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A B S T R A C T

Aim: Cardiac arrest afflicts over 600,000 people annually in the United States. Rates of survival from cardiac 
arrest have remained stagnant for decades. Resuscitative Endovascular Balloon Occlusion of the Aorta (REBOA) 
is most commonly used in the management of severe hemorrhagic shock, primarily for non-compressible thor-
acoabdominal trauma. A growing body of evidence suggests it may serve a role in augmenting cardiac and ce-
rebral perfusion in non-traumatic, refractory cardiac arrest. Typically, REBOA is deployed by interventional 
radiologists under real-time fluoroscopy. Limited data exist to demonstrate the feasibility or logistics of suc-
cessful REBOA deployment in emergency departments by emergency medicine physicians.
Methods: We describe an emergency medicine-driven training program and treatment protocol developed to 
deploy REBOA in the emergency department for patients experiencing refractory out-of-hospital cardiac arrest 
and deemed ineligible for ECPR. We detail the training, certification processes, and clinical outcomes from our 
first eight cases.
Results: Five emergency medicine physicians underwent training for REBOA placement through a didactic cur-
riculum and hands-on training with mannequin and live tissue porcine models. Since protocol implementation, 
eight patients have undergone REBOA catheterization by emergency medicine physicians: 5 males and 3 females, 
age range 25–79. The first pass success was 8/8 (100 %), and all 3 commercially available catheters in the United 
States were successfully used. ROSC was achieved in 3/8 (37.5 %) patients, although no patients survived to 
hospital discharge. No REBOA catheter-associated complications were identified.
Conclusions: This series demonstrates feasibility of emergency physician placed REBOA for non-traumatic, re-
fractory cardiac arrest a novel resuscitative technique. Through a combination of focused education, innovative 
technology use, robust large animal model-based training, and strategic procedural integration, we showcase the 
potential for emergency departments to spearhead the adoption of this potentially life-saving intervention.

Introduction

Cardiac arrest occurs in over 600,000 people annually in the United 
States, with an average survival rate of 8–12 %.1 Despite advancements 
in cardiopulmonary resuscitation (CPR) and advanced cardiac life sup-
port (ACLS), prognosis remains poor.2 Extracorporeal cardiopulmonary 
resuscitation (ECPR) has emerged as a novel intervention, offering 

survival benefits beyond standard care.3–4 However, the high cost, 
technical demands, and limited availability of ECMO management 
teams restrict its widespread adoption.5–7 Resuscitative endovascular 
balloon occlusion of the aorta (REBOA) originally emerged as a tech-
nique for managing severe hemorrhagic shock,8 but animal data, case 
studies, and a recent feasibility trial suggest that REBOA may also be 
beneficial in managing refractory cardiac arrest by producing increased 
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coronary and cerebral perfusion.8–12

REBOA is more straightforward to deploy than ECPR and appears to 
facilitate ROSC in approximately 50 % of refractory cardiac arrest pa-
tients.11 Successful REBOA placement in the emergency department 
(ED) by emergency medicine physicians is feasible, but there is limited 
evidence documenting use by ED providers in the United States13–14 and 
widespread use of REBOA for refractory cardiac arrest remains limited. 
As with other low-frequency, high-risk procedures that offer the possi-
bility of survival in otherwise fatal situations, it is paramount for pro-
viders to maintain knowledge, proficiency, and comfort with performing 
REBOA given its infrequent use.15 A 2019 literature review suggested 
that a lack of physicians competent in performing REBOA was a signif-
icant barrier to its implementation and indicated that comprehensive 
simulation-based training might help bridge the gap.16

Our team sought to train a cohort of emergency medicine physicians 
in the placement of REBOA catheters and demonstrate the feasibility of a 
protocol for REBOA deployment in the ED by emergency medicine 
physicians. We developed a comprehensive REBOA procedural training 
course, including a literature review, didactic lectures, hands-on simu-
lation training, and an objective competency assessment. Initial and 
subsequent ongoing training and assessment were required for clinical 
REBOA placement certification and skill maintenance. We present a case 
series demonstrating our strategy for implementing an ED-driven pro-
tocol utilizing REBOA during refractory cardiac arrest. We detail our 
training and certification process, procedural steps, utilization of 
transesophageal echocardiography (TEE), and deflation strategy.

Methods

Study setting

The University of Utah, a tertiary referral academic medical center, 
served as the study site. It houses over 800 beds and handles approxi-
mately 50,000 ED visits annually. The Department of Emergency Med-
icine utilizes large animal laboratories and simulation facilities for 
training. Implemented as a clinical program, our initiative did not 
engage the university’s institutional review board and data was 
collected retrospectively.

Personnel training and certification

Five board-certified Emergency Medicine attending physicians un-
derwent training for the initial ED-REBOA Physician cohort. In the first 
stage of curriculum, trainees were provided 1 h of pre-course learning 
materials including a review of pertinent vascular anatomy, familiar-
ization with different REBOA devices, placement techniques, and review 
of available pertinent literature. Trainees then participated in 2 h of 
didactic training followed by a hands-on, high-fidelity simulation on 
mannequins. Once completed, trainees participated in a dedicated, live- 
tissue porcine models laboratory session. Certification as an ‘ED-REBOA’ 
physician required achieving ≥81 % on the REBOA Rating of Skills tool 
(REBOA-RATE1) in a simulation scenario.17 A REBOA training manne-
quin remained available for skills maintenance between patients and 
porcine laboratory days and subsequent live tissue training sessions 
were provided to ensure all ED-REBOA physicians met a minimum of 6 h 
of ongoing training during the program period to ensure routine and 
consistent practice with the procedure and catheter. While an on duty, 
trained and certified provider served as the ED-REBOA physician.

Equipment

A detailed list of specialized equipment utilized for this program 

including REBOA Catheters, arterial access sheaths, and bedside ultra-
sound probes can be found in Tables 1. We also built a specific ED- 
REBOA supplies pack, the contents of which are documented in 
Table 2. Three different REBOA catheters were utilized over the course 
of the program due to device availability.

ED REBOA workflow & algorithm (Fig. 1)

Patient selection
Patient selection was designed to provide an intervention to patients 

suffering from cardiac arrest and have not achieved sustained ROSC 
early during resuscitation thus most likely to benefit from an augmented 
resuscitation but deemed ineligible for ECPR. The ED-REBOA physician 
met potential patients in the ED alongside the dedicated emergency 
medicine resuscitation team in a standard critical care/trauma resusci-
tation bay. Each of these rooms were equipped with ultrasound, though 
none had fluoroscopy. Eligibility was validated by the ER-REBOA pro-
vider based on pre-determined inclusion and exclusion criteria (see 
Fig. 2).

REBOA placement and inflation
Once a patient was identified as eligible for ED-REBOA placement, 

the procedure commenced with the patient positioned and prepped 
under sterile conditions for femoral artery access. REBOA catheter 
deployment proceeded alongside continued ACLS. Optimal timing for 
needle insertion into the femoral artery was coordinated with pulse 
checks to increase first stick success and mitigate vascular complica-
tions. Vascular access was established in the common femoral artery 

Table 1 
Specialized Equipment.

Category Equipment Details

REBOA 
Catheters

COBRA-OS Catheter, 4 
French

Front Line Medical 
Technologies, London, Ontario, 
Canada

 ER-REBOA-PRO Catheter, 
7 French

Prytime Medical Devices, 
Boerne, TX

 LANDMARK REBOA 
Catheter, 7 French

Emergency Scientific, Salt Lake 
City, UT

Arterial Access 
Sheaths

Prelude Pro 5 French 
sheath

Merit Medical, South Jordan, 
UT; Used with the Front-Line 
Medical 4 French catheter (Front 
Line Medical Technologies, 
London, Ontario, Canada)

 Prelude Pro 7 French 
sheath

Merit Medical, South Jordan, 
UT; Used with the ER-REBOA- 
Pro catheter (Prytime Medical, 
Boerne, TX) and the LANDMARK 
catheter (Emergency Scientific, 
Salt Lake City, UT)

Ultrasound Standard, high-frequency 
linear probe

Used to obtain vascular access 
under real-time guidance

 Transesophageal probe Used to confirm REBOA catheter 
placement in real-time (when 
available)

Arterial Blood 
Pressure 
Monitoring

Bedside vital signs 
monitor

Measured arterial blood pressure 
following REBOA catheter 
deployment

 Blood pressure monitor 
(Medline Centurion 
Compass)

Northfield, IL; Included in the 
ED-REBOA kit (Table 2) for 
emergencies if the bedside 
monitor was unavailable or 
malfunctioned

ED-REBOA Kit Non-electrical accessory 
items

See Table 2 for a complete list1 A scoring tool for assessing procedural competence in REBOA based on best- 
available knowledge from international experts in the field.
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under ultrasound guidance and an introducer sheath inserted over the 
guidewire. The REBOA catheter was prepared, with attention to creating 
a vacuum in the balloon port, and advanced to a predetermined depth 
gauged by placing the catheter the patient’s chest to align the catheter 
tip with the sternal notch; this location approximaes the supra-coeliac 
region of the aorta (Zone 1). The balloon was then inflated with 10 ml 
of normal saline, or until resistance was felt in order to achieve aortic 
occlusion. The entire assembly was then secured with sutures and an 
adhesive dressing. REBOA catheter placement was confirmed in real- 
time by TEE with or without subsequent x-ray or computed tomogra-
phy (CT) scan of the chest.

Realtime ultrasound use for REBOA placement and confirmation
Ultrasound played a crucial role in both placement and confirmation 

of REBOA catheters during this study. Two types of ultrasound were 
employed: linear ultrasound and TEE.

The linear ultrasound probe was primarily used to facilitate vascular 
access. Under real-time ultrasound guidance, the femoral artery was 
identified, and a needle was inserted to achieve access. This technique 
ensured accurate and safe placement of the introducer sheath, mini-
mizing the risk of vascular complications. Once access was secured, the 
REBOA catheter was advanced to the desired position using anatomical 
landmarks for initial guidance.

When available, TEE was used to confirm the precise placement of 
the REBOA catheter and the balloon within the aorta. TEE availability 
was dependent on the presence of a TEE trained emergency medicine 
physician as part of ED resuscitation team. After the catheter was 
advanced to the estimated position, the TEE probe was inserted by that 
provider to visualize the aortic anatomy. Real-time TEE allowed for the 
verification of the catheter tip location in the supra-coeliac region (Zone 
1) and provided immediate feedback during balloon inflation to ensure 
effective aortic occlusion. This method of confirmation was particularly 
valuable in the absence of fluoroscopy, as it offered a reliable means to 
assess the adequacy of the procedure in real-time. In cases where TEE 
was not available, and where appropriate, subsequent imaging, such as 
chest X-ray or computed tomography (CT), was used to confirm catheter 
placement. However, TEE provided the advantage of immediate intra- 
procedural feedback, reducing the reliance on post-procedural imaging.

Post-ROSC management in the ED
If ROSC was obtained, the balloon was gradually deflated over one 

minute. This approach was selected due to concerns that extended 
inflation after ROSC result in rapid and potentially harmful rise in 
afterload..14 All patients with ROSC were assessed for ECPR cannulation 
based on initial ABG results. Should patients manifest unfavorable in-
dicators, they were transitioned onto a “resuscitation Pathway” defined 

by our institution’s ECPR team. (Fig. 3). Those still unstable despite 
vasopressors (defined as persistent hypotension requiring increasing 
pressor support or ongoing REBOA support with partial inflation) were 
reconsidered for potential ECMO initiation in the ED. Regardless of 

Table 2 
ED-REBOA Pack Inventory.

Category Item

Sterility Hat
 Mask
 Gown
 Gloves: 7 × 2, 7.5 × 2, 8 × 2
 Small drape ×2
 Chlorhexidine large ×2
 Ultrasound probe cover

Catheter Placement 18-guage echogenic needle
 Micropuncture set
 7 French arterial sheath
 5 French arterial sheath
 Femoral arterial line kit and blood pressure monitor
 Sterile flushes in sterile syringes
 Suture
 Needle Driver
 Tegaderm

Fig. 1. ED-REBOA Workflow Algorithm.
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pathway, following stabilization from catheterization or ECMO cannu-
lation, all patients underwent CT of the head, chest, abdomen, and pelvis 
before being admitted. Should ROSC not be achieved within 15 min of 
aortic occlusion and the patient remained ineligible for ECPR, the 
REBOA catheter was deflated and withdrawn. ACLS efforts persisted 
under standard practices, which included the potential discontinuation 
of resuscitative efforts.

Results

Eight patients, 5 males and 3 females (age range 25–79) underwent 
REBOA placement. The first-pass success was 8/8 (100 %), and all 3 
commercially available catheters in the United States were successfully 
used. ROSC was achieved in 3/8 (37.5 %) patients, all of whom were 
admitted to the hospital. All three admitted patients died during hospital 
admission. No REBOA catheter-associated complications were identified 

Fig. 2. Post-ROSC Management Pathway.
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on imaging or autopsy reports. See Table 3 for case details.

Discussion

The cases presented here demonstrate the successful deployment of 
REBOA in non-traumatic cardiac arrest (NTCA) by emergency medicine 
physicians following a comprehensive emergency department driven 
training and certification program. Our results demonstrated a 37.5 % 
(3/8) rate of ROSC, though there were no neurologically intact 
survivors.

The 37.5 % ROSC rate reflects a positive initial effect of REBOA in 
augmenting perfusion to vital organs. While the lack of neurologically 
intact survivors may raise concerns about the overall utility of REBOA in 
NTCA, this should be considered within the context of the challenging 
nature of these cases. Our patient cohort consisted of individuals who 
were ineligible for ECPR, and thus had an inherently low likelihood of 
survival at the outset. This selection bias may have let to an underrep-
resentation of the broader effectiveness of REBOA in a more diverse 
population of cardiac arrest patients. Future research is needed to 
determine if refinements in patient selection or earlier intervention 
might improve neurologic outcome.

Despite these challenges, the repeated successful placement of 
REBOA catheters by emergency medicine physicians without the use of 
fluoroscopy marks a significant achievement. Comparative data from 
other REBOA programs, such as those from Yale and European centers, 
report similar or better ROSC rates to ours (30–50 %), though also with 

limited survival to hospital discharge.12,13,18 These programs have 
shown variability based on factors such as patient selection, timing of 
REBOA deployment, and integration with other advanced resuscitative 
techniques like ECPR. Our program’s 100 % success rate with first-pass 
REBOA placement stands out, highlighting the proficiency of our 
emergency medicine physicians in performing this procedure. The 
training, which included a literature review, didactic lectures, hands-on 
simulation, and live tissue practice, ensured that physicians performed 
the procedure with persistent success. We recognize that our series 
represents a small number of cases and that the overall survival rate is 
poor. However, as we refine the intervention with more streamlined 
processes, obtain earlier vascular access, apply quicker interventions, 
and increase provider skill and experience, we believe there is potential 
to enhance patient outcomes.

We advocate that similar training programs and REBOA deployment 
protocols presented here can and should be replicated in other centers 
across the country. However, several factors must be considered for 
successful implementation, including access to appropriate training re-
sources, the ability to ensure skill maintenance over time, institutional 
support for integrating REBOA into existing resuscitation protocols, and 
the availability of further patient assessment and management capa-
bilities, such as in house cardiac angiography and ECMO.

Following an accessible training and credentialing process tailored 
for emergency medicine providers, the successful implementation of our 
ED-REBOA program particularly demonstrates the feasibility of making 
advanced resuscitative techniques available to ED clinicians within the 

Fig. 3. REBOA placement confirmation by ED physician resuscitative transesophageal echocardiography views of the descending aorta in short access. [A] prior to 
catheter placement. [B] Following REBOA catheter balloon inflation. .

Table 3 
Case Details:

Case Age Witnessed 
Arrest?

Bystander 
CPR?

Initial 
Cardiac 
Rhythm

Down 
Time*

REBOA 
Catheter

ROSC?** Placement 
Confirmed on 
Imaging

Survived to 
Hospital 
Admission

Outcome

1 44 Unwitnessed No PEA 10 min ER-REBOA- 
PRO

Y CT Yes Death 
inpatient day 
7

2 40 Witnessed Yes PEA 82 min COBRA-OS Y TEE & CT Yes Brain death
3 55 Unwitnessed Yes VT 50 +

min
COBRA-OS N TEE No Death

4 79 Witnessed Yes PEA 120 min ER-REBOA- 
PRO

N Chest XR No Death

5 25 Witnessed Yes VF 60 min ER-REBOA- 
PRO

N Linear US probe No Death

6 52 Unwitnessed Yes VF 48 min COBRA-OS N Linear US probe No Death
7 54 Witnessed No VF 15 min LANDMARK 

REBOA
Y TEE Yes Death

8 44 Witnessed Yes PEA 60 min LANDMARK 
REBOA

N TEE No Death

* Prior to balloon inflation.
** Following REBOA Balloon inflation.
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crucial time windows dictated by cardiac emergencies. Unlike protocols 
that necessitate a hybrid room or fluoroscopy, our landmark and 
measurement-based catheter placement method allows the procedure to 
be performed within the ED without reliance on advanced imaging 
technologies. This approach preserves the procedural integrity and 
safety of REBOA insertion while aligning with the logistical realities and 
resource constraints of emergency medicine environments.

While we advocate that arterial access and REBOA catheter place-
ment be performed by the most capable available provider, there is no 
reason why resident physicians who receive the same standardized 
training, certification, and ongoing skills maintenance program as our 
attending physicians should not be capable of deploying this interven-
tion. Relative to ECPR, REBOA is a more straightforward and resource- 
efficient procedure. With minimal training, any provider can place a 4- 
or 6-French catheter with relatively low risk of adverse effects. By 
contrast, ECMO is significantly more resource-intensive, requiring 
specialized training, larger access catheters, and a higher degree of 
expertise, all of which lend to greater opportunities for complications. 
The ability to deploy REBOA quickly and effectively, particularly in 
resource-limited settings, positions it as an accessible intervention that 
could fill a critical gap in resuscitative care, especially in settings where 
ECMO is not readily available.

Barriers to adoption

Despite its potential benefits, the adoption of REBOA for NTCA faces 
several barriers. These include the complexity and resource-intensive 
nature of the training required to achieve and maintain proficiency. 
Additionally, the perceived risks associated with REBOA, such as 
vascular complications and the potential for iatrogenic injury, combined 
with the lack of robust, large-scale data demonstrating clear survival 
benefits may contribute to hesitation among clinicians and deter its 
wider use. Addressing these barriers will require more extensive 
research as well as efforts to standardize training and certification 
processes.

A critical area requiring further investigation is the optimal timing of 
REBOA deployment. In our program, REBOA was applied late in the 
resuscitation process, but earlier placement could potentially improve 
outcomes by augmenting coronary and cerebral perfusion earlier during 
the course of resuscitation. Future studies should explore whether 
earlier intervention, possibly even before conventional measures have 
been exhausted, could yield better results.

Finally, the question of whether REBOA should be limited to large 
academic centers with ECMO capabilities is an important one. While 
these centers are well-suited to integrating REBOA into a broader 
resuscitation strategy, including as a bridge to ECMO, we argue that 
there is also a role for REBOA in non-ECMO centers. In these settings, 
REBOA could serve as a standalone intervention for NTCA or as a bridge 
to more widespread available treatment pathways such as cardiac 
angiography, operative repair of traumatic injuries, transfer to an ECMO 
capable center, or organ donation. However, careful consideration must 
be given to the infrastructure, training, and support required to imple-
ment and sustain such a program in non-academic or resource-limited 
environments. Finally, critical to the realization of this program was 
the strategic recruitment of a physician basic scientist with an extensive 
background in REBOA. These roles proved fundamental in crafting a 
specialized training regimen to ensure our clinicians possess the neces-
sary proficiency for the technical aspects of REBOA and the complex 
decision-making required for its deployment. This highlights the 
importance of backing clinical expertise with a robust institutional 
framework in advancing medical intervention. Further enhancing our 
program’s foundation is our robust use of large animal models and 
infrastructure for live tissue and simulated use placement and training. 
This unique advantage has allowed for a comprehensive understanding 
of the procedure’s intricacies in a controlled environment, closely 
mimicking real-life scenarios.

Limitations

Several limitations of our study should be acknowledged. First, this 
study was conducted at a single academic medical center with special-
ized training programs including large animal models and simulation 
facilities. While these training sessions were effective, they took place in 
controlled environments that may not fully replicate the complexities of 
a real-world emergency department (ED). Further, access to these re-
sources and the support of physicians specifically recruited for their 
prior and comprehensive background in REBOA raises questions 
regarding the feasibility of implementing this training and REBOA 
deployment protocol in other settings, particularly in non-academic or 
resource-limited environments.

Additionally, our case series involved only eight patients. This small 
sample size, combined with the specific resources available at our 
institution, limits the generalizability of our findings. Given that REBOA 
is a low-frequency, high-risk procedure, maintaining proficiency over 
time is inherently challenging. Despite regular skill maintenance op-
portunities, it remains uncertain how well these skills are retained and 
transferred to actual patient care settings over extended periods, espe-
cially in high-pressure situations where cognitive overload can be 
significant.

Moreover, the study utilized three different commercially available 
REBOA catheters, each with unique characteristics. While the inclusion 
of multiple devices demonstrates the versatility of REBOA deployment 
in the ED, it also introduces variability that could affect the consistency 
of our results. Although our findings provide valuable insights into the 
feasibility and potential of REBOA deployment in refractory cardiac 
arrest, larger studies are needed to validate these results and to establish 
more robust outcome data.

Conclusion

In conclusion, our study demonstrated the feasibility of REBOA 
deployment by emergency physicians in the ED for non-traumatic re-
fractory cardiac arrest. While there are significant challenges and limi-
tations to the successful implementation of such a program, we believe 
that with proper training and institutional support, REBOA has the po-
tential to become a valuable tool in the resuscitation of patients expe-
riencing refractory cardiac arrest, in academic centers and beyond. 
Future research should explore the optimal timing of deployment, 
training and skills maintenance strategies, and settings for REBOA 
deployment to maximize its potential.
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