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Abstract: Resuscitative Endovascular Balloon Occlusion of the Aorta (REBOA) has emerged as a promising intervention for
hemorrhagic shock and traumatic injury management, offering a minimally invasive means of aortic occlusion compared to
resuscitative thoracotomy. While REBOA’s origin dates back to the 1950s, recent advancements have made it more accessible and
applicable in various clinical scenarios. REBOA has become increasingly utilized in not only the exsanguinating trauma patient but
also in non-traumatic hemorrhage as a bridge to definitive hemostatic control. This article reviews the procedure and mechanism,
clinical applications, and challenges associated with the REBOA. There are several challenges to consider when implementing the
REBOA, particularly in procedural execution and patient selection. Determining the ideal candidates for REBOA remains incon-
clusive, with varying outcomes reported in different patient populations. Additionally, the potential for ischemic complications, such as
visceral organ injury, end organ damage, and lower extremity ischemia, underscores the critical importance of procedural planning and
ongoing monitoring. Partial and intermittent REBOA techniques have been introduced to mitigate ischemic complications associated
with complete occlusion, but their efficacy and safety warrant further investigation. Beyond technical considerations, logistical and
institutional factors pose as potential barriers to the effective utilization of REBOA, highlighting the importance of standardized
training and a multidisciplinary approach when establishing a REBOA program. REBOA offers promising advancements in
hemorrhage control, and the technology continues to evolve to address potential challenges and complications. Further research is
imperative to delineate its optimal use and potential impact on patient outcomes.
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Background

Resuscitative endovascular balloon occlusion of the aorta (REBOA) is a minimally invasive method to obtain proximal aortic
control." Although REBOA has gained traction in the trauma literature over the last decade, balloon occlusion of the aorta for
hemorrhage control is not a novel concept, with its first reported use in 1954 by Hughes during the Korean War.>”’
Endovascular aortic occlusion has been frequently utilized in vascular surgery, primarily in the setting of ruptured abdominal
aortic aneurysms.>® With the development of lower profile devices, REBOA has been made more easily accessible in trauma
surgery with the ability to initiate aortic occlusion in the emergency department and operating room.” '

REBOA can be utilized as a temporizing measure in hemodynamically unstable trauma patients with abdominopelvic
hemorrhage, supporting cerebral and coronary perfusion until definitive hemostasis can be achieved.' In some high-
volume trauma centers, REBOA has reduced or even replaced emergency department resuscitative thoracotomy with
traumatic arrest due to sub-diaphragmatic hemorrhage.” The use of REBOA has also been explored in non-traumatic
etiologies of hemorrhage, including postpartum hemorrhage, placenta accreta spectrum disorders, upper gastrointestinal
bleeding, and pelvic surgery.>'>'*

Multiple large animal studies have demonstrated improved survival and early clinical studies have shown the
feasibility of REBOA.'*!'*!""2> However, there are no randomized control trials to define specific indications for its

use and the benefits of REBOA have not been consistently demonstrated in the literature, with some groups reporting
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increased mortality associated with REBOA use.”*** Given the varying results and relatively new technology, there are
several challenges and potential complications that should be considered when using REBOA.

REBOA: The Procedure

Stannard et al outlines the procedure of REBOA into five steps: 1) Arterial access, 2) Balloon selection and position-
ing, 3) Balloon inflation, 4) Balloon deflation, and 5) Sheath removal.?>

Access is obtained via the common femoral artery (CFA) either by percutaneous access or femoral artery cutdown. Early
users of REBOA utilized the existing aortic balloon occlusion devices used by vascular surgeons for the management of
ruptured abdominal aortic aneurysms, which required long stiff guidewires under fluoroscopy and a larger introducer 12Fr
sheath necessitating open repair of the arteriotomy at the time of sheath removal making the procedure less feasible for bedside

use. Smaller wire-free devices have been developed which allow introduction of the balloon through a 7Fr sheath.”*¢

Mechanism of REBOA

The aorta is divided into zones I, II, III from proximal to distal respectively (Figure 1). Zone I comprises the descending thoracic
aorta between the origin of the left subclavian artery and celiac arteries; zone II the paravisceral aorta between the celiac artery and
the lowest renal artery; and zone III the infrarenal abdominal aorta between the lowest renal artery and the aortic bifurcation.”

Current literature suggests that Zone I occlusion be performed in the setting of suspected intra-abdominal hemorrhage
while Zone III occlusion be performed for hemorrhage from pelvic injuries.”-*® Tibbits et al recommends that REBOA,
if indicated, be placed in Zone I in a hypotensive trauma patient with a systolic blood pressure <90 mmHg, even if the
suspected injury is in the pelvis or lower extremities allowing for adequate perfusion of the brain, heart, and lungs as
Zone III occlusion alone does not provide adequate resuscitation in hemorrhagic shock.?* However, this recommendation
must be balanced against the potential risk of visceral ischemia.

Zone I balloon occlusion leads to acute changes in cardiovascular circulation and organ perfusion as illustrated in the
existing vascular surgery literature regarding aortic occlusion.®® In a patient with normal ventricle, zone I balloon
occlusion results in increase in LV afterload, wall tension, and mean central aortic pressure with associated increase in
subendocardial oxygen demand.?® In contrast, Zone III occlusion is not associated with the same profound cardiovascular

effects with a modest increase in proximal blood pressure on occlusion.?*!

Clinical Applications and Indications

There is no high-grade evidence that supports specific indications for REBOA but its use has been suggested for
traumatic life-threatening subdiaphragmatic hemorrhage for patients in hemorrhagic shock refractory to resuscitation.’
REBOA has been implemented not only in traumatic abdominopelvic hemorrhage but also postpartum hemorrhage and
placenta accreta spectrum disorders, upper gastrointestinal bleed, and pelvic hemorrhage during pelvic and sacral tumor
resection, and hepatobiliary surgery.'> '%-32

Shaw et al suggests that REBOA should be considered in patients with abdominal or pelvic hemorrhage who
demonstrate transient response or non-response after traditional resuscitation methods to stabilize the patient until
definitive hemostasis can be obtained.*

REBOA has also been shown to have similar to superior outcomes compared to resuscitative thoracotomy (RT) in
trauma patients. In the preliminary data from the prospective multicenter Aortic Occlusion for Resuscitation in Trauma
and Acute Care Surgery (AORTA) registry that included 285 patients, zone I REBOA was associated with improved
survival compared to RT, particularly in those who do not require cardiopulmonary resuscitation (CPR).** More recent
data from the same group which included 991 patients reflected similar results—zone I REBOA was associated with
a statistically significant lower mortality compared to RT (78.6% [44] vs 92.9% [52]; P = 0.03).?2 Koh et al found that
REBOA and RT conferred similar survival in patients presenting with traumatic cardiac arrest.** Brenner et al found that
in patients presenting with TBI, mortality was significantly higher in RT compared to REBOA.*’

In Japan, where trauma surgeons are not typically immediately available in-house, current recommendations suggest Zone
I REBOA placement in the hemodynamically unstable trauma patient without access to immediate surgical treatment. A study
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Figure | Critical anatomy for REBOA catheter placement. Note that the arterial sheath must be inserted into the common femoral artery (CFA) between the inguinal
ligament and the bifurcation into the superficial femoral artery (SFA) and the profunda femoris artery (PFA). The balloon must then be deployed either in Zone I (distal to
the left subclavian artery but proximal to the celiac axis) or in Zone Il (between the inferior mesenteric artery [IMA] and the aortic bifurcation).
demonstrated that in unstable trauma patients requiring surgical intervention, REBOA was associated with improved overall
survival, with benefit particularly in patients with delay to the operating room of one to three hours from presentation.*®
REBOA may also facilitate imaging in select patients, particularly patients who stabilize with zone III REBOA
deployment after high-energy blunt trauma mechanisms; in these cases REBOA placement followed by imaging may
facilitate a higher likelihood of hemorrhage control in interventional radiology as opposed to in the operating room.>’
REBOA use has expanded and is being investigated in the setting of non-traumatic hemorrhage. Studies have demonstrated
that the prophylactic use of zone III REBOA in patients with suspected placenta accreta spectrum disorder undergoing cesarean
hysterectomy results in less intraoperative blood loss and lower transfusion requirements compared to no REBOA.'>'® REBOA
has also been used in emergency surgery patients with hemorrhagic shock, although this group has high mortality.*®
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Challenges in REBOA

Procedural Challenges
Davidson et al outlined challenges and complications of each step of REBOA solicited from anecdotal experience of
experts in the field in North America, Asia, and Europe.3 o

Percutaneous CFA access can be a near impossible task in a pulseless patient actively receiving CPR in a hectic
trauma bay, further exacerbated by hemorrhagic shock, catecholamine surge, and vasospasm. In addition, a large body
habitus, variant anatomy, arterial tortuosity, and atherosclerotic lesions can further complicate access. The CFA is located
approximately one fingerbreadth below the inguinal ligament and visualization of external landmarks may require
retraction of the pannus or a longer access needle in the pregnant or obese patient (Figure 1). Superficial femoral artery
(SFA) access must be avoided given the smaller caliber vessel and risk for arterial thrombosis and inadvertent puncture
into the external iliac can lead to noncompressible retroperitoneal hemorrhage. Accidental cannulation of the inferior
vena cava is also possible as it is difficult to differentiate between venous and arterial blood in a hypotensive hypoxic
patient. Ultrasound can aid in successful identification and cannulation of the CFA; however, some of the authors of the
study group favor open arterial cut-down for patients in extremis.*’

The rate-limiting step of REBOA initiation is CFA access and early access has been associated with improved
survival.*'** Therefore, many experts recommend early femoral access with routine small sheath placement in patients
with sustained systolic blood pressure of less than 90 mm Hg.>® This principle is the cornerstone for institutional
guidelines, including the guideline used at the authors’ institution (Figure 2).

1.
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Figure 2 Institutional protocol for early arterial access and pREBOA-PRO. Hypotensive trauma patients with systolic blood pressure (SBP) < 90 mm Hg that do not improve
with 2 units of packed red blood cells (PRBC) and 2 units of fresh frozen plasma (FFP) or 2 units of Low Titer O Positive Whole Blood (WB) are considered for massive
transfusion protocol (MTP) and tranexamic acid (TXA) followed by large bore central venous catheter and possible femoral arterial line placement. Two arterial line
transducers are used for this device; one is at the tip of the catheter proximal to the balloon and indicates the blood pressure experienced by the brain and heart.
The second is transduced at the level of the sheath and reveals the blood pressure distal to the balloon. The pREBOA-PRO balloon is deployed in Zone | if the intra-
abdominal focused abdominal sonogram for trauma (FAST) is positive; for FAST- patients the balloon is deployed in Zone lll. The systolic blood pressure (SBP) above the
balloon is intended to be above 90 mm Hg (or 100 mm Hg in patients with suspected traumatic brain injury). The distal SBP is intended to be at least 30 mm Hg. FAST+
patients with increased pelvic volume on X-ray undergo exploratory laparotomy (XLap) and preperitoneal pelvic packing (PPP) and may undergo computed tomography
(CT) or other interventions if needed. FAST+ patients with normal pelvic volume undergo laparotomy and similarly may go to CT or other interventions if needed. FAST-
patients with increased pelvic volume on X-ray under PPP with other interventions as needed. Finally, FAST- patients with normal pelvic volume who are still in shock
undergo Zone | pREBOA placement followed by imaging to help determine the cause of shock.
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Appropriate balloon positioning is imperative for successful use of REBOA as balloon inflation in the incorrect zone
can have catastrophic outcomes. Zone I and zone III are the two anatomical locations described for REBOA use. Zone
I aortic occlusion is associated with a greater distal ischemic burden compared to Zone III occlusion.® Malposition and
inflation of the balloon in the heart or aortic arch can lead to direct myocardial damage due to excessive afterload and
occlusion of the great vessels. Inflation in zone II can augment blood flow through the celiac axis leading to exacerbation
of upper abdominal bleeding as well as precipitate renal ischemia. Distal inflation in the iliac artery can worsen proximal
hemorrhage and potentiate direct arterial damage leading to acute limb ischemia. While appropriate catheter position can
be confirmed on fluoroscopy, fluoroscopy-free catheters have been developed. These catheters have a flexible and
J-curved tip with centimeter markings on the catheter to allow measurement of insertion length based on external
landmarks. Cadaveric analysis demonstrates that for zone I REBOA, measuring the mid-sternum to the puncture site
without curving the catheter results in deployment in the appropriate landing zone.*> Computerized tomographic (CT)
analysis found that zone I deployment can also be achieved with fixed catheter insertion lengths, with adjustments based
on torso length and zone III insertion can be approximated by measuring 5.5 cm above the umbilicus.***> However,
REBOA placement by external landmark measurement is not always accurate in actual patients, especially in zone III.*°
In clinical practice, catheter insertion distance is highly variable and REBOA position should be confirmed with
fluoroscopy or x-ray.*’

When positioning the balloon, the catheter should not be advanced if resistance is met. This can be for several reasons
including arterial thrombosis, placement into an aortic branch vessel, or placement through an injured vessel.
Additionally, underlying vascular pathology such as an arterial dissection flap, atherosclerosis, aneurysm, or vessel
tortuosity can lead to difficulty advancing the catheter. If the user experiences resistance, imaging should be obtained to
evaluate balloon location. In the case of inability to advance the catheter into the desired location, alternative site for
access (ie, contralateral CFA) should be considered or an alternate plan must be formulated. In an unstable patient with
arterial injury or incompatible anatomy, endovascular hemorrhagic control may not be feasible.

The ER-REBOA (Prytime Inc., Boerne TX), a wire-free device which was approved by the FDA in 2015 and
commercially available in the United States, has radiopaque markers to guide balloon position.

Balloon inflation during REBOA is typically performed blind. The balloon should be inflated until met with resistance
or distal pulses disappear. Overinflation of the balloon can lead to aortic injury or balloon rupture resulting in abrupt
cessation of hemodynamic support and continuation of hemorrhage.*® The Basic Endovascular Skills for Trauma (BEST)
course teaches that adequate balloon inflation is assessed through haptic feedback—a skill that novice users may not have
developed.* Alternatively, if the distal arterial waveform is present prior to balloon inflation, the disappearance of the
waveform from the introducer sheath can be used as a surrogate marker of aortic occlusion. Additionally, the loss of
bilateral femoral pulses indicates adequate inflation if present previously. Malposition of the catheter should be suspected
if there is no change in femoral pulses upon balloon inflation. The loss of solely the ipsilateral femoral pulse indicates
iliac artery placement and the catheter should be repositioned.

Management During Balloon Occlusion

Due to distal ischemia associated with aortic occlusion, timely hemorrhagic control is necessary as the maximum
tolerated occlusion time is unknown. Guidelines suggest that complete zone I REBOA occlusion should not exceed 30
minutes and perhaps should not even be used if definitive hemorrhagic control cannot be accomplished within 15 minutes
of balloon inflation.” Zone III REBOA is tolerated for more extended periods of time compared to zone I, but inflation
time should target less than 30 minutes but no greater than 60 minutes for complete occlusion.’

The swift restoration of aortic flow after balloon inflation can lead to supraphysiologic blood pressure and proximal
organ perfusion, resulting in increased cardiac afterload that can precipitate myocardial dysfunction and cerebral
edema.'*'?>* However, in animal models, the observed increase in carotid flow and intracranial pressures did not equate
to radiographic progression of traumatic brain injury.'*

Due to increase in proximal aortic pressure and recirculation of volume after balloon inflation, an undiagnosed injury
above the level of the occlusion may be exacerbated. This highlights the importance of pre-procedural ultrasound and
x-ray to recognize preclusion to REBOA placement, such as hemorrhage into the thoracic cavity, aortic, or cardiac
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injury.* It is also important to note that maintaining zone I occlusion is a dynamic process and the volume needed to
maintain adequate occlusion may increase after improvement of hemodynamics, especially after resuscitation with fluids
or blood products.”’ Therefore, careful titration of infusion rates for resuscitation is paramount during balloon inflation.

Distal organ ischemia and mortality during balloon occlusion are time-dependent.’” Acidosis and lactate worsen with
aortic occlusion and prolonged balloon occlusion leads to a systemic inflammatory response that can induce cardiopul-
monary dysfunction and acute respiratory distress syndrome (ARDS).>*~?

During balloon deflation, communication between the surgical and anesthesia team is integral as the rapid decrease in
afterload can lead to hypotension, further exacerbated by reperfusion, washout of metabolic byproducts, and acidosis.?
Guidelines recommend slow balloon deflation over five minutes to allow for gradual restoration of blood flow to tissue
beds and prevent reperfusion injury.** However, animal models demonstrate that gradual balloon deflation still leads to
a rapid reintroduction of aortic flow and significant drop in mean arterial pressure (MAP) due to the compliant nature of
the balloon.>® Intermittent and partial REBOA have been investigated to ameliorate distal ischemia and ischemia-
reperfusion, and will be discussed later in this review.

After the balloon is deflated and REBOA is no longer required, the catheter should be removed after hemostasis is
achieved and coagulopathy is corrected. Complete balloon deflation must be ensured prior to catheter removal to avoid
entrapment into a vessel and vascular injury. Arterial access-related ischemic limb complications related to REBOA
vascular access develop in nearly 10% of patients in some series, with some patients requiring lower limb amputation.”
However, access-related complications are more commonly associated with larger-profile catheters and the newer smaller
sheaths have been found to have fewer complications.’>>® A retrospective cohort analysis of the AORTA registry
evaluated vascular access site complication (VASC) in 24-hour survivors who underwent REBOA, defined as presence of
hematoma, pseudoaneurysm, arteriovenous fistula, arterial stenosis, or use of patch angioplasty for closure. The overall
VASC rate was 7% with hematoma being the most common, comprising 40% of the VASC complications. Although
VASC were associated with limb ischemia, surgical intervention and amputation were rare.>’ After sheath removal, the
manual or ultrasound compression should be performed to prevent hematoma or pseudoaneurysm formation. The access
site and distal extremities should be monitored closely with some experts suggesting routine duplex ultrasonography of
the ipsilateral leg and a low threshold for re-exploration, which is the routine at the author’s institution.'®

Challenges of Patient Selection and Resources

Equipment/Training

Though interest from providers for REBOA exists, widespread implementation is lacking. Review of the TQIP data from
2017 identified 51 TQIP centers reporting REBOA cases with a median of six cases/center/year (IQR 4—7). Of these 51
centers, 87% were Level 1, 11% Level 2, and 2% Level 3 trauma centers. There are currently more than 800 trauma
centers contributing data in TQIP which suggests that in 2017 the vast majority of US trauma centers were not using
REBOA.’ The basic endovascular skills for trauma (BEST) course is a virtual reality simulation that has been created to
train providers in proper technique for REBOA, which demonstrated significant improvements in knowledge and
procedural task times after course completion.*” In addition to training, a multidisciplinary approach is imperative for
successful establishment of a REBOA program.”®

A study evaluated outcomes based on the volume of REBOA performed at 20 different hospitals, comparing high-
volume (defined as >80 cases during the study period), mid-volume (defined as 10-20 cases during the study period), and
low-volume (<10 cases during the study period). Odds of successful REBOA placement were increased at high- and mid-
volume centers compared to low-volume centers. Low REBOA-volume hospitals also had a longer median time from
patient presentation to initiation of REBOA placement at 45 minutes in low-volume centers, 17 minutes in mid-volume
centers, and 11.5 minutes in high-volume centers. Median time to aortic occlusion followed the same trend at 45 minutes
in low-volume centers, 36 minutes in mid-volume centers, and 23 minutes in high-volume centers.>’

Additionally, there is no true consensus of which patients would benefit from REBOA. According to an autopsy
study, 13.6% of patients who suffered pre-hospital cardiac arrest were considered to be candidates for prehospital
REBOA, defined as abdominal organ injury and/or pelvic fracture with non-compressible torso hemorrhage without
severe head injury.*
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Intermittent and Partial REBOA

Intermittent REBOA (iREBOA) and partial REBOA (pREBOA) have been introduced to mitigate ischemic injury and
reperfusion injury associated with rapid balloon deflation associated with complete aortic occlusion.”® Animal studies
have shown that intermittent and partial REBOA are equally efficacious in proximal aortic MAPs when compared to
complete REBOA with less evidence of distal organ ischemia, and prolonged survival.'®''**®! In a swine model
comparing no-REBOA, complete REBOA (cREBOA) and pREBOA, complete REBOA animals had profound hypoten-
sion following balloon deflation, even resulting in the death of one animal prior before the completion of the study
whereas pPREBOA experienced smaller decreases in blood pressure and continuing to maintain central MAP above the
pre-hemorrhage baseline for the remainder of the study. Additionally, lactate in the pPREBOA group remained similar to
the non-REBOA group while lactate concentration in the cREBOA group continued to rise, tripling the peak concentra-
tion observed in both non-REBOA and pREBOA groups.

Although in theory these concepts make sense, animal and limited clinical data shows varying results. Animal models
demonstrated that iREBOA was associated with more episodes of severe hypotension, more frequent rescue occlusion
with more time at complete aortic occlusion, and less total distal perfusion compared to pPREBOA. However, neither
method demonstrated a survival benefit.>! Additionally, analysis of the international Aortic Balloon Occlusion database
showed that there was no significant difference in mortality when comparing partial and total REBOA in patients with
isolated abdominal trauma.®®

Partial REBOA-PRO

The partial REBOA-PRO (pREBOA-PRO, Prytime Inc., Boerne TX) is a newer commercially available device has been
introduced in select centers, which has a semi-compliant balloon with flow channels on the balloon surface to allow distal
flow during partial inflation while still maintaining apposition to the aortic wall allowing for the option of either complete
or partial occlusion. The pREBOA-PRO also consists of a pressure valve to prevent balloon overinflation. This is in
contrast to the ER-REBOA, the first-generation aortic balloon occlusion device that consists of a balloon that when
inflated, achieves complete aortic occlusion resulting in an “all or nothing” approach.'’

In animal models, the original ER-REBOA and pREBOA-PRO performed similarly during complete aortic occlusion
with a remarkable increase in the carotid flow rate and decrease in the distal aortic flow rate. However, during balloon
deflation, there was a stronger correlation between distal aortic flow rate and balloon volume for the pPREBOA-PRO (R2
=0.91, P <0.001) compared to the ER-REBOA (R2 = 0.74, P < 0.001). This indicates a more incremental return of distal
aortic flow and controlled titration of distal aortic pressure in the partial REBOA compared to the more abrupt and rapid
resumption of flow in the ER-REBOA. '’

One swine study showed a lower degree of distal ischemia after two hours in zone I with pPREBOA-PRO compared to
complete REBOA. Upon gross inspection of the intraabdominal organs, all animals that underwent partial occlusion had
minimal or surgically treatable ischemia, while all those that underwent complete occlusion sustained severe ischemic
injuries classified as surgically untreatable. Additionally, partial REBOA subjects all had significantly lower lactate,
LDH, and AST at the end of the experiment.'" A follow-up animal model compared zone I partial occlusion at two hours
compared to four hours after volume-controlled hemorrhage (40% estimated blood loss) which found that all animals
survived to the endpoint. There was no gross small bowel ischemia seen in the 2-hour group while the surgically
resectable patchy short segment ischemia was observed in the 4-hour group, with neither group demonstrating non-
survivable ischemic organ damage based on laboratory values and pathology.'>'**?

In a retrospective single center cohort study of patients receiving the ER-REBOA and pREBOA-PRO catheters for
trauma, there was a significantly reduced incidence of AKI (6.7% vs 40%) with partial aortic occlusion using the
pREBOA-PRO catheter.®’

Currently, data on the pPREBOA-PRO catheter is limited as its use is restricted to a small number of centers; however,
additional data should be published within the next 12-24 months.

One potentially intriguing application of this technology is the use in the prehospital setting, either by trained
physicians or military medics. This was tested in an observational study in the United Kingdom in patients with
suspected subdiaphragmatic hemorrhage or traumatic cardiac arrest. Out of 11 patients, 11 had successful zone
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I balloon deployment. 9/11 patients underwent hemorrhage control procedures. Only 2 patients survived to discharge,
however, with multiple organ dysfunction occurring in 10/11 patients receiving aortic occlusion. 7/11 patients had renal
failure, with six treated with continuous renal replacement therapy. 4/11 patients had significant traumatic brain injuries.
Two patients suffered acute intestinal ischemia, two developed distal arterial thrombus formation, and 2 patients received
bilateral above the knee amputations which were completions of traumatic amputations. Of note, aortic occlusion times
were significantly longer than 60 minutes, and although the majority of patients utilized partial aortic occlusion, the ER-
REBOA catheter that was used in this study was not originally designed to facilitate partial occlusion.®* A Belgian
special operations surgical team reported on three successful partial REBOA deployments using the ER-REBOA catheter
in combat casualties.®> Current discussions on prehospital REBOA have focused on the feasibility of training prehospital
providers and the logistical concerns with performing REBOA in the field.®*® Large scale studies have not, to date,
been performed.

A case report has been published of Zone III REBOA deployment to facilitate intra-hospital transfer to a trauma center to
manage severe pelvic fractures.”’ An additional case report of a prolonged Zone I partial and intermittent REBOA deployment to
manage intra-abdominal hemorrhage from a ruptured renal artery aneurysm yielded a successful outcome.”"

Outcomes and Complications

The UK-REBOA trial was a pragmatic randomized multicenter clinical trial conducted in the United Kingdom. 46
patients were randomized to REBOA plus standard care versus 44 receiving standard care alone. Median injury severity
score (ISS) was 41 in both groups. The type of catheter used was not specified. At first glance there appeared to be
equivalent or increased mortality in the REBOA group (54% vs 42%, OR 1.58 [95% CI 0.72-3.52], with a Bayesian
probability of 86.9% of increased probability with REBOA). Death within 6 hours was statistically significantly higher in
the REBOA group (OR 3.14 [95% CI 1.13-9.76]) and there were also more deaths due to bleeding in the REBOA group
(32% vs 17%). There was no difference in ICU-free days or transfusion requirements, but hospital-free days were
increased in the standard group. However, analysis of this trial is a bit more complex. There were some baseline
differences between groups, with the REBOA group having more severe head injuries and more hypotension. In the
REBOA group, only 19/46 had arterial access, catheter placement and balloon deployment (10 in Zone I, 9 in Zone III).
In 8/46 cases, arterial access could not be achieved and in 2/46 cases arterial access was not attempted due to patient
deterioration. In the remaining 17 cases, the patient removed with standard resuscitation measures. Time from injury to
ED arrival was more than 90 minutes, time from ED arrival to balloon inflation was 32 minutes on average, with
a balloon deployment time of 29 minutes and partial REBOA used in 8 patients. Fewer hemorrhage control procedures
were performed in the REBOA group (30% vs 43%) and the time to hemorrhage control was 19 minutes longer in the
REBOA group. Some challenges with these results include the different patient population and methodology of trauma
care in the UK. Levels of penetrating trauma are very low and typically reflect stabbing. Time to hospital is markedly
prolonged. Trauma patients are initially cared for by emergency physicians rather than surgeons. This is reflected in the
increased time to REBOA deployment and the challenges with arterial access in this study.”” The incomplete use of
REBOA in the REBOA arm, the delays to treatment and hemorrhage control, and the higher proportion of head injuries
in the REBOA arm may have significantly affected the results.”

The AAST AORTA registry has provided some of the most comprehensive data regarding aortic occlusion therapy.
Of note, in a large study of patients receiving complete Zone I aortic occlusion, occlusion times greater than 60 minutes
were associated with much higher mortality (73% vs 53% for <15 minute occlusion, 43% for 15-30 minute occlusion,
and 45% for 31-60 minute occlusion, p < 0.001) and more vasopressor use (p < 0.001) and multi-organ failure (p = 0.02).
After adjusting for injury severity score, systolic blood pressure, and lactate, aortic occlusion greater than 60 minutes had
higher odds of mortality (OR 3.7 [95% CI 1.6-9.4, p < 0.001]).”*

Data from the AAST AORTA registry has also demonstrated that partial aortic occlusion was performed more
frequently with the pPREBOA-PRO catheter (n = 155) as compared with the earlier ER-REBOA catheter (n = 800) from
the same manufacturer (85.6% vs 11.6%). Duration of aortic occlusion was similar, approximately one hour. Overall
injury severity and hemodynamics were similar. pPREBOA-PRO patients had a higher initial pH (7.17 vs 7.13, p <0.001),
and slightly more favorable base deficits and lactates (one point lower). Time to hemorrhage control was faster with the
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pREBOA-PRO (101 £ 74.4 vs 138 £ 147.2 min, p < 0.001). Patients treated with pPREBOA-PRO had reduced transfusion
of PRBC (13 £ 13.6 vs 18 + 17.8 units, p < 0.001), FFP (11 & 12.1 vs 14 £ 15.4, p = 0.038), and platelets (3 £ 3.4 vs 6 +
11.9 units, p < 0.001), as well as lower crystalloid use (2 £ 2.7 vs 4 £ 4.8 L, p < 0.001). pPREBOA-PRO patients had
a lower incidence of ARDS (5.8% vs 11.4%, p = 0.027) and septic shock (3.9% vs 9.4%, p = 0.014) but otherwise had
similar outcomes. Of note, this is the most detailed description of post-REBOA access site and ischemic complications.
Access site complications included an approximately 1.5-2.5% incidence of hematoma, 1-2% incidence of pseudoa-
neurysm, and 0.3—0.7% incidence of arteriovenous fistula, and were not different between catheters. 3.5% of ER-REBOA
patients had distal limb ischemia vs 1.3% of pREBOA-PRO patients (p = NS). ER-REBOA patients also had slightly
more distal embolic events (2.8% vs 1.3%, p = NS). 0.7-0.9% of all cases required patch repair. Three ER-REBOA cases
required bypass repair versus no pREBOA-PRO cases (p = NS). 9 patients in the ER-REBOA group had a limb
amputation event vs zero in the pREBOA-PRO group (p = 0.073).”> A Japanese registry study indicated that sheath size
smaller than 8 French appeared to have fewer complications and could be removed with manual compression alone. They
reported one femoral artery thrombus and two extremity amputations out of 142 patients; of note in Japan the vast
majority of REBOA procedures are performed by emergency medicine physicians due to the health care delivery model
in that country.”®

The currently ongoing Partial REBOA Outcomes Multicenter ProspecTive (PROMPT) study, of which the authors’
institution is a participant, seeks to compare outcomes, including mortality, acute kidney injury, and transfusion
requirements, in partial REBOA deployments with institutional historical control cases performed with complete aortic
occlusion.”’

Conclusions

Aortic occlusion as a hemorrhage control adjunct has clearly advanced since its initial inception during the Korean War.
Currently, it is a viable alternative to resuscitative thoracotomy in some patients, and can assist with avoiding hypoten-
sion, providing additional options for workup and hemorrhage control, and improving some outcomes. However, the use
of this device is evolving, and there is both a learning curve and the potential for complications. New changes in the
technique, including the development of specialized devices that allow for partial aortic occlusion, bear further
investigation. Of note, meticulous attention to detail and technique are needed to minimize access site and sheath-
related complications, which can potentially be severe. Additional research is needed to better elucidate the ideal patient
population for this tool and to better define the changes in outcomes that can result from its use.
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