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Abstract

We present the first case of hybrid stenting of coarcta-
tion of the aorta using a retrograde approach through
the descending aorta. An 8-month-old, 5.7 kg infant
developed severe obstructive lesion of the aortic arch
and isthmus after primary correction of the common
arterial trunk and surgical management of coarctation
of the aorta. As a result, emergency intervention was
needed. Taking into the account the low body weight of
the patient and the impossibility of using a transfem-
oral approach, we decided to obtain access through a
6th intercostal space posterolateral thoracotomy to
advance a 6-F guiding catheter to the descending aor-
ta via counter-aperture. After implantation of a Va-
leo stent, there were no complications, and complete
elimination of the obstruction was achieved. This case
demonstrates that a retrograde hybrid stenting tech-
nique via the descending thoracic aorta for aortic isth-
mus and arch obstruction produces good anatomical
and hemodynamic results and can be applied in cases
with no other alternative.
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Introduction

Recurrent obstructive lesions of the arch and isth-
mus of the aorta are common complications after re-
constructive operations in patients with hypoplastic

left heart syndrome, interrupted aortic arch, or hypo-
plasia of the aortic arch as well as patients with com-
plex congenital heart disease [1, 2]. The main method
of treatment of aortic recoarctation in young children
is percutaneous transluminal angioplasty (PTA) [3-6].
However, PTA is not effective in patients with long
narrowed segments of the aortic arch, and a high in-
cidence of restenosis occurs during the first year after
the procedure [7, 8]. A more radical method is stent-
ing of the aortic arch and isthmus via implantation of
a stent that can be expanded as the body grows [9].
However, it is not possible to perform such a percuta-
neous procedure in infants and young children due
to their small vessels and the large delivery catheters
needed for the procedure [10, 11]. To overcome these
difficulties, a hybrid technique for stent implantation
via access through the ascending aorta has been in-
troduced [9, 12]. However, implementation of this
technique is possible only when sternotomy is per-
formed.

Case Presentation

Patient O. (2.7 kg) was admitted to the clinic at 4
days of age in critical condition, with common arterial
trunk, coarctation of the aorta, and patent ductus arte-
riosus. Given the state of the child, a decision was made
to resolve the condition. An operation was performed
through a posterior-lateral thoracotomy. Coarctation
of the aorta was shown by a hypoplastic isthmus of
the aorta. The contracted site was resected through a
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superimposed “end-to-end” anastomosis. The pulmo-
nary arteries were narrowed to 3 mm in the mouths
with cuffs made of Gore-Tex material. The postopera-
tive period was complicated by cardiac and respiratory
failure, but the patient’s condition stabilized by day 20.
Radical correction of the ventricular septal defect, cuff
removal from the pulmonary arteries, and creation of
the right ventricular outflow tract using a valve-con-
taining xenopericardial graft No. 10 was performed
under artificial blood circulation. The postoperative
period was complicated by polyorganic insufficiency,
but the child was discharged from the hospital in satis-
factory condition 36 days after surgery.

At scheduled follow-up visits 3 and 5 months af-
ter the operation, increased pressure gradient at the
aortic isthmus was noted, and the child was hospital-
ized for surgical correction of this complication at 8
months of age. The child had reduced nutrition with
blood pressures of 140/80 mmHg in the right arm,
80/40 mmHg in the left arm, and 60/30 mmHg in the
right leg.

Electrocardiography showed right axis deviation.
A chest X-ray demonstrated cardiomegaly with a car-

diothoracic ratio of 67%. Echocardiography revealed
an enlarged left atrium and thickened left ventricular
posterior wall with normal ejection fraction. The aor-
tic valve was tricuspid with a dilated ascending aorta.
There was moderate prolapse of the mitral valve with
moderate regurgitation. The gradient across the long
segment narrowing was 86 mmHg. The right ventricle
was enlarged. No obstruction was noted across the
right ventricular outflow tract or branch pulmonary
arteries.

Multislice computed tomography was performed
to clarify the anatomy and determine the localiza-
tion of the lesion (Figure 1A and 1B). There was ex-
pansion of the ascending aorta at the level of the
Valsalva sinus to 19-20 mm and at the level of the
sinotubular junction to 17 mm; the diameter of the
ascending aorta in front of the brachiocephalic trunk
was 8 mm. Brachiocephalic vessels originated from
separate ostiums; the ostium of the left common ca-
rotid artery was located immediately after the origi-
nation site of the brachiocephalic vessels, and the last
trunk originating from the aortic arch was the left sub-
clavian artery, which narrowed at the ostium. There

(A]

Figure 1. Multi-slice computed tomography of the heart with contrast injection. Maximum intensity projection (Panel A) and three-
dimensional reconstruction (Panel B) showed expansion of the ascending aorta. The left common carotid artery originated near the
brachiocephalic trunk. There was prolonged acute stenosis of the aortic arch from the ostium of the left common carotid artery to
the aortic isthmus as well as ostial stenosis of the left subclavial artery.
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was uneven narrowing of the aortic arch between the
left common carotid artery and left subclavian artery
to 2.4-2.8 mm. The isthmus of the aorta immediate-
ly after the ostium of the left subclavian artery had a
diameter of 4.3 mm. The descending thoracic aorta
had a diameter of approximately 8 mm, and the di-
ameter of the thoracic aorta at the diaphragm level
was 6.7 mm.

Given the high risk of open surgery for reconstruct-
ing the aortic arch, a decision was made to perform
endovascular intervention. However, the patient’s
low weight and need for implantation of a stent that
could be expanded as the body grows limited the use
of access through the femoral artery. Therefore, a hy-
brid approach was proposed.

The hybrid procedure was performed in a cardio-
surgical operating room using a mobile angiocardio-
graphic unit OEC 9900 (General Electric Healthcare, Li-
vonia, Ml, USA). The patient underwent posterolateral
thoracotomy at the 6th intercostal space on the left.
A descending aorta segment was isolated, on which
a purse string suture was applied. Through the count-
er-aperture, 3 cm below the operation field, a 6-F
Mullins delivery system (NuMed, Cornwall, ON, Can-
ada) was transcutaneously inserted into the thoracic
descending aorta (Figure 2). The delivery system was

Figure 2. Access site through lateral thoracotomy in the 6th in-
tercostal space during the hybrid stenting procedure. The deliv-
ery catheter (arrow) was advanced through the thoracic aorta
through a counter-aperture 3 cm below the operation field.

carried on the guidewire to the initial section of the
descending thoracic aorta through the lateral port, at
which angiography of the aortic arch was performed
(Figure 3A). A prolonged narrowed segment of the
arch and isthmus of the aorta with a diameter of 2.4-
3.0 mm and length of 16 mm was revealed, which
was located right after the origin of the left common
carotid artery and extended to the descending tho-
racic aorta. There was a 58 mmHg gradient across the
narrowing. A decision was made to perform stenting
of the entire obstructive segment using a Valeo stent
that was 7.0 mm in diameter and 18 mm in length.
Using a 0.014” guidewire, the right coronary catheter
(JR 3.5) was advanced into the ascending aorta. The
guidewire was exchanged for an 0.035” Amplatzer
super stiff guidewire with a 1-cm soft tip (Boston Sci-
entific, Marlborough, MA, USA) to deliver the stent
into the arch of the aorta so that it would completely
cover the zone of obstruction. The correct location of
the stent was monitored by injecting a contrast agent
through the side arm of the delivery sheath. The stent
was deployed at 10 atm. Repeat angiography demon-
strated very good results with complete coverage of
the narrowed segment (Figure 3B). There was no gra-
dient between the ascending and descending aorta.
The delivery catheter was removed from the aorta,
and hemostasis was achieved. The chest tube was left
in place, and the incision was closed.

There were no complications during the postoper-
ative period. The child was extubated after 10 h and
discharged home on postoperative day 7 in good
condition and on no cardiac medications.

Discussion

Kutty et al. reported six cases of aortic arch stent-
ing after initial surgical treatment of hypoplastic
left heart syndrome with an average age of 5.6
months (0.5-12.9 months) and weight of 5.8 kg (2.9-
7.7 kg). Stents were implanted using the ascending
aorta access approach [12] and required repeated
dilatations depending on the child’s growth at an
average of 17.6 months (6.3-33.6) months after
operation. Schmitz et al. performed stenting of
the aortic arch in five pediatric patients with good
clinical results; they also used the ascending aorta
access approach and stated that stent implantation
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Figure 3. Patient aortography before (Panel A) and after (Panel B) stenting of the aortic arch and isthmus. Before stent implantation,
there was severe stenosis of the aortic arch (arrow) and ostial stenosis of the left subclavial artery.

required repeated dilatation depending on the
child’s growth [13].

In our case, patient observation revealed a rapid
development of aortic arch obstruction after initial
correction of common arterial trunk and manage-
ment of coarctation of the aorta. Performing PTA in
this particular case was impractical due to the length
of the obstructed segment, as PTA is often ineffective
in patients with long stenosis and kinking or patients
with hypoplastic distal aortic arch. Stent implanta-
tion is a more effective management strategy for this
pathology, but stenting in infants and children is not
always possible due to problems associated with de-
livering a stent suitable for future expansion as the
patient grows. The use of stents that cannot be ex-
panded to an adult size is not recommended and is
only done in extreme emergencies [14, 15].

To overcome problems associated with the use of
large-diameter delivery systems and balloon cathe-
ters as well as stents (e.g., GenezisXD, CP stent, An-
drastents, Intrastent) with the potential for further
re-dilatation to the size of an adult vessel, a hybrid
stenting technique was proposed. These stents are
manually mounted on a balloon catheter of the cor-
rect diameter and implanted without the use of long

delivery devices [12, 13]. Pediatric interventional car-
diologists have recently started to use Valeo stents
(Bard Peripheral Vascular, Inc., Tempe, AZ, USA) with a
diameter of 6-10 mm for stenting large vessels. These
stents are already mounted on the balloon catheter,
have a low profile, require the use of 6-7-F introduc-
ers, and have the possibility of subsequent dilatation
up to 20 mm in diameter [16]. In our case, we used a
Valeo stent. In the future, we plan to monitor patient
status and the gradient across the stent. As the child
grows, if necessary, further balloon dilatation of the
stent will be performed to achieve the required size.
For hybrid stenting of arch obstruction and aortic
isthmus in our patient, we achieved access through
the descending thoracic aorta. To our knowledge, this
is the first report describing this technique in the liter-
ature. Positioning the patient on his or her side makes
it possible to visualize the aortic arch without signifi-
cant axial projections of the “C-arm", which is import-
ant when performing an intervention in a standard
cardiac surgical operating room. The use of lateral
thoracotomy permits the avoidance of repeated ster-
notomy in patients without need for other cardiac
interventions. Delivery of a 6-F system during implan-
tation of Valeo stents through the thoracic descend-
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ing aorta is possible and safe. Thus, hybrid stenting
of arch obstruction and aortic isthmus is possible via
retrograde access through the descending thoracic
aorta and produces good anatomical and hemody-
namic results. The use of stents capable of further
dilatation can achieve good long-term prognosis. Al-
though one may argue that an iliac artery cut-down
could have been used to deliver a 6-F introducer fol-

this publication.

need to reposition the child to best view the obstruc-
tion via angiography.
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