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Is endovascular repair the new gold standard for primary adult coarctation?§
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Abstract
Objective: Primary adult aortic coarctation (PAAC) is an unusual cause of hypertension. The standard of care includes surgical repair, which can
be associated with considerable morbidity and operative risk. Although balloon angioplasty has been successfully used in paediatric and
adolescent patients with coarctation, little information exists regarding the endovascular repair of PAAC. This study examines the procedural
safety and efficacy of endovascular repair of PAAC along with midterm outcomes. Methods: Between January 2000 and July 2008, 16 patients
underwent endovascular repair of PAAC. All patients were hypertensive with 13 patients (81.3%) receiving medical therapy. Symptoms included
chest pain (n = 11, 69%), progressive fatigue (n = 5, 31%), exercise intolerance (n = 4, 25%) and shortness of breath (n = 3, 19%). Associated cardiac
concerns included depressed ejection fraction (n = 6, 38%), pulmonary hypertension (n = 5, 31%), ascending aortic dilatation (n = 5, 31%) and
bicuspid aortic valve (n = 4, 25%). Endovascular repair was achieved using a percutaneous femoral approach. Balloon angioplasty of the
coarctation was performed prior to treatment using a balloon-expandable uncovered stent. Aortic diameters were assessed using intravascular
ultrasound. Pre- and post-procedure pressure gradients were measured and success was determined as a residual pressure gradient across the
treated aorta of less than 20 mmHg. Results: The male:female (M:F) ratio was 9:7 with a mean age of 39.7 years. Procedural success was 100%.
Mean pre-procedural aortic diameter was 8.4 mm (3—14 mm) and mean post-procedural aortic diameter was 16.3 mm (10—20 mm) ( p = 0.04).
The mean pre-procedural pressure gradient was 48.3 mmHg (25—100 mmHg) and the mean post-procedural pressure gradient was 0.5 mmHg (0—
15 mmHg) ( p = 0.05). Twelve patients received one stent, two patients received two stents, one patient received three stents and one other
patient received a thoracic stent graft. The rate of paraplegia was 0% with no blood transfusions, strokes or deaths. Follow-up ranged from 12 to
72 months (mean = 22.8 months). One patient required re-intervention with an additional stent 14 months following the initial procedure and all
the patients remain symptom-free. Conclusion: Endovascular repair of PAAC is safe and effective and compares favourably with open surgical
repair. Midterm follow-up suggests that the treatment is durable and may be an alternative to surgical repair. Although this is the largest
endovascular treatment series for PAAC reported to date, additional study and follow-up are needed.
# 2010 European Association for Cardio-Thoracic Surgery. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Aortic coarctation covers a wide spectrum of diseases —
not just the symptomatic congenital presentation, which is
the most common. Coarctation of the aorta can be diagnosed
and recognised over a wide range of ages and with varying
degrees of severity. The most common presenting age for
surgical repair of aortic coarctation is 3—6 months; however,
both adolescents and adults can be diagnosed with primary
coarctation of the native aorta as a first-time diagnosis [1—
3]. Patients who previously underwent surgical repair as an
infant receive lifelong surveillance and are at risk for
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recurrence secondary to re-coarctation at the surgical repair
site; however, there is another subset of patients that
presents primarily as an adult [4,5]. In this untreated and
undiagnosed older age group, primary adult aortic coarcta-
tion (PAAC) can be recognised as an incidental finding at the
time of an elective cardiac catheterisation or even be
diagnosed by a primary care physician who notices a heart
murmur or decreased femoral pulses as part of a routine
annual physical examination [6]. These patients typically
present with upper extremity hypertension and/or decreased
exercise tolerance secondary to leg ‘heaviness’. Between
40% and 80% of patients have an associated bicuspid aortic
valve and 25.5% present with congestive heart failure [7,8].

Traditional treatment for PAAC, like the neonatal
presentation, consists of open surgical repair [4]. However,
these patients have developed significant collateralisation
through intercostal arteries and are at increased surgical risk
Surgery. Published by Elsevier B.V. All rights reserved.
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secondary to bleeding complications. In an effort to minimise
the surgical risk and shorten procedural recovery times, a
catheter-based approach has been successfully developed
[9—11]. Previous studies considering an interventional
treatment of aortic coarctation in the adult have comprised
amix of patients including PAAC, recurrent aortic coarctation
after neonatal repair, re-coarctation with aneurysmal
expansion and failed balloon angioplasty of recurrent aortic
coarctation [12—14]. It is our belief that patients with PAAC
who have not undergone previous surgery or intervention are
a unique subset of patients and differ fundamentally from
those who develop re-coarctation. The physiology of a native
aortic coarctation in an adult is significantly different than
treating a recurrent lesion with scar tissue (both at the lesion
site and pleural scarring from a previous surgical approach).
This is the first report to date of a totally endovascular
approach focussing exclusively on patients with PAAC. We
studied our consecutive clinical experience over an 8-year
period treating patients with PAAC using balloon angioplasty
and stenting in an attempt to determine in a better manner
the outcomes and success of this procedure as an alternative
to open surgical repair.
2. Methods

Between January 2000 and July 2008, 16 patients
underwent endovascular repair of PAAC. The average age
at presentation was 39.7 years (16—58 years) with an M:F
ratio of 9:7 (Table 1). All patients were hypertensive with 13
patients (81%) receiving medical therapy. Symptoms included
chest pain (n = 11, 69%), progressive fatigue (n = 5, 31.3%),
exercise intolerance (n = 4, 25%) and shortness of breath
(n = 3, 19%). Associated cardiac concerns included depressed
ejection fraction (n = 6, 38%), pulmonary hypertension
(n = 5, 31%), ascending aortic dilatation (n = 5, 31%) and
bicuspid aortic valve (n = 4, 25%). All patients referred for
Table 1
Age of presentation and associated medical problems of patients presenting
with primary adult coarctation.

Patient Age at
presentation

Associated medical problems

1 32 HTN, BAV, DAA
2 16 HTN
3 51 HTN, BAV, DAA
4 41 HTN, pulmonary HTN, arrhythmia
5 22 HTN
6 56 HTN, BAV, pulmonary HTN, arrhythmia
7 29 HTN
8 38 HTN, DAA
9 44 HTN, arrhythmia

10 49 HTN, arrhythmia
11 35 HTN, BAV, DAA, pulmonary HTN
12 27 HTN
13 44 HTN, pulmonary HTN, arrhythmia
14 41 HTN
15 58 HTN, pulmonary HTN, arrhythmia, DAA
16 52 HTN, arrhythmia

Average age = 39.7 years
(16—58)

BAV: bicuspid aortic valve; DAA: dilated ascending aorta; HTN: hypertension.
treatment underwent preoperative cardiovascular work-up,
which included electrocardiogram, cardiac echocardiogram,
bilateral carotid artery duplex, cardiac catheterisation and
computed tomography (CT) of chest, abdomen and pelvis.

All patients were treated in a hybrid operating room by
cardiovascular or vascular surgeons. General anaesthesia
was administered and a left radial arterial line was placed in
all patients. Intention to treat was with a balloon-
expandable stent. Femoral access was obtained percuta-
neously in the right common femoral artery and a thoracic
angiogram was obtained with a diagnostic flush catheter
placed in the aortic arch after the lesion was successfully
crossed with a guide wire. Following the angiogram,
intravascular ultrasound (IVUS) (Volcano Therapeutics,
San Diego, CA, USA) via the right common femoral artery
sheath was used to assess the diameter of the coarctation
along with the aortic diameters proximally and distally to
the lesion. In addition, a pressure gradient was measured
with a straight arterial catheter positioned in the descending
thoracic aorta distal to the lesion and compared with the
simultaneous systolic arterial pressure obtained via the left
radial arterial line.

Balloon angioplasty of the coarctation was the initial
intervention. The diameter of the angioplasty balloon was
determined based on the IVUS diameter measurements of the
thoracic aorta. Sizing was based on the diameter of the
normal aorta proximal to the aortic coarctation and was
undersized by 50% to prevent aortic rupture of the
coarctation secondary to angioplasty. Following angioplasty,
another thoracic angiogramwas performed and a repeat IVUS
study was performed. A Palmaz 4010 balloon-expandable
stent (Cordis Corporation, Bridgewater, NJ, USA) was
mounted on a Maxi-LD balloon (Cordis Corporation, Bridge-
water, NJ, USA). The diameter of the balloon was selected
based on 75% of the diameter of the thoracic aorta proximal
to coarctation. The shoulder of the balloon was used to flare
the stent proximally and distally to the coarctation. Post-
procedure pressure gradients were measured in a similar
fashion to the pre-procedure gradients. A completion
thoracic angiogram and an interrogation of the stent and
adjacent aorta were performed with IVUS. Procedural
success was determined as a residual pressure gradient
across the treated aorta of less than 20 mmHg. The access
site was closed with an 8-Fr Angioseal closure device (St.
Jude Corporation, Minneapolis, MN, USA).

Patients were extubated in the operating room and
observed overnight in the hospital. A chest CT scan was
obtained in the morning of postoperative day 1 and then
patients were discharged. Patients were started on 325 mg of
aspirin if they were not already receiving this medication and
were seen in the office 3 weeks following discharge from the
hospital. Serial chest CT scans were performed every 6
months for the first year and annually thereafter. Patients
continued their regular visits with their cardiologist for
continued medical management.

Statistical analysis was performed using the SAS version
9.1 software (SAS Institute, Cary, NC, USA). Standard
descriptive statistics (reported as mean and standard
deviation) were used to summarise demographical data
and outcome data. The p values were calculated using a
standard t-test.
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Fig. 1. Aortic gradients pre- and post-endovascular repair of primary aortic
coarctation.

Fig. 2. Three-dimensional reconstruction of chest computed tomography
demonstrating a primary adult aortic coarctation located distal to the left
subclavian artery.
3. Results

Procedural success was 100%. The mean pre-procedural
aortic diameter was 8.4 mm (3—14 mm) and mean post-
procedural aortic diameter was 16.3 mm (10—20 mm)
( p = 0.04). The mean pre-procedural pressure gradient was
48.3 mmHg (25—100 mmHg) and the mean post-procedural
pressure gradient was 0.5 mmHg (0—15 mmHg) ( p = 0.05)
(Fig. 1). Twelve patients received one stent, two patients
received two stents, one patient received three stents and
one other patient received a thoracic stent graft. The patient
receiving the thoracic stent graft had a significantly dilated
aorta distal to the aortic coarctation and a decision was made
by the treating physician to exclude both the dilated aorta
and the coarctation with a stent graft and place a balloon-
expandable stent inside the stent graft for added radial force
at the coarctation site.

There were no access site complications. Paraplegia rate
was 0% with no blood transfusions, strokes, operative
conversions, aortic dissections, aortic pseudo-aneurysms or
deaths. All patients were able to be discharged on post-
operative day 1. Follow-up ranged from 12 to 72 months
(mean = 22.8 months). Symptoms were resolved in patients
with decreased exercise tolerance preoperatively. All
patients remained on anti-hypertensive medications. One
patient required re-intervention with an additional balloon-
expandable stent 14 months following the initial procedure
for the distal migration of the stent and re-coarctation. The
patient was asymptomatic at the time of re-intervention and
had no complications associated with the re-interventional
procedure.
4. Discussion

Untreated coarctation of the aorta presenting later in life
has been shown to have a considerably negative impact on
survival [6]. Following clinical suspicion of this disease, which
is endorsed by a careful history and physical examination, a
high-resolution CT scan of the chest with three-dimensional
reconstructions should be performed (Fig. 2). With improved
CT imaging workstations, additional reconstructions such as
longitudinal aortic diameters can also be analysed and used
for preoperative case planning (Fig. 3). Adult patients with
PAAC have a decreased life expectancy if left untreated.
Surgical repair has traditionally been the only effective
treatment option available and has been shown to improve
the postoperative treatment of hypertension. Long-term
studies have also demonstrated a survival advantage
associated with surgical repair secondary to improvement
in blood pressure control and resolution of the flow gradient
across the lesion [7,15,4,5].

Not all forms of adult aortic coarctation are primary in
nature. Up to 10% of patients who underwent surgical repair
of neonatal aortic coarctation will develop recurrence as an
adult [16]. These patients can frequently have associated
aortic diseases such as pseudo-aneurysm at the anastomosis
or aneurysmal formation of the surrounding aortic tissues
[17—19]. Re-coarctation of the aorta is an even more
challenging clinical scenario because of the added complica-
tion of complex aortic pathology with the re-coarctation
along with sizeable intercostal collaterals and pleural scar
tissue from the previous operative approach. A less invasive,
endovascular approach has been successfully described in
these patients and excellent results have been achieved
despite their high surgical risk [1,20].

A fundamentally different subset of patients with adult
aortic coarctation is that which presents with PAAC. These
patients frequently have associated cardiovascular symp-
toms such as upper extremity hypertension, exercise
intolerance and shortness of breath. Associated aortic
pathology, unlike re-coarctation in adult patients following
previous surgical repair, is unusual. Moreover, there are no
technical concerns relating to pleural or peri-aortic scar
tissue associatedwith previous surgical repair. These patients
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Fig. 3. Serial orthogonal thoracic aortic diameters on sagittal chest computed
tomography images demonstrating a primary adult aortic coarctation.

Fig. 4. Three-dimensional reconstruction of chest computed tomography
following treatment of primary adult aortic coarctation using a balloon-
expandable stent.

Fig. 5. Treatment of primary adult aortic coarctation using a balloon-expand-
able stent.
have a more straightforward surgical approach and, con-
ceivably, a lower operative risk than the re-coarctation
subset of patients.

It is the lower surgical risk patients with adult coarctation,
namely PAAC, whom we chose to include in this study. These
patients still have many associated cardiovascular co-
morbidities, including pulmonary hypertension, left ventri-
cular hypertrophy and arrhythmias. Our hospital has been
exclusively offering endovascular repair to these patients
since 2000 using balloon-expandable stents. It was our belief
that primary balloon angioplasty as a stand-alone therapy
was not a durable result in these patients due to the
extensive and significant nature of the coarctation tissue.
During this interval, no treated patients have received open
surgical repair for PAAC. We have achieved a 100% success in
treating patients using an endovascular approach (Fig. 4).
Serial postoperative imaging using annual CT scans is
important to evaluate the long-term success of this therapy.
This surveillance protocol detected one patient with a minor
stent migration with no associated clinical effects. This
patient required re-intervention at 14 months and was able
to be successfully treated using a second balloon-expandable
stent.

This study had no perioperative complications and no open
surgical conversions. Although this is a small cohort of
patients, successful resolution of gradients across the lesions
was achieved in all patients with 100% technical success. Of
significance, there were no blood transfusions in any of the
patients. As noted above, there was one re-intervention in
one patient at 14 months post-procedure. There were no
pleural effusions and no re-hospitalisations. All patients were
able to be discharged on postoperative day 1 and returned to
normal activities within 1 week (Fig. 5).

This study is not without limitations. First, it is a single-
centre case series. It covers an 8-year period and a total of
16 patients. A larger clinical experience is necessary,
although obtaining the necessary numbers to achieve
statistical significance compared with open surgical repair
may be challenging since PAAC is a relatively rare disease.
Moreover, the results need to be replicated across multiple
medical centres and hospitals. The techniques described in
this study worked well for our team of physicians, but other
facilities and physicians need to validate our approach.
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Second, a longer term follow-up is necessary. Our mean
follow-up of almost 2 years is much too short to assess the
long-term durability of this approach. Concerns would arise
around strut fractures, metal fatigue or aortic deteriora-
tion at the coarctation treatment site. Similar to patients
repaired in the neonatal period with open surgical repair, a
segment of patients treated with endovascular technolo-
gies may have failure of the treatment 20 or more years
following the primary intervention. Finally, a reduction in
cardiovascular disease-related mortality could not be
determined in this subset of patients. All patients are still
alive and the impact of survival in these patients has yet
to be determined. The long-term study of these patients
will be important to assess the long-term impact of
intervention.

In summary, this is the first dedicated case series of
patients with PAAC treated in an endovascular method.
Previous reports have included both patients with PAAC and
recurrent aortic coarctation. This study demonstrates that
endovascular repair of PAAC is safe and effective. Resolution
of the gradient across the aortic coarctation can be
successfully achieved using a balloon-expandable stent.
There were no perioperative complications, and most
importantly, no blood transfusions with a 1-day in-hospital
stay for all patients. Additional study and longer term follow-
up are necessary.
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vascular surgery by means of a talent endoprosthesis implant in adult
patients with thoracic aorta coarctation. J Cardiovasc Surg (Torino) 2008;
49:483—7.

Appendix A. Conference discussion

Dr B. Zipfel (Berlin, Germany): This comprehensive single-institution
series of totally endovascular approach for primary adult coarctation is of
special interest and special value because it focuses exclusively on primary
adult coarctation while most other publications deal with a mixture of infant
and adult and de novo recurrent coarctations.

The results are excellent. The short follow-up, of course, is a limitation,
but the upper body hypertension has been treated so effectively that the
reduction of cardiovascular disease-related mortality in my opinion is more
than just speculation.

Your 100% technical success with virtually no procedural complications is
impressive. I think this excellent outcome is mainly because the authors
treated the physiology rather than images, and when in doubt leaving a
residual waist in the former stenosis when the reduction of the pressure
gradient was sufficient. Overdilatation is the most common cause of
procedure-induced complications like dissections or even ruptures.

This paper underlines the impression gained from the mixed publications
that today endovascular stenting can be considered as a first-line treatment of
primary uncomplicated adult coarctation. My colleague, Peter Ewert, has
published in 2004 one of these mixed studies with more than 50 patients with
comparable results. Therefore, since 1999, we have operated on only a few
patients with primary coarctation when accompanied by severe and extensive
post-stenotic aneurysms. However, there is a hugemulticentre study published
by Forbes in 2007 of more than 500 mixed patients, comprising some
procedure-induced complications.

This leads to my first question. You have used the Palmaz stent exclusively,
which was the first balloon-expandable stent and which is fairly rigid and
difficult to place. Do you think that advances in the stent technology have been
made? What do you think of using self-expandable stents?

My second question is also a technical point. What is your approach in
subatretic, nearly subtotal coarctation? Do you consider a two-step procedure?
Do you think that in this case covered stents may be of benefit in this situation?

DrWheatley: To answer the first question, I do believe that there is a huge
opportunity to improve the stent technology. I agree that the Palmaz stent is a
first generation technology but it works surprisingly well. And I think that a kind
of hybrid-type stent, something that has some flexibility but a lot of radial
strength, will be critical. I think a self-expanding stent in this situation could
be problematic because the accuracy of deployment with a self-expanding
stent would be harder to control than anchoring it with a balloon-expandable
stent. Having said that, I do think that, once again, it’s going to be some sort of
combination of stent technology.

And in terms of subtotal coarctations, we would favour trying a very
prudent and judicious expansion of that with a balloon-expandable first. If we
weren’t happy with the gradient, then we’d probably get a little bit more
confident with a covered stent-graft to risk any injury to the aorta.

DrM. Czerny (Bern, Switzerland): Surgical treatment of aortic coarctation
not only aims to eliminate the gradient but also has two other important
features, which I think should not be forgotten. This is treatment of the left
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subclavian, which is often aneurysmal, as well as elimination of collateral flow
by clipping intercostals. With this approach you might experience some late
failure to that. What are your thoughts about that.

Dr Wheatley: We’ve been surprised that some of these patients have had
slightly aneurysmal left subclavians as you said. Over the short period of time,
with the short follow-up of 22 months mean, we haven’t seen expansion of that
Editorial co

Endovascular repair for adult coa
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Wheatley et al. [1] report a successful series of
angioplasty and stenting of primary coarctation in adults.
They achieved an excellent technical result with a 50%
increase of the aortic diameter, and an insignificant post-
procedural pressure gradient. They did not encounter
complications. They carefully selected adult patients with
a primary coarctation. These patients have a virgin aorta
at the coarctation site lacking calcified or fibrotic scar
tissue, large access arteries and they are commonly lacking
associated aortic pathologies. Proper indications, experi-
ence in endovascular procedures and great care with
balloon dilation and stenting are key factors in achieving
such results. The study demonstrates, along with other
published series within the past few years, that an endovas-
cular treatment of coarctation in selected patients is effective
in the immediate and midterm outcome with a low complica-
tion rate. False aneurysms, dissections and restenosis account
for 10—17% of the most commonly associated complications.
Endoluminal stretching of the coarctation cancausedisruption
of the aortic wall weakened by cystic medial necrosis. If the
morphology of the coarctation is at risk of such a complication,
the use of a stent graft or covered stent is preferred to a bare
stent, to seal the aortic tear. The stent graft is initially placed
at the coarctation, and then, if necessary, a subsequent
dilation can be performed safely and more vigorously within
the stent graft. Alternatively, balloon expandable bare stents
can be used. By expanding these stents only moderately,
upsizing remains possible should a restenosis be discovered.
These days the endovascular armamentarium is ample offering
treatment in primary coarctation aswell as in complications of
a former endovascular or surgical repair. Endovascular
interventions are associated with less postoperative pain
and avoidance of ‘surgical morbidity’. Given these factors,
why would a patient elect for surgery?

However, the principal reason for intervening in patients
with coarcation is to relieve hypertension and to palliate
left subclavian. So it may stabilize once you’ve relieved the gradient. But
obviously they are going to be in a surveillance program.

In terms of the collaterals, I think that we have seen a generalized
decrease in the collaterals with a 64-slice reconstruction. It’s hard to measure,
obviously, the size, but it looks like there is generalised reduction of those
collaterals but they’re certainly not eliminated.
mment

rctation: stating the obvious!

premature coronary and cerebrovascular disease. Wheatley
et al. did not report data about hypertension, although it is
recommended to perform supine and exercise bloodmeasure-
ments at the time of the intervention as well as during follow-
up. Coarctation repair results in immediate improvement of
hypertension in about 60% of cases and with similar results for
endovascular and surgical groups [2]. It becomes less effective
with increasing age at repair, and, from this point of view, the
adult subgroup is probably not the one who will benefit most.
Actually, the long-term outcome over decades is known only
after surgery with a durable cure rate between 50% and 60%.
The equivalence of the endovascular repair in the long term
has not yet been determined; however, even if it turns out less
favourable, who would opt for surgery?
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