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Background: Resuscitative endovascular balloon occlusion of the aorta (REBOA) is emerging as a viable interven-
tion for hemorrhagic shock. Training surgeons to place the device is only part of the process. We hypothesize that
implementation challenges extend beyond surgical skills training and initial REBOA use should not be expected to
mirror published success.

Methods: All REBOA placements from January 2016 to February 2017 at a level 1 trauma center were reviewed for
opportunities for improvement. From September 2016 to February 2017, all patients meeting highest trauma activa-
tion criteria were reviewed against our REBOA algorithm to identify patients meeting criteria for REBOA placement
but not undergoing the procedure.

Results: REBOA was introduced at our institution in September 2015, with the first placement in January 2016.
Trauma surgery, emergency department, and operating room staff underwent training. Nine patients had
REBOA placed with six survivors. One patient underwent an unsuccessful REBOA attempt and died. Four patients
had complications from REBOA. Eight additional patients met indications but did not undergo REBOA.
Conclusions: Successful REBOA use requires more than teaching surgeons indications and techniques. For a suc-
cessful REBOA program, system factors must be addressed. System processes must ensure equipment and proce-
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dures are standardized and familiar to all involved. Complications should be expected.
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INTRODUCTION

Resuscitative endovascular balloon occlusion of the
aorta (REBOA) is a minimally invasive intervention for
patients in hemorrhagic shock. Trauma centers are
increasingly adopting REBOA use in initial resuscita-
tion and during operative interventions for critically
injured patients. It is currently being used at more than
300 centers across the United States. There have been
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multiple published reports of successful REBOA use and
it is rapidly gaining popularity as an intervention in the
unstable patient [1-9].

As with any new technique, there will be a learning
curve. Although placement of the device is relatively
straightforward and there are training courses, such
as the American College of Surgeons Basic Endovas-
cular Skills for Trauma (BEST) course, the Endovas-
cular Skills for Trauma and Resuscitative Surgery
course, or the Endovascular Resuscitation and Trauma
Management (EVIM) workshops available for sur-
geons to learn the technique [10-12], implementation
of a REBOA program requires the coordination and
training of surgical faculty, resident trainees, emer-
gency department (ED) staff, ancillary staff including
nurses, ED department and operating room (OR)
technicians, and hospital administration to be suc-
cessful. Given the complexity of instituting a success-
ful program, we posit that there will be a learning
curve that is not simply explained by attending sur-
geons gaining experience in REBOA placement
[13-15]. Despite the growing popularity of REBOA,
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initial REBOA implementation should not be expected
to mirror published success.

We hypothesize that successful REBOA use requires
more than technical skills courses, and that in the early
phases of a REBOA program, patients will have REBOA
placed outside of the institutional algorithms and patients
who may benefit from the procedure will be missed. The
challenges of implementation extend beyond the clinical
skillset of trauma surgeons and will require the prepared-
ness of other healthcare providers involved in the care
of injured patients, requiring a systems-level approach.

METHODS

After approval by our Institutional Review Board (IRB#
1102164-1), all REBOA placements from January 2016
to February 2017 at a level 1 trauma center were
reviewed against our institution’s REBOA algorithm
(Figure 1) to analyze protocol adherence. We then que-
ried all patients who met the highest trauma activation
criteria based on our institution’s triage protocol from
September 2016 to February 2017. From these patients,
we identified all patients who met criteria for REBOA
placement by the algorithm shown in Figure 1 to iden-
tify potential REBOA-eligible patients who did not
undergo the procedure. We chose to perform this analy-
sis of all trauma activations nine months after REBOA
had been implemented at our institution to allow for a
grace period for training surgeons and ED physicians
and institutional preparation. Adult patients aged
18-90 years of age were included.

SBP < 90 and partial or
non-responder to fluids

| CFA arterial access |

l

CXR:
No REBOA b iy Possible aortic injury? = No

-

In determining which patients met REBOA indica-
tions but did not undergo REBOA, several exclusion
criteria were used (Table 1). Patients with penetrating
thoracic trauma were excluded because REBOA is
potentially contraindicated in patients with suspected or
known thoracic great vessel injury. Patients with iso-
lated penetrating head trauma were excluded as the
effect of aortic occlusion on traumatic brain injuries is
unknown at this time [16]. Patients whose major trauma
was burn or blast injury were excluded. Patients who
did not have a chest radiograph (CXR), focused assess-
ment with sonography for trauma (FAST) scan, and pel-
vis radiograph were excluded as these are part of the
institutional algorithm for REBOA placement.

All quality improvement (QI) discussions were
reviewed for opportunities for improvement. The QI
discussions informed the development of a framework
of focus areas to guide the successful implementation of
a REBOA program at an institution. Via chart review
we obtained demographic data, vital signs, mechanism
of injury, injury list, Injury Severity Score, Abbreviated
Injury Scale, outcomes, and mortality information. For
patients who underwent REBOA, we recorded the type
of REBOA catheter used, method of vascular access
(percutaneous or via cut-down), zone of REBOA deploy-
ment, whether an angiogram was performed, and any
complications related to REBOA.

Ethical Approval and Informed Consent

Ethical approval was given by our Institutional Review
Board (IRB# 1102164-1). A waiver of written informed
consent was obtained for this study.

RESULTS

REBOA was introduced at our institution in September
2015, with the first device placed in January 2016.

Table 1 Exclusion criteria.

Zone 1 REBOA Y FAST:
& proceed to OR cs Positive?
Zone 1 REBOA WSy Pe::?:cﬁ;l‘;ay: = No

|

Zone 3 REBOA e ———— Yes

Figure 1 REBOA algorithm. Resuscitative endovascular
balloon occlusion of the aorta (REBOA) algorithm -

SBP: systolic blood pressure; CFA: common femoral artery;
CXR: chest X-ray; FAST: Focused Assessment with Sonography
in Trauma; OR: operating room. Zone 1 refers to the aorta
between the left subclavian artery and the celiac axis. Zone 3
refers to the infrarenal aorta to the aortic bifurcation.

Exclusion Criteria

Age < 18 or > 90 years old

Prisoners

Burn or blast injury

Isolated head or neck injury

Penetrating thoracic trauma

Deceased on arrival

Normotension (Systolic blood pressure (SBP) > 90)
Transient hypotension responsive to fluids
Alternative diagnosis other than trauma

Missing imaging (CXR, PXR, FAST)

CXR: chest X-ray; PXR: pelvis X-ray; FAST: Focused Assessment with Sonography
for Trauma
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Table 2 Patient characteristics.

Patient Characteristics REBOA REBOA-
(n=9) Eligible
(n=8)
Age, years: median (IQR) 41 (27-48) 46 (25-54)
Male: n (%) 9 (100) 7(88)
Mechanism of injury: n (%)
Blunt 5(55.6) 7 (88)
Penetrating 4(44.4) 1(12)
CPR:n (%)

Initiated prior to arrival

Ongoing at arrival 1avn 0
Initiated in ED 0(0) 0(0)
2(22.2) 1(12)
Injury Severity Score: median (IQR) 50 (25-57) 39.5(28-59.3)

IQR: Interquartile range; CPR: cardiopulmonary resuscitation; ED: emergency
department

All 12 trauma faculty were trained via an institutional
REBOA course. ED and OR nursing staff underwent
in-service training. The REBOA kit was located in the
ED trauma rooms as well as in the OR supply area.

REBOA Placements

A total of nine patients underwent REBOA placement in
the first year at our institution. Baseline characteristics
are shown in Table 2 compared with REBOA-eligible
patients. Detailed information on each REBOA case is
shown in Table 3. The majority (66.7%) underwent
Zone 1 deployment, with two undergoing Zone 2 place-
ment and one having Zone 3 placement. Most REBOA
catheters were placed in the OR (66.7%), either at the
start of the case in a hypotensive patient or intraopera-
tively due to ongoing bleeding to obtain temporary hemo-
stasis. Four patients (44.4%) sustained REBOA-related
complications (Table 4). Six patients (66.7%) who had
REBOA placed survived to hospital discharge (Table 5);
the remaining three died in the ICU (Table 6). One addi-
tional patient sustained multiple gunshot wounds to the
chest and arrived under cardiopulmonary resuscitation
(CPR). The patient underwent thoracotomy and attempted
REBOA placement; however, femoral access could not be
obtained despite the use of ultrasound bilaterally. The
patient died in the ED. Consideration should be given to
performing femoral artery cutdown in patients in whom
percutaneous access is difficult.

When analyzed per our REBOA algorithm (Figure 1),
only one placement, a Zone 3 placement for pelvic frac-
tures with hemodynamic instability, was placed in
accordance with the algorithm. The remaining eight
REBOAs were placed outside of our algorithm. Of
these, four were determined to be appropriate REBOA
placements: two of the patients met criteria for Zone 1

placement in the ED but did not undergo REBOA place-
ment until they were transported to the OR, and an
additional two patients had REBOA placed intraopera-
tively for bleeding, and had not been hypotensive in the
ED. Two patients had REBOA placed despite widened
mediastinum on CXR, a sign of possible aortic or great
vessel injury, which is a contraindication in our algo-
rithm. Two patients had REBOA placed while undergo-
ing CPR without prior imaging and thus could not be
evaluated against our algorithm.

REBOA Complications

In total, four of the nine REBOA patients experienced
REBOA-related complications (Table 4). In one patient,
the REBOA catheter was inserted via the left common
femoral artery and the balloon was inflated below the
aortic bifurcation. The patient had a rupture of the com-
mon iliac artery on the ipsilateral side. This patient had
severe pelvic fractures, and additionally had an injury to
the contralateral internal iliac artery. On multidisci-
plinary review, it was not clear if the left common iliac
artery injury was due to the patient’s extensive pelvic
fractures or due to the inflation of the REBOA balloon,
but iatrogenic injury must be considered a possible com-
plication in this patient. This patient succumbed to mul-
tisystem organ failure 19 days after admission.

In two patients, femoral artery thrombosis occurred.
One patient had a 14 French sheath in the common fem-
oral artery for over 60 minutes without anticoagulation
due to uncontrollable hemorrhage. Vascular surgery
was consulted intraoperatively to perform an aortic
angiogram to evaluate for a potential aortic source of
the hemorrhage and chose to perform a thrombectomy
at the time of closure of the access site at the conclusion
of the case. In the second patient, access was obtained
via the right femoral artery. Aortic occlusion occurred
for 19 min, and the sheath was removed at the end of
the case. The distal femoral artery had some vasospasm
but maintained biphasic flow. A completion angiogram
was unable to be performed due to patient instability.
However, that evening, he had diminished pulses to the
right lower extremity and imaging demonstrated super-
ficial femoral artery occlusion and he underwent throm-
bectomy with no further vascular complications.

The fourth patient was transferred to our institution
with known celiac axis aortic injury due to a gunshot
wound. Given his presentation, he proceeded immedi-
ately to the angiography-equipped OR and underwent
trauma surgery and vascular surgery. There were absent
bilateral femoral pulses noted at the start of the case. As
the trauma surgery team performed a laparotomy, the
vascular surgery team obtained percutaneous access of
the right common femoral artery and placed a 7 French
sheath through which the REBOA catheter was intro-
duced. As the surgical teams worked to expose and mobi-
lize the aortic injury, the patient became hypotensive and

Journal of Endovascular Resuscitation and Trauma Management Vol.4, No.1, 2020




24

Theodorou CM et al.

Table 3 Detailed information on REBOA patients.

Patient Mechanism Initial Vitals ~ Imaging REBOA Data Injuries Notes Died
1* Ped. vs. HR: 75 CXR: Neg Placed: ED Pelvic fractures, Yes
auto BP:83/69  FAST:Neg Zone: 3 RUA injury,
PXR: Pos Access: percutaneous L CIAnjury
Sheath: unknown
AQ time: unknown
2% Crushinjury  CPR CXR: N/A Placed: ED Sternal disruption Yes
to chest FAST: Neg Zone: 1
PXR: N/A Access: percutaneous
Sheath: 14 Fr
AO time: 60 min
3 Ped. vs. HR: 78 CXR: Pos Placed: ED Grade 3 hepatic CXR with widened Yes
auto BP: 75/59 FAST: Pos Zone: 1 laceration, grade 3 mediastinum
PXR: Pos ACcess: DercUtaneous splenic laceration, but chest CT
’ P grade 4 renal without vascular
Sheath: 7 Fr laceration, pelvic injury
AO time: not inflated  fractures
4 MCC HR: 131 CXR: Neg Placed: OR Grade 5 splenic Met REBOA No
BP: 112/57 FAST: Pos Zone: 2 laceration, grade 5 indications in ED
PXR: N/A Access: percutaneous renal laceration Placed intra-
Sheath: 7 Fr operatively for
’ expanding
AO time: not inflated Zone 2 RPH
5 Torso stab HR: 103 CXR: Neg Placed: OR Grade 3 kidney Placed intra- No
wound BP: 111/62 FAST: N/A Zone: 2 laceration, Grade 1 operatively for
PXR: N/A Access: DercUtaneous splenic laceration bleeding from
' P renal hilum
Sheath: 8 Fr
AO time: 12 min
chest 2107 :Neg aced: astric injury, Grade 5 Placed intra- ¢
6 GSW ch HR: 10 CXR:N Placed: OR Gastric inj Grad Placed i N
BP: 138/84 FAST: Pos Zone: 1 kidney laceration, operatively for
PXR: N/A Access: percutaneous splenic laceration bleeding
Sheath: unknown
AO time: unknown
7 chest 14 :Ne aced: astric injury, aced intra- ¢
* GSW ch HR: 140 CXR: Neg Placed: OR Gastric injury, Placed i N
BP: 123/72 FAST: Pos Zone: 1 splenic laceration, operatively for
PXR: Neg Access: cut down diaphragm injury, bleeding
’ ' lung laceration
Sheath: unknown
AO time: 19 min
8 Ped.vsauto CPR CXR: N/A Placed: OR Cardiac injury, ED thoracotomy Yes
FAST: N/A Zone: 1 stellate liver
PXR: N/A Access: cut down laceration
Sheath: 12 Fr
AO time: unknown
9* GSW chest ~ HR: 130 CXR: Pos Placed: OR Supraceliac aortic CXR: widened No
BP:109/97  FAST:N/A Zone: 1 transection mediastinum
PXR: Neg Access: percutaneous REBOA placed

Sheath: 7 Fr
AO time: 60 min

intra-operatively
proximal to known
aortic injury

Ped. vs auto: pedestrian vs. automobile; MCC: motorcycle crash; GSW: gunshot wound; HR: heart rate; BP: blood pressure; CXR: chest X-ray; FAST: Focused Assessment
with Sonography in Trauma;, PXR: pelvic X-ray, ED: emergency department; OR: operating room; AQ: aortic occlusion; CT: computed tomography; RPH: retroperitoneal
hematoma; R IlA: right internal iliac artery; L CIA: left common iliac artery; Fr: French.

*Sustained complication, see Table 4 for detailed information.
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Table 4 REBOA-related complications.

Patient Complications Management

1 Left common iliac artery ~ Stent placement

rupture
2 Right common femoral Thrombectomy
artery thrombus
7 Right superficial femoral ~ Thrombectomy
artery thrombus
9 Right external iliac artery,  Right iliofemoral, popliteal,

popliteal, tibial thrombosis tibial thrombectomy; right
above knee amputation

Left popliteal, tibial Left popliteal, tibial throm-

thrombosis bectomy
Table 5 Comparison of survivors.
REBOA Survivors REBOA-eligible
n=60of9 Survivors
n=60f8
Survivors: % (n) 66.7 (6) 75 (6)
Age: median (IQR) 353(24.7-45.2) 33 (23-49)
Blunt: % (n) 33(2) 83(5)
ISS: median (IQR) 30.5 (25-46.5) 39.3 (30.3-54)

IQR: Interquartile range; ISS: Injury Severity Score

Table 6 Comparison of non-survivors.

REBOA Deaths REBOA-eligible
n=3o0f9 Deaths
n=2of8
All deaths: % (n) 333(3) 252
Died in ED: % (n) 0(0) 0(0)
Died in OR: % (n) 333 (1) 0(0)
Died in ICU: % (n) 66.7 (2) 100 (2)
Age: median (IQR) 53 (47.5-56) 64 (59.5-68.5)

Blunt trauma: % (n) 100 (3) 100 (2)
ISS: median (IQR) 75 (62.5-75) 42.5(26.3-58.8)

ED: emergency department; OR: operating room; ICU: intensive care unit; IQR:
interquartile range; ISS: Injury Severity Score

the REBOA balloon was inflated in Zone 1, proximal to
the known aortic injury. At this point repair of the com-
plex aortic injury proceeded and the REBOA was
exchanged for an aortic cross-clamp. The combined
aortic occlusion time for both was 60 min. Lower
extremity pulses were not detectable at the conclusion
of the case, and duplex ultrasound revealed no flow
beyond the popliteal artery. Angiography was not done
at this time due to concern for contrast load from
pre-operative imaging, prolonged warm ischemia time
to the kidneys, and overall coagulopathy. The sheath was
left in place. On evaluation on post-operative day 1,
bilateral feet were cool, pulseless, and mottled and duplex
ultrasound showed right iliac, superficial femoral,

popliteal, and tibial artery thrombosis, as well as left
popliteal and tibial thrombosis. He underwent bilateral
angiogram, thrombectomy, and right leg fasciotomies.
However, due to ongoing ischemia, a right above knee
amputation was performed on post-operative day 12.

REBOA-Eligible Patients

A total of eight patients were found to have met indica-
tions for REBOA placement but did not undergo the
procedure (Figure 2). All of these patients underwent
exploratory laparotomy following initial resuscitation
in the ED. Two of these patients (25%) died. The demo-
graphic breakdown of these patients is shown in Table 2.
In total, six of these patients met indications for Zone 1
REBOA placement and the remaining two met criteria
for Zone 3 placement. Of the patients who met the cri-
teria for Zone 1 placement, injuries included retroperi-
toneal hematoma, multiple high-grade solid organ
injuries, and external iliac artery and vein injury. The
two patients who died did not have injuries for which
REBOA would provide hemorrhage control. In one
patient, a para-duodenal retroperitoneal hematoma was
noted intra-operatively but did not appear to be the
cause of his hemodynamic instability. The second patient
had an avulsion of the left ventricle which was the likely
cause of death. Half of the hypotensive patients identi-
fied did not have other contraindications to REBOA but
were missing one or more of the imaging modalities in
our REBOA algorithm (7 = 12). These included patients
under CPR on arrival who underwent thoracotomy, and
some with traumatic brain injury as the identified cause
of their hypotension. The most common missing imag-
ing was the FAST (n = 7).

DISCUSSION

Our institutional review revealed nine REBOA place-
ments over the first year of use in our program, of which
only one was placed as indicated based on our algo-
rithm, and two additional placements indicated per the
algorithm but with delayed placement in the OR. Thus,
only 33.33% of REBOA placements were performed
according to our institutional algorithm. In addition,
multiple patients were identified who did not undergo
REBOA placement despite meeting criteria for place-
ment. A relatively high complication rate was noted,
with four of the nine REBOA patients sustaining related
complications.

The low compliance with our institutional algorithm
has several potential explanations. First, individual
trauma surgeons have varied practices with regards to
the management of the hypotensive trauma patient, and
surgeons with prior REBOA experience may be more
likely to choose this intervention. Two patients had
REBOA placed despite not meeting algorithm indica-
tions as they were never hypotensive; however, these
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Exclusions
Exclusions
Exclusions

Figure 2 Breakdown of determination of REBOA-eligible patients.

were placed due to intraoperative hemorrhage and pre-
vious research has found that intraoperative REBOA
placements are more likely to occur in patients with sta-
ble initial hemodynamics [17]. Two patients had
REBOA placed despite widened mediastinum on CXR.
In one patient, there was a known aortic injury and the
REBOA was intentionally placed and inflated proximal
to the injury. In the second patient, despite abnormal
CXR, subsequent computed tomography of the chest
did not reveal any signs of thoracic great vessel injury.
Widened mediastinum has been found to have a poor
predictive value for aortic injury [18] and our institu-
tional algorithm is being redesigned to reflect this.
Lastly, two patients had REBOA placed while under
CPR, and could not be evaluated by our algorithm.
These patients represent a unique subset of patients,
and the optimal approach to hemorrhage control is not
yet known; however, several studies have supported the
use of REBOA in traumatic arrest [19,20]. When con-
sidering the REBOA-eligible patients who did not
undergo REBOA placement in our cohort, 100% of
these patients were taken straight to the OR from the
ED for exploratory laparotomy. Thus, it is likely that
the trauma surgeon in these cases thought the most
expeditious method of hemorrhage control was via
urgent surgical exploration. Ultimately, an algorithm
can be used to guide decision making, but cannot
replace clinical judgment.

Our complication rate was significantly higher
than that reported in other studies, with one system-
atic review of 414 patients reporting a 5% rate of

access-related complications [21]. As we are reporting
a very small case series of nine patients at the start of
implementation of a REBOA program, it is not sur-
prising that our complication rate is higher than that
reported in large series in the literature. As a result of
the complications noted in this series, we have formal-
ized our REBOA protocol to include mandatory vas-
cular surgery consultation for the detection and
management of potential REBOA-related injuries and
the consideration of an on-table angiogram prior to
sheath removal. We have additionally instituted man-
datory tracking of REBOA cases and complications,
with discussion at multidisciplinary QI sessions. These
sessions have identified difficulties we have encoun-
tered in the implementation of a REBOA program
including determining kit contents, kit location, and
restocking to ensure multiple kits are routinely avail-
able. The kit has been standardized to include a
7 French introducer sheath, which is associated with
lower rates of access-site complications [22]. In review-
ing the complications, we have noted areas for educa-
tion for staff involved, including reviewing our
institutional algorithm, the steps of REBOA place-
ment, and post-placement management. Training ses-
sions are held as needed for nursing staff, OR staff, ED
staff, and resident physicians.

REBOA is an emerging intervention for the patient in
hemorrhagic shock and indications are evolving. Trauma
and vascular surgeons [1-10], emergency physicians
[23,24] and pre-hospital providers [25,26] are using
REBOA with increasing frequency. It is being deployed
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in both trauma patients as well as those with intra-
abdominal hemorrhage of non-traumatic etiology
[27-32]. Although the technical process of placing a
REBOA catheter in a patient is straightforward, multi-
ple factors must be in place to ensure a given institution
is well-equipped to best utilize the technology. Several
key focus areas that must be addressed to ensure suc-
cessful REBOA implementation were identified as a
result of a rigorous QI process.

Training of all members of the surgical and ED teams
is paramount to instituting a successful REBOA pro-
gram. There are a number of formal courses available
for training, but our data suggest that simply participat-
ing in a REBOA training course is not sufficient, as we
found a number of missed opportunities for REBOA in
our study. There must be ongoing training opportuni-
ties, refresher courses, and in-depth quality improve-
ment processes to ensure continual improvement. In
addition, complications occur as a result of REBOA use,
and coordination with vascular surgery is necessary for
aid in diagnosis and treatment of these. Our recommen-
dations for successful REBOA program implementation
are as follows (Table 7):

Surgical Staff

Technical training courses for trauma staff are the first
step. Multiple options are available, including the BEST
course, ASSET, and EVTM workshops. Residents and
fellows should be included in these sessions. Multiple
modes of access should be emphasized, including percu-
taneous by landmarks, ultrasound, and via cut-down.
Success depends on procedural competency and on
operator facility with the items in the REBOA kit and
their limitations. REBOA placement difficulties should
be reviewed on a frequent basis at departmental QI
meetings.

Table 7 Recommendations for REBOA program implementation.

Surgeons and
emergency
physicians

Training of physicians in the placement of
the device

Familiarity with equipment, technique,
algorithm, and indications

Percutaneous access vs. femoral cut down
training
Nursing staff Training to assist in procedure
Kit retrieval
Content identification

Location of replacement items

Systems Kit contents, location, availability, and
restocking
Follow-up Early vascular surgery involvement

Post-operative imaging
Multidisciplinary complication management

Emergency Department Staff

ED physicians, depending on the hospital, are present
and assist in a variety of ways in the initial care of trau-
matically injured patients. ED physicians should be
invited to in-house training sessions organized by the
surgery department and QI sessions related to REBOA
outcomes. Members of the ED staff must be familiar
with the process for REBOA placement and are key
partners in the successful rescue of these patients.

Nursing Staff

Individual training sessions should be held with ED and
OR nursing and ancillary staff. The devices and the
steps for placement should be reviewed. The OR nurs-
ing leadership for trauma may aid in educating staff on
the equipment location and backup supplies if an item
breaks or is missing.

Systems

REBOA kits have gone through various iterations since
the device was created. We worked with the hospital
purchasing and supplies department to arrange for kit
procurement. Necessary equipment that was not part of
the kits were identified to create more robust REBOA
kits. Processes must be in place to re-stock kits. They
must be easily accessible in both the OR and the ED,
and potentially the intensive care unit.

Follow-up

The care of REBOA patients does not stop with balloon
deflation. The trauma teams caring for the patients must
be aware of post-REBOA complications such as throm-
bosis, arteriovenous fistula formation, limb ischemia,
vascular injury, and spinal cord injury from ischemic
time. The authors’ practice pattern is to involve vascular
surgery early in the care of these patients, for both man-
agement of complications and post-procedural angio-
grams before sheath removal. Protocols should be
created to ensure patients receive appropriate imaging
post-REBOA. All REBOA cases should be reviewed as
part of departmental and hospital QI sessions. In partic-
ular in the beginning of implementing a REBOA pro-
gram, trauma cases should be reviewed to identify
patients who may have benefitted from the use of
REBOA and algorithms should be modified as necessary
to ensure the best care is provided to future patients.

Limitations

Our study is a single-center retrospective study of a level
one trauma center and our findings may not apply to
other health care systems. However, given the rising
number of both trauma centers and non-trauma centers

Journal of Endovascular Resuscitation and Trauma Management Vol.4, No.1, 2020




28

Theodorou CM et al.

using REBOA for various indications, we hope our expe-
rience and hard-learned lessons will pave a smoother
road for new adopters.

CONCLUSION

Successful REBOA use requires more than simply teach-
ing surgeons the indications and techniques. To success-
fully adopt a REBOA program, there are many system-
wide factors that must be addressed. System processes
must be in place to ensure the equipment and proce-
dures are standardized and familiar to all involved.
Complications should be expected [33].
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