Aneurysmal
Complications
of Coarctation

Is endovascular therapy now the gold standard for repair?
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oarctation of the aorta is one of the best-

known congenital cardiac conditions and

describes a narrowing of part of the thoracic

aorta, most commonly of the isthmus around
the insertion of the arterial duct. This condition
accounts for 7% to 10% of all congenital heart lesions,’
and the presentation varies. Classically, there is severe
hypertension from an early age. However, this is not
always true, and some patients present at a much later
stage with hypertension (or, rarely, with claudication
when running long distances).

Over the years, there have been a variety of repair
strategies used. Open surgical repair was first described in
19452 and is usually performed through a left lateral tho-
racotomy. There are three standard surgical approaches:
resectioning and end-to-end anastomosis, subclavian
flap repair, and Dacron patch aortoplasty. An alternative
to direct repair that has been developed and used on
occasion is ascending aortic-to-descending aortic bypass
through a median sternotomy wound. More recently,
there has been a move away from surgical approaches
for the treatment of these lesions. Balloon angioplasty?
and stenting of the coarctation site* are now standard
practice, and in the United Kingdom, they are recognized
by the National Institute of Clinical Excellence.

Although coarctation treatment can be successful
in the short term, there is a need for careful continued
follow-up. The late complications, especially after surgi-
cal repair, are well recognized. The most recent study
describes the prevalence of restenosis and dilatation at
the repair site in 247 patients (largely treated by surgi-

cal repair), as assessed by CT and MRI.” In this study,
restenosis of > 70% at the repair site was present in 31%
of patients, with dilatation present in 13% and a discrete
aneurysmal segment in 9%. The largest study describing
the long-term surgery results of 891 patients (analyzing
patients with 1-24 years of follow-up) revealed that 5.4%
developed pseudoaneurysms at the site of repair (89.6% of
these were in patients undergoing patch aortoplasty, 8.3%
after end-to-end anastomosis, and 2.1% after prosthetic
graft replacement).® Late pseudoaneurysm formation is
also a complication of angioplasty and stenting, and its
incidence will increase with wider use of these techniques.”
These postcoarctation repair aneurysms may occur as
a result of widening of the aorta in a fusiform pattern, or
they may be more discrete and saccular in nature, most
likely secondary to suture line disruption between a
prosthetic patch and the aortic tissue. In the absence of
any useful measure to predict the risk of rupture in sac-
cular aneurysms, most patients require intervention. In
our experience, there is no correlation between size and
rupture; therefore, assessment at an early stage should
be considered mandatory. For those who have a fusiform
aneurysm, we do not know when it should be repaired;
however, we tend to agree that this type of aneurysm
requires repair, according to standard size criteria in the
American Heart Association guidelines.® Once repair
is considered, there is some controversy on how these
aneurysms are best repaired (ie, by endovascular or
surgical means). This article describes why endovascular
management is the better approach for treating postco-
arctation repair aneurysms.
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SURGICAL REPAIR OF POSTCOARCTATION
REPAIR ANEURYSMAL DILATATION

Until recently, standard repair strategies involved
open surgical revision, with a direct approach to the
proximal descending thoracic aorta through a left lat-
eral thoracotomy and replacement of the aneurysmal
portion (usually with interposition grafting). Although
this approach is thought to provide a durable repair,
there are significant challenges. When operating in a
scarred area, there is a high risk of bleeding and collat-
eral damage. Significant postoperative morbidity occurs
after recurrent laryngeal nerve and phrenic nerve paral-
ysis. The fragile nature of the aneurysm itself means
that careful dissection is required before exposing the
site for proximal cross-clamping of the aorta; other-
wise, rupture occurs, and emergency cardiac bypass is
required. Deep hypothermic arrest is often planned for
safe access to the arch.

One further complicating factor in surgical treatment
is the association with other congenital heart defects.
Reports have demonstrated this association in > 90%
of patients younger than 6 months of age.” The abnor-
malities are varied, but most commonly include tubular
hypoplasia of the aortic arch, ventricular septal defects
and patent ductus arteriosus, left ventricular outflow and
inflow obstruction, as well as abnormal positioning of
the great vessels (primarily transpositions). These associ-
ated abnormalities mean that the patients are at signifi-
cant anesthetic risk. A mortality rate as high as 14% has
been noted with surgical repair.”'°

Although saccular aneurysms may appear to be a local-
ized area of failure, there may be more widespread disease
of the arterial system. It has been postulated that coarcta-
tion is part of a more widespread aortopathy." Certainly,
there is an association with the bicuspid aortic valve, which
would support this view.® Given this, there can be no guar-
antees that further surgical repair will not be needed in
these patients. Failure in the late term after surgical repair
does occur, and there is often the need for additional repair.

Last, but perhaps most importantly, we must consider
the patient’s view. Often, the patient has undergone
significant thoracic surgery on one or more occasions
and is reticent to agree to a reoperation. It is difficult to
convince this cohort that another surgical procedure will
pay off in the long term.

AN ENDOVASCULAR APPROACH

Endovascular treatment of thoracic aortic aneurysms has
significantly grown in popularity since Dake et al implanted
the first thoracic aortic stent graft in 1994." This would
seem to be an attractive prospect for treating these patients,
as early postoperative complications are rare.
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In our unit, we perform procedures under general
anesthesia with spinal drain placement for those with
an anticipated aortic coverage > 15 cm in length. For
patients who require coverage of the left subclavian or
left common carotid artery origins, we perform extra-
anatomical bypass grafting if a custom-made, scalloped
stent graft cannot be used. Most often, the common
femoral artery is utilized for access either via a cutdown
or, more recently, via a percutaneous approach. The
stent is positioned under fluoroscopic guidance and
deployed with medication-induced hypotension to
avoid “bird-beaking” and stent maldeployment. Once
final angiograms are obtained, demonstrating satisfac-
tory stent positioning, the patient is managed in a
high-dependency unit environment with a mean arte-
rial pressure of > 85 mm Hg for spinal cord protection.
Representative angiograms from such a procedure are
shown in Figure 1. CT evaluation is performed at 1 month,
with mandatory surveillance for all patients (usually at
2-year periods, when the sac has been excluded and has
decreased in size). Pre- and postoperative CT images are
shown in Figure 2.

There are concerns regarding the use of endovascu-
lar technology in the majority of these patients. These
concerns are mainly centered around the effectiveness
of stent grafts and whether a long-term seal can be
achieved in these patients, many of whom are young and
have a near-normal life expectancy.

First, there are significant challenges with these
patients when an endovascular approach is considered.
The lesion is almost invariably at, or just distal to, the left
subclavian artery. This needs to be considered, especially
in young patients who may need further surgery later in
life. Second, there are commonly significant challenges
involved with mismatch of proximal and distal landing
zones, as well as tortuosity of the aortic arch and proxi-
mal descending thoracic aorta, presumably secondary to
remodeling during early life with redistribution of blood
flow through the internal mammary arteries to the distal
vasculature and as a result of surgery.

Early stent systems were not specifically designed for the
challenges of the aortic arch, in terms of their lack of con-
formability and migration. This presumably explains the
small number of patients who underwent endovascular
repair in early reports,’*"” due to a lack of suitability and
concern that a long-term seal could not be achieved.

Major advances in stent graft technology have been
made more recently. Current-generation devices are
smaller and more conformable and can be deployed more
safely and reproducibly. Our recent report describes a
contemporary study of 13 patients ranging from 27 to 66
years of age.” In this study, the initial technical success rate



Figure 1. Intra-arterial digital subtraction angiogram showing a large saccular aneurysm 20 years after Dacron patch coarcta-
tion repair. The surgical clips can be seen be seen in place. Note the occlusion of the left subclavian artery from the original
surgical procedure (A). Successful exclusion of the aneurysm after placement of a C-TAG stent graft (the residual stenosis that
is present was treated with a high-pressure balloon once the covered stent graft was placed) (B).

was 100% using a variety of stent grafts, with all aneurysms
entirely excluded in 10 out of 13 patients. Early CT scans
showed type Il endoleaks in two patients and a single type
Ib endoleak that required distal stent extension.

Despite the significant challenges of location, tortuos-
ity, and device size mismatch, a successful seal can be
achieved in the short term. We used a combination of
Captivia (Medtronic), Conformable TAG (C-TAG, Gore
& Associates), and custom-made stent grafts. This new
generation of stent grafts with increased deployment
accuracy and fixation, as well as superior conformability, is
vital in improving initial technical success. To reduce the
risk of paraplegia, it is essential to utilize the shortest aortic
coverage possible to gain an effective and durable seal.
This can be difficult if multiple stent grafts must be com-
bined to seal a proximal and distal landing zone. Use of
the C-TAG device can reduce the need for multiple stents
due to a wider range of aortic diameters indicated for use
with each stent graft diameter, especially at the lower size
range. By utilizing custom-made stent graft systems, the
range of aneurysms that can be treated increases. The
custom-made Relay device (Bolton Medical, Inc.) has a
proximal scallop, which allows for a longer seal zone with-
out the need for extensive extra-anatomical hybrid revas-

cularization of the subclavian or left carotid artery. Again,
this device is useful for significant proximal and distal land-
ing zone mismatch, as a taper can be incorporated into
the custom-made design. Our experience with this device
has grown over the years, and results are promising in the
short and medium term.”

One significant concern with endovascular stent
graft repair in these patients is durability. This is a valid
worry, because there have been many reports of late
stent graft failure and late mortality rates.” However,
an examination of large-scale databases has revealed
that there is most certainly a differential outcome of
thoracic stenting related to initial pathology.? It is
therefore not a valid argument to compare the results
of thoracic stenting for aneurysmal disease with local-
ized pathologies. In the acute situation, some similari-
ties can be drawn from examining the results of aortic
transection. These patients have a localized pathology
with landing zones that consist of “normal” aortic tis-
sue. In those who survive severe multitrauma, the long-
term results of stent placement appear excellent.?!

In our series, we have reported a median follow-up of
15 months (and now have a median of 2 years experience).
Except for the initial distal extension needed for a type Ib
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endoleak (noted at the time of initial CT evaluation), no
patients have required further stent graft intervention,
which one may reasonably attribute to careful attention
paid to achieving adequate seal and fixation at the land-
ing zones with these newer-generation stent grafts. The
majority of the saccular aneurysms have regressed to an
impressive degree, so there is no measurable sac.

With further technological advances, we can expect
the durability of thoracic stent grafting to further
improve. In our unit, we have utilized the thoracic
EndoAnchor system (Aptus Endosystems, Inc.) in an
attempt to provide a versatile method of providing sta-
ble fixation. The long-term outcomes of this system are
yet to be reported in the thoracic aorta, but promising
results are emerging for the infrarenal segment.?

CONCLUSION

Patients who have undergone interventions for coarcta-
tion, particularly with Dacron patch repair, are at significant
risk of aneurysmal formation later in life. It is imperative
that every patient is followed up and monitored for this
complication, ideally using MR, by adult congenital heart
services. Patients who develop aneurysmal dilatation should
be considered for repair, as rupture is associated with a high
mortality rate. In considering strategies for repair, it should
be taken into account that surgical revision carries signifi-
cant risks, and there is no guarantee of long-term freedom
from reintervention. In addition, patients often prefer to
explore minimally invasive options. Although endovascular
stent grafting was viewed, quite rightly, with caution in the
treatment of these young patients, newer stent graft designs
offer better conformability, versatility, and durability. They
should now be considered as the first choice for treatment
of these aneurysms. B
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Figure 2. Preoperative sagittal CT image of the patient in Figure 1 (A). CT
imaging of the same patient shows the stent graft in place, with exclusion
of the aneurysm and complete regression of the aneurysm sac at 1 year (B).
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