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REBOA-Assisted Resuscitation in
Non-Traumatic Cardiac Arrest due to
Massive Pulmonary Embolism: A Case
Report with Physiological and
Practical Reflections
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We present the case of a 36-year-old woman who suffered from and ultimately did not survive a non-traumatic
out-of-hospital cardiac arrest (NTCA) likely due to massive pulmonary embolism. The resuscitation attempt included
the use of a resuscitative endovascular balloon occlusion of the aorta (REBOA) catheter which resulted in a return of
spontaneous circulation and distinct improvements in arterial blood pressure, end-tidal CO, and cerebral oximetry
values. This suggests that the use of REBOA has the physiological basis and potential to improve the rate of both
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survival and favorable neurologic outcome and warrants further study.
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A 36-year-old woman who sustained a non-traumatic
out-of-hospital cardiac arrest presented to the emer-
gency department of an urban community hospital.
There was a considerable delay before transfer to hospi-
tal, due to the stretcher not fitting in the elevator at the
patient’s apartment complex. Upon arrival to the emer-
gency department, she had already received cardiopul-
monary resuscitation (CPR) for approximately
50 minutes, including an initial 10 minutes of chest
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compressions from her husband as instructed via tele-
phone by the emergency operator.

The patient’s cardiac rhythm was asystole and a
mechanical chest compression device (MCCD) was used
(Lucas2, Lund, Sweden). Focused bedside ultrasound
ruled out cardiac tamponade, pneumothorax or a rup-
tured ectopic pregnancy, and revealed an extensively
thrombosed right femoral vein. The patient was endo-
tracheally intubated by the emergency physician, while
a critical care physician inserted a resuscitative endovas-
cular balloon occlusion of the aorta (REBOA) catheter
in retrograde fashion via the left femoral artery under
direct ultrasound guidance. Simultaneously, given the
likely diagnosis of acute pulmonary embolism, the
patient was given intravenous thrombolysis with 40 mg
of Tenecteplase. Real-time monitoring of intra-arrest
hemodynamic variables included arterial pressure mea-
sured from the intra-aortic catheter tip, end-tidal CO,
(EtCO,) from the endotracheal tube and cerebral tissue
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oxygen saturation (SCTO,), which was measured with
an Invos Somanetics device (Medtronic).

Resuscitative trans-esophageal echocardiography
(TEE) was performed by a critical care physician to
adjust chest compression position and confirm aortic
zone 1 placement of the balloon (Figure 1).

TEE initially showed a lack of significant opening
of the aortic valve during CPR both in mid-esopha-
geal long axis and mid-esophageal aortic valve short
axis views. The Lucas2 device was repositioned to
improve the aortic valve opening during the rest of
the resuscitation effort.

Return of spontaneous circulation (ROSC) was
achieved within 10 minutes of aortic balloon occlusion,
approximately 20 minutes after arrival in the emergency
room. The MCCD was paused and adequacy of circula-
tion assessed. The arterial line tracing revealed a systolic
blood pressure of 105 mmHg and TEE demonstrated
cardiac contractions. The aortic balloon was deflated
over 10-15 seconds and an epinephrine infusion started.
Clinicians subsequently noted a decrease in systolic
blood pressure to approximately 40 mmHg, diastolic

Figure 1 Tip of REBOA catheter (red arrows) in descending
thoracic long axis view of the aorta. REBOA, resuscitative
endovascular balloon occlusion of the aorta.

blood pressure levels at approximately zero mmHg,
EtCO, from 27 mmHg to 15 mmHg and the onset of
progressive bradycardia. In order to maintain perfusion,
chest compressions were resumed with a resultant
compression phase blood pressure of approximately
60 mmHg. The aortic balloon was then re-inflated with
immediate improvement of compression-phase blood
pressure to 115-125 mmHg, decompression-phase
blood pressure at approximately 20 mmHg and return
of EtCO, to 24-26 mmHg (Figure 2).

At this point, centers with capability to perform
extracorporeal membrane oxygenation (ECMO) were
contacted. However, because the patient’s resuscitation
efforts had lasted more than 70 minutes, combined with
an initial s-lactate above 15 mmol/l, transfer was
declined unless clinical improvement occurred. The cli-
nicians at the bedside decided that due to the patient’s
young age, a positive outcome was still possible, and
briefly conferred amongst themselves to optimize their
resuscitation strategy. They determined that augmenting
cardio-cerebral perfusion in the hopes of reaching sus-
tainable cardiac performance would ideally lead to
improved s-lactate measurements and sufficient clinical
improvement to permit transfer to an ECMO center.
Resuscitation efforts continued with the MCCD and
aortic occlusion. A more detailed TEE examination
revealed a dilated right ventricle and atrium as well as
large mass on the tricuspid valve (Figure 3). In the clini-
cal context, this was assumed to be a clot-in-transit, an
echocardiographic finding that is near diagnostic for
pulmonary embolism.

In an effort to prevent irreversible damage to splanch-
nic organs, the balloon was slowly deflated approxi-
mately every 10 minutes for about 1 minute, or until
systolic blood pressure dropped below 50 mmHg, a
level at which it was assumed that coronary perfusion
pressure would be incompatible with maintaining car-
diac activity and would likely devolve to asystole [1].

L
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Figure 2 EtCO, and blood pressure values after REBOA deflation (left) and following re-inflation (right). EtCO,, end tidal CO..

REBOA, resuscitative endovascular balloon occlusion of the aorta.

Journal of Endovascular Resuscitation and Trauma Management Vol.5, No.2, 2021




104

Rola P et al.

thrombus

Figure 3 TEE view in mid-esophageal 4 chamber with rotation
towards right sided chambers showing a large (>2 cm) mass
attached to the tricuspid valve. TEE, trans-esophageal
echocardiography.

In the ensuing 40 minutes, the 10:1-minute infla-
tion:deflation cycles were repeated with serial reassess-
ments of cardiac function by TEE, combined with a
pause in chest compressions. In each of these deflation
cycles, the blood pressure and EtCO, dropped and then
responded to balloon reinflation (Figure 2). SCTO,
dropped from 50-55% to 35-40% and responded to
re-inflation. The s-lactate did not improve and remained
above 15 mmol/l.

Resuscitative efforts were stopped after a total of
approximately 110 minutes, in view of perceived futility
and non-availability of ECMO support, and the patient
passed away.

Ethical Approval and Informed Consent

The patient’s next of kin provided informed consent for
this case, including patient data and imaging, to be used
for the purpose of science and teaching.

Given the nature of the case and extreme urgency, the
critical care resuscitation physician decided that benefit
outweighed risk and took the decision to perform
REBOA cannulation. This was explained to the next of
kin after the unsuccessful resuscitation, who was appre-
ciative of the efforts made.

DISCUSSION

The last decade has seen a steady progress in ECMO-
CPR (E-CPR) as an advanced adjunct to cardiac arrest
resuscitation. As an example, the recent publication of
the ARREST Trial by Yannopoulos et al. [2] has set a
new standard for advanced resuscitation all over the
world. Most importantly, the study highlights the possi-
bility of better cardiac arrest outcomes, which have seen
little improvement in the last two or three decades.
However, there are many hurdles to overcome before
E-CPR becomes widespread and available to most car-
diac arrest patients.

Other interventions may significantly improve the
quality of cerebral and coronary perfusion during resus-
citation efforts. Optimizing circulation in these two vas-
cular beds is the primary challenge in terms of both
obtaining ROSC and a favorable neurologic outcome.
Thoracic aortic occlusion with or without proximal per-
fusion have been the subject of several animal studies
and human case reports and series, with human trials
currently underway [3-6].

The physiology of aortic occlusion adjuncts is simple
and elegant. It is well known that during optimal CPR,
mechanical or manual, the cardiac output is only in the
range of 25-40% of the pre-arrest values [7]. This low-
flow state is often not sufficient to achieve adequate coro-
nary and/or cerebral perfusion pressure. An increase in
coronary perfusion pressure is associated with ROSC in
humans [8]. The brain is susceptible to hypoxic injury —
far more than rest of the body — and irreversible neuro-
logic damage is hence the most common cause for
post-resuscitation death [9]. Occlusion of the descending
thoracic aorta decreases the vascular bed by more than
two-thirds, thus increasing the perfusion of organs proxi-
mal to the occlusion, including heart, brain and upper
extremities, via an increase in blood pressures in the aortic
arch, coronary and cerebral arteries [10]. This is the ratio-
nale behind the use of REBOA to enhance CPR in non-
traumatic cardiac arrest, as opposed to the original purpose
and current indication, which is to control hemorrhagic
shock. A recent case series by Brede et al. [4] showed that
this procedure was feasible in the pre-hospital setting and
resulted in an impressive rate of ROSC in patients with
prolonged unsuccessful resuscitation efforts.

Another potential adjunct involves the infusion of
oxygenated fluids, blood or saline, in a distally occluded
aorta, termed the selective aortic arch perfusion tech-
nique [11]. This has been shown to work favorably in
animal models but is not yet approved for use in humans.

The advantage of the REBOA approach is that it
does not require the logistics and resources of E-CPR,
nor the required level of training and experience in large
gauge cannulation. Such competence is uncommon in
community hospitals, where most cardiac arrests are
managed. Physicians who regularly insert arterial lines
or central vein catheters are familiar with the use of
ultrasound and the Seldinger technique, and should be
able to rapidly acquire the competence to insert a
REBOA catheter. Structured training programs for this
procedure are available [12].

Our institutional resuscitation team has been work-
ing towards E-CPR and advanced resuscitation tech-
niques. While we do not routinely use REBOA in
non-traumatic cardiac arrest, we decided to do so given
the age of the patient and prolonged unsuccessful
advanced cardiac life support (ACLS), in the hope of
achieving ROSC.

While the outcome of this case was tragic, the
observed dramatic improvement in physiological
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parameters generated by a bedside technique that could
be performed by most acute care physicians provides
hope for the future. Our case achieved ROSC after bal-
loon inflation despite a prolonged downtime, and
demonstrated improvements in generated blood pres-
sure and cerebral tissue saturation, as well as improved
EtCO, similar to other studies [4].

This case also brings up some fascinating physiologi-
cal questions and bedside clinical challenges. With the
combination of MCCD and aortic occlusion, we
obtained almost normal blood pressure. However, if the
aortic balloon was deflated, ROSC was unable to be
sustained, despite a high-dose epinephrine drip. While
the team felt more comfortable with continuing the
MCCD/REBOA approach despite ROSC, this would be
at the cost of not perfusing the viscera and lower torso
and limbs. One of the issues debated during this resusci-
tation was the feeling that since the liver was not per-
fused, lactate values were unlikely to improve. However,
the clinicians determined that prioritizing coronary and
cerebral flow to try to re-establish sustained cardiac per-
formance took precedence over peripheral perfusion.
The optimal balance between this can be debated. We
empirically decided on a 10:1 time ratio for inflation:de-
flation, without real data to support this, only the
assumption that cardiac perfusion had to take prece-
dence, particularly given the diagnosis of pulmonary
embolism.

REBOA-assisted circulation in massive pulmonary
embolism has potential advantages, since coronary per-
fusion pressure is decreased by elevated right atrial pres-
sure. Hence, a higher aortic pressure is required to
maintain adequate right ventricular perfusion. The
obstructive shock generated by massive pulmonary
embolism occurs due to severe pulmonary hypertension
and acute right ventricular failure. The combination of
thrombolytics and REBOA may be a potential strategy
to augment coronary perfusion pressure while throm-
bolysis, which is not instantaneous, relieves some of the
obstruction and pulmonary hypertension. The optimal
timing in relation to thrombolysis is unknown, but in
our case happened almost simultaneously. We feel that
either should not delay the other as thrombolysis is the
only bedside therapy for massive pulmonary embolism,
but that it should not be a contraindication for REBOA
placement in arrest given the critical need for optimized
aortic pressure due to the pathophysiology of pulmo-
nary embolism.

At which point does the risk/benefit ratio tilt towards
allowing distal perfusion at the cost of blood pressure
and therefore coronary and cerebral perfusion pres-
sures? The REBOA literature suggests 30—45 minutes as
the upper margin of occlusion time, but can this easily
translate to NTCA patients?

In the case series by Brede et al., the protocol man-
dated deflation when ROSC occurred, so as not to pro-
vide an increased afterload to the left ventricle and

hinder cardiac output. However, if the cardiac output
after ROSC is unable to maintain adequate arterial
blood pressure, there may be an advantage in continu-
ing aortic occlusion to maintain cardio-cerebral perfu-
sion. This is a double-edged sword, with potentially
improved myocardial perfusion due to increased aortic
and subsequent coronary perfusion pressure on the one
side, and increased afterload under which a stunned
heart likely will succumb and lead to re-arrest on the
other side. The best practice is currently not known. In
our case, since TEE showed little difference in left ven-
tricular function whether the REBOA was inflated or
deflated, we assumed the issue was intrinsic rather than
afterload related. The advent of REBOA catheters that
allow for partial inflation may offer advantages and will
certainly be the subject of further study, and whether a
partial flow will extend the “safe” occlusion time is yet
to be determined.

POSITION IN THE CHAIN OF RESUSCITATION

The recent development of endovascular resuscitation
adjuncts raises organizational issues and challenges as
well. The most important one is likely where they should
fit in the chain of resuscitation.

In our opinion, the physiological benefit from
REBOA-enhanced CPR would theoretically suggest it
should be used in all non-traumatic cardiac arrest cases,
as long as there is no delay to possible E-CPR treatment.
REBOA-enhanced CPR may provide a bridge to a more
definitive circulatory support such as ECMO or
intra-aortic balloon pump (IABP) [3], or the introducer
could easily be used to perform percutaneous coronary
intervention, if appropriate. We propose a conceptual
algorithm on how to introduce and position these inter-
ventions (Figure 4).

This assumes a patient who is a candidate for aggres-
sive resuscitation including E-CPR but could also
include other circulatory support strategies such as
IABP or Impella-type devices, depending on availability
and experience.

CONCLUSION

This case report describes the use of an adjunct treat-
ment (REBOA) to cardiopulmonary resuscitation, which
likely led to both ROSC and augmented objective
parameters of resuscitation effect. E-CPR is not com-
monly available worldwide, even though it represents
the highest quality of resuscitation and the best chance
of survival, and REBOA-enhanced ACLS may provide
the additional perfusion to obtain ROSC, or possibly a
bridge to ECMO.

This case report additionally supports that more
research is needed to answer many physiological and
practical questions concerning the use of endovascular
resuscitation in non-traumatic cardiac arrest.
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Figure 4 A proposed algorithm including REBOA-enhanced resuscitation. REBOA, resuscitative

endovascular balloon occlusion of the aorta.
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