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Abstract

Background Resuscitative endovascular balloon occlusion of the aorta (REBOA) has been used as a temporizing
procedure to control intra-abdominal or pelvic bleeding. Theoretically, occlusion of the aorta and the resulting
ischemia-reperfusion of the lower extremities may increase the risk of extremity compartment syndrome (CS). To
date, no study has addressed systematically the incidence and risk factors of CS following REBOA intervention. The
purpose of this study was to address this knowledge gap.

Methods Adult trauma patients from the American College of Surgeons Trauma Quality Improvement Program
(ACS-TQIP) database (2016-2019) were included. Patients who received REBOA within 4 h of admission were
compared to patients without REBOA after propensity score matching for demographics, vital signs on admission,
comorbidities, injury severity of different body regions, pelvic and lower extremity fractures, vascular trauma to the
lower extremities, fixation for fractures, angioembolization (AE) for pelvis, preperitoneal pelvic packing (PPP),
laparotomy, and venous thromboembolism (VTE) prophylaxis. The primary outcomes were rates of lower extremity
CS and fasciotomy and acute kidney injury (AKI). Secondary outcomes included mortality.

Results There were 534 patients who received REBOA matched with 1043 patients without REBOA. Overall,
patients in the REBOA group had significantly higher rates of CS than no REBOA patients [5.4% vs 1.1%,
p < 0.001, OR: 5.39]. The risk of CS remained significantly higher in the subgroups of patients with or without
pelvic or lower extremity fractures, as well as in the subgroup of patients with associated extremity vascular injury
[11.2% vs 1.5%, p < 0.001, OR: 8.12].The fasciotomy and AKI rates were significantly higher in the REBOA group
(5.8% vs 1.2%, p < 0.001 and 12.9% vs 7.4%, p < 0.001 respectively).

Conclusion REBOA use is associated with a higher risk of lower extremity CS, fasciotomy and AKI, especially in
patients with associated lower extremity vascular injuries. These complications should be taken into account when
considering REBOA use, and close observation for this complication should always be part of the routine monitoring.
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Noncompressible torso hemorrhage is one of the leading
causes of death in trauma. [1, 2]. Resuscitative endovas-
cular balloon occlusion of the aorta (REBOA) has been
used as a temporizing procedure to control abdominal or
pelvic bleeding. Although the concept can be traced back
to the Korean war [3], this specific technique reemerged
and became popular in the past two decades [4, S]. Despite
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the questionable survival benefits, REBOA is currently
being used not only for trauma, but also for other causes of
abdominal bleeding, such as ruptured aortic aneurysm,
post-partum hemorrhage, and gastrointestinal bleeding
[6-9].

Compartment syndrome (CS) of the lower extremities
after trauma is a surgical emergency. If it is not treated on
time, it can lead to irreversible limb ischemia, with limb
loss, AKI or permanent disability. Long bone fracture,
crush injury, and prolonged ischemia after vessel injury are
well-documented risk factors for CS [10, 11]. To our
knowledge, no study has previously addressed systemati-
cally the incidence and risk factors of CS following
REBOA intervention. We hypothesized that placing
REBOA is a risk factor for CS, distinct from the pre-ex-
isting trauma. The aim of this study was to evaluate the
incidence and risk factors of CS, fasciotomy rates and
acute kidney injury (AKI), following placement of
REBOA.

Material and methods

This was an ACS-TQIP database study, during the period
2016-2019. All adult (> 16-year-old) trauma patients with
blunt or penetrating injuries were included. Burns, suffo-
cation, and other mechanisms that could not be classified as
blunt or penetrating injury were excluded. Patients who
met the following criteria were excluded: cardiac arrest on
arrival, died in the emergency department (ED), transferred
from other hospitals, non-level 1 or 2 trauma center, head
abbreviated injury scale (AIS) > 3, immediate amputation
at or above knee level within 4 h. Only patients who sur-
vived more than 24 h were included. Patients undergoing
ED resuscitative thoracotomy who survived beyond the ED
were included.

The included patients were then divided into two
cohorts: one received REBOA, and the other did not.
REBOA insertion was defined according to the following
International Statistical Classification of Diseases and
Related Health Problems 10th Revision (ICD —10) pro-
cedure codes within 4 h: 04L03DZ, 04L03DJ, 04L.04DZ,
02LW3DJ, 04L03ZZ, and 04L.04ZZ. Fasciotomies of the
lower extremities were identified with procedure codes: left
upper leg OKNROZZ; Right upper leg OKNQOZZ; Left
lower leg OKNTO0ZZ; Right lower leg OKNS0ZZ.

Demographic, epidemiological, and clinical data col-
lected, included age, gender, mechanism, initial vital signs
in the ED, body area AIS, injury severity score (ISS), and
comorbidities. Other data collected included lower
extremity injuries, such as pelvic fracture, femoral fracture,
tibial fracture and lower limb vessel injury (iliac, femoral
or popliteal vessels). We also recorded specific initial

interventions, such as fixation for pelvic, femur or tibial
fracture within 24 h, preperitoneal pelvic packing (PPP)
within 24 h, laparotomy within 48 h, angioembolization
(AE) for pelvis, and pharmacological prophylaxis for VTE.
The primary outcome variables were lower extremity CS,
fasciotomy after 4 h, amputation at knee or higher levels
after 4 h, and AKI. Secondary outcome was survival.

The rate of missing values ranged between 0.0 and
6.4%. The missing pattern was considered missing at ran-
dom. Multiple imputation was done only for demographic
variables missing more than 1.0%, i.e., age, systolic blood
pressure, pulse rate, and Glasgow Coma Scale (GCS), by
fully conditional specification method with 10 iterations
and 5 imputations. Propensity score matching (PSM) was
performed for the pooled data after imputation by a 1:2
ratio with nearest matching method. The variables used for
matching included age > 55, systolic pressure < 90, pulse
rate > 120, GCS < 9, gender, mechanism, and comor-
bidities showing significant difference before matching.
For injury characteristics, we matched head, chest, liver,
kidney, spleen, hollow viscus, pelvis, lower limb vessel,
femur fracture and tibial fracture with AIS > 3. The inju-
ries of abdomen and lower limb other than those mentioned
above were also matched by selecting the most severe
injury. To achieve better similarity, interventions including
PPP, laparotomy, AE for pelvis, immediate fixation for
pelvis/femur/tibia, and VTE prophylaxis were matched.
Post-matching balance was defined as standardized mean
difference (SMD) less than 0.1 and variance ratio between
0.5 and 2.

Categorial variables were expressed as percentage. Chi-
square test or Fisher’s exact test was used for measuring
statistical difference. Continuous variables not normally
distributed are reported as median with interquartile range
while normally distributed ones were reported as mean
with standard deviation. Mann—Whitney U test and inde-
pendent T-test were used accordingly for calculating sig-
nificance. Statistical significance was set at p < 0.05. All
statistics were performed using SPSS 28.0 (IBM Corp.,
Armonk, NY) and RStudio version 4.2.1 (Boston, MA).
The study has been approved by the Institutional Review
Board at our institution.

Results

During the four-year study period, there were 1,330,881
adult patients in ACS-TQIP with 798,302 of them meeting
our selection criteria. Among all the eligible patients, 594
received REBOA (0.07%) (Fig. 1). In 82% of patients with
REBOA, the balloon was placed in zone 3 (between the
lowest renal artery and the aortic bifurcation), while 18%
were in zone 1 (between the left subclavian artery and the
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Fig. 1 Patient selection flow diagram

celiac trunk). The demographic, injury characteristics,
interventions, and outcomes are listed in Supplement
Table 1

After PSM, 534 patients with REBOA were matched to
1043 patients without REBOA (Table 1). The two cohorts
were matched in balance since all SMDs were less than 0.1
and the variance ratios were 0.8-1.0. The demographic
data, initial vital signs, and comorbidities were similar in
both groups. The proportions of AIS > 2 in head, chest,
lower extremity, and intraabdominal solid or hollow organs
had no significant differences, as well as injury to pelvic,
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femur, tibial or lower limb vessels. The two cohorts also
had similar interventions, including PPP, AE for pelvic
fracture, laparotomy, timing of pharmacological VTE
prophylaxis, and operative fixation of pelvic or lower
extremity long bone fractures.

Overall, patients with REBOA had a significantly higher
incidence of CS, and were 5.4 times more likely to develop
extremity CS [5.4% vs 1.1% p < 0.001, OR: 5.39 (95% CI
2.67-10.87)] (Table 2). Patients with REBOA placement
also had higher rates of amputation [3.6% vs 1.6%
p = 0.015, OR: 2.23 (95% CI 1.15-4.32)]. The risk of CS
in the REBOA group remained significantly higher in the
subgroups of patients with or without fractures of the
pelvis, fractures of the femur or the tibia, and with or
without associated lower extremity vascular injuries. The
risk of CS was particularly high in REBOA patients with
lower extremity vascular injuries (11.2% vs 1.5%,
p < 0.001, OR: 8.12 (2.26-29.14)]. There was no differ-
ence in the incidence of compartment syndrome between
zone 1 and zone 3 REBOA placement (5.1% vs 5.5%,
p = 0.853) (Table 3). Also, the fasciotomy rates were
similar in the two groups (4.0% vs 6.2%, p = 0.405).

Another interesting finding in the study was the signif-
icantly higher incidence of AKI in the REBOA group
(12.9% vs 7.4%, p < 0.001). Overall, 18 of 40 (45.0%)
patients with CS developed AKI, compared to 128 of 1537
(8.3%) patients without CS (p < 0.001). In the subgroup of
29 patients who received REBOA and developed CS, 17
(58.6%) developed AKI, compared to 1 out of 11 patients
(9.1%) treated without REBOA that developed CS
(p =0.011).

Finally, the in-hospital mortality was significantly
higher in the REBOA patients compared to those who did
not receive REBOA (21.9% vs 8.4%, p < 0.001).

Discussion

The role of REBOA in temporary hemorrhage control of
noncompressible abdominal or pelvic exsanguination is
controversial, with some studies showing improved sur-
vival, while others showing no difference or even worse
survival [12—17]. In the present study, the mortality in the
REBOA group was significantly higher than in the control
group, which supported the findings of other large database
analyses [15—17]. However, this finding is in disagreement
with other multicenter studies, which have reported
improved survival [12—14].

The role of REBOA in the presence of severe associated
brain trauma is controversial, although recent work sug-
gested that it could be beneficial [18]. However, severe
brain trauma may play a major factor in determining
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Table 1 Demographics, injury patterns, and initial interventions after 1:2 propensity score matching
Total N = 1577 REBOA N =534 No REBOA N = 1043  Absolute p value
SMD
Age > 55 380 (24.1) 143 (26.8) 237 (22.7) 0.09 0.075
Male (%) 1236 (78.4) 416 (77.9) 820 (78.6) 0.02 0.744
ED vital signs
SBP < 90 (%) 560 (35.5) 196 (36.7) 364 (34.9) 0.02 0.478
SBP < 70 (%) 160 (10.1) 64 (12.0) 96 (9.2) 0.09 0.083
HR > 120 (%) 543 (34.4) 189 (35.4) 354 (33.9) 0.03 0.566
GCS <9 (%) 429 (27.2) 151 (28.3) 278 (26.7) 0.04 0.493
Blunt/penetrating (%) 1080/497 (68.5/ 367/167 (68.7/ 713/330 (68.4/31.6) 0.00 0.882
31.5) 31.3)
Comorbidities
Smoking (%) 367 (23.3) 116 (21.7) 251 (24.1) 0.06 0.298
Hypertension (%) 198 (12.6) 76 (14.2) 122 (11.7) 0.07 0.150
Diabetes mellitus (%) 95 (6.0) 29 (5.4) 66 (6.3) 0.04 0.479
COPD (%) 44 (2.8) 16 (3.0) 28 (2.7) 0.02 0.722
Congestive heart failure (%) 13 (0.8) 5(0.9) 8 (0.8) 0.01 0.772
Myocardial infarction (%) 3(0.2) 2 (0.4) 1(0.1) 0.06 0.266
Cirrhosis (%) 20 (1.3) 5(0.9) 15 (1.4) 0.05 0.399
Chronic kidney disease (%) 9 (0.6) 4 (0.7) 5 (0.5) 0.03 0.498
Cerebrovascular disease (%) 12 (0.8) 5(0.9) 7 (0.7) 0.06 0.554
Head AIS =3 (%) 243 (15.4) 79 (14.8) 164 (15.7) 0.02 0.628
Chest AIS > 3 (%) 916 (58.1) 302 (56.6) 614 (58.9) 0.05 0.378
Spleen AIS > 3 (%) 232 (14.7) 71 (13.3) 161 (15.4) 0.07 0.256
Kidney AIS > 3 (%) 154 (9.8) 50 (9.4) 104 (10.0) 0.01 0.700
Liver AIS > 3 (%) 310 (19.7) 116 (21.7) 194 (18.6) 0.07 0.140
Hollow viscus AIS > 3 (%) 333 (21.1) 106 (19.9) 227 (21.8) 0.05 0.378
Abdomen AIS > 3 (%)* 455 (28.9) 165 (30.9) 290 (27.8) 0.05 0.199
Pelvis AIS > 3 (%) 478 (30.3) 162 (30.3) 316 (30.3) 0.02 0.987
Lower extremities AIS > 3° (%) 159 (10.1) 57 (10.7) 102 (9.8) 0.03 0.577
Pelvic fracture (%) 809 (51.3) 266 (49.8) 543 (52.1) 0.05 0.398
Femoral fracture (%) 387 (24.5) 131 (24.5) 256 (24.5) 0.00 0.996
Tibial fracture (%) 375 (23.8) 126 (23.6) 249 (23.9) 0.00 0.902
Femur or tibia fracture (%) 595 (37.7) 202 (37.8) 393 (37.7) 0.00 0.954
Lower limb vessel injury (%) 312 (19.8) 116 (21.7) 196 (18.8) 0.05 0.167
ISS (median, IQR) 27, 20-38 27, 20-36 29, 20-38 0.10 0.242
Resuscitative thoracotomy (%) 12 (0.8) 5(0.9) 7 (0.7) 0.03 0.554
Preperitoneal packing (%) 215 (13.6) 76 (14.2) 139 (13.3) 0.00 0.620
AE for pelvis (%) 219 (13.9) 78 (14.6) 141 (13.5) 0.00 0.554
Pelvic fixation in 24 h (%) 29/809 (3.6) 11/266 (4.1) 18/543 (3.3) 0.06 0.555
Femur/tibia fixation in 24 h (%) 61/595 (10.3) 20/202 (9.9) 41/393 (10.4) 0.01 0.840
Laparotomy in 48 h (%) 867 (55.0) 288 (53.9) 579 (55.5) 0.04 0.551
VTE prophylaxis (%) 1284 (81.4) 434 (81.3) 850 (81.5) 0.00 0.914
VTE prophylaxis initiation (day, median, IQR) 3, 2—4 3,24 3,24 0.05 0.863
Time to REBOA (hour, median, IQR) - 0.7 (0.5-1.5) - - -

REBOA resuscitative endovascular balloon occlusion of aorta, SMD standardized mean differences, SD standard deviation, ED emergency
department, SBP systolic blood pressure, GCS Glasgow coma scale, COPD chronic obstructive pulmonary disease, AIS abbreviated injury scale,
ISS injury severity score, IQR interquartile range, AE angioembolization, VTE venous thromboembolism

#Abdominal injuries other than spleen, kidney, liver, hollow viscus and iliac vessels

Lower extremity injuries other than pelvis, femur and tibia
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Table 2 The comparison of extremity compartment syndrome in different subgroups after propensity score matching

REBOA (%) No REBOA (%) p value Odds ratio (95% CI)
Total 534 1043 - -
Compartment syndrome (%) 29 (5.4) 11 (1.1) < 0.001 5.39 (2.67-10.87)
Fasciotomy (%) 31 (5.8) 12 (1.2) <0 .001 5.30 (2.70-10.40)
Amputation (%) 19 (3.6) 17 (1.6) 0.015 2.23 (1.15-4.32)
With femoral or tibial fracture 202 393 - -
Compartment syndrome (%) 12 (5.9) 5(1.3) 0.001 4.90 (1.70-14.11)
Fasciotomy (%) 14 (6.9) 6 (1.5) <0 .001 4.80 (1.82-12.70)
Amputation (%) 11 (5.4) 13 (3.3) 0.209 1.68 (0.74-3.83)
No femoral or tibial fracture 332 650 - -
Compartment syndrome (%) 17 (5.1) 6 (0.9) <0 .001 5.79 (2.26-14.84)
Fasciotomy (%) 17 (5.1) 6 (0.9) <0 .001 5.79 (2.26-14.84)
Amputation (%) 8 (24 4 (0.6) 0.027 3.99 (1.19-13.34)
No pelvic, femoral or tibial fracture 212 375 - -
Compartment syndrome (%) 8 (3.8) 4 (1.1) 0.034 3.64 (1.08-12.23)
Fasciotomy (%) 524) 6 (1.6) 0.537 1.49 (0.45-4.93)
Amputation (%) 3(1.4) 2 (0.5) 0.357 2.68 (0.44-16.15)
Lower limb vessel injury 116 196 - -
Compartment syndrome (%) 13 (11.2) 3 (1.5) < 0.001 8.12 (2.26-29.14)
Fasciotomy (%) 17 (14.7) 5 (2.6) < 0.001 6.56 (2.35-18.31)
Amputation (%) 11 (9.5) 5 (2.6) 0.007 4.00 (1.35-11.83)
No lower limb vessel injury 418 847 - -
Compartment syndrome (%) 16 (3.8) 8 (0.9) < 0.001 4.17 (1.77-9.83)
Fasciotomy (%) 14 (3.3) 7 (0.8) <0 .001 4.16 (1.67-10.38)
Amputation (%) 8 (1.9) 12 (1.4) 0.505 1.36 (0.55-3.35)
REBOA resuscitative endovascular balloon occlusion of the aorta
Table 3 Complications and outcomes of different zones of REBOA placement
- Total N = 534 Zone 1 N =99 Zone 3 N =435 p value
Compartment syndrome (%) 29 (5.4) 5.1 24 (5.5) 0.853
Fasciotomy (%) 31 (5.8) 4 (4.0) 27 (6.2) 0.405
Acute kidney injury (%) 69 (12.9) 17 (17.2) 52 (12.0) 0.162
In-hospital mortality (%) 117 (21.9) 25 (25.3) 92 (21.1) 0.373

REBOA resuscitative endovascular balloon occlusion of the aorta

outcomes and for this reason we excluded this group of
patients.

The purpose and design of this study was specifically to
investigate the incidence and risk factors for the develop-
ment of extremity CS. Our data showed a significantly
higher incidence of lower extremity CS in the REBOA
group, irrespective of the presence of associated known
risk factors. In subgroup analysis, the risk of CS remained
higher in REBOA patients with or without pelvic or lower
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extremity fractures and with or without extremity vascular
injuries.

Extremity compartment syndrome after REBOA is
rarely mentioned in the literature. Joseph et al. found no
significant difference in lower extremity CS between the
REBOA and no REBOA groups [17]. Possible explana-
tions for the difference in findings are their inclusion of
deaths within 24 h, and that the study did not match
specifically for all factors which could be associated with
extremity compartment syndrome, such as orthopedic
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procedures on the pelvis and lower extremities, angioem-
bolization, preperitoneal packing and comorbid conditions.
Wasicek et al., in an observational study of 31 REBOA
patients and no controls, reported that 3 in 20 patients
(15%) with zone 1 and 4 in 11 patients (36%) with zone 3
REBOA developed lower extremity CS [19].

The ischemia produced by the REBOA occlusion of the
aorta, followed by the reperfusion injury after deflation of
the balloon, produces the highest risk environment for the
development of an extremity CS. In the present study, the
combination of an extremity vascular injury and a REBOA
placement was correspondingly associated with the highest
risk of CS (11.2% vs 1.5% in patients without REBOA).
The fasciotomy rates were also significantly higher in the
REBOA group, especially in patients with associated lower
extremity vascular injuries, where 14.7% of patients
underwent the procedure, versus only 2.6% in patients
without REBOA. The subsequent amputation rate showed
a similar trend. REBOA placement was related to higher
amputation rate, especially in patients with lower extremity
vessel injuries.

The risk of AKI was significantly higher in the REBOA
group, confirming similar findings in previous studies
[5, 17, 20, 21]. Animal studies have also shown histologic
damage to the kidney after placing REBOA in zone 1
[22, 23]. The pathogenesis of AKI after REBOA has lar-
gely been attributed to ischemic injury to the kidneys due
to the aortic occlusion. However, our findings suggest that
rhabdomyolysis due to CS likely also contributes to the
development of AKI. Although rhabdomyolysis is not a
documented variable in TQIP, we observed that 45% of
patients with CS had AKI, while only 8.3% of patients
without CS developed AKI. In addition, the combination of
REBOA with CS was significantly more deleterious to the
kidneys than CS alone. In the subgroup of patients with
REBOA and CS, 58.6% developed AKI, compared to only
9.1% of patients with CS but no REBOA (p = 0.011).

A significant strength of this study is the design, which
was planned specifically to address the issue of CS after
REBOA. The study groups were matched not only for
major pelvis and long bone fractures, vascular injury, other
body regions injuries, and comorbidities, but also for
interventions that may directly or indirectly contribute to
lower extremity CS, such as AE for pelvis, fixation for
pelvis/femur/tibia, VTE prophylaxis, PPP, and laparotomy.

There are however certain inherent limitations of the
study. The TQIP database does not provide specific details
related to the REBOA, such as the duration of occlusion or
partial/complete occlusion, or the size of the catheter.
There is no information about the resuscitation status
before and during REBOA placement. The indication and
clinical judgement for REBOA vary, individual trauma
centers cannot be identified in TQIP, and inter-facility

cluster effect and personal surgeon preference cannot be
evaluated. We matched the relevant clinical information in
the two study groups as well as possible, but only a ran-
domized study would address this limitation. Also,
although the database provides information about the zone
of the balloon deployment, it is possible that in some cases
the balloon was initially inflated in zone 1 and then repo-
sitioned to zone 3. We also assumed that the REBOA was
properly placed in either zone 1 or 3. However, it is pos-
sible that in some patients the REBOA could have been
inadvertently placed in the zone 2. The interpretation of
outcomes and determination of causality is limited due to
the retrospective nature. It is possible, despite the meticu-
lous matching, that the patients receiving REBOA were
somehow in more critical condition.

Conclusion

REBOA use in trauma is associated with an increased risk
of lower extremity compartment syndrome, fasciotomy,
and AKI. These complications should be considered if
planning REBOA placement. Further prospective studies
are needed to clearly identify the patients who may benefit
from REBOA, the optimal duration of balloon deployment,
and other strategies to prevent these potential
complications.
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