided 
vascular access for the treatment of rAAA at Örebro University Hospital between March 2018 and June 2018. 
Conclusion: This case report demonstrates that despite the limitation of single-sided access, an aortic stent-graft 
can be placed for treatment of a rAAA during continuous aortic occlusion with REBOA, facilitated by using a multidis-
ciplinary EndoVascular resuscitation and Trauma Management (EVTM) team approach.
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presenting with profound hypotension due to the 
increased time involved for preparation. However, some 
centers treat all rAAA using EVAR and hybrid tech-
niques with excellent results [2]. Intraluminal aortic 
balloon occlusion is a technique that has been used for 
decades to gain proximal aortic control of hemorrhage 
in rAAA [7–9]. Resuscitative endovascular balloon 
occlusion of the aorta (REBOA) or aortic balloon 
occlusion (ABO) may potentially help to stabilize the 
profoundly hypotensive patient and allow time for 
transport, diagnosis and appropriate preparation and 
execution of an endovascular repair [10–12]. This 
usually requires the aortic stent-graft to be inserted from 
the contralateral groin and a second occlusion balloon 
to be inflated inside the main body of the stent-graft 
in order to continue aortic occlusion and simultaneous 
modulation of the graft while the more proximal bal-
loon is deflated and withdrawn. However, when only 
single-sided vascular access can be obtained this compli-
cates the procedure if these techniques are to be used. 
We present two cases of single-sided vascular access, 
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INTRODUCTION

The incidence of ruptured abdominal aortic aneurysms 
(rAAA) has in recent years declined, at least in Scandi-
navia, however, the mortality rate remains high [1]. 
Some studies have suggested lower mortality rates with 
endovascular aortic repair (EVAR) of rAAA but a com-
plete consensus is yet to be established [2–6]. Previously, 
EVAR of rAAA has been viewed as unsuitable for those 
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recently performed at our institution, using simultane-
ous REBOA and aortic stent-graft placement during 
EVAR in rAAA. This illustrates how endovascular tech-
niques may be useful in extreme situations and how 
access difficulties can be solved to facilitate endovascu-
lar treatment.

PATIENTS AND METHODS

This is a description of two clinical cases where REBOA 
and EVAR were performed through a single-sided vascu-
lar access for the treatment of rAAA at Örebro Univer-
sity Hospital. Ethical committee approval was obtained 
for all REBOA and/or EVAR procedure patients. Both 
patients were treated with REBOA procedures performed 
by the on-call vascular surgeon and EVAR was performed 
in the hybrid operating room. 

RESULTS

Case 1

A 76-year-old male who 8 years previously had been 
operated with EVAR for an infrarenal abdominal aortic 
aneurysm, and later received a cross-femoral venous 
bypass because of a unilateral limb graft occlusion, pre-
sented to the emergency department with a distended 
abdomen after a sudden debut of abdominal pain radi-
ating to the back. An acute computed tomography (CT) 
scan revealed a rAAA with ongoing extravasation and 
massive retroperitoneal hematoma caused by a type Ib 
leakage and dislocated graft limb into the aneurysmal 
sack. The patient was initially hemodynamically stable 
and was transported to the hybrid operating room where 
he quickly deteriorated with a systolic blood pressure 
(SBP) of around 40 mm Hg. A 7 Fr sheath was placed in 
the right femoral artery proximal to the cross-femoral 
bypass anastomosis using ultrasound guidance. Zone 3 
REBOA with total occlusion was performed and the 
patients SBP immediately stabilized around 90 mm Hg. 
A 4 Fr sheath was placed proximally to the 7 Fr sheath 
using ultrasound guidance and was later upgraded to a 
16 Fr DrySeal sheath. The REBOA was partially deflated 
to let a guidewire pass and the dislocated graft limb was 
extended with a GORE™ 16 mm bridging-graft and a 
20 mm iliac-graft after mapping of the internal iliac 
artery. The REBOA was then deflated and removed after 
a total occlusion time of 25 minutes with the patient 
remaining hemodynamically stable. The whole proce-
dure was done under local anesthesia and the patient 
received 2 units of packed red blood cells (PRBC). The 
patient was then taken to the intensive care unit where 3 
hours later he developed abdominal compartment syn-
drome and anuria. A decompressive laparotomy was sub-
sequently performed by the on-call vascular surgeon and 
the abdomen was left open with a Bogota Bag in place. 
Within 30–40 minutes the patient started producing 

urine, a second-look laparotomy the following day 
showed no signs of ischemic bowel and the abdomen was 
closed. Because of elevated infectious and liver values, a 
CT scan was performed showing signs of acute pancre-
atitis, treated conservatively with intravenous fluid 
administration, analgesics and avoidance of oral fluid or 
food intake. The remainder of the patient’s in-hospital 
care was uneventful and at 30 days post-intervention, 
he was recovering well, with no signs of endoleak seen 
on CT and ultrasound examinations, and a functional 
cross-femoral venous bypass.

Case 2

A 63-year-old male was seen to swerve his car to the side 
of the road by a passerby. He was found in an uncon-
scious state and later transported by ambulance to the 
emergency department. During transport, the patient 
was tachycardic (125 bmp) with a SBP of 90/55 and a 
faint palpable carotid pulse. Upon arrival at the emer-
gency room, 57 minutes after the emergency call was 
received, he was hemodynamically unstable with a SBP 
of 40 mm Hg and GCS 3. The patient was intubated, an 
8 Fr sheath was placed by a blind puncture in the right 
femoral artery on the first attempt and Zone I REBOA 
was performed (Figures 1 and 2), stabilizing the SBP 
between 60 and 70 mm Hg. A CT scan revealed a previ-
ously unknown infrarenal rAAA with ongoing extrava-
sation and massive retroperitoneal hematoma, and the 

Figure 1 CT scan showing the use of REBOA in a 
ruptured abdominal aortic aneurysm for hemodynamic 
stabilization. 
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patient was transported to the hybrid operating room 
where a massive transfusion of PRBC, fresh frozen plasma 
(FFP) and platelets (PLT) was initiated. Blood gas analy-
sis showed severe metabolic acidosis with increasing lev-
els of lactate. Ultrasound of the left femoral artery 
showed signs of significant stenosis and no blood flow, 
with attempts to puncture not resulting in any backflow. 
With the REBOA in place, the decision was made to 
work through a single-sided access and a 36 mm COOK 
Zenith Alpha™ bifurcated main body graft was intro-
duced proximally to the 8 Fr sheath through a separate 
puncture in the right femoral artery and deployed in the 
aorta. The REBOA was deflated to allow angiographic 
visualization of the renal arteries and graft placement, 
with the patients SBP immediately decreasing to 50 mm 
Hg. Stent-graft migration was noted and a 36 mm aortic 
cuff was placed above the bifurcated graft below the 
level of the renal arteries. The REBOA was removed and 
a new aortic occlusion balloon was placed in the main 
body of the aortic stent-graft below the renal arteries to 
allow visceral perfusion (Figure 3). Due to the occlusion 
of the left femoral artery, ultrasound-guided puncture of 
the left external iliac artery was performed in order to 
catheterize and extend the main stent-graft with an iliac 
limb extension to the left common iliac artery. A new angi-
ography was performed revealing no signs of endoleak-
age. The aortic occlusion balloon was removed and the 
vascular accesses sealed, with the patient remaining stable 

with a SBP of 70 mm Hg. During the procedure, a total 
of 14 units PRBC, 14 units FFP and 3 units of PLT had 
been administered. By this time, the patient had devel-
oped an extended abdomen with obvious signs of abdom-
inal compartment syndrome, acidosis, and increasing 
lactate levels. During preparation for a decompressive 
laparotomy, the patients SBP slowly started to decrease 
despite high levels of inotropic therapy and he later died.

DISCUSSION

Many patients who reach hospital with a rAAA are usu-
ally hemodynamically stable enough to allow proper 
diagnostics and preparation for surgery, however, some 
are hemodynamically unstable with profound hypoten-
sion and impending cardiac arrest [13]. This has previ-
ously been a strict indication for open aortic repair, but 
with the introduction of compliant occlusion balloons 
for hemodynamic stabilization endovascular definitive 
treatment has become a tempting option. When simulta-
neous REBOA and EVAR is performed for rAAA, this 
usually requires bilateral femoral access, with an aortic 
occlusion balloon inserted on one side and the aortic 
stent-graft inserted from the contralateral groin [2]. When 
faced with access complications in a hemodynamically 
unstable patient, many would choose the traditional 
open approach to aortic repair as alternative techniques 
have previously been sparse [14]. EVAR has in recent 
systematic reviews been considered a safe method of 
treating rAAA and should be preferred when technically 

Figure 2 3D image of inflated REBOA in Zone 1. 

Figure 3 Angiography showing Zone 3 partial ABO 
and parallel guide wire through a single-sided access.
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for ruptured abdominal aortic aneurysms. AJR Am J 
Roentgenol. 1977;128:31–3.

[10] Malina M, Holst J. Balloon control for ruptured AAAs: 
when and when not to use? J Cardiovasc Surg. 2014;55: 
161–7.
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occlusion of the aorta during endovascular repair of rup-
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rapid endovascular balloon occlusion in unstable patients 
with ruptured abdominal aortic aneurysm. Innovations 
(Phila). 2009;4:74–9.

[13] Mehta M, Paty PSK, Byrne J, et al. The impact of hemo-
dynamic status on outcomes of endovascular abdominal 
aortic aneurysm repair for rupture. J Vasc Surg. 2013;57: 
1255–60.

[14] van Beeka SC, Conijna A P, Koelemay M J, Balm R. 
Endovascular aneurysm repair versus open repair for 
patients with a ruptured abdominal aortic aneurysm: A 
systematic review and meta-analysis of short-term sur-
vival. Eur J Vasc Endovasc Surg. 2014;47:593–602.

[15] Amato B, Fugetto F, Compagna R, et al. Endovascular 
repair versus open repair in the treatment of ruptured 
aortic aneurysms. A systematic review. Minerva Chir. 
2018; In Press. doi: 10.23736/S0026-4733.18.07768-4.

[16] Bilos L, Pirouzram A, Toivola A, Vidlund M, Cha SO, 
Horer T. EndoVascular and hybrid trauma management 
(EVTM) for blunt innominate artery injury with ongo-
ing extravasation. Cardiovasc Intervent Radiol. 2017;40: 
130–4.

[17] Horer T. Resuscitative endovascular balloon occlusion 
of the aorta (REBOA) and endovascular resuscitation 
and trauma management (EVTM): a paradigm shift 
regarding hemodynamic instability. Eur J Vasc Endovasc 
Surg. 2018;44:487–9.

[18] Horer TM, Hebron D, Swaid F, et al. Aorta balloon 
occlusion in trauma: Three cases demonstrating multi-
disciplinary approach already on patient’s arrival to the 
emergency room. Cardiovasc Intervent Radiol. 2016;39: 
284–9.

[19] Horer TM, Skoog P, Pirouzram A, Nilsson KF, Larzon T. 
A small case series of aortic balloon occlusion in trauma: 
lessons learned from its use in ruptured abdominal aor-
tic aneurysms and a brief review. Eur J Trauma Emerg 
Surg. 2016;42:585–92.

[20] McGreevy D, Dogan E, Toivola A, et al. Endovascular 
resuscitation with aortic balloon occlusion in non-trauma 
cases: First use of ER-REBOA in Europe. Journal of 
Endovascular Resuscitation and Trauma Management. 
2017;1:42–9.

[21] Nilsson C, Bilos L, Horer T, Pirouzram A. Use of resus-
citative endovascular balloon occlusion of the aorta in a 
multidisciplinary approach. Innovations (Phila). 2017; 
12:e1–e2.

feasible [15]. In this report, we present the technique of 
single-sided simultaneous deployment of both REBOA 
and an aortic stent-graft with continuous aortic occlu-
sion in two recent cases of rAAA with hemodynamic 
instability, impending cardiac arrest and unilateral iliac 
or femoral artery occlusion. This allowed the patients to 
stabilize, gaining time for proper EVAR execution. Non- 
compressible massive hemorrhage with hemodynamic 
instability is one of the most challenging conditions for 
physicians to deal with. This requires a cooperative rela-
tionship between a multidisciplinary team to ensure 
timely resuscitation, diagnosis, preoperative and periop-
erative support, definitive operative treatment, and 
excellent postoperative care. Both cases presented were 
facilitated thanks to the EndoVascular resuscitation and 
Trauma Management (EVTM) concept practiced at our 
institution [16–21]. Resuscitation by early vascular 
access and REBOA placement by the vascular surgeon, 
simultaneous circulatory management by the anesthesi-
ologist in addition to rapid diagnostic imaging and 
working through single-sided accesses allowed EVAR to 
remain the optimal treatment option in both cases.

CONCLUSION

This case report demonstrates that despite the limitation 
of single-sided access, it is technically feasible for an aortic 
stent-graft to be placed for treatment of a rAAA during 
continuous aortic occlusion with REBOA, facilitated by 
using a multidisciplinary EVTM team approach.
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