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Resuscitative endovascular balloon occlusion of the aorta (REBOA) is a resuscitation procedure for severe hemor-
rhagic shock. While complete occlusion of the aorta could be effective for the control of blood flow, there is always a
concern for ischemia-reperfusion injury of the distal organs from the balloon catheter. REBOA can control the degree
of occlusion by changing the injection volume of the balloon catheter. Partial REBOA and intermittent REBOA are
some of the strategies of REBOA, with which less ischemia-perfusion injury is done, rather than complete occlusion
of the aorta, although evidence on partial REBOA and intermittent REBOA is still limited. This review aims to share the
practical knowledge of partial REBOA and intermittent REBOA, thorough the current literature and Japanese
multi-specialty expert consensus.
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INTRODUCTION

Resuscitative endovascular balloon occlusion of the
aorta (REBOA) is not a hemostatic device [1,2]. It pro-
vides time until definitive hemostasis while avoiding
cardiac arrest and stabilizing the hemodynamic state.
Compared to resuscitative thoracotomy with cross-
clamp, REBOA can control the degree of occlusion.
Total occlusion of the aorta always has a concern for
ischemia-reperfusion injury of the distal organs from
the balloon catheter. Partial REBOA and intermittent
REBOA are the strategies of the REBOA with which less
ischemia-perfusion may be feasible.
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Zone 1 total occlusion may be needed in some criti-
cal situations; however, partial REBOA or intermittent
REBOA with rapid and sufficient transfusion and imme-
diate hemostasis could maintain hemodynamic stability
and organ perfusion.

This review aims to share the practical knowledge of
partial REBOA and intermittent REBOA, thorough the
current literature and multi-specialty expert consensus
in the Japanese Society of Diagnostic Interventional
Radiology in Emergency, Critical care and Trauma.

Ethical Approval and Informed Consent

Ethical approval was not required. Informed consent
was not required.

PARTIAL REBOA

REBOA can control the degree of occlusion by changing
the injection volume of the balloon catheter. Partial
REBOA is one of the strategies of REBOA, in which the
distal blood flow of the balloon is conserved and the
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Figure 1 The schema of partial REBOA and total occlusion of the
aorta. (a) In the situation of complete occlusion of the aorta,
distal blood flow is restricted and ischemia-reperfusion injury is
concerned. (b) Partial REBOA is able to maintain the distal blood
flow of the balloon within the range of proximal perfusion kept.

range of proximal perfusion maintained (Figure 1) [3].
Partial REBOA could decrease ischemia-reperfusion
injury because it could maintain the distal blood flow of
the balloon and reduce ischemia of the intestine, liver,
kidneys, and lower limbs [3,4]. Partial REBOA also
achieves a mild change in blood pressure at the proxi-
mal side of the balloon and makes it possible to main-
tain continuous permissive hypotension [5]. In contrast,
complete occlusion of the aorta could lead to proximal
hypertension and increase the hemorrhage at the proxi-
mal side of the balloon [6]. Recently, studies concerning
the effectiveness of partial REBOA have been increas-
ingly published [7-17].

When partial REBOA is performed, the REBOA cathe-
ter is located at Zone 1 or Zone 3 appropriately after arte-
rial access and the balloon is not inflated completely
within the range of proximal perfusion maintained
[18,19]. The degree of the partial occlusion is easily visual-
ized if fluoroscopic guidance is available. However, in
order to monitor the actual distal perfusion, a femoral
sheath is placed at the other side of the REBOA for arterial
pressure measurement. In other ways, a more than 1 Fr
larger sheath for the REBOA catheter can measure distal
arterial pressure using the side port of the sheath [18,20].

Although “partial REBOA” is used between “com-
plete occlusion” and “no occlusion”, there is no clear

definition of occlusion strength. Furthermore, as men-
tioned above, hemorrhagic shock quickly changes the
aortic diameter, and complete occlusion and partial
occlusion can migrate towards each other. Due to this
background, Matsumura et al. defined a clinically feasi-
ble and reproducible complete occlusion with an animal
model using swine and proposed adjusting the occlusion
strength of partial REBOA. In this report, complete
occlusion is defined as “a condition in which the femo-
ral artery pressure disappears”, and the balloon injec-
tion volume at that time is recorded. It is proposed to
present the occlusion strength of partial REBOA as a
percentage of the balloon injection amount at the time
of complete blocking. When the proximal and distal
arterial pressures were measured under different condi-
tions from 0% to 100%, it was reported that the proxi-
mal arterial pressure remained almost unchanged up to
100% after a 60% balloon volume. The occlusion at
60% balloon volume while leaving the distal blood flow
suggests that occlusion strength can increase the proxi-
mal arterial pressure [18].

Furthermore, the diameter of the aorta was shown to
be related to the circulating blood volume in animal
experiments [21]. In patients with hemorrhagic shock, the
diameter of the aorta on computed tomography or angi-
ography is often reduced, which suggests a decrease in
circulating blood volume. As hemorrhagic shock advances
and circulating blood volume decreases, the diameter of
the aorta could be reduced, and partial REBOA could
accidentally change to complete occlusion of the aorta.
Sufficient transfusion and prompt hemostasis are essen-
tial for maintaining partial REBOA [22]. Monitoring the
pulse pressure of the femoral artery (distal pressure of the
REBOA) could prevent accidental changes from partial
REBOA to total occlusion. Conversely, total occlusion
could shift to partial REBOA if the circulating blood vol-
ume increased with sufficient transfusion and hemostasis.
The pulse pressure of the femoral artery could help adjust
the degree of partial REBOA.

INTERMITTENT REBOA

Total occlusion of the aorta at zone 1 has been consid-
ered to be within 20-30 minutes of peripheral ischemia.
When prolonged total occlusion is necessary, the strat-
egy of temporarily deflating the balloon to resume per-
fusion to peripheral organs for a while and then
reinflating the balloon could be considered. This proce-
dure is called intermittent REBOA [23]. There has been
no reported clinical established method of intermittent
REBOA. In some animal experiments, the REBOA bal-
loon was completely deflated and inflated at intervals
during the complete occlusion of the aorta [24,25].
According to experiments using a swine model, inter-
mittent REBOA caused less-severe organ injury and
improved the survival rate compared to total occlusion
of the aorta [26]. However, there is little definitive evidence
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regarding intermittent REBOA. Furthermore, there is no
established appropriate interval between deflation and
inflation for intermittent REBOA. When intermittent
REBOA is performed with insufficient fluid resuscita-
tion, rapid deflation of the balloon can lead to signifi-
cant blood pressure reduction [25]. Hypovolemia and
ischemia-reperfusion damage due to peripheral isch-
emia, could lead to persistent severe hypotension and
cardiac arrest in the worst situation. Intermittent
REBOA has an inevitable significant influence on arte-
rial circulation; therefore, the coalition of all physicians
is essential when intermittent REBOA is performed.

Few comparative studies have evaluated partial
REBOA and intermittent REBOA. There is minimal evi-
dence as to which of these two occlusion methods
should be used. In a porcine hemorrhagic shock model,
Johnson et al. studied a group with a 75-minute partial
REBOA and a group with an intermittent REBOA after
complete occlusion for 15 minutes and compared
them [25]. There was no difference in survival between
the two groups, but the partial REBOA group had a
shorter complete occlusion time, and no rapid decrease
in arterial pressure was observed. The method of transi-
tioning to partial REBOA at the earliest possible stage,
while observing hemodynamics after complete occlu-
sion, will be easier to manage because hemodynamic
fluctuations are less likely to occur. However, the evalu-
ation of the safe occlusion strength in partial REBOA is
currently insufficient.

LIMITATION

First, there have been no adequate studies on human
concerning partial REBOA and intermittent REBOA.
Although we have discussed the effectiveness of partial
REBOA and intermittent REBOA, almost all the
evidence is based on animal experts. We have pre-
sented a description based on the current literature
and expert consensus, and we need more clinical stud-
ies to validate these ideas at present.

Second, in order to consider the partial REBOA and
intermittent REBOA, balloon construction should be
discussed. The balloon of the REBOA is commonly con-
structed by a compliant balloon. If a non-compliant
balloon is selected, the balloon diameter is defined by
the nature of the balloon catheter itself and the injection
volume does not control the degree of the occlusion.

CONCLUSION

REBOA can control the degree of occlusion of the aorta,
and partial REBOA and intermittent REBOA could
allow safer management when compared to complete
occlusion. While the definition and evidence of partial
REBOA and intermittent REBOA have been limited,
these methods could prevent less ischemia-reperfusion
injury than complete occlusion of the aorta.
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