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Abstract
Patients with aortic pathology involving the ascending
aorta, the arch, and the descending aorta present a
complex surgical challenge. A one-step hybrid proce-
dure with ascending aorta repair, arch debranching,
and frozen elephant trunk is reported in five patients.
Left subclavian artery side graft cannulation is used to
perfuse the spinal cord during circulatory arrest
time. Copyright © 2014 Science International Corp.
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Introduction

The treatment of complex aortic pathology involv-
ing the ascending aorta, the arch, and the descending
aorta at the same time represents a surgical challenge,
with high postoperative morbidity and mortality. We
describe a hybrid one-step procedure that simplifies
the distal anastomosis and may reduce the risk of
paraplegia through a continuous perfusion of the left
subclavian artery (LSA) during the circulatory arrest
time.

Technique
Standard general anesthesia is performed. An

8-french introducer is percutaneously inserted into
the femoral artery, and a floppy wire is inserted into

the ascending aorta followed by a pigtail catheter.
The left subclavian artery is prepared for cannulation.
A median sternotomy is performed and isolation of
the epiaortic vessels is achieved before giving hepa-
rin. After extracorporeal circulation (ECC) between a
side graft sewed on the left subclavian artery and the
right atrium, the patient is cooled down to a temper-
ature of 24° C. The ascending aorta is clamped, the
aorta is opened, and the cardioplegia is given. The
proximal anastomosis is performed and the sinus of
Valsalva and the aortic valve are addressed if needed.
When the patient has been cooled down, the circula-
tion is arrested. The innominate artery and the left
common carotid artery are divided and cerebral per-
fusion is obtained through selective anterograde per-
fusion of those vessels. The flow is maintained at 10
mL/kg/min, keeping a perfusion pressure between 50
and 60 mm Hg. The pressure is monitored from the
right radial artery and from the left carotid artery.
The trend of the cerebral oxygen-saturation is moni-
tored. The left subclavian artery is then ligated prox-
imally and the vertebral artery and the spine branches
are perfused during the circulatory arrest time.

The distal aorta is prepared for anastomosis. A stiff
wire is inserted from the tip of the pigtail and ad-
vanced outside of the femoral introducer. The cathe-
ter is removed and the stent delivery system is moved
along the wire. A 15 cm stent graft is then deployed
in an anterograde fashion just before the innominate
artery (zone 1). The size of the graft is chosen to
match the diameter of the distal landing zone. The
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distal anastomosis is then performed including the
stent in the suture to guarantee proximal sealing (Fig.
1). Lower body circulation is restarted through cannu-
lation of a side branch of the prosthesis and the heart
is perfused. The epiaortic vessels are anastomosed
individually in an end-to-end fashion using the
branches of the prosthesis (Fig. 2). At the end of the
operation, off pump, the prosthetic side graft is led to
the ascending aorta with the help of a Bengolea for-
ceps (Sklar Surgical, Westchester, PA) through the sec-
ond intercostal space. Then it is anastomosed directly
to the multibranched graft. In order to avoid kinking,
we suggest using the anterior branch, which allows a
harmonious take-off from the ascending aorta and
follows the normal anatomy of the left subclavian
artery.

Five patients underwent this procedure. Three pa-
tients had an acute aortic dissection with an intimal
tear starting below the left subclavian in two cases
and in the distal arch in one case. One patient had a
chronic dissection, previously treated with an ascend-
ing aorta repair, with a pseudoaneurysm of the as-
cending aorta at the level of the distal anastomosis
and a rapidly enlarging false lumen in the descending
aorta. One patient had a degenerative aneurysm of

the ascending arch and of the descending aorta. There
was one death in the acute dissection group due to
early postoperative rupture of the right coronary sinus
in a patient treated with a supracoronary graft. The
other four patients had no neurological complications,
nor prolonged respiratory problems, but one patient
required temporary dialysis.

Comment
The use of the frozen elephant trunk (FET) to treat

complex pathologies of the aorta was introduced by
Kato [1] in the mid-1990s. Since then, many hybrid
solutions have been reported to reduce mortality and
morbidity and achieve an extensive treatment of the
aorta [2,3].

The technique described here allows performance
of the distal anastomosis more proximally, promoting
a better view and better control of the suturing with
potentially less leakage. This reduces the time of the
circulatory arrest. In all cases the lower body circula-
tory arrest time was less than 35 minutes. During this
time we continuously perfused the three epiaortic
vessels. Other advantages are avoidance of bleeding
from the distal arch and avoidance of recurrent laryn-
geal nerve injury. The proximal fixation of the stent

Figure 1. Distal suture line at zone 1 including the stent graft.
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graft prevents Type 1A endoleak and any possible
further migration in the future. An important step in
the planning of the procedure is choosing the diam-
eter of the stent graft that matches the distal landing
zone in the descending aorta. We measure the aorta at
the level of the bifurcation of the pulmonary artery. In
acute dissection, we never oversize the graft by more
than 10%.

Ischemic spinal cord injury represents a concern of
the FET technique. Flores et al. [4] reported a 24%
incidence of paraplegia, and identified a distal landing
zone of T7 or lower and a history of abdominal aortic
aneurysm repair as the strongest predictors of spinal
cord injury (SCI). In other series, SCI occurred from 3 to
9% of the cases [5–7].

The use of the left subclavian side graft cannula-
tion offers the advantage of continuous perfusion of
all cervical spinal branches during circulatory arrest
and might reduce the risk of paraplegia. Moreover, it

facilitates the subclavian reimplantation by tunneling
the side graft into the chest through the second in-
tercostal space.

In patients with Type A aortic dissection, we ad-
opted this technique when the tear was in the distal
arch or in the proximal descending aorta. The great

Figure 3. (a) Preoperative CT scan of a patient with aortic
dissection. (b) Postoperative CT scan showing complete shrink-
age of the false lumen.

Figure 2. Final result with the stent graft deployed and the
epiaortic vessels reimplanted.
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advantage is to facilitate the distal anastomosis and at
the same time exclude the entry tear promoting
thrombo-exclusion of the false lumen and preventing
enlargement of the aorta in that segment. At the level
of the stent graft we observed a complete shrinkage
of the false lumen (Fig. 3). However, false lumen pa-
tency downstream from the FET prosthesis is still a
concern due to the presence of low thoracic and
abdominal aortic re-entry [8].

As for all aortic pathologies, careful imaging is the
key to success. Identifying the entry tear, locating
re-entries at lower levels, measuring the arch, the
descending aorta, and the false lumen are essential in
planning the surgery correctly. In the case of chronic
aortic dissection, the absence of distal re-entry asso-
ciated with the take-off of the visceral arteries from
the false lumen is a contraindication to this procedure.

We should be sure that all visceral vessels are well
perfused at the end of the operation. Only in a hybrid
operating room is it possible to check normal perfu-
sion with an angiogram.

In conclusion, in patients who require arch and
proximal descending aorta treatment under circula-
tory arrest, the use of a multibranched frozen elephant
trunk with left subclavian side graft cannulation facil-
itates the operation and may reduce the risk of para-
plegia and cerebrovascular accident.
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