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Charles DiMaggio, PhD, David H. Livingston, MD,
Marko Bukur, MD, and the AASTAORTA Study Group, Newark, New Jersey

BACKGROUND: The use of resuscitative endovascular balloon occlusion of the aorta (REBOA) is controversial. We hypothesize that REBOA out-
comes are improved in centers with high REBOA utilization.

METHODS: We examined theAortic Occlusion in Resuscitation for Trauma andAcute Care Surgery registry over a 5-year period (2014–2018).
Resuscitative endovascular balloon occlusion of the aorta outcomes were analyzed by stratifying institutions into low-volume
(<10), average-volume (11–30), and high-volume (>30) deployment centers. A multivariable model adjusting for volume group,
mechanism of injury, signs of life, systolic blood pressure at initiation, operator level, device type, zone of placement, and hemo-
dynamic response to aortic occlusion was created to analyze REBOA mortality and REBOA-related complications.

RESULTS: Four hundred ninety-five REBOA placements were included. High-volume centers accounted for 63%, while low accounted for
13%. High-volume institutions were more likely to place a REBOA in the emergency department (81% vs. 63% low volume,
p = 0.003), had a lower mean systolic blood pressure at insertion (53 ± 38 vs. 64 ± 40, p = 0.001), and more Zone I deployments
(64%vs. 55%, p= 0.002).Median time from admission to REBOAplacement was significantly less in patients treated at high-volume
centers (15 [7–30]minutes vs. 35 [20–65]minutes, p= 0.001). Resuscitative endovascular balloon occlusion of the aortamortality was
significantly higher at low-volume centers (67% vs. 57%; adjusted odds ratio, 1.29; adj p = 0.040), while average- and
high-volume centers were similar. Resuscitative endovascular balloon occlusion of the aorta complications were less frequent at
high-/average-volume centers, but did not reach statistical significance (adj p = 0.784).

CONCLUSION: Resuscitative endovascular balloon occlusion of the aorta survival is increased at high versus low utilization centers. Increased ex-
perience with REBOA may be associated with earlier deployment and subsequently improved patient outcomes. (J Trauma Acute
Care Surg. 2021;91: 781–789. Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.)

LEVEL OF EVIDENCE: Therapeutic/Care Management, level IV.
KEYWORDS: REBOA; volume; mortality.

N oncompressible torso hemorrhage (NCTH) remains a common
cause of early mortality after traumatic injury.1–3 Resuscitative

endovascular balloon occlusion of the aorta (REBOA) was first
described as a means of hemorrhage control during the Korean
War, but due to high complication rates and lack of sophisticated
device technology, it did not become widespread until several
decades later.4 Improvements in both trauma systems which de-
liver increasing numbers of patients with NCTH in extremis and
REBOA instrumentation have resulted in an increased use of
this modality across trauma centers in the United States.5

The reasons for increased REBOA use are likely multifac-
torial and include increased device simplicity, presentations at
national meetings, industry-driven marketing, increased society-
endorsed training, and the recognition that NCTH remains a

perplexing and lethal issue.6 However, inconsistent survival
benefit and concern over complications related to arterial access
and the REBOA catheter itself have led to concern over its wide-
spread adoption.7–9 Resuscitative endovascular balloon occlusion
of the aorta placement is a high-acuity, low-volume procedure that
requires initial training and maintenance of skills to sustain con-
sistent proficiency.10,11 Relationships between volume and out-
comes have been demonstrated with other high-risk surgical
procedures, but the impact of institutional REBOA volume and
patient outcomes is unknown.12–14We hypothesized that REBOA
outcomes are improved in centers with high REBOA utilization.
By analyzing the American Association for the Surgery of
Trauma Aortic Occlusion in Resuscitation for Trauma and Acute
Care Surgery (AORTA) multi-institutional database,15 we sought
to examine outcomes in high- versus low-volume REBOA cen-
ters. Our primary outcome was to compare the mortality rate be-
tween high- and low-volume REBOA centers. Our secondary
outcome was to compare REBOA-related complication rates.

METHODS

This was a 5-year retrospective analysis (January 1, 2014
to November 6, 2018) of the prospective observational American
Association for the Surgery of TraumaMulticenter Trials Committee
AORTA registry. The methodology of this registry has been re-
ported previously.9 Briefly, all patients 18 years and older under-
going aortic occlusion (AO) in the acute phases after injury were
eligible for inclusion. Data captured in the registry included study
center, demographics, admission physiology/injury characteris-
tics, as well as procedural related data and subsequent outcomes.

The primary endpoint of investigation was in-hospital
mortality stratified by the volume of REBOA deployments. Sec-
ondary outcomes included complications stratified by volume
group and type of device over the duration of the study period.
Because of the skewness of the data, REBOAvolume cutpoints
were chosen so as to include at least 50 patients in each cohort

Submitted: Revised: Accepted: Published online: March 30, 2021.
From the Department of Surgery, Rutgers New Jersey Medical School (E.G., D.H.L.),

Newark, New Jersey; NYU Langone Department of Surgery, Division of Acute
Care Surgery, Bellevue Hospital Center (B.N., M.K., C.DM., M.B.), New York,
New York; Los Angeles County + University of Southern California Hospital
(K.I.), Los Angeles, California; Los Angeles County + University of Southern
California Medical Center, Division of Trauma/Surgical Critical Care, Los
Angeles, California; R. Adams Cowley Shock Trauma Center/CSTARS (Center
for the Sustainment of Trauma and Readiness Skills) (J.M., T.S., C.F., J.D.), Uni-
versity of Maryland, Baltimore, Maryland; Division of Traumatology, Surgical
Critical Care and Emergency Surgery, Perelman School of Medicine, University
of Pennsylvania (M.Se.), Philadelphia, Pennsylvania; Memorial Hermann Texas
Medical Center (L.M.), Department of Surgery, University of Texas Houston
Medical School, San Antonio Military Medical Center/US Army Institute of Sur-
gical Research (D.K.), San Antonio, Texas; and Ohio Health, Grant Medical Cen-
ter (M.Sp.), Columbus, Ohio.

This work was selected for presented at the 51st Annual Meeting of Western Trauma
Association, February 28–March 5, 2021.

Supplemental digital content is available for this article. Direct URL citations appear in
the printed text, and links to the digital files are provided in the HTML text of this
article on the journal’s Web site (www.jtrauma.com).

Address for reprints: Elizabeth Gorman, MD,Medical Science Building, Department of
Surgery, Rutgers New Jersey Medical School, The State University of New Jersey,
Suite G-595, 185 South Orange Ave, Newark, NJ 07103; email: emg234@njms.
rutgers.edu.

DOI: 10.1097/TA.0000000000003201

Gorman et al.
J Trauma Acute Care Surg

Volume 91, Number 5

782 © 2021 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

http://www.jtrauma.com
mailto:emg234@njms.rutgers.edu
mailto:emg234@njms.rutgers.edu


and to avoid clustering of cases at a small number of trauma cen-
ters. The mean overall number of insertions in the study was 15
(median, 3; interquartile range [IQR], 2–12) with a range of 2 to
110. For this analysis, centers submitting less than 10 REBOA
cases were considered low volume, centers with 11 to 30 REBOA
deploymentswere considered average, and centers reportingmore
than 30 cases of REBOAwere considered high-volume. Resusci-
tative endovascular balloon occlusion of the aorta case cutoffs
were chosen to ensure that therewould be at least 50 patients from
at least five centers in each group for comparison. Youden’s index
was calculated to define an optimal cutpoint for the number of
REBOA insertions done per center, with in-hospital mortality
as primary outcome.

Values are reported as means ± standard deviation (SD)
for continuous variables with normal distributions and were
compared using either Student’s t test or analysis of variance.
Nonparametric data were presented as the median and interquar-
tile range and analyzed using either the Mann-Whitney U test or
Kruskal-Wallis test. Categorical variables were expressed as per-
centages and were compared using theχ2 test. All variables with
a p value less than 0.2 (and less than 10% of missing data) on uni-
variate analysis were entered into a multivariable logistic regression
model to assess risk factors for mortality, with volume group as an
independent variable. Receiver operator curve plots were then con-
structed to assess the area under the curve (AUC) and the

discriminatory ability of the multivariate models. The Hosmer-
Lemeshow goodness of fit was also calculated for the model.

Separate models based on volume group and type of
REBOA device utilized were also created to examine specific
factors associated with procedural complications. A subanalysis
was also performed for outcomes associated with the 7-French
REBOA catheter only (Supplementary Digital Tables, http://
links.lww.com/TA/B971). Risk factors associated with respective
outcomes are presented as adjusted odds ratios (AOR), 95%
confidence intervals (CIs) and adjusted p values. A two-tailed
p value less than 0.05 was considered statistically significant.
All analyses were performed using the Statistical Package for
Social Sciences (SPSS) version 25.0 (SPSS Inc, Chicago, IL).

RESULTS

Overall Demographic and Physiological Trends in
REBOA Patients

Over the 5-year study period, there were 495 patients that
underwent REBOA placement. The mean age of patients under-
going REBOAwas 43 ± 18 years and was not significantly dif-
ferent across center volume groups, p = 0.561 (Table 1).

Blunt trauma was common across all groups (80%,
p = 0.357), with motor vehicle accidents being the most com-
mon cause of blunt injury. The median Injury Severity Scores

TABLE 1. Demographic and Physiologic Characteristics Stratified by Volume Group

Variable (n) Low Volume (n = 66) Average Volume (n = 119) High Volume (n = 310) Overall (N = 495) p

Age: mean ± SD (492), y 44 ± 189 42 ± 18 412 ± 18 43 ± 18 0.561

Males (495), % 72 75 77 76 0.754

Penetrating (495), % 17 24 19 20 0.357

Gunshot 82 100 88 91 0.273

Stab wound 9 0 9 6

Other 9 0 3 3

Blunt (495), % 83 76 81 80 0.357

Motor vehicle accident 38 50 36 40 0.008

Motor cycle accident 15 19 20 19

Auto vs. Pedestrian 29 20 30 28

Falls 18 11 7 9

Other 0 0 8 5

ISS: median [IQR] (434) 34 [25–45] 29 [22–41] 34 [25–43] 34 [24–43] 0.972

AIS

Head AIS score: median [IQR] (360) 2 [0–4] 2 [0–4] 3 [0–4] 2 [0–4] 0.305

Chest AIS score: median [IQR] (388) 3 [2–4] 3 [2–4] 3 [2–4] 3 [2–4] 0.910

Abdominal AIS score: median [IQR] (406) 3 [1–5] 4 [2–5] 3 [2–4] 3 [2–4] 0.009

Prehospital CPR: median [IQR] (467), % 20 20 27 24 0.053

Admission vitals

SBP: mean ± SD (476) 93 ± 49 88 ± 49 76 ± 48 81 ± 49 0.009

SBP < 90 mm Hg (476), % 44 43 58 53 0.007

HR: mean ± SD (469), bpm 101 ± 43 111 ± 37 95 ± 52 99 ± 48 0.003

GCS score: median [IQR] (480) 3 [3–12] 3 [3–14] 3 [3–13] 3 [3–13] 0.177

Pupillary response (495), % 64 47 51 52 0.090

Organized cardiac activity (495), % 73 66 65 67 0.497

Spontaneous movement (495), % 41 39 38 39 0.929

CPR (483), % 12 18 22 20 0.019

HR, heart rate; GCS, Glasgow Coma Scale; INR, international normalized ratio.
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(ISS) were high overall, reflecting the critical nature of injury
seen (ISS, 34; IQR, 24–43; p = 0.972). Prehospital cardiopulmo-
nary resuscitation (CPR) was more frequently seen in patients
presenting to high-volume centers (24% vs. low volume 20%),
although this did not reach statistical significance (p = 0.053).

Upon arrival to the emergency department (ED), patients
at high-volume REBOA centers had a greater incidence of hypo-
tension (systolic blood pressure [SBP] < 90 mmHg) (high, 53%
vs. average, 43% vs. low, 44%, p = 0.007) and lower mean SBP
(high, 76 ± 48 mmHg vs. average, 88 ± 49mmHg vs. low, 93 ±
49 mm Hg, p = 0.009). There were no significant differences in
the presence of signs of life, but more patients at high-volume
REBOA centers were undergoing CPR upon arrival.

AO Procedural Details and Analysis
Resuscitative endovascular balloon occlusion of the aorta

placement was more likely to be done in the ED (Table 2) at
high-/average-volume centers (high, 82% vs. average, 69% vs.
low, 64%, p = 0.003), while low-volume centers had the greatest
proportion of REBOA placements in the operating room (33%).

Cardiopulmonary resuscitation during initiation of the REBOA
procedurewas more commonly seen in high-volume group (high,
29% vs. average, 20 vs. low, 29%, p = 0.023). The mean SBP
when initiating REBOAwas significantly lower in the high-volume
group of patients (high, 53 ± 38mmHgvs. average, 71 ± 43mmHg
vs. low, 64 ± 41 mm Hg, p < 0.001). Excluding patients with
CPR in progress, there was no difference in the mean SBP be-
tween the groups (low, 79 mm Hg vs. average, 76 mm Hg vs.
low, 70 mm Hg; p = 0.124). The primary operator performing
the REBOA differed across volume groups, with trauma attendings
performing the procedure more frequently at high-/low-volume
centers (high, 91% vs. average, 63 vs. low, 83%; p < 0.001).

There were notable differences in the methods utilized to
obtain access to the common femoral artery across volume
groups (Fig. 1A). Open cutdowns and ultrasounds for REBOA
access were performedmore frequently at high-/average-volume
centers, while landmarks were more commonly used at low-
volume centers. The 7-French sheath was the most common
access device placed at all centers (high, 44% vs. average,
62% vs. low, 58%, p < 0.001), though upsizing was done more

TABLE 2. REBOA Procedural Details Stratified by Volume Group

Variable (n)
Low Volume
(n = 66)

Average Volume
(n = 119)

High Volume
(n = 310)

Overall
(N = 495) p

Location of REBOA (495)

ED, % 64 69 82 76 0.003

Operating room, % 33 26 16 21

Other, % 3 5 3 3

Primary REBOA operator (495)

Surgical resident, % 1.5 5 0.3 1.6 <0.001

Trauma fellow, % 6 29 3 9

Trauma attending, % 83 63 91 83

Vascular attending, % 6.1 0.0 0.3 1.0

Other, % 3.0 3.4 5.5 4.7

REBOA initiation physiology (432)

SBP: mean ± SD, mm Hg 64 ± 41 71 ± 43 53 ± 38 59 ± 40 <0.001

SBP 0–60 mm Hg, % 28 34 49 43 <0.001

SBP 60–90 mm Hg, % 47 35 40 40 0.321

SBP > 90 mm Hg, % 26 32 11 18 <0.001

REBOA response (421)

SBP >90 mm Hg post-REBOA, % 59 66 56 58 0.165

Postocclusion SBP: mean ± SD, mm Hg 96 ± 48 110 ± 47 98 ± 48 101 ± 48 0.087

Improvement in post-REBOA hemodynamics (477)

Yes, % 70 77 76 76 0.004

Unknown, % 0 0 5.8 3.6

REBOA timing

Admission to start of AO: median [IQR], min 35 [20–65] 27 [14–56.5] 15 [7–30] 20 [10–42] <0.001

Duration of AO: median [IQR], min 30 [10.8–45] 30 [20–60] 40 [15–75] 35 [15–66] 0.040

Time from admission to successful AO: median [IQR], min 40 [23–74] 37 [20–77] 25 [15–46] 30 [17–56] <0.001

Time from admission to hemodynamic stability: median [IQR], min 59 [29–151] 41 [26–108] 39 [24–68] 40 [25–86] 0.026

Time from admission to hemorrhage control: median [IQR], min 97 [65–223] 81 [52–129] 96 [54–161] 95 [55–159] 0.151

Transfusion requirements

pRBC (472): median [IQR] 12 [6–19] 14 [7–24] 12 [6–25] 12 [6–25] 0.773

FFP (460): median [IQR] 10 [6–18] 9 [4–20] 10 [5–20] 10 [4–20] 0.900

Platelets (436): median [IQR] 2 [1,8] 3 [1,7] 3 [1–11] 3 [1–9] 0.475

Cryo (371): median [IQR] 0.5 [0–2] 0 [0–1] 0 [0–1] 0 [0–1] 0.056

pRBC, packed red blood cells; FFP, fresh frozen plasma; Cryo, cryoprecipitate.
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at high-/average-volume centers (Fig. 1B). Zone of REBOA de-
ployment also varied across volume groups (Fig. 1C) with initial
Zone I deployments occurring with greater frequency at high/
average institutions (high, 64% vs. average, 72% vs. low, 55%,
p < 0.001). Zone II placements occurred most commonly in the
low-volume group (6%).

Improvement in postocclusion hemodynamics was more
likely to occur in patients undergoing REBOA at high-/average-
volume institutions (high, 76% vs. average, 77% vs. low, 70%,
p = 0.004, Table 2). In those patients with available data, the me-
dian time from admission to start of REBOA (high volume,
15 minutes; IQR, 7–30 minutes vs. average, 27 minutes; IQR,
14–57 minutes vs. low, 35 minutes; IQR, 20–65 minutes;
p < 0.001) was shorter in patients treated at high-volume

facilities, as was the time to successful AO (high volume,
25 minutes; IQR, 15–46 minutes vs. average, 37 minutes; IQR,
20–77 minutes vs. low, 40 minutes; IQR, 23–74 minutes;
p = 0.040), respectively.

REBOA Hemorrhage Control and Level of
REBOA placement

Patients who underwent REBOA placement in Zone II or
III frequently had significant bleeding above the level of the bal-
loon that required surgical intervention. Forty-eight percent of
patients who underwent Zone III REBOA also required an intra-
peritoneal procedure versus 63% of Zone II REBOA placements
and 71% of Zone I placements (p = 0.001) (Table 3).

REBOA Survival and Complications
Unadjusted mortality was greatest in the low REBOA vol-

ume group (low, 67% vs. average, 60% vs. high, 57%, p = 0.352,
Fig. 2) although this did not reach statistical significance. The mor-
tality for patients undergoing CPR was 90% with no differences
between the groups.

A multivariate model was created to assess factors associ-
ated with mortality. Covariates included age, sex, mechanism of
injury, SBP at time of REBOA initiation, signs of life at time of
REBOA (pupillary response, organized electrical activity, or
spontaneous movement), location of REBOA (location of place-
ment and zone of deployment), level of operator performing
REBOA, hemodynamic response after REBOA, type of hemor-
rhage control intervention, need for any transfusion, Abbreviated
Injury Scale (AIS), level of trauma center, source of hemorrhage,
and REBOAvolume group. Significant factors associatedwith re-
ducedmortality included the presence of signs of life (AOR, 0.33;
95% CI, 0.16–0.69; adjusted p = 0.003), presence of hemody-
namic stability after REBOA (AOR, 0.36; 95% CI, 0.21–0.61;
adjusted p = 0.001), Zone III placement (AOR, 0.30; 95% CI,
0.18–0.51; adjusted p = 0.001), and high REBOAvolume cen-
ters (AOR, 0.77; 95% CI, 0.60–0.98; adjusted p = 0.040). Hav-
ing a REBOA placed in the ED and CPR during the time of
REBOA placement was associated with increased mortality.
The Hosmer Lemeshow (p = 0.676) and AUC for the model
was 0.83 (95% CI, 0.8–0.87). A separate model comparing only
high and average REBOAvolume centers was also created to as-
sess any potential difference in mortality between these groups,
but this parameter was not significantly different (AOR, 0.38;
95% CI, 0.58–1.23; adjusted p = 0.379). The mortality for the
respective groups with the CPR patients removed was low,
57%; average, 53%; and high, 44% with an AOR (high vs.
low volume) of 84 (95% CI, 0.70–0.99) and an adjusted p value
of 0.04. To account for clustering in the mortality model, a mul-
tilevel linear model with mortality as outcome and number of

Figure 1. A, Methods of REBOA access stratified by center
volume. B, Initial REBOA sheath selection stratified by type
of REBOA sheath. C, Initial REBOA zone of occlusion
stratified by REBOA zone. p Value represents significance
for overall trends.

TABLE 3. Hemorrhage Control Procedures Stratified by Level of
REBOA Placement

Zone of REBOAOcclusion

Zone I Zone II Zone III Total p

Intrathoracic procedure 12% 0% 4% 9% 0.001

Intraperitoneal procedure 71% 63% 48% 62% 0.001

Pelvic procedure 23% 38% 61% 35% 0.001
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procedures as predictor with varying intercept by center (high,
average, low) was created. In this model, the number of REBOA
procedures was a predictor of mortality, with a fixed effect regres-
sion coefficient of −0.080, an 8% lower risk of death with increas-
ing number of insertions, with a p value of 0.04. The mixed linear
model results returned an intraclass correlation coefficient of
about 6.7%. Thus, the proportion of variance in the data
accounted for by the center volume variable indicated that center
status or variation by center did not contribute appreciably to the
mortality effect seen for number of REBOA insertions.

Youden’s index was calculated to define an optimal cutpoint
for the number of REBOA insertions done per center; using this
calculation, the optimal cutpoint was defined as 26 cases per center.
This had sensitivity of 82% and specificity of 27% for mortality.
The calculated index was 0.09. This cutpoint was next used to
perform a sensitivity analysis on our previous regression model.
The cutpoint of greater than/equal to 26 REBOA cases was en-
tered into the model as a high-volume center. Patients that
underwent REBOA placement at a high-volume center (as per
the new definition) had 44% lower mortality (AOR, 0.56; 95%

Figure 2. REBOA-specific complications and in-hospital mortality stratified by center volume.

Figure 3. A, REBOA-specific complications stratified by center volume. B, REBOA-specific complications stratified by final catheter size.
AOR of any endovascular complication with 7-Fr versus other catheter size.
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CI, 0.32–0.98) adjusted p = 0.043). The AUC for this modelwas
0.83 (95% CI, 0.79–0.87).

The overall REBOA complication rate was 12% and was
not significantly different across the volume groups (low, 17%
vs. average, 11% vs. high, 12%; p = 0.469, Fig. 2). The most
common complication was distal embolism in 4.2% of cases,
followed by extremity ischemia in 4.0% (Fig. 3). A multivariate
logistic regression model was created to examine the adjusted
risk of any complication during the course of the study period.
Covariates included age, sex, mechanism of injury, sheath diam-
eter, method of arterial access, SBP at time of REBOA initiation,
signs of life at time of REBOA, location of REBOA (location of
placement and zone of deployment), level of operator perform-
ing REBOA, hemodynamic response after REBOA, source of
hemorrhage, and REBOAvolume group. The variables that were
associated with decreased complications were 7-French sheaths
(AOR, 0.35; 95%CI, 0.19–0.65; adjusted p = 0.001) and CPR at
the time of REBOA (AOR, 0.35; 95% CI, 0.13–0.92; adjusted
p = 0.032). The REBOAvolume group was not significantly as-
sociated with a decreased rate of complications (AOR, 0.97;
95% CI, 0.78–1.21; adjusted p = 0.784). The Hosmer Lemeshow
(p = 0.509) and AUC for the modelwas 0.75 (95%CI, 0.69–0.82;
p = 0.001).

DISCUSSION

Our results demonstrate that survival was significantly in-
creased at high compared with low REBOA utilization centers.
Therewere no significant differences inmortality in high- versus
average-volume centers (57% at high-volume centers vs. 59% at
average-volume centers). The REBOA-related complications
were not different across centers. Level I trauma centers with
high-volume trauma have been shown to have better outcomes
than lower-level centers in patients who present with injuries as-
sociated with high mortality.12,16,17 Busy Level I trauma centers
are more likely to see patients with higher injury burden and
physiologic derangement that require life-sustaining treatments
such as REBOA. The survival benefit occurred despite high uti-
lization center patients having a higher percentage of cardiac ar-
rests, lower mean blood pressure at insertion, and more Zone 1
deployments.

There are several potential reasons for this finding. First,
high-volume centers initially deployed zone I REBOA catheters
more often than lower volume centers. This may have contrib-
uted to the increased survival by facilitating earlier temporary
hemorrhage control. Patients who underwent Zone II or Zone
III REBOA placements frequently needed additional surgical
procedures above the level of the inflated balloon in order to
achieve hemostasis. Second, in high-volume centers, the median
time from admission to REBOA placement was significantly
less. Time from “door to hemorrhage control” has been demon-
strated to correlate with improved survival.18,19 We demon-
strated a median time from admission to REBOA placement of
15 minutes in high-volume centers versus 35 minutes in
low-volume centers. The time to successful AO was also signif-
icantly faster at high REBOAvolume institutions. It is also im-
portant to note that high-volume centers were more likely to
place REBOA in the ED, whereas low-volume centers were
more likely to place REBOA in the OR. This could have

contributed to the delay in hemostasis seen at low-volume cen-
ters. It is possible that at high-volume centers, increased experi-
ence with REBOA and its indications for use is associated with
earlier time to deployment. Lastly, internal systems for improved
resuscitation and hemorrhage control could exist within
high-volume trauma centers and REBOA deployment was act-
ing as a surrogate for those factors.

Multiple studies have demonstrated that the major rate-
limiting step to successful REBOA placement is the ability to
safely cannulate the common femoral artery (CFA).20–23 It may
be difficult to use percutaneous methods to cannulate the artery
of a patient in hemorrhagic shock; in this case, open cutdown can
be performed. Patients at high-volume centers had more open
cutdowns and increased used of ultrasound compared with patients
evaluated at low-volume centers. Greater than 50% of overall
REBOA procedural time was attributed to obtaining CFA access,
with no difference noted between percutaneous or open cutdown
methods.23 Catheter placement requires anatomic knowledge and
can be challenging, especially for the inexperienced provider. In
addition, providers in high-volume centers may have more expe-
rience with resuscitating patients after deploying Zone 1 REBOA
or with repositioning catheters after initial placement. Data from
several Japanese studies have demonstrated that prolonged time
to REBOA placement and hemorrhage control are associated
with increased mortality. Inoue et al.24 analyzed patients with
severe torso trauma and found a door to surgery time of
97 minutes with REBOA. This increased time resulted in an
in-hospital mortality of 62% in REBOA patients versus 45%
in matched cohorts who did not receive REBOA. In a similar
study, Norii et al.22 demonstrated a prolonged time to definitive
care in survivors treated with REBOA (213 minutes). When
matched with similar patients who did not receive REBOA, sub-
sequent survival was lower in the REBOA group (crude condi-
tional odds ratio of survival by REBOA treatment, 0.30; 95%
CI, 23–0.40).

Decreased experience to maintain proficiency with REBOA
in low-volume centers may be another reason for increased mortal-
ity. As REBOA is a high-acuity, low-frequency procedure, mainte-
nance of competency and understanding the pitfalls is vital; this
may not occur in low-volume centers. This issue may have attrib-
uted to decreased Zone I REBOA placements and erroneous infla-
tion at Zone II observed in low-volume centers. We also noted a
higher frequency of bleeding occurring above the level of balloon
inflation in low-volume centers.

Training courses have been put forward to train clinicians
how to perform REBOA catheter placement, including Basic
Endovascular Skills for Trauma course11 and the Endovascular
Skills for Trauma Management workshop.25 Experience with a
training course has been demonstrated to significantly improve
clinician knowledge and procedural task time.11,20 However,
benefits from a single training course likely decreases over time,
and an ongoing competency program is necessary.5,10,20 Based
on our data, it seems reasonable to advocate that clinicians at
low-volume trauma centers should not only receive initial formal
training but also continued refresher courses or simulation train-
ing to maintain competency, even in the absence of clinical cases.

It is important to assess not only the mortality but also the
morbidity associated with REBOA, as serious potential compli-
cations may occur from problems with vascular access, balloon
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inflation, and distal ischemia.7,8 Major complications, including
arterial dissections and limb ischemia requiring amputation,
have been reported.8 In this study, we found that REBOA com-
plications were less frequent at high-volume (12%) and average-
volume (11%) versus low-volume (17%) centers, although this
did not reach statistical significance. A recently published study
by Theodorou et al.26 compared patients who underwent REBOA
at high-volume hospitals versus low-volume hospitals. While
patients seen at high-volume hospitals were more likely to undergo
successful REBOA placement, overall complication rates were
similar; these complication rates, however, may have been skewed
because of the survival advantage seen at high-volume centers.
This highlights the fact that despite having the potential to decrease
mortality, REBOA is not a benign procedure and is associated with
significant complications, even in centers that perform it frequently.

Lastly, it is important to note that we found a decrease in
overall endovascular complication rate in patients who underwent
REBOAwith a smaller (7 French) catheter size versus larger cath-
eters (10% vs. 17%, p = 0.02). This has been reported previously.
Matsumura et al.27 found that smaller (under 8 French) REBOA
devices were associated with fewer complications and could be
removed using only manual compression in 96% of cases, vs.
45% of cases using larger (>9 French) sheaths. Ordoñez et al.28

also found a decreased rate of complications in patients who
underwent REBOAwith smaller 7-French sheaths compared with
larger caliber sheaths. Our findings reinforce the increased safety
of lower profile devices and call into question why larger diame-
ters sheaths and endovascular devices are still being used.

Our data demonstrate that REBOA may be an important
tool in the hands of skilled providers with well-developed REBOA
programs. High-volume trauma centers are likely to be centers with
established indications for REBOA, with well-trained surgeons
who have the skills necessary to place the device expeditiously.
Given that average-volume centers had similar outcomes to the
high-volume centers in our study, acceptable REBOA outcomes
are possible even in centers that do not perform REBOA as
frequently. It is also clear that REBOA is nothing more than
an adjunctive, temporizing measure, and expedient definitive
hemorrhage control is paramount to ensure optimal survival.

There are several limitations to this study. This is a retro-
spective review of patients from a voluntarily submitted national
database. As such, associations between REBOA volume and
outcome can only be inferred and not definitively proven. Sev-
eral key variables were also not available in this data set includ-
ing background operator training and experience, cause of death,
indications for AO or rationale for REBOA zone placement, and
usage of any partial or intermittent inflation techniques. Several
REBOA-specific complications, such as compartment syndrome,
are not available. Abbreviated Injury Scale is also not well docu-
mented in the registry, because head, chest, and abdominal AIS
are the only body regions available. Also, because this was a ret-
rospective study, we cannot attribute differences in outcomes to
the REBOA procedure alone, as practices may vary across institu-
tions. Proficiency in REBOA may simply be a proxy for better
overall processes of care at higher- or average-volume institutions.
In addition, the AORTA registry only has data available for pa-
tients who underwent successful REBOA placement, and does
not report data on patients who underwent failed REBOA place-
ments; this selection bias may have affected our results. While

the number of centers contributing to the AORTA registry has in-
creased dramatically, these are largely the experience of academic
Level I trauma institutions, which limits the generalization of our
conclusions. In addition, our study does not have a control group
(patients who did not undergo AO or REBOA); thus, this study
cannot determine whether REBOA at any volume center is better
than no REBOA. Lastly, while there appears to be a volume and
outcome relationship with REBOA deployment, the exact num-
ber of deployments needed per surgeon/institution is unknown
and will likely vary from center to center. The cutoffs chosen
for low, average, and high REBOA volume centers were some-
what arbitrary, because the distribution of data were nonparamet-
ric. Thus, designation of groups based on mean and SD alone
would result in clustering, because only the top REBOA utiliza-
tion centers would be overrepresented. Cutoffs were chosen as
to provide a sufficient number of cases in each group, with at least
five centers in each group for comparison.

In conclusion, we have demonstrated that in centers utiliz-
ing REBOA, survival appears to be improved in high versus low
utilization centers. Increased experience with REBOA may be
associated with earlier deployment and subsequently improved
patient outcomes. Evaluating the effect of institutional REBOA
experience and continuous assessment of REBOA competency
and its impact on outcomes should be assessed prospectively.
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