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Endovascular Aortic Repair under Extracorporeal
Cardiac Support in a Patient with an Abdominal
Aortic Aneurysm Impending Rupture

and Aortic Stenosis: A Case Report

Yohei Kawatani, MD, PhD,! Motoshige Yamasaki, MD, PhD,! and Atsushi Oguri, MD, PhD?

Aortic stenosis is a serious valvular disease that increases
the risk of cardiac arrest and/or cardiogenic shock during
noncardiac surgery. A 93-year-old woman with an abdomi-
nal aortic aneurysm impending rupture and aortic stenosis
underwent endovascular abdominal aortic aneurysm repair.
During surgery, the patient presented with ventricular
tachycardia. Due to on-going cardiogenic shock, we did
a direct cannulation into the right axillary artery for the
immediate establishment of venoarterial extracorporeal
membrane oxygenation. The endovascular treatment of
the abdominal aortic aneurysm was completed according
to the standard procedure. The patient recovered without
any complications, including heart failure or neurological
dysfunction.
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Introduction

In patients with aortic stenosis (AS), noncardiac surgery
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poses a high risk.2) In those suffering simultaneously
from AS and abdominal aortic aneurysm (AAA), the AAA
should be urgently repaired. However, such patients un-
dergoing operation are at high risk owing to the likelihood
of arrhythmia, cardiogenic shock, or cardiac arrest. Here,
we report a successful case of endovascular aortic repair
(EVAR) of an AAA performed under extracorporeal car-
diac support due to cardiac arrest and cardiogenic shock
during the surgery.

Case Report

A 93-year-old woman with severe back pain was diag-
nosed as AAA with an impending rupture (Figs. 1a and
1b). Ultrasound cardiography revealed moderate AS. The
detailed results of the examination are as follows: valve
area: 1.56 cm?; peak velocity: 3.05 m/s; peak pressure gra-
dient: 37 mmHg; left ventricular end-diastolic diameter:
42 mm; and left ventricular end-systolic diameter: 26 mm;
normal wall motion was seen. The patient had peripheral
arterial disease in the lower limb; the right/left ankle bra-
chial blood pressure index was 0.67/0.85, respectively. A
closer evaluation of the enhanced computed tomography
(CT) images revealed a massive thrombus in the descend-
ing aorta and in the AAA (Figs. 1c-1e).

We performed EVAR, and began the surgery with an
immediate stand-by of extracorporeal cardiac support if
necessary. The surgery was performed under general an-
esthesia. The patient was sterilized from the shoulder to
the upper thigh, which enabled us to expose the axillary
artery for inflow cannulation during the surgery. The right
femoral vein was also prepared for outflow cannulation
during exposure of the right femoral artery for access rout
for EVAR.

Eight Fr sheaths (Terumo, Tokyo, Japan) were inserted
into both femoral arteries. A stiff wire (Boston Scientific,
Marlborough, MA, USA) was inserted from the right side,
and a pigtail catheter was inserted from the left side. An
arteriogram was performed. At this point, the patient pre-
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Fig. 1

Pre- and postoperative computed tomography (CT) images: (a, b) Preoperative and

postoperative enhanced CT three dimensional images. We successfully placed the
stent-grafts as planned. (c—e) Preoperative CT images for analysis of the aorta. We
observed a large thrombus in the descending aorta (arrow) and in the aneurysm(*).

sented with ventricular tachycardia (VT), and the systolic
blood pressure dropped from 100 to 30 mmHg (arterial
line pressure monitor). The VT recovered to sinus rhythm
spontaneously, but cardiac shock was prolonged. We de-
cided to initiate extracorporeal cardiac support. A 4-cm-
long skin incision was made in the precordium beneath
and along the right clavicle (Fig. 2a). Through the incision,
we exposed the right axillary artery, which was 6 X7mm
in diameter on the preoperative enhanced CT (Fig. 2b).
Under X-ray fluoroscopy, an inflow cannula (Capiox
16.5FrxX15cm; Terumo) was inserted using the direct
Seldinger technique (Fig. 2¢). The tip was placed carefully
at the distal portion of the subclavian artery, which was
assumed distal enough from the right carotid and the right
vertebral artery according to preoperative CT (Figs. 2b—
2d). The outflow cannula (Capiox 21 FrX 50 cm; Terumo)
was inserted into the right common femoral vein (Fig. 2e),
and extracorporeal circulation was initiated. The length of
time between deciding to initiate the extracorporeal car-
diac support and the flow reaching the adequate level was
12 min. Thereafter, the blood pressure was maintained
between 80 and 140 mmHg.

The EVAR procedure was successfully completed. Can-
nulas did not disturb the procedure. A GORE EXCLUDER
AAA endoprosthesis (W. L. Gore & Associates, Flagstaff,
AZ, USA) was used, 24 mm for proximal and 16 mm for
both distal landings. All procedures were performed care-
fully to prevent any device from contacting the thrombus
in the descending aorta. After we confirmed the stabiliza-
tion of the hemodynamic status, extracorporeal cardiac
support was terminated. The operation time was 175 min,
and the extracorporeal circulation time was 72 min.

The patient recovered from the operation without any
complications and did not experience subsequent VT
or heart failure. Moreover, the back pain also subsided,

Fig. 2 Images during the surgery: (a) An image of the wound for
the right axillary artery exposure and cannulation (arrows).
(b) Preoperative computed tomography (CT) images of the
right axillary and subclavian artery. An asterisk (*) denotes
the planned cannulation site, and an arrow denotes the
vertebral artery. (c) Fluoroscopy image during insertion
of the inflow cannula. The cannula was inserted using
the direct Seldinger method. (d) Fluoroscopy image after
placement of the inflow cannula. (e) Fluoroscopy image
during endovascular stent-graft placement. Arrow heads:
21 Fr outflow cannula, arrows: 16 Fr guiding sheath for
stent-graft placement.

and an enhanced CT showed successful treatment of the
abdominal aortic aneurysm (Fig. 1b). The patient did not
experience any major adverse cardiovascular event at the
45-day follow-up.

Discussion

In patients with heart disease, patients undergoing aortic
surgery and peripheral artery surgery are categorized into
the high-risk-surgery group.>=) On the other hand, AS
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poses a risk for cardiogenic shock or cardiac arrest during
the operation. Moreover, moderate AS is associated with
poorer primary outcomes, defined as the composite of
30-day mortality and postoperative myocardial infarction,
compared with no AS (4.4% versus 1.7%; P=0.002).9)
According to the guidelines for perioperative cardiovas-
cular evaluation and management of noncardiac surgery
published by the Japanese circulation society, patients
with moderate AS can undergo noncardiac surgery owing
to the invasiveness and urgency of the surgery.’) Thus, we
performed EVAR with back up extracorporeal cardiac
support that could be started immediately, if necessary.
The strategy improved the hemodynamics, and EVAR was
performed successfully. Abouliatim et al. reported a case
where open AAA repair under venoarterial extracorpo-
real membrane oxygenation (V-A ECMO) was performed
after a failed EVAR attempt.®) The authors used V-A
ECMO with right axillary artery perfusion and inferior
vena cava drainage through the right femoral vein. To our
knowledge, our case is the first report of successful EVAR
under extracorporeal cardiac support.

During the surgery, the patient experienced VT and a
blood pressure drop, resulting in cardiac arrest, and cardi-
ac shock was prolonged. We assumed that this was caused
by changes in factors affecting the hemodynamic state as
follows: general anesthesia, invasiveness of the operation,
and manipulation of femoral arteries. Additionally, after
initiating the EVAR, we should have inserted a larger bal-
loon and larger sheaths and inflated the larger balloon in
the aorta. We assumed that continuing the EVAR proce-
dure was causing the severe changes in the hemodynam-
ics. Therefore, we decided to activate the extracorporeal
cardiac support.

For cardiac support, we chose V-A ECMO. The method
is partial cardio-pulmonay bypass commonly used in the
minimal invasive cardiac surgery or surgery for thora-
coabdominal aoritic aneurysm (F-F bypass), and can ad-
equately support circulation and oxygenation even under
cardiac arrest. At the same time, it can reduce cardiac pre-
load by draining blood from the superior or inferior vena
cava; however, the technique can increase the left ventricu-
lar afterload,®”) and should, therefore, be performed care-
fully. As there are no standard recommendations regard-
ing blood pressure levels in such a situation, we set the
lower limit at 80 mmHg and the upper limit at 140 mmHg,
considering the patient’s preoperative blood pressure as a
guide. Arterial O, saturation was closely monitored. After
the hemodynamic status (flow rate at cardiac index 1.5-
1.8 L/min/m?) had stabilized, the blood pressure gradually
increased. We controlled the extracorporeal circulation
flow carefully so as not to exceed 140 mmHg. To further
reduce the cardiac overload, nicardipine was used.

We selected the right axillary artery for perfusion and

EMAR under V-A ECMO Support

cannulated it using the direct Seldinger technique. This
technique was useful in maintaining V-A ECMO and
continue the EVAR procedure and prevent complications
associated with peripheral artery perfusion. The femoral
artery is commonly used in V-A ECMO, especially in
emergency settings, but the perfusion causes retrograde
blood flow into the aorta, which is associated with a risk
of cerebral stroke.”) In addition, femoral artery cannula-
tion can cause limb ischemia.!®!) In such a case, the axil-
lary artery is a good inflow site, because perfusion into
this artery causes antegrade blood flow into the aortic
arch.1213) Moreover, using the axillary artery for perfu-
sion, the femoral arteries were able to be used as access
routes for the EVAR.

Although our approach was successful, transesophageal
echocardiogram could have been useful. Abouliatim et al.
reported that in their open repair of an AAA under V-A
ECMO support, transesophageal echocardiogram was
useful to monitor the status of the heart.®) We had planned
to use the Swan—Ganz catheter only if weaning from the
V-A ECMO was difficult or if the hemodynamics were not
stable. In fact, we did not use the Swan—Ganz catheter in
our case because the hemodynamics status was stabilized
after initiation of V-A ECMO. These methods are useful
in patients with a high risk of cardiac shock during the
surgery in monitoring the hemodynamic status to reduce
the risk of deterioration of the cardiac status and to moni-
tor the hemodynamic status after the initiation of cardiac
support devices.

Conclusion

In a patient who experienced cardiac arrest and cardio-
genic shock during EVAR, we successfully completed the
surgery under partial cardiopulmonary bypass with femo-
ral venous drainage and axillary arterial perfusion.
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