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ABSTRACT

In a current scenario where trauma injury and its consequences account for 9% of the worlds causes of death, the management of non-
compressible torso hemorrhage can be problematic. With the improvement of medicine, the approach of these patients must be accurate
and immediate so that the consequences may be minimal. Therefore, aiming the ideal method, studies have led to the development of
Resuscitative Endovascular Balloon Occlusion of the Aorta (REBOA). This procedure has been used at select trauma centers as a resuscitative
adjunct for trauma patients with non-compressible torso hemorrhage. Although the use of this technique is increasing, its effectiveness is
still not clear. This article aims, through a detailed review, to inform an updated view about this procedure, its technique, variations, benefits,

limitations and future.
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INTRODUCTION

very year more than five million people die around the

world from traumatic injury and its consequences’.
This accounts for 9% of worldwide mortality; greater
than the combined deaths caused by HIV/AIDS, malaria
and tuberculosis'. In 2015, 214,000 Americans died
from traumatic causes?. Whilst hemorrhage is the second
highest cause of trauma death (30-40% of trauma
deaths), it is also the most preventable cause®“. Fatalities
caused by traumatic hemorrhage most commonly

occurred in the acute stages of injury; 36% of patients
found or declared deceased at the scene of injury had
exsanguinated and the majority of exsanguinations once
admitted to hospital occurred in the first 48 hours of
admission®. Traumatic hemorrhage can be subdivided
into compressible and non-compressible, with the former
type being easier to control and carrying less risk of
mortality>®. Non-compressible hemorrhage of the torso
(NCTH) is defined using the criteria in table 1 and is
considerably harder to control, with an overall mortality
of up to 44.6%?°.

Table 1. Non-compressible torso hemorrhage, which consists of one of the anatomic criteria PLUS the physiological criterium. Adapted from Kisat

et al®.

Anatomic criteria

Physiological criterium

1. Pulmonary injury (massive haemothorax, pulmonary vascular injury)

2. Solid organ injury = grade 4 (liver, kidney, spleen)

3. Named axial torso vessel

4. Pelvic fracture with ring disruption

Systolic
<90mmHg

blood pressure
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The current management of NCTH is highly
invasive; laparotomy is used to cause hemostasis in intra-
abdominal hemorrhage, while patients who present or
progress to refractory haemorrhagic shock are subjected
to open thoracotomy with cross-clamping of the aorta
to resuscitate the cardiovascular system’. Resuscitative
Endovascular Balloon Occlusion of the Aorta (REBOA)
is an improving technique involving expansion of an
endovascular balloon to provide haemorrhagic control. It
is less invasive than emergency department thoracotomy
(EDT), but only one prospective study has been completed
that compared the clinical use of open thoracotomy
and REBOAS. The results from this study are optimistic.
After the procedure, REBOA patients regained a higher
mean systolic blood pressure compared to patients
undergoing open thoracotomy (90.0£52.9mmHg vs.
64.6£61.1mmHg, p=0.029). Importantly, there was no
significant difference in overall mortality between the two
techniques (REBOA, 71.7% vs. open, 83.8%; p=0.120)%.

According to Qasim et al’, the REBOA
technique had its origins during the Korean War, and its
progress to civilian use is linked to its use in the military.
A retrospective study of the UK Joint Theatre Trauma
Registry found that roughly 20% of combat casualties
might have been treated with REBOA®. Recently, one of
the first prospective cohort studies comparing REBOA
with open methods of endovascular occlusion (i.e. EDT)
has been completed with promising results on patient
mortality, as explained above®.

As REBOA becomes increasingly used in major
trauma centers in the United States and worldwide,
extensive research and training will need to be conducted
in this area to ensure that the method is reliable and well
suited to its indications'®. This review provides an update
on the current literature and context surrounding REBOA.
We also review the technique itself, its indications and
uses, benefits and limitations, identifying areas for future
research.

TECHNIQUE

REBOA involves rapidly placing a flexible
catheter into the femoral artery, manoeuvring it into the
aorta and inflating a balloon at its tip. This prevents blood

flow distal to the balloon and significantly decreases any
non-compressible intrathoracic/intra-abdominal bleeding.
Due to the risk of ischemia-reperfusion injury, which will
be discussed later in the review, it is a temporary maneuver
in the emergency department to prepare the patient for a
surgical procedure'"'2,

As an alternative to conventional resuscitative
thoracotomy, REBOA has been shown to preserve
myocardial and cerebral tissue perfusion in a less invasive
fashion™. Its aims are to maintain cerebral and coronary
circulation and temporarily control arterial hemorrhage
from the injured organ via occlusion using balloon inflation
of the aortic lumen'.

The use of REBOA begins with patient selection.
It is indicated for use in any patient presenting with
hypotension (SBP<90mmHg) after trauma who proves
to be a partial responder or non-responder to fluids and/
or blood components, as per the Advanced Trauma Life
Support guidelines. Widened mediastinum, evidence of
hemorrhage above the potential balloon landing site or a
penetrating thoracic injury are contraindications to its use.
Currently in USA, traumatic brain injuries are no longer a
contraindication to the method'.

Any physician adept at the Seldinger’s
technique’ can perform a REBOA catheter insertion at
the patient’s bedside. Common femoral artery access is
obtained via the insertion of a femoral arterial introducer,
varying in size from 7Fr to 14Fr, depending on the
particular device used'®. The site at which femoral access
is obtained is shown in figure 1.

unda
Femoral
artery

Supergicial
Fg:n{‘)ral
artery

Figure 1. Femoral access to insertion of REBOA.
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Recent advances, particularly the development
of balloon catheters deliverable via smaller 7Fr sheaths
have led to new enthusiasm for this technique for
trauma patients. However, although it has now become
commercially available, the evidence of efficacy is
limited'”.

Common femoral artery cannulation can be
accomplished via surgical cut-down, a blind percutaneous
approach, or most recently, with the use of bedside
ultrasound. Ultrasound guidance access should be
considered the standard of care whenever feasible, since
its use affords placement precision, effectively identifies
aberrant femoral anatomy and mitigates the risk of arterial
injury. It is also an alternative for achieving femoral access
in patients with severe hypotension or with no palpable
pulse to guide needle insertion'. Access has been found
to be the rate-limiting step of REBOA and therefore is a
critical skillset to perform the procedure.

The choice of REBOA device to be used dictates
subsequent upsizing of the 5Fr sheath. A micropuncture
with this size of sheath is done in order to reduce the
risk of hematoma or vessel injury if initial placement is
imprecise’. The use of a smaller introducer catheter
results in a more gradual enlargement of the arteriotomy
with sheath upsizing, particularly important in vessels with
atherosclerotic disease.

There are several types of balloon for use in
the REBOA, but the balloon more commonly selected is
the ER REBOA, which is 7Fr compatible. It possesses an
atraumatic flexible tip, has an arterial monitoring port
proximal to the balloon that can be used to accurately
measure pre-occlusion blood pressure as well as arterial
response to REBOA, and external markings on the catheter
that facilitate placement and were specifically designed
for trauma applications'?°. Other alternative balloons
include the Coda®, the Reliant® and the Berenstein®2,

After insertion of the femoral artery sheath, a
REBOA catheter is placed into the aorta and aortic occlusion
is performed. The placement of the balloon catheter in the
aorta should be decided prior to insertion, and the levels
of the aorta, chosen according to figure 22'. These levels
are usually set according to the three zone classifications:
Zone | (thoracic aorta, from the left subclavian artery to the
celiac artery), Zone Il (between celiac and renal arteries),
and Zone lll (infra-renal placement)??, and depend on the
site(s) of hemorrhage.

Left common
carotid artery

Left subclavian
artery

Aortic arch

Zone 1

Coeliac axis

Superior
mesenteric
artery

Zone 2

Left renal
artery

Right renal
artery

Zone 3

Inferior
mesenteric
artery

External ihac artery

Y Middle sacral
artery

Inguinal \:gamenT\
~ Internal liac
arrery

Fermoral artery

Figure 2. lllustration of the zone classification for REBOA location.

The aortic zone for occlusion is selected based
on the primary assessment: Zone | is usually the choice for
the placement in patients with suspected intra-abdominal
hemorrhage, while Zone Il is chosen in patients with
hemorrhage from a confirmed pelvic fracture?>. REBOA
catheter positioning is confirmed by portable chest or
abdominal radiography in the Emergency Room?3,

To inflate the balloon, a solution of sterile
saline and iodinated contrast can be used. The balloon
should be inflated until the blood pressure is augmented
and contralateral femoral pulse is stopped; currently,
the volumes used are approximately 8 mL for Zone | and
3mL for Zone III?°. The physician should be careful not
to over-inflate the balloon, as over-inflation will rupture
inflation

the balloon or the blood vessel?®. Balloon
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should be guided by fluoroscopy, if available at the ER
area, by the hemodynamic response and/or by the loss
of the contralateral pulse. It is possible to verify the
balloon position using x-ray or fluoroscopy (the x-ray
is the preferred method, due to the availability in the
resuscitation areas)?.

After balloon inflation, the patient should be
taken to the operating room or angiography suite, where
the necessary procedure will be done. Once specific
vascular control or definitive hemorrhage control has
been obtained, balloon deflation and sheath removal
should be performed'.

At this stage, health care professionals should
be prepared for instances of new bleeding. Metabolic
consequences may also appear due to significant
reperfusion effect and the surgical team must ensure all
necessary support for a possible reintervention. Some
vascular repair may be necessary after sheath removal??.

When REBOA is no longer required, the
deflated balloon may be removed from the sheath. The
sheath’s removal depends on its size and how it was
introduced. If the introducer sheath was placed by open
arterial cutdown, then open surgical repair of the arterial
access site is necessary. The femoral artery proximal and
distal to the sheath entry site should be exposed to allow
control. Proximally, this may require dissection of 2cm to
3cm underneath the inguinal ligament when the sheath
removal is performed via standard cutdown'®2°, However,
if the sheath used has a smaller caliber (i.e. 7Fr) and was
placed percutaneously, the sheath may be removed and
direct pressure held at the arterial site, above the skin
puncture site. Full occlusive direct pressure is applied for
ten minutes, with gradual decrease in pressure every five
minutes for a total of 30 minutes?°.

Lastly, restoration of flow through the arterial
segment should be confirmed using manual palpation for
pulses distally and continuous wave doppler of both the
artery and more distal extremity. If there is any uncertainty
of flow, it is recommended to perform an angiogram, and
immediate intervention if any abnormalities are noted?.

VARIATIONS OF REBOA USE

Developed from the convergence of trauma
and endovascular surgery, REBOA has increasingly been

used at select trauma centers as a resuscitative adjunct
for trauma patients with life-threatening NCTH?>. The
intervention can be performed with a full occlusion of
the aorta, which is known as complete REBOA (cREBOA),
with a partial occlusion (pREBOA) or with an intermittent
occlusion (iREBOA)™-26,

Although the use of REBOA in clinical practice is
increasing, animal data suggests that prolonged occlusion
of the aorta is associated with ischemia-reperfusion injury
and potentially an increased risk of death?”. The profound
distal ischemia means that there is a maximal duration
of use for REBOA that cannot be extended!. Periods of
occlusion exceeding 40 minutes can result in irreversible
organ injury and death. Additionally, supraphysiologic
increases in blood pressure proximal to the occlusion
balloon during cREBOA can contribute to cardiac failure
and exacerbation of traumatic brain injury?®.

These limitations have led to the development
of pREBOA, whereby the balloon is deflated slightly,
allowing a degree of flow beyond the balloon?’; and
iREBOA, in which the balloon is fully deflated for brief
periods of reperfusion'. The refinement of the technique
attempts to minimize distal ischemia and extend the
duration of REBOA?’.

Several clinical reports suggest that partial
aortic flow restoration via partial aortic occlusion may
serve to mitigate the adverse effects of aortic occlusion
on both proximal and distal vascular beds, whilst aiming
to limit ongoing hemorrhage in the bleeding patient.
Generally, these researchers and clinicians have described
this therapeutic strategy as pREBOA. However, the
application known as pREBOA has been heterogeneous
and the methodology to perform it remains ill-defined?.

An alternative approach to mitigate the
consequences of sustained aortic occlusion is the concept
of IREBOA. Intermittent REBOA represents the cyclical
full inflation and full deflation of a balloon catheter in
the management of physiologically deranged patients.
This represents a binary approach to resuscitation, where
aortic occlusion is repeatedly toggled from “on” to “off”
to minimize the ischemic burden to downstream tissues.
As with pREBOA, the application of iREBOA remains ill-
defined, with similar challenges regarding quantification,
data capturing and reporting?.

Although these techniques are still under
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analysis, some studies demonstrate that pREBOA
maintained normal physiology better than cREBOA,
minimized the systemic impact of distal organ ischemia,
and reduced hemodynamic instability, allowing longer
periods of intervention?®. Studies have also shown
that iIREBOA increased the tolerable duration of the
aorta occlusion beyond 80 minutes without ischemic
complications'.

Currently, whilst the consensus on which
technique is superior remains unclear, in a study conducted
in 2017 examining the preferences of surgeons before
and after the 2017 Endovascular and Hybrid Trauma and
Bleeding Management Symposium, the vast majority
of participants favored partial REBOA over intermittent
REBOA (81,6% preferred partial REBOA)*.

Innovation in the development and employment
of endovascular resuscitative adjuncts continues at an
impressive pace. The evolution of devices and concepts
involved in these efforts will inevitably lead to a growing
lexicon of endovascular intervention for resuscitation?.

BENEFITS

REBOA is recognized as a minimally invasive
and lower risk procedure in comparison to EDT,
particularly in minimizing potential exposure to blood-
borne pathogens®. When compared to open procedures
for aortic occlusion, such as EDT, REBOA was found to
more consistently achieve hemodynamic stability (47,8%
vs. 27,9%, p=0.014), defined as SBP>90mmHg for more
than five minutes®. Furthermore, there was no significant
difference found in mortality rates between both
procedures®. Whilst originally adopted as a technique
of aortic occlusion for controlling NCTH, after being
shown as effective in pelvic hemorrhage, studies have
demonstrated the usefulness of intra-aortic balloon
occlusion in cases such as an emergency Caesarean
hysterectomy in a pregnant Jehovah's Witness patient®',
major upper gastrointestinal bleeding in patients with
Crohn’s disease®, restoring maternal blood in postpartum
hemorrhage, and ruptured abdominal aortic aneurysm?3.

Additionally, complications related to use
of REBOA are uncommon. In a retrospective review
conducted over five years of all patients in the US that

underwent REBOA for NCTH (n=48), none of the patients
experienced complications that
required amputations'®. Time required for aortic occlusion
was also significantly shorter than EDT (p=0.003), with a
retrospective review performed by Romagnoli et al. finding
a median time of 245 seconds required for occlusion
after arterial access was obtained®. In an animal study
conducted on porcine models of hemorrhagic shock,
REBOA resulted in lower serum lactate levels, less acidosis,
lower pCO, levels and required smaller volumes of fluid
and norepinephrine when compared to thoracotomy and
occlusion by clamp®.

significant  vascular

LIMITATIONS

Whilst REBOA lowers risks of contamination
for the patient, the minimally invasive nature of the
procedure reduces exposure to the torso, a disadvantage
when emergency procedures such as relieving pericardial
tamponade, tension pneumothorax or performing an
open chest cardiac massage are required®*® Reported
complications related to the use of REBOA has been
minimal. However, there have been cases of lower
limb ischemia and external iliac artery injury reported®.
Lower limb ischemia for prolonged periods can result in
irreversible damage due to limited reperfusion.

Furthermore, prolonged periods of hypertension
caused by REBOA canlead to cardiovascular complications,
due to the increased afterload on the left ventricle of
the heart®. In a 7-year retrospective study conducted
in Tokyo, Japan, of all patients (n=24), there were three
reports of complications, two cases of lower limb ischemia
and one case of external iliac artery injury, all of which
required lower limb amputation®. Complications may
also arise during the balloon deflation, such as release
of inflammatory mediators, complement, ROS, embolism,
metabolic acidosis and hemorrhage to the affected area
that had previously attained hemostasis®>. However,
variables such as approach to treatment of the patient,
technique used and management strategies which vary
across different health institutions globally, can largely
affect the complications that REBOA has on its patients®.
This must be addressed in future, in order to minimise
such complications.
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FUTURE

REBOA has vast potential in the future as an
adjunct to other trauma and resuscitative techniques
and perhaps even in replacing EDT in some emergency
scenarios. However, further studies must be conducted in
order to establish the benefits of this procedure, as well
as its optimal indications’. Large multicenter prospective
studies on trauma patients should be performed,
evaluating the efficacy and complications of REBOA®.
Transdisciplinary training, such as through the established
Endovascular Skills for Trauma and Resuscitative Surgery
(ESTAR) and Basic Endovascular Skills for Trauma (BEST)
courses*, must be expanded in future and made more
accessible to providers, to ensure knowledge of REBOA is
adequate to allow subsequent practice of the technology.

Currently, new developments to the technology
of REBOA are emerging. The use of smaller 7Fr introducer
arterial sheaths for REBOA have been hypothesized to be
a safer alternative to the currently used larger sheaths*'.
New techniques such as the use of the mid-sternum
landmark instead off fluoroscopic image guidance for
deployment of the balloon, have been investigated as a
safe alternative to facilitate situations where fluoroscopic
imaging is not available*?. Furthermore, a new smaller
profile, fluoroscopy-free ER-REBOA catheter, has been
developed by Pryor Medical®®.

Recently, there has been emerging data of

RESUMDPO

the use of resuscitative balloon technology in occlusion
of the inferior vena cava, known as REBOVC. In a novel
animal study conducted by Reynolds et al.*3, REBOVC
prolonged time to death and significantly reduced blood
loss in swine liver models, when compared to no control
of the suprahepatic inferior vena cava. This has immense
potential for use in emergency situations such as
retrohepatic inferior vena cava injuries, where it is difficult
to appropriately expose and isolate the vasculature®.

Finally, to complications  and
lower mortality rates of the use of REBOA, a uniform
management strategy or clinical guideline must be
established and used to allow for optimal utilisation of
this technology?®.

minimize

CONCLUSION

REBOA is an emergent and innovative technique
that is increasingly being recognized and performed by
health care providers in trauma centers internationally.
Its minimally invasive technique has continually been
developed and modified over the past few years, utilizing
new technology to decrease complications and maximize
benefits. However, for continual expansion and use of
REBOA in future, further research and training must be
conducted to ensure adequate knowledge and warranted
safety of the procedure as a resuscitative technique.

Em um cendrio atual onde a lesdo traumatica e suas consequéncias representam 9% das causas de morte no mundo, o manejo da

hemorragia ndo compressivel do tronco pode ser problematico. Com a melhoria da medicina, a abordagem desses pacientes deve ser

precisa e imediata, para que as consequéncias possam ser minimas. Portanto, visando o método ideal de manejo, estudos levaram ao

desenvolvimento da técnica de ocluséo ressuscitativa por baldo endovascular da aorta (Resuscitative Endovascular Balloon Occlusion of

the Aorta — REBOA). Este procedimento foi utilizado em centros de trauma selecionados como um complemento durante a reanimacao

para pacientes vitimas de trauma com hemorragia ndo compressivel do tronco. Embora o uso dessa técnica esteja aumentando, sua

eficacia ainda néo é clara. Este artigo objetiva, por meio de uma revisdo detalhada, trazer uma viséo atualizada sobre este procedimento,

sua técnica, variacoes, beneficios, limitacdes e futuro.

Descritores: Radiologia Intervencionista. Traumatismo Multiplo. Abdome. Choque Hemorragico.
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