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Summary Abstract: 

 

 Despite technological advancements, REBOA is associated with significant risks 

due to complications of vascular access and ischemia-reperfusion. The inherent morbidity and 

mortality of REBOA is often compounded by coexisting injury and hemorrhagic shock. 

Additionally, the potential for REBOA-related injuries is exaggerated due to the growing number 

of interventions being performed by providers who have limited experience in endovascular 

techniques, inadequate resources, minimal training in the technique, and who are performing this 

maneuver in emergency situations. In an effort to ultimately improve outcomes with REBOA, 

we sought to compile a list of complications that may be encountered during REBOA usage. To 

address the current knowledge gap, we assembled a list of anecdotal complications from high-

volume REBOA users internationally. More importantly, through a consensus model, we identify 

contributory factors that may lead to complications and deliberate on how to recognize, mitigate, 

and manage such events. An understanding of the pitfalls of REBOA and strategies to mitigate 

their occurrence is of vital importance to optimize patient outcomes. 
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Introduction: 

 

 “An expert is a person who has made all the mistakes that can be made in a very 

narrow field.” – Niels Bohr 

 

 Resuscitative endovascular balloon occlusion of the aorta (REBOA) was initially 

conceived as a method of hemorrhage control in 1954 by American Military Surgeon Carl 

Hughes.(1) He utilized this technique during the Korean War to treat two patients, neither of 

whom survived the intervention. Thereafter, the concept of using an endovascular balloon to halt 

ongoing distal blood loss was relegated to sporadic case reports.(2, 3) Then in 1989, Gupta et al 

(4) published a multi-center experience utilizing aortic balloon occlusion for penetrating 

abdominal trauma in 21 patients. In this series, the authors described a total of 8 significant 

complications including paraplegia, catheter exit from vessel injury, and access site thrombosis. 

Due to the concern for serious complications, the technique of aortic balloon occlusion was not 

widely described in published literature again until the late 2000’s.(5) With advancements in 

endovascular technology, leaders in vascular trauma revisited this approach for the treatment of 

non-compressible truncal hemorrhage.(6) In the past several years, REBOA has experienced a 

renaissance, with its implementation rapidly expanding worldwide.(7)  

 

Despite technological advancements, REBOA is associated with significant risks due to 

complications of vascular access and ischemia-reperfusion. The inherent morbidity and mortality 

of aortic occlusion from REBOA is compounded by coexisting injury and hemorrhagic shock. 

Additionally, the potential for REBOA-related injuries is exaggerated due to the growing number 
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of interventions being performed by providers who have limited experience in endovascular 

techniques, inadequate resources, minimal training in the technique, and who are performing this 

maneuver in emergency situations.(8) In an effort to ultimately improve outcomes with REBOA, 

we sought to compile a list of complications that may be encountered during its use. 

Unfortunately, the literature on REBOA complications is limited to small retrospective case 

series, propensity analyses, and animal studies. To address this current knowledge gap we sought 

to assemble a list of anecdotal complications from high-volume REBOA users internationally. 

More importantly, we sought to identify contributory factors through a consensus model that 

may lead to complications and deliberate on how to recognize, mitigate, and manage such 

events. 

 

Methods: 

Drawing from personal experiences from experts in the field and published literature where 

available, we sought to catalogue complications of modern REBOA use around the world. To 

date, there is a paucity of published information on strategies for the prevention, rapid 

identification, and management of REBOA complications. To address this knowledge gap, we 

solicited anecdotal descriptions of complications and challenges from practitioners frequently 

employing REBOA in North America, Europe and Asia.(9-11) Through personal correspondence 

we queried high volume users on complications they have observed as well as their strategies for 

complication prevention, recognition, and management. The primary author collated these 

anonymously into manuscript format and added supplementary references from published 

literature where available. This manuscript version was then sent to all members of the study 

group for comment and critical review. Changes were then anonymously incorporated and the 

ACCEPTED

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.



10 

final manuscript was sent to the authors for final approval. The process was similar to a nominal 

consensus model once the study group was presented with a collated manuscript, yet it preserved 

the anonymity of a Delphi model for the initial round of complication solicitations.(12)  

 

The technique of REBOA has been broken down into six specific steps. These steps are 

similar to the original technique described by Stannard et al. (13) and are the steps taught in 

several endovascular trauma management courses.(14, 15) The steps include: arterial access, 

balloon positioning, balloon inflation, management during balloon occlusion, balloon deflation, 

and sheath removal/post-resuscitation care. Each of these steps introduce the potential for 

complications, many of which can be mitigated with careful adherence to principles of 

endovascular techniques and an understanding of the physiologic response to aortic occlusion. 

Each section will review the challenges related to each procedural step as well provide potential 

strategies for preventing, avoiding, and identifying adverse events and complications due to 

REBOA (Table 1).  

 

Discussion 

 

Step 1: Arterial Access 

Establishing arterial access is the first step in performing REBOA and is often the most 

technically challenging. While arterial access is common to multiple types of procedures, the 

trauma population often presents unique challenges not encountered in other populations. A 

chaotic clinical environment, a pulseless patient undergoing cardiopulmonary resuscitation, and 

the need for rapid intervention all may increase the technical difficulty of vascular access.(16) 
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Hemorrhagic shock, vasospasm, and catecholamine surge can narrow blood vessels making them 

more difficult to locate and cannulate. Due to this inherent difficultly, arterial access is the most 

time-consuming step for REBOA and may represent a bottleneck to obtaining endovascular 

hemorrhage control.(17) Additionally, hypothermia, acidosis, coagulopathy, platelet dysfunction, 

and hyperfibrinolysis may increase the risk of bleeding from the access site. Alternatively, other 

conditions may favor a thrombotic complication. In fact, a majority of severely injured patients 

are hypercoagulable at hospital presentation.(18) Many of these factors are unavoidable, thus, 

emergent arterial cannulation for REBOA is inherently higher risk than similar procedures 

performed in the elective setting.  

 

Ideally, arterial access for REBOA is obtained in the common femoral artery (CFA) 

overlying the femoral head below the inguinal ligament. This location allows cannulation in a 

larger diameter artery, which carries less risk of arterial thrombosis than cannulation of the 

superficial femoral artery (SFA). In comparison, accidental proximal puncture of the external 

iliac artery (EIA) can lead to uncontrolled, non-compressible retroperitoneal hemorrhage during 

and/or after intervention. Even under ideal circumstances, identification of the CFA can be 

difficult as its length is short (~four centimeters in most patients).(19) Notably, the portion of 

artery most accessible to manual palpation is often located over the SFA. One strategy to 

improve successful arterial cannulation in the emergent setting includes ultrasound guidance to 

enhance identification of the CFA.(20) An alternative method is to expose the artery by open 

cutdown. The bifurcation of the SFA and profunda femoris artery is often a helpful landmark 

used to confirm the location of the CFA. Regardless of approach, a review of vascular anatomy 

and corresponding external landmarks is useful for REBOA providers.  
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The CFA is a fingerbreadth below the inguinal ligament, and may require retraction of a 

pannus or a longer access needle in obese or pregnant patients. It is worth emphasizing that 

inguinal skin folds are a poor landmark for localization of the CFA. Alternatively, the anterior 

superior iliac spine and the pubic tubercle provide consistent prediction of the proximal 

boundary of the CFA. It is also worth noting that variant anatomy, arterial tortuosity, or 

atherosclerotic lesions may increase difficulty with arterial access. Many of the authors in the 

BEST study group have experienced difficulty obtaining emergent arterial access, particularly in 

their early experience. Alarmingly, we have also observed inadvertent inferior vena cava 

cannulation by inexperienced providers due to difficulty differentiating between arterial and 

venous blood in hypoxic and hypotensive patients. Thus, some authors favor open arterial cut-

down as opposed to percutaneous cannulation for patients in extremis. Bleeding from the access 

site can be controlled with local pressure, through suturing, or with a hemostatic dressing around 

the sheath.  

 

Some experts recommend first accessing the artery with a 4-5 Fr micropuncture catheter. 

Advocates of this approach suggest that the smaller sheath can be used proactively in patients 

that may deteriorate, allowing for arterial blood pressure monitoring and collection of blood 

samples.(21) The micropuncture catheter can then be rapidly exchanged for a 7-8 Fr sheath via 

the Seldinger technique for REBOA access with a relatively low risk of serious 

complications.(22, 23) Some authors recommend initial cannulation with a 7-8Fr sheath in order 

to avoid time consuming catheter exchanges, as initial 7 Fr access adds minimal risk over 

micropuncture catheters.  
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Obtaining arterial access prior to intubation or induction of anesthesia may be warranted 

in order to have arterial monitoring and potential REBOA access prior to potential hemodynamic 

collapse that can occur after the administration of paralytics or anesthetic agents.(24, 25) 

Similarly, arterial access may be desired prior to transporting transient responders to the CT 

scanner or intensive care unit in the event REBOA becomes necessary. A few of the authors 

have utilized REBOA as a resuscitative adjunct prior to CT scan, but this practice remains 

controversial(26). This arterial access may be utilized for other endovascular procedures even if 

REBOA is not required. Similarly, when REBOA is considered, bilateral arterial access may be 

useful. A second access site can be used for reliable distal arterial pressure monitoring and access 

for additional endovascular procedures under REBOA inflation.  

 

There is no consensus as to when arterial access should be performed. However, it should 

be noted that once arterial access is obtained, time to aortic occlusion is significantly shorter with 

REBOA as compared to traditional thoracotomy.(17) The risks of arterial access need to be 

balanced with the concept that access may become more difficult the longer one waits. 

Therefore, many in the study group recommend routine small sheath placement in patients with 

sustained SBP<90mmHg. As there may be significant risks conferred with either premature or 

delayed sheath placement, REBOA providers should carefully consider the appropriate timing 

for arterial access in each case.  

 

Step 2: Balloon Positioning  

 Selecting the most appropriate anatomic location for balloon inflation is critical, and is 

based on aortic zones.(13) The two anatomical locations described for REBOA are Zone 1 (distal 
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to left subclavian origin; proximal to celiac axis) and Zone 3 (distal to renal arteries; proximal to 

aortic bifurcation) (Figure 1). Inflating an occlusion balloon in the wrong arterial location can be 

catastrophic. Zone 1 occlusion has a greater risk of organ ischemia, with few patients surviving 

complete occlusion times longer than an hour.(27, 28) On the other hand, Zone 3 occlusion may 

have a longer tolerable occlusion time, but does not control any hemorrhage above this level, and 

provides less support to myocardial and cerebral perfusion.(29) Malposition of the balloon can 

be even more catastrophic. Inflation of the balloon catheter within the aortic arch or heart (Zone 

0) has the potential to induce myocardial damage directly, by creating excessive ventricular 

afterload, or by direct occlusion of the vessels providing cerebral blood flow.(30) Inflation in the 

visceral segment of the aorta (Zone 2) can increase blood flow through the celiac axis, worsening 

upper abdominal hemorrhage while at the same time inducing renal ischemia. Inadvertent 

balloon inflation in the iliac artery may exacerbate proximal hemorrhage and increases the 

potential for arterial damage. Most of the authors have experienced one or more of the above 

complications due to misalignment of the REBOA catheter (Figure 2).   

 

Once the desired location for balloon occlusion has been selected, various methods of 

positioning the catheter have been described. Early use of REBOA confirmed catheter position 

with fluoroscopy prior to balloon inflation, and many practitioners still commonly employ this 

strategy with a mobile C-arm.(31) Notably, the potential for guidewire or catheter malposition, 

migration, or displacement remains a recognized risk of all endovascular procedure. When using 

a stiff guidewire, providers must be vigilant of the position of both wire and balloon catheter. 

The authors have experienced a number of complications when careful attention was not paid to 

positioning of the guidewire (Figure 3).  Alternatively, fluoroscopy free catheters have been 
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developed specifically for REBOA when advanced imaging is unavailable. These catheters do 

not require a guidewire, have a J-curved and flexible tip, and are made of stiffer nitinol-based 

material to resist diversion into side-branches of the aorta.(32) Centimeter markings on the 

catheter allow for the use of external measurements based on anatomic landmarks in order to 

estimate the distance into the desired aortic zone. While these anatomic landmarks have been 

validated in cadaver models (33, 34) there remains a risk of improper measurement. For proper 

placement into the Zone 1 aorta, the bottom of the balloon should be placed at the xiphoid 

process.(13) Since the balloon is not at the tip of the catheter, some providers use the position of 

the tip of the catheter at the sternal notch to approximate Zone 1. While the two methods of 

measurement both result in proper positioning of the occlusion balloon when performed correctly 

with the ER-REBOA catheter (Prytime Medical, Boerne, TX), these methods may not be 

interchangeable with all REBOA catheters. Similarly, if the provider were to confuse the two 

methods and measure the tip of the catheter at the xiphoid, the error would result in distal 

malposition of the catheter. If a similar mistake were made when using the umbilicus to estimate 

Zone 3 occlusion, the balloon may be inadvertently inflated in an iliac artery. Regardless of 

measurement method, providers should be aware that the entire balloon needs to be above the 

target of interest to provide optimal hemorrhage control. Therefore measurements should be 

from the bottom of the balloon for most REBOA catheters. Additionally, external anatomic 

measurements might not be accurate in morbidly obese or pregnant patients. For these reasons, 

many providers advocate ultrasound guidance or x-ray confirmation prior to balloon inflation 

(32, 35-37).  
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Once proper positioning is achieved, the catheter must be secured in position to avoid 

migration during inflation and occlusion. When using techniques such as intermittent and partial 

REBOA, care must be taken to note the catheter position, as lack of apposition to the aortic wall 

during balloon deflation increases the risk of downstream migration(23, 25, 38-40). If an over-

the-wire technique is used, the guide wire should be left in place to provide support to the 

catheter; and the soft tip of the wire should extend beyond the catheter. Many of the authors have 

experienced balloon prolapse when using these catheters after wire removal, or if the flexible 

portion of the wire is not advanced far enough proximal to the catheter.  

 

Additional anatomical as well as technical challenges exist. During balloon placement 

there may be difficultly advancing the catheter. This may be due to arterial thrombosis or 

disruption, placement into an aortic branch vessel, or placement through an area of vessel injury 

(Figure 3). Additionally, preexisting vascular pathology may make catheter advancement 

difficult. This includes the presence of an arterial dissection flap, as well as variant anatomy 

caused by tortuosity, atherosclerosis, or an aneurysm. Due to the risk of iatrogenic injury, the 

catheter should not be forcefully advanced if resistance is met. If resistance is met, an imaging 

study should be performed to determine the location of the balloon. Collectively, the authors 

have experienced numerous instances of wire or catheter malposition; including the contralateral 

iliac artery, internal iliac artery, deep iliac circumflex artery, and even the inferior epigastric 

artery. The challenges to guidewire or catheter advancement into a desired location may require 

an alternative anatomical site for access (i.e. brachial or contralateral leg), or an alternate 

plan/adjunct for hemorrhage control. If time allows, image guided placement of an endovascular 
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wire may overcome anatomical challenges; however, in the unstable patient with arterial injury 

or unsuitable anatomy conventional endovascular techniques may not be applicable.    

 

Step 3: Balloon Inflation  

 Once the balloon is confirmed to be in the proper location, it must be manually inflated 

until aortic flow is halted. Most authors recommend a period of complete occlusion to promote 

clot formation; however, some authors simply recommend balloon inflation until desired 

proximal pressure is achieved.  

 

Balloon inflation is usually performed blind during REBOA. Balloon inflation should 

cease when distal pulses (if previously present) disappear or when resistance to inflation 

develops. Providers new to endovascular balloon inflation may not have developed the tactile 

sensitivity to recognize subtle changes in resistance to inflation and may mistakenly select a goal 

balloon volume instead. Over-inflation of the balloon may lead to artery or balloon rupture 

(Figure 4) (4, 5, 41, 42). Additionally, over-inflation can lead to aortic over-pressure injury 

creating an arterial dissection or intimal injury that can lead to long-term vascular complications. 

Additionally, the presence of aortic plaques, vascular injury, and the excitement inherent during 

emergent procedures performed to rescue a patient in extremis all contribute to these risks.  

 

In the absence of imaging, a distal arterial waveform may be measured from the insertion 

sheath.(40) If present prior to balloon inflation, the waveform will disappear upon complete 

aortic occlusion. However, severe vasospasm or limited flow between the sheath and catheter 

may preclude the measurement of a distal arterial waveform.(23) Therefore, some providers 
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recommend using either a slightly larger sheath or an additional contralateral sheath to improve 

distal hemodynamic monitoring. Similarly, Doppler ultrasound of the contralateral femoral artery 

may be utilized to confirm aortic occlusion. In the absence of these adjunctive measures, the 

return of radial pulses and the loss of previously present femoral pulses bilaterally can also be 

used to confirm adequate inflation. If there is no change or weakening of distal pulses, this 

suggests malposition of the catheter. Similarly, the loss of a single femoral pulse indicates iliac 

placement. If these occur, inflation should be halted and the catheter should be repositioned. If 

fluoroscopy or X-ray is available we recommend inflating the balloon with a mix of saline and 

contrast. This will aid with identification of the balloon on subsequent imaging. Under 

fluoroscopy, once the balloon reaches the aortic wall the balloon will begin to conform to this 

shape indicating occlusion has occurred. Alternatively, sequential plain X-rays can be used.  

 

Redistribution of circulating blood volume during balloon occlusion may exacerbate 

injuries proximal to the balloon due to dramatic increases in blood pressure and flow, 

destabilizing clot and resulting in increasing hemorrhage (43, 44). It is the opinion of most of the 

authors that any signs of proximal great vessel injury precludes the use of REBOA(39). 

Additionally, it is the opinion of several of the authors that any thoracic or brain injury precludes 

the inflation of a REBOA balloon due to the risk of worsening proximal injuries.(45)  

 

Lastly, it is important to emphasize that the balloon needs to be deflated prior to 

repositioning the catheter. One of the authors observed the balloon becoming entrapped in the 

renal arteries as the catheter was forced above the balloon: preventing balloon deflation. This 
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ultimately resulted in renal failure due to the prolonged period of time until the balloon could be 

deflated. 

 

Step 4:  Management During Balloon Occlusion 

 Optimal management of REBOA during balloon occlusion is a source of controversy, 

and was highly debated during the inaugural endovascular trauma management meeting held in 

Örebro, Sweden, February 2017.(5, 46-48) Much of what we understand about the physiologic 

effects of balloon occlusion for trauma remains unclear. It is known that balloon inflation results 

in alterations of blood volume that can have extreme physiologic consequences(49). Efforts are 

underway to understand optimal resuscitation paradigms, the maximum duration of occlusion, 

and alternative techniques to extend or expand the use of REBOA.  

 

The maximum ischemic threshold is not easily extrapolated from the current literature, as 

most patients already have some ischemic burden present due to hemorrhagic shock. One area of 

consensus is that the ischemic burden due to REBOA increases as occlusion time increases. The 

cessation of distal blood flow results in distal organ ischemia, vasodilation, and a build-up of 

toxic metabolites.(50-52) Therefore, once the balloon is inflated, a plan should be quickly 

developed and enacted in order to achieve hemorrhage control. The authors have seen multiple 

instances of delays in treatment that have occurred while the balloon was inflated. Many of the 

adverse outcomes observed from REBOA have occurred due to these interruptions before 

definitive care. It cannot be overstated that providers need to maintain a sense of urgency to 

achieve a physiologic state where the balloon may be deflated. 
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 Mechanisms to reduce occlusion time and restore distal perfusion include intermittent 

REBOA, partial REBOA, and repositioning the catheter to more distal levels of occlusion as able 

(21, 40, 47, 49, 53). Alternative resuscitation strategies including selective delivery of products 

to the proximal or distal circulation, novel automated aortic control devices, and REBOA 

combined with arterial bypass are being developed to further extend the tolerable duration of 

ischemia but have not yet been widely utilized clinically.(54, 55) Spinal cord ischemia with 

thoracic aortic occlusion remains a major concern, as it is a described consequence of thoracic 

aortic occlusion.(4) Early reports of REBOA survivors have not indicated a high rate of 

procedure related paralysis. The effect of REBOA on spinal cord perfusion remains an area of 

ongoing research.  

 

Brisk resuscitation infusion rates during balloon occlusion may create supraphysiologic 

blood pressure and flow to proximal organs.(56, 57) This may lead to a significant increase in 

proximal aortic blood pressure beyond what is desired, risking myocardial dysfunction, 

pulmonary inflammation, cerebral edema, or exacerbating intracerebral hemorrhage.(58, 59) 

Supraphysiologic pressures created by REBOA has been implicated in development of 

cardiopulmonary complications including acute respiratory distress syndrome and heart 

failure.(60) Furthermore, supraphysiologic blood pressures may also worsen proximal injuries 

that were not apparent during hypotension. Thus, there is increasing evidence that resuscitation 

infusion rates should be carefully titrated while the balloon is inflated. Patient management while 

REBOA is in place is truly a team sport and communication is paramount between all team 

members. 
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Step 5: Balloon Deflation 

Balloon deflation is the final step in the actual performance of REBOA, and is potentially 

the most hazardous. Multiple approaches have been described, yet there is no consensus as to the 

best method for deflating the balloon once aortic occlusion is no longer required.(5, 14, 15) 

Slow, methodical balloon deflation is generally advised; as abrupt loss of aortic afterload results 

in reallocation of circulating blood volume to a much larger volume of distribution. The 

combined effect is profound vasodilation and a bolus of ischemic metabolites returning to 

systemic circulation that may lead to cardiovascular collapse.(29, 56) Early reports of REBOA 

described refractory hypotension that led to death despite re-inflation of the occlusion balloon.(5, 

61) Current guidelines advocated in the Basic Endovascular Skills for Trauma course 

recommend slow, graded balloon deflation over a period of approximately 5 minutes.(14) 

However, recent animal models demonstrated that this technique does little to mitigate the 

sudden return of aortic blood flow and concomitant drop in MAP that ensues when deflating 

current compliant aortic balloons.(62)  

 

Much like managing return of systemic circulation following removal of an aortic clamp, 

REBOA deflation requires a team approach to resuscitation. Communication between the 

surgeon and anesthesiologist is essential to time the delivery of blood products and adjunctive 

medications as the balloon is deflated. Some authors use vasoactive medications as a bridge for 

blood pressure support following balloon deflation and utilize end tidal CO2 to guide reperfusion. 

Calcium administration may mitigate the cardiac effects of hyperkalemia, and counteract citrate 

from blood product administration. Animal studies have shown that aggressive treatment of 

hyperkalemia with calcium, insulin, and dextrose was required after prolonged balloon 
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occlusion.(60) Arterial blood gasses should be obtained frequently and at regular intervals to 

detect any abnormalities during reperfusion and to guide subsequent treatment. Hemostasis 

should be confirmed once blood pressure has improved to ensure no additional bleeding ensues 

when blood flow has returned to the area of injury. Lastly, it is worth noting that reperfusion 

following REBOA deflation may exacerbate trauma-induced coagulopathy.(63) 

 

 The authors recommend that the balloon should be deflated as slowly as possible. If distal 

arterial monitoring is available, an increase in distal pressure and the emergence of a pulsatile 

waveform are the first indicators that aortic flow is beginning to return.(56, 62) The balloon may 

be deflated rapidly until the distal waveform returns, at which point the rate should significantly 

decrease. If arterial blood pressure drops significantly, volume should be added to the balloon. If 

the patient becomes unstable, reinflation of the balloon may be required.  

 

Step 6: Sheath Removal & Post-Resuscitation Care 

Optimal management of the sheath while in the CFA of trauma patients is another area of 

debate. Typically, once REBOA is no longer required, the catheter should be removed as soon as 

hemostasis has been achieved and coagulopathy resolved. The arterial sheath can be maintained 

for a period of time for blood pressure monitoring and for rapid access in the event REBOA is 

again needed. However, most of the authors advocate for sheath removal as soon as possible.  

 

Early experience in Japan and Russia reported multiple cases of lower extremity 

amputation following REBOA access in the ipsilateral limb after utilizing 10-14Fr arterial 

sheaths.(27, 64) There is similar anecdotal evidence in the United States (Figure 5). Experts 
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suggest that this finding may be the result of large sheath size, small vessel diameter, and long 

duration of arterial cannulation. In early reports from Japan, the intra-aortic occlusion balloons 

used (MERA, Tokyo, Japan) required 10 Fr sheaths. Now currently, most centers have moved to 

lower profile catheters (ER-REBOA, Prytime, Boerne, TX; Rescue Balloon, Tokai Medical 

Products, Aichi, Japan) that may be placed through 7Fr sheaths. These smaller sheaths that have 

been shown to have fewer complications; even when in place for more than 24 hours.(22, 65) 

Nonetheless, reports of arterial thrombus formation have been reported following only minutes 

of the low-profile REBOA; and there is scattered anecdotal evidence of lower extremity 

amputations that have occurred despite use of small sheaths.(39) This has led some authors to 

recommend routine angiography prior to sheath removal.(23) Most authors agree that duplex 

ultrasonography of the ipsilateral leg should be done routinely as a minimum standard.  

 

Routine extremity care and monitoring has not been established. Continuous arterial 

Doppler and frequent compartment pressure monitoring have been suggested as adjuncts after 

REBOA, particularly in patients with concomitant extremity injury. However, the presence of 

audible Doppler signals distally does not preclude partial thrombosis or compartment syndrome. 

The authors have experienced cases of partial thrombosis of the femoral artery despite the 

presence of audible distal Doppler signals. Most authors agree that continuous low-volume 

crystalloid administration through the sheath is a low-risk method to reduce the risk of arterial 

thrombosis. While systemic heparin is often contraindicated in trauma patients, intermittent 

heparin flushing or continuous low-dose heparin infusion via indwelling arterial sheaths has been 

utilized to decrease sheath related thrombosis in other populations.(66, 67) However, this routine 

practice remains controversial in the trauma patient.  
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Vessel diameter increases with height and age, thus patients of small stature, particularly 

women and children, may be at higher risk of ischemic complications from arterial cannulation. 

Furthermore, younger patients have more dynamic vasculature in response to trauma. Although 

these concerns exist, a single series of REBOA in patients under 18 has been published in Japan 

with no reported instances of lower extremity amputation.(68) The study reports that, while there 

is no data available on the size sheath or catheter used, a trend towards lower-profile REBOA 

catheters with 7Fr sheaths has evolved in Japan during that time. Smaller vessel diameter can 

also create the need for additional complex vascular reconstructions. Thus, care must be taken 

during sheath insertion to avoid complications following removal. If an arterial defect is large, or 

thrombosis is present, the patient will likely require another procedure (Figure 6). One series of 

access site complications described a multitude of reconstructive procedures including 

thrombectomy, dissection flap repair, patch angioplasty, interposition grafting or bypass, and 

lower extremity fasciotomy.(22) If primary repair is attempted, the surgeon should ensure that a 

dissection flap is not present. If isolated vasospasm or thrombosis is present, tPA or papaverine 

administration locally may be considered. Multiple authors have observed resolution of partial 

thrombosis with these local maneuvers (Figure 7).  

 

Once the sheath is removed the access site should have manual or ultrasound 

compression to prevent hematoma or pseudoanurysm. Percutaneous closure devices have been 

utilized with some success. The access site and distal extremities should be closely monitored, 

and practitioners should have a low threshold for reexploration. A thromboembolic event to any 

part of the leg is possible. Therefore, there is a need to image the entire leg if no distal pulses are 

present. The net effect is that these patients will almost always require monitoring in an intensive 
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care unit during and immediately after REBOA. Lastly, several of the authors have observed 

hepatic and renal failure following prolonged Zone I REBOA inflation and vigilance must be 

maintained for the onset of organ failure after REBOA.  

 

Conclusion 

 REBOA use is increasing for the management of non-compressible hemorrhage from 

traumatic and non-traumatic sources. While effective at creating temporary hemorrhage control, 

the procedure confers risks associated with arterial access and induces physiologic 

derangements. All providers should realize that the technique of REBOA is a hemorrhage control 

adjunct. REBOA creates an abnormal physiologic state in which a portion of the body undergoes 

profound ischemia. An area of near universal agreement amongst the authors is that anytime 

REBOA is utilized, hemorrhage control needs to be rapidly obtained and delays in care should be 

avoided. 

 

As experience with the technique increases, more evidence-based information regarding 

the incidence and management of complications will be elucidated in the literature. However, 

until such data is available, it is our hope that practitioners have access to potential complications 

that other users have experienced. This manuscript assembles anecdotal complications from high 

end users in order to make them available for review and discussion. Furthermore, it attempts to 

build a consensus model on complications recognition, avoidance, and mitigation. It is our belief 

that an understanding of the pitfalls of REBOA and strategies to mitigate their occurrence is of 

vital importance to optimize patient outcomes.    
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Figures: 

 

Figure 1: Zones of the aorta and anatomical landmarks for REBOA placement. Zone 0 is 

proximal to the origin of the left subclavian artery. Zone 1 is distal to the origin of the left 

subclavian and proximal to the celiac axis. Zone 2 is distal to the celiac access and proximal to 

the origin of the renal arteries. Zone 3 is distal to both renal arteries and proximal to the 

bifurcation into the iliac arteries. The external landmark for Zone 1 is for the entire balloon to be 

above the xiphoid process. The external landmark for Zone 3 is for the entire balloon to be above 

the umbilicus.  

 

Figure 2: Malposition of REBOA balloons. (A) Appropriate position within Zone 1 of the aorta. 

(B) Appropriate position within Zone 3 of the aorta. (C) Inadvertent position within Zone 2 of 

the aorta. (D) Inadvertent position within Zone 0 of the aorta. (E) Inadvertent position within the 

ipsilateral internal iliac artery. (F) Exacerbation of proximal aortic hemorrhage (white arrow, 

note widened mediastinum) following inflation of a distally located balloon (now deflated). 

Black arrows denote balloons.  

 

Figure 3: X-ray depictions of wire malposition. (A) Exit of the wire through an injury in the 

aorta. (B) Inadvertent advancement of the wire into the left carotid artery. (C) Inadvertent 

advancement of the wire into the left subclavian, axillary, and brachial artery. (D) Inadvertent 

advancement of the wire into the aortic arch. White arrows denote wire.  
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Figure 4: Complications of balloon inflation. (A) Overinflation of REBOA balloon just prior to 

arterial rupture. Note the balloon extending into the renal arteries due to overpressure (black 

arrows). (B) Balloon prolapse into the iliac artery leading to iliac artery rupture upon inflation. 

(C-D) Iliac artery rupture due to malposition and overinflation of the balloon.  

 

Figure 5: Limb ischemia following REBOA. (A) Complete thrombosis of common femoral 

artery (B) requiring above the knee amputation.  

 

Figure 6: Access site complications. (A) Represents near transection of the common femoral 

artery following REBOA sheath removal-, requiring open repair. The white arrow denotes 

arteriotomy (B) Access site bleeding during sheath exchange, while preparing to place REBOA 

by open cut down. The white arrow depicts the access site with the wire protruding from the 

artery.  

 

Figure 7: Angiography of left lower extremity shortly after index procedure, following removal 

of ER-REBOA
TM

 catheter and 7 French sheath.  (a) Arrows denote occlusion of the superficial 

femoral artery with (b) reconstitution of the above the knee popliteal artery.  (c) Restored distal 

flow following AngioJet
TM

 thromboembolectomy of the superficial femoral artery. AngioJet
TM

 

catheter indicated by arrow. (d) Vasospasm of the posterior tibial artery prior to treatment with 

nitroglycerin and tPA. Black arrows denote areas of spasm. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Table 1: Potential Complications and Challenges associated with each step of REBOA 

 

Step Potential Complication Challenges 
Arterial Access -Inability to obtain access 

-Bleeding  
-Improper location of 
arterial puncture 
-Venous access  

-Body habitus  
-Hypotension  
-Hypoxia 
-Vasospasm 
-Variant anatomy  
-Calcified lesions  
-Inexperience 
-Junctional Injury  

Balloon Positioning -Wrong anatomical location  
-Inability to pass catheter  

-Arterial injury 
-Misalignment of 
arterial access 
-Preexisting vascular 
pathology 

Balloon Inflation -Arterial injury/rupture  
-Balloon rupture 
-Unintended ischemia 
-Exacerbation of proximal 
injuries 

-Requires tactile 
feedback 
-Balloon burst 
pressure 
-Balloon 
misalignment 
-Undiagnosed 
proximal injury 

Management During 
Balloon Occlusion 

-Balloon migration/prolapse 
-Increasing ischemic burden 
-Supraphysiologic proximal 
pressures 
-Thrombosis of access site 

-Duration of occlusion 
-Active resuscitation 
-Increasing proximal 
pressure 
-Arterial occlusion 
due to sheath. 
-Distal ischemia 

Balloon Deflation -Cardiovascular 
collapse/Hypotension 
-Clot disruption with     
ongoing hemorrhage 
-Hyperkalemia 
-Acidosis 

-Ischemia-reperfusion 
injury 
-Coordination of 
resuscitation 
- Rapid/unpredictable 
return of distal flow 

Sheath Removal and Post-
Op Management 

- Hematoma or 
Pseudoanurysm 
-Thromboembolism 
-Arterial dissection 
-Limb loss/Amputation 
  

-Access site vascular 
injury 
-Vasospasm 
-Additional 
procedure(s) required 
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