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Abstract
Aortic coarctation is a common congenital cardiovascular defect, which can be diagnosed over a wide
range of ages and with varying degrees of severity. Surgery has proven to be an effective treatment
for the management of native aortic coarctation, and remains the treatment of choice in neonates.
Balloon angioplasty with or without stenting has evolved rapidly over the past decade. Balloon
angioplasty is the treatment of choice in children with recoarctation, and currently available
immediate results in native coarctation are similar with regard to gradient reduction as compared to
surgery. However, both treatment options carry the risk of restenosis and aortic wall complications,
especially after balloon angioplasty without stenting in native coarctation. On the other hand, stent
implantation has shown excellent short term results in both children beyond infancy and in adults
with native coarctation. In patients with recurrent coarctation who are at high surgical risk, balloon
angioplasty and stent repair offer a less invasive and equally effective method. Stent repair is
preferred over balloon angioplasty in adults and out grown children with a recurrent coarctation, as
the risk for recoarctation and aneurysm formation seems to be lower. Data with regard to long term
outcome after percutaneous treatment strategies are scarce. This review summarizes the current
insights in the efficacy and safety of both surgical and transcatheter treatment options for aortic
coarctation.
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Introduction:
Aortic coarctation is a congenital stenosis or occlusion of the aorta, usually located in the region of
the ligamentum arteriosum.1 The worldwide incidence of aortic coarctation is approximately 4 in
10.000 live births, which corresponds to 5 8% of all congenital heart defects. It can be diagnosed over
a wide range of ages and degrees of severity, and with various presentations. Aortic coarctation is
most often diagnosed at age 3 6 months. A small proportion is not diagnosed until adolescent or
adult age.1

Over the past 5 decades, the spectrum of therapeutic options for the treatment of native
aortic coarctation has expanded substantially. Surgical repair of aortic coarctation was performed for
the first time in 1944 by Crafoord and Nylin.2 The surgical treatment of coarctation has improved
substantially since then. However, compared with the normal population, survival is reduced in
patients after successful repair before the age of 5 years with only 91% of the operated patients alive
at the age of 20, and 80% at the age of 40 50 years.3 6 Another factor that affects survival in a
negative manner is delayed diagnosis, as survival is decisively affected by the age at repair, which
explains why early repair is still advocated in these patients.3;7 10 Despite these findings surgical repair
is still advocated in patients diagnosed at older age because of a reduced cardiovascular event risk
and improved survival.10, 11 Lifelong surveillance is mandatory in all coarctation patients, even in
those who underwent successful repair, as they remain at risk for recoarctation or aortic aneurysm
formation.3;6;10;11 Moreover, significant morbidity persists after surgical repair due to systemic
hypertension, accelerated coronary atherosclerosis, aortic dissection, stroke and congestive heart
failure.6;12 16

The surgical approaches developed over the past decades include end to end anastomosis,
subclavian flap aortoplasty, aortoplasty using a synthetic patch, interposition graft placement and
the extended end to end anastomosis.3 6 Over the past two decades, percutaneous treatment
options have become an alternative for surgery. Balloon angioplasty was first performed in the 1980s
and the use of balloon expandable endovascular stents became available in the 1990s.17;18 Advances
in operator experiences and balloon and stent technology have improved the success rate and safety
of transcatheter treatment. Several studies have been performed to assess the feasibility of these
percutaneous approaches, but long term follow up remains scarce with regard to the occurrence of
aortic aneurysm formation, recurrent stenosis and the general cardiovascular morbidity and
mortality after percutaneous treatment. This review summarizes current insights with regard to
treatment options for coarctation patients in an era in which the role of percutaneous treatment is
evolving.

Surgical repair
End to end anastomosis
Surgical repair of aortic coarctation by end to end anastomosis was first described in 1947 by
Crafoord and Nylin.2 Repair of aortic coarctation with end to end anastomosis is characterized by a
low mortality rate and a low recoarctation rate during long term follow up.19;20 21 24 The extended
end to end anastomosis was introduced more recently, and has shown good short term and
intermediate term results.25;26 This approach is characterized by the fact that an end to end
anastomosis is created to the inferior aspect of the aortic arch. The resulting wide anastomosis
achieved provides maximum relief of systemic afterload and reduces the recurrence rate. When the



distal aortic arch and isthmus are hypoplastic, the resulting extended anastomosis is limited only by
the diameter of the aortic arch itself, allowing for maximum growth potential. In this context, the
extended anastomosis actually relieves hypoplasia of the distal arch, which is an great advantage
when compared to the standard end to end anastomosis.27

The ACC/AHA guidelines currently advise an intervention in patients with a peak to peak
coarctation gradient > 20 mmHg or in patients with a peak to peak gradient < 20 mmHg with
radiological evidence of significant coarctation and collateral flow.28

The extended end to end anastomosis is nowadays the preferred technique in infants and in
patients with a mild degree of hypoplasia of the distal arch. The advantages of this technique include
preservation of the left subclavian artery, resection of ductal tissue, and the use of autologous tissue
which allows vessel growth along with the patient.19 Surgical repair of primary coarctation remains
currently the preferred treatment in the neonatal and paediatric period, despite the fact that
outcome is less favourable in patients with associated cardiac lesions.

Subclavian flap surgery
Subclavian flap surgery is the second most frequently performed surgical technique in both neonates
and infants.29 Advantages of subclavian flap repair include the use of autologous tissue which has the
potential to grow along with the patient. Furthermore, this technique creates a tension free repair in
which the need for extensive aortic resection and mobilization is limited. Despite the benefits of the
subclavian flap procedure, major concerns remain even after successful repair including the risk of
aortic aneurysm formation and recoarctation. The efficacy of the subclavian flap procedure has been
a topic of debate, as the recoarctation rate is higher compared to end to end anastomosis.30;31

Freedom from restenosis was 87 89% after 5 years follow up in patients who underwent subclavian
flap surgery as compared to 86 95% in those who underwent extended end to end anastomosis.20;32

Barreiro et al. recently reported that 11% of patients who underwent subclavian flap surgery
required reintervention because of recoarctation during a mean follow up of 8 months.29 The cause
of this increased risk of recoarctation is related to the fact that ductal tissue is left in situ in the
majority of the cases. Therefore, many centers favour the extended end to end anastomosis
procedure over subclavian flap surgery.29

Patch angioplasty
Dacron patch angioplasty was introduced in the 1960s and is characterized by successful gradient
resolution, avoidance of harm to the intercostal arteries and a low risk for restenosis because of
resection of circumferential suture lines.33;34 A major disadvantage of this technique is the high
incidence of aortic aneurysm formation in adults patients; 32% in a cohort described by Ala Kulju et
al.35 According to this study, the risk of aneurysm formation increased during long term follow up,
which was later confirmed by Parks et al. who reported that the risk of aortic aneurysm formation
rose to 51% during follow up.36 The use of large patches was shown to play a role in aortic aneurysm
formation, possibly due to the fact that patients who were operated at an older age tend to require
larger patches and tend have higher blood pressure as compared to young infants.36 Late aneurysm
formation after patch angioplasty, a potentially fatal complication because it may lead to aortic
dissection, is more prevalent in female patients operated after 2 years of age and in pregnant
women.37 The mechanism behind aneurysm formation after patch angioplasty is thought to be
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caused by the fact that a part of the aorta is replaced by a material with a tensile strength that differs
from that of the aorta.38 40 When the aortic pulse wave reaches the stiff, less compliant graft, it is
thought that the turbulence is transmitted to the elastic aorta opposite and adjacent to the graft
causing progressive weakening and dilatation of the aortic wall.

Walhout et al. recently compared outcome after patch aortoplasty and end to end
anastomosis for aortic coarctation in 262 children.41 In contrast to previous studies, this study did not
report a significant difference between these treatment strategies with regard to the risk of
recoarctation or aortic aneurysm formation. This might be related to the fact that in the patch
angioplasty group only polytetrafluoroehtylene (PTFE) patches were used and no Dacron patches. It
has been hypothesized that the giant cell infiltration that is often seen with Dacron grafts causes an
inflammatory response that increases the risk for aortic aneurysm formation.42;43 With PTFE patches
this infiltration is substantially less and PTFE is therefore advocated when performing patch
angioplasty. However, the results of this study need to be interpreted with caution, as it was a
retrospective study covering almost three decades in which both surgical techniques have improved.
Overall patch angioplasty is therefore not the treatment of choice in patients with an aortic
coarctation.

Endovascular treatment of aortic coarctation
Balloon angioplasty in children
Sos et al. were the first to report about the feasibility of dilating an aortic coarctation in a post
mortem study.44 The technique of balloon angioplasty involves expansion of the constricted
coarctation site, which results in rupture of the intima and injury of the media.45 The first in vivo
experience with this technique in humans was reported by Singer et al. in 1982 who reported
successful balloon angioplasty in a newborn with aortic coarctation.46 Balloon angioplasty was
initially used in neonates and infants with heart failure who were at a high risk for surgery, but its
indication was later extended to include children, adolescents and adults as well.46 48 However, as
opposed to the good results of balloon angioplasty in both children and adults with a discrete type
coarctation, less favourable outcomes have been reported in patients with isthmic hypoplasia or
diffuse stenosis that includes the aortic arch.49 51

Post procedural complications after balloon angioplasty in children include injury at the
percutaneous access site, elastic recoil or restenosis, and uncontrolled damage of the aortic wall
resulting in aortic aneurysm formation.49;51 53 However, the exact mechanism for the increased risk of
aortic aneurysm formation after balloon angioplasty is still unclear. It has been hypothesized that the
presence of cystic medial necrosis, which is found in resected coarctation segments in almost two
third of patients, might be causative for the development of aortic aneurysms in patients after
surgery, balloon angioplasty and stent implantation.54 Other factors involved in aortic aneurysm
formation after balloon angioplasty include larger balloon size, because overstretching of the
coarctation area might cause intima media tears and as a consequence aortic aneurysm formation
and rupture.

A second well known complication after balloon angioplasty is the occurrence of restenosis,
which is found in 10 15% of all children and adults who are treated with balloon angioplasty for
native aortic coarctation.51 Rao et al. reported that neonates and infants are particularly at risk for
restenosis due to the large amount of myoblasts around the coarctation site.55 Additionally, it has



been suggested that the increased restenosis risk may be caused by the fact that balloon angioplasty
causes injury to the aortic intima and media. As a consequence, recoil and harmful scar tissue might
cause restenosis. 51 56 In a nonrandomized retrospective study in children (age 12±10 years), 18% of
the patients who underwent balloon angioplasty had procedure related complications, as compared
to 50% of the patients after surgery.57 After 3 year follow up the number of aortic complications such
as restenosis and aneurysm formation was 21% in the balloon angioplasty group of which 26%
required reintervention versus no long term complications in the surgical repair group.57 These
findings were confirmed in two prospective randomized controlled trials in which both techniques
were equally successful in reducing the aortic gradient. However, the risk of recoarctation and aortic
aneurysm formation was higher in the balloon angioplasty group as compared to the surgical
group.50;58

Based on a literature review, Wong et al. reported a systematic decision analysis to compare
balloon angioplasty and surgery in children of different age groups. Balloon angioplasty was found to
be preferable over surgery in the non neonatal coarctation patients, whereas balloon angioplasty in
neonates remains controversial.59 The current AHA guidelines state that balloon angioplasty is
recommended in children beyond the age of 4 6 months in patients with a gradient > 20 mmHg and
with a suitable anatomy. 60;61 In conclusion, these findings demonstrate that balloon angioplasty is
effective in relieving the aortic gradient in children beyond the neonatal period. However, the risk of
recoarctation or rupture and aortic aneurysm formation is too high. In general, it can be concluded
that balloon dilatation should be avoided in children and neonates as it is less effective and the risk
for complications is too high.

Balloon angioplasty in adults with native coarctation
Balloon angioplasty in the management of adolescents and adults remains a topic of debate. Overall
gradient reduction is acceptable after balloon dilatation. However post procedural outcome is often
suboptimal with a residual gradient of 20 mmHg or more in 9% of the cases.8;62 These findings are
important, as it has been shown that the recoarctation risk is lower in patients with a post
procedural gradient of less than 10 mmHg.63;64

Walhout et al. evaluated 85 patients (age 14 55 years) with a discrete aortic coarctation 12 ±
7 years after balloon angioplasty.65 Fawzy et al. reported results for 29 patients (age 15 71 years)
after balloon angioplasty with similar characteristics of the coarctation 8.5 ± 3 years after balloon
angioplasty. In these two studies overall six patients underwent repeat intervention for recoarctation
and four patients demonstrated aortic aneurysm formation at the dilation site. Walhout et al.
reported that the occurrence of recoarctation was 3% in their population.62 The risk of aortic
aneurysm at the dilatation site was clearly lower as compared to other studies in which the risk was
varying between 50% in the early days and 1.8 and 6% as described in later studies.66 68 The reduced
risk of aortic aneurysm formation in these studies might be explained by the fact that only patients
with a discrete “shelf like” lesion were included as has been previously hypothesized by Tanous et
al.69

Despite these long term complications, several studies have shown that balloon angioplasty
is a safe and effective in adults with native coarctation. Recoarctation risk after balloon angioplasty
has been shown to be lower in adults as compared to children.55 Results after balloon angioplasty in
adults with native coarctation are comparable with surgery, and the long term need for
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reintervention is relatively low. However, as stent treatment is evolving over time, it appears that the
role of balloon angioplasty seems to decline for adults with native coarctation. Balloon angioplasty is
therefore currently limited to paediatric patients with a discrete re coarctation or older children and
adults with systemic conditions such as connective tissue disease or Turner syndrome, or in patients
in whom the arterial access site is not suitable for stent introduction.60;70

Balloon angioplasty for recurrent coarctation
Recurrent coarctation is a common complication after surgical correction, with an incidence of 16 up
to 60%.21;71 The definition of recurrent coarctation is a residual gradient above 20 30 mmHg at the
coarctation site. Singer et al. were the first to describe treatment of recurrent coarctation with
balloon angioplasty, with acceptable early and intermediate term results.46 However, several
complications have been described in other studies after balloon dilatation for recoarctation such as
aortic dissection, restenosis, aortic rupture and complications at the femoral access site.54;68;72;73

Surgical re intervention is required in 5 50% of these patients.74 75

Balloon angioplasty seems to be safe and effective in infants with a recurrent coarctation, to
avoid repeat surgery.65 However, Yetman et al. reported that among 90 patients (median age of 1.1
years) who underwent balloon angioplasty for recoarctation, 31% required re reintervention.76

Several risk factors exist for recoarctation after balloon angioplasty, including age at initial repair < 2
3 months, weight at initial repair < 5 kg, residual ductile tissue, and the use of silk suture at the initial
repair.77 These findings demonstrate that the effectiveness of balloon angioplasty for recoarctation in
infancy remains a topic of debate.

In children with recurrent coarctation, balloon angioplasty was effective in 67 90% of the
patients with a mortality rate of 0.7 2.5%.72;78 The mortality rate is significantly lower as compared
the 7% mortality after surgical repair for recoarctation.72;79 Long term follow up results were
reviewed by Yetman et al. in a large series of children after balloon angioplasty for aortic
recoarctation. The immediate outcome after balloon angioplasty was excellent with a residual
gradient < 20 mmHg in 88% of the cases. However, in 31% of the 90 cases reintervention was
needed. Balloon angioplasty was not particularly successful in children with complex multilevel left
sided obstruction, which suggests that those are less suitable for balloon angioplasty because of
persisting abnormal flow in the aortic arch. Failure of balloon angioplasty in patients with isolated
recoarctation was only found in patients after surgical repair with end to end anastomosis. These
findings are attributed to the extended reconstruction in which the site of obstruction is located
more proximal to the transverse arch.76 Reich et al. described long term follow up data after balloon
angioplasty for recoarctation in children, which demonstrated a low complication rate as well as a
low risk of aortic aneurysm formation.80 Although Reich et al. state that balloon angioplasty should
be the initial treatment in all recoarctation patients, restenosis was more often found in children in
which reinterventions were performed at an older age. Therefore, balloon angioplasty seems more
suitable for the treatment of restenosis during infancy, as it avoids the need for repeat surgery.65

Balloon angioplasty may be useful to prevent the need for stent implantation entirely, or postpone
stent implantation until adult age when stenting with adult sized stents is feasible.80



Stent implantation
Stent implantation in children
De Lezo et al. published the first experiences of treating severe aortic coarctation with balloon
expandable stents. It has been suggested that stenting after balloon angioplasty lowers the risk for
complications and has a beneficial effect on long term survival.81 87 Encouraging results have been
reported after stent implantation for the initial treatment of aortic coarctation, especially in children
older than 6 years of age, adolescents and adults.64;82;83;85 97 However, primary stenting has an
important limitation, which is the failure to adapt to the growing vessel in a child. In order to
overcome this problem, redilatation during follow up has been described.82;83;98 This approach might
be necessary in growing children, and has been shown to be safe and effective whereas surgery may
be associated with a much higher complication rate.99

Endoproliferative restenosis has been described in 18% of young infants, especially after the
use of small diameter stents.99 For this reason, it is important to consider the maximum size a stent
can be (re)dilated, in order to prevent an iatrogenic obstruction caused by a small diameter stent.100

However, more important is that implantation of adult sized stents in children is associated with
significant vascular complications, which may require surgical stent removal or aortic reconstruction.
Chisolm et al. reported that the use of adult sized stents is legitimate in patients above 15 kg and
even between 10 15 kg.101 However, Rosenthal et al. do not advocate stent implantation in children
less than 25 kg due to difficulties with the size of the delivery sheath.102 Thanopoulos et al. suggested
that if stent repair in children is considered, bare metal stents should be favoured over covered
stents in children as they can be redilated more easily, and insertion is more feasible through smaller
Mullins sheaths.101;103;104 Moreover, covered stents seem to be more suitable in children with a
complex anatomy, with aortic aneurysms, and with complications due to stent implantation such as
aortic dissection.105;106 The use of bioabsorbable stents that adapt to the growing child might be an
alternative in children, nevertheless, results with regard to the use of these stents in children are
limited.107

In conclusion, these findings demonstrate that immediate results regarding gradient
reduction after stent repair in children are promising. In our opinion, stent implantation remains
complicated in children below the age of 8 10 years, due to several major limitations such as vascular
complications, difficulties with sheat delivery and the fact that children are not yet full
grown.82;83;90;91;108 Additionally, the risk of late aneurysm formation seems to be higher in very young
children, especially in those with a hypoplastic arch.109 The current AHA guidelines state that stent
repair is only recommended in neonates with a complex aortic arch obstruction, which exists despite
surgical or catheter interventional attempts and in high risk surgical patients.60 Stent repair might be
an alternative in children beyond the age of 8 10 years that are full grown. However, as long term
data are lacking this remains a matter of debate. Therefore, surgery, with a mortality rate of < 1%,
remains the treatment of choice in both neonates and children younger then 8 10 years of age in
which implantation of an adult sized stent is not possible.19;20;110

Stent implantation in adult patients with native coarctation
In a small percentage of patients, coarctation of the aorta is not diagnosed until adult age. The
diagnosis is usually made in the work up for a heart murmur, decreased peripheral pulses, or
therapy resistant hypertension. In particular, hypertensive patients may present with decreased
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exercise tolerance or intermittent claudication due to arterial insufficiency of the legs, either
spontaneously or after initiation of antihypertensive therapy.6 In the majority of cases open surgical
repair is the treatment of choice.110 Native coarctation patients have an intact aorta at the
coarctation site, without fibrotic or calcified scar tissue. Surgical risk is lower in native coarctation
patients as compared to recoarctation patients because there are no concerns with regard to pleural
or peri aortic scar tissue due to previous surgical procedures. However, native coarctation in adults
can be associated with other complicating factors. For example, significant collateralisation around
the site of coarctation can occur in some patients that present with native coarctation at older age.
The risk for surgical bleeding is significantly increased in these patients. Percutaneous treatment
might be a safe and effective alternative in these high risk patients.111 115

Wheatly et al. treated 16 native coarctation patients with balloon angioplasty followed by
balloon expandable covered stent implantation, and reported a 100% immediate success rate with
regard to gradient resolution. Postoperative serial CT imaging demonstrated minor stent migration in
only one patient, which required reintervention after 14 months.116 Tanous et al. utilized covered
stents in the management of 22 native coarctation patients, and routine angiographic and
hemodynamic assessment was performed after stent implantation.69 The gradient immediately after
stent placement was maintained during a median follow up of 1 year, as was the blood pressure
reduction and the lower need for anti hypertensive medication.69 Holzer et al. provided data from
one of the largest prospective registries on stent implantation in both children and adults with either
native or recurrent coarctation.117 These data demonstrate a 96% immediate success rate after stent
implantation, and a long term success rate of 77% over 18 60 months follow up. A substantial
number of patients were followed with either CT or MRI over a mean follow up of 1.1 years (3.6
months to 4.8 years) which allowed assessment of long term complications. In 5 % of the patients
procedure related events occurred. Approximately 12% of these patients required a repeat
intervention during follow up, which is comparable with the reintervention rates after surgery which
vary between 6 and 20%.117

Stent implantation has proven to reduce the recoarctation risk more then balloon
angioplasty alone, as it prevents overdilatation and vascular wall injury and therefore results in a
lower degree of elastic recoil. However, underdeployment of stents increases the risk of stent
migration, which in some cases may require emergency vascular surgery.89;118 120 Restenosis after
implantation of covered stents occurred in 3 out of 22 cases as described in a study by Tanous et al.,
which is comparable with recoarctation risk after implantation of bare metal balloon expandable
stents.69;83;104;121

The risk of aortic aneurysm formation after coarctation stenting in adults appears to be
limited, although follow up with detailed cardiovascular imaging is often lacking in published series,
The reported risk of aortic aneurysm formation is less than 10% after stent implantation, as
compared to 17% in patients after balloon angioplasty alone, and 51% in patients after surgical
repair.64;109;122 Aortic dissection or rupture is a rare but potentially devastating complication of stent
implantation for aortic coarctation. An important risk factor for this complication is advanced age.
Although it has been suggested that the use of covered stents might avoid aortic dissection or
rupture, this is not necessarily the case as aortic rupture has been described after the use of covered
stents.123 Awareness of the risk of aortic dissection or rupture is extremely important, as it needs to
be managed immediately by deployment of additional covered stents.124 Therefore, it is necessary to



continuously monitor stent deployment using simultaneous radial artery access, which allows fast
recognition of hemodynamic instability, aortic dissection or rupture, as well as femoral artery access
complications.125 Stent fracture is uncommon after coarctation stenting but has been described for
the CPTM stent. Adequate treatment is recommended in patients with a stent fracture, even if they
are asymptomatic, as aortic aneurysm formation might occur at the fracture site.84;104;126;127 Design of
the CPTM stent has however been changed to reduce the risk for stent fracture and its
consequences.126

Stent technology has evolved rapidly in the past few years, including balloon expanding
stents, by incidence self expanding stents and the well known polytetrafluoroethylene covered
stents.Covered stents are currently recommended as first line intervention in endovascular
management of aortic coarctation in various clinical conditions such native aortic coarctation, stent
fracture and recoarctation and aneurysm formation after both surgical and percutaneous
procedures. Covered stents were particularly used with an increasing frequency in critical patients
with aortic wall aneurysms after previous surgery ore percutaneous treatment. However, the use of
covered stents is currently also increasing in patients with a primary aortic coarctation, in complex
coarctation patients, in patients at an older age (> 65 years of age) or in patients with previous stent
related complications.104 Covered stents seem to be particularly effective because of their “sealing”
effect on the stenotic area which is particularly helpful in patients with aortic wall aneurysms stent
fractures and even in patients with an aortic rupture.61 For this reason, covered stents are primary
effective in preventing aortic dissection or rupture of the vessel wall. The use of covered stents is
currently indicated in full grown patients, as covered stents can only be dilated up to a certain
diameter and the fact that redilatation might damage the polytetrafluroethlene covering
material.104;119;128

In conclusion, these intermediate term results demonstrate that stent treatment is safe and
effective in patients presenting at adult age with native coarctation. Stent implantation results in a
sustained reduction of the gradient and a reduction of aortic wall complications compared to balloon
angioplasty alone.118

Balloon angioplasty versus stent implantation in adults with native aortic coarctation
Whether balloon angioplasty alone or primary stenting is the most effective treatment adult native
coarctation patients remains to be a topic of debate. It has been suggested that stent implantation
might reduce the complication rate and improve long term survival in the adult population.82 86

Balloon angioplasty has shown to be effective in reducing the gradient across the coarctation site in
adults.121;129 134 However, a previous report demonstrates residual gradients ranging between 8±10
mmHg up to 18±15mmHg and of > 20 mmHg in approximately 7 28% of all cases after balloon
angioplasty.121;131 Zabal et al. reported that the residual gradient was significantly lower in the group
that underwent stent implantation as compared to after balloon angioplasty alone (2.7±4.3 vs
10.7±10.8 mg, respectively). The results for balloon angioplasty were particularly poor in patients
with a non discrete type coarctation, where a residual gradient > 20 mmHg was seen in 57% of the
cases, while none of the cases after stent repair had a residual gradient. Among patients with
discrete type coarctation, a residual stenosis was observed in only 9.3% of the cohort after balloon
angioplasty. Primary stenting is therefore advocated in patients with a complex anatomy such as in
patients with tubular coarctation or isthmic hypoplasia. 64;134;135 Moreover, stent repair is favourable
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in patients with a discrete type coarctation and a residual gradient after balloon angioplasty of >10
mmHg.64 Stent implantation has proven to reduce the risk of recoarctation as compared to balloon
angioplasty, because it prevents overdilatation and thereby aortic wall injury and in addition, it
results in a lower degree of elastic recoil. The incidence of recoarctation after bare metal stent
implantation is limited to approximately 1 out of 16, which is similar after implantation of covered
stents.104

Aortic aneurysm formation is a common complication after surgical and percutaneous
treatment of aortic coarctation. The risk of aneurysm formation is thought to be higher after balloon
angioplasty then after stenting. The estimates for risk of aortic aneurysm formation after balloon
angioplasty in adults are varying between 0 – 55%. The risk of aortic aneurysm after balloon
angioplasty was significantly lower during intermediate follow up in two previously published studies
bij Fawzy and Walhout et al.8;62 These results might be caused by the fact that only discrete type or
shelf like lesions were included.

The overall risk for aortic aneurysm formation seems to be as low as 10% in patients after
coarctation stenting, as compared to 17% in patients after balloon angioplasty and 51% in patients
after surgical repair of aortic coarctation.64;109;119;136 Horlick et al. observed a reduction of post
stenotic dilatation in the thoracic aorta, which might limit the risk of aortic aneurysm formation or
rupture. Stent repair seems to reduce recoarctation risk and might additionally prevent aortic
aneurysm formation as compared to balloon angioplasty alone in adult patients presenting with
native aortic coarcation. Percutaneous treatment with primary stenting seems therefore currently
the treatment of choice for native adult coarctation patients.69

Stent implantation for recoarctation at adult age
Approximately 10% of patients who underwent surgical repair for coarctation as an infant develop
recoarctation at adult age. 137 These patients often present with associated aortic anomalies, for
example aortic aneurysm formation or pseudo aneurysm formation. In addition to the complex
aortic pathology, these patients often have a large collateral network of intercostal arteries as well as
pleural adhesions due to the previous operation. As a consequence, reintervention in these patients
is usually a challenge. Therefore, a less invasive approach might be advocated in these patients as
excellent results have been described in these high risk patients.69;138

Stent implantation was initially introduced as a safe alternative to surgery, especially in
patients with aortic recoarctation after surgery. Several periprocedural complications have been
described such as death, immediate or late dissection, stent recoil, recoarctation and aortic rupture,
as well as complications at the femoral access site.54;68;72;73;98;139;140 However, long term follow up
with CT or MRI imaging demonstrates that stent implantation is an effective technique for recurrent
coarctation of the aorta.141 Stenting for aortic recoarctation is associated with a lower risk of
recurrent coarctation and aortic aneurysm formation.69 The current AHA guidelines recommend
stent implantation for recoarctation therefore in all patients with an aortic recoarctation and a
gradient > 20 mmHg which are of sufficient size for safe stent placement and in which expansion to
an adult size is possible.60



Comparing balloon angioplasty, surgery and stent repair in children and adults with native aortic
coarctation
A direct comparison between the three main treatment strategies in aortic coarctation is challenging,
as limited data are available with regard to short term and long term follow up complications and
adverse events with regard to the relatively new percutaneous treatment strategies. Outcome after
balloon angioplasty has been compared to surgery in previous studies. 50;142;143 However, data
regarding the comparison of surgery versus stent repair are scarce.

The initial treatment effect is usually evaluated by the gradient reduction after repair.
However, data with regard to residual gradients after surgical repair are lacking. The initial effect of
treatment as determined by the percentage of patients with a residual gradient of < 20 mg ranges
between 85 100% in the balloon angioplasty group and 94 100% after stent repair. (Table 1)

Table 1 demonstrates that the reintervention rate in patients after surgical repair is on
average 13% (range 11 23%) as compared to 21% (3 31%) after balloon angioplasty. The
reintervention rate was especially high in patients treated with balloon angioplasty during infancy.
The high reintervention rate, which is on average 18 % (0 34%) in the stent group is caused by the
fact that elective redilatations have been performed in growing children. In 2011, Forbes et al.
published data of an observational study performed by the CCIS consortium to compare safety and
efficacy of surgical repair, balloon angioplasty and stent repair of native coarctation in patients with a
mean age of 15 years (range 2 63 years). In this study with a mean follow up ranging from 18 60
months, stent repair was superior to surgical repair and balloon angioplasty with regard to
immediate complications in children aged 6 12 years weighing > 10 kg. Aortic wall complications of
any type occurred significantly more often in the balloon angioplasty group as compared to the
surgery or stent repair group. Aortic aneurysm formation after balloon angioplasty and stent repair
usually occurs usually within the first year after percutaneous treatment, in contrast to surgical
repair. 118;144 Aortic aneurysm formation within the surgical repair group was exclusively found in the
subclavian flap and patch angioplasty group.144 The increased risk of aneurysm formation in the
balloon angioplasty group is in agreement with data from Cowley et al. based on a randomized
comparison of balloon angioplasty versus surgery in children with native coarctation.143 However, in
this study the need for re intervention was also increased in the balloon angioplasty group as
compared to the surgical repair group, which was not confirmed in the CCISC population. The risk of
acute complications was lowest after stent repair as compared to after surgery or balloon
angioplasty. At short term and intermediate follow up, stenting and surgery were superior to balloon
angioplasty with regard to hemodynamic outcome and aortic arch diameters. However, planned
reinterventions were most often observed in the stent group. Overall, acute mortality is comparable
between the three strategies; less than 1 2% for each. The overall mortality rates in studies with a
follow up of 5 years or less, is ranging between 0 2.6%. However, Reich et al. demonstrated a
mortality rate of 8.1% in patients who underwent balloon angioplasty after 8.4 years follow up. The
overall mortality 30 years after surgery is reported to be 23.7% as described by Toro Salazar et al.
These findings and the overall mortality rates in table 1 demonstrate that the overall mortality is
increasing significantly in studies with a longer follow up.
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Expert Opinion and 5 year view
This review summarizes the wide variety of treatment options for aortic coarctation involving surgical
approaches and percutaneous treatment modalities including balloon angioplasty and stent repair.
Although a range of studies have been published on the treatment of coarctation, it remains difficult
to compare these treatment strategies, as most published data are based on retrospective studies
biased by operator or institutional preferences. A recently published Cochrane review demonstrated
that no randomized trials were available to compare surgery and stent repair, which emphasize the
need for randomized data to compare different treatment strategies.145 Considering that data that
are available, we have to be aware that each technique has had its own evolution and learning curve,
and there is a large difference with regard to the length of follow up available after each treatment
option, with approximately 10 years after stent repair, 20 years after balloon angioplasty, and up to
50 years after surgery.75 Furthermore, aortic arch imaging with CT or MRI or cardiac catheterization is
not routinely performed after percutaneous repair, which results in suboptimal screening for long
term complications.136 Due to these limitations, decision making remains challenging, and the choice
for the most effective and safe treatment option may depend on an individual patient’s age and
clinical scenario. (Figure 1)

Figure 1: Overview of an algorithm for the different treatment strategies in infants, children and adults with an
aortic coarctation.
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Surgery is still the treatment of choice in infants with a mortality rate of less than 1%. Moreover,
surgery remains the treatment of choice in children beyond the neonatal period. Balloon angioplasty
is not advocated in neonates and children due to a higher re intervention rate due to restenosis and
an increased risk for aortic rupture and aortic aneurysm formation as compared to surgical repair.50;58

Although studies in children after neonatal age weighing more then 15 kg have shown that stent
implantation seems to be a safe and effective treatment for primary and recurrent coarctation,
surgery remains the treatment of choice.73;146 The main reason for which surgery favours stent repair
is the increased risk for complications after stent repair in children that are not outgrown, which is
usually below the age of 8 10 years.82;83;90;108 Frequent complications after stent repair involve
difficulties with sheat delivery, vascular complications, restenosis and aortic aneurysm formation and
failure to adapt to the growing child for which redilatation is necessary.82;83;90;91

Percutaneous treatment has become an acceptable treatment modality in the adult
population. Balloon angioplasty and endovascular stent repair remain technically challenging, but are
safe and undoubtedly effective in appropriately selected patients. The role of balloon angioplasty in
adults seems to be limited to patients in which the access to stenting is not available. Stent repair is
currently the mainstay of percutaneous treatment in adults with native and recurrent coarctation, as
it prevents vessel elastic recoil and reduces the need for reintervenions in the future. 147 The use of
bioabsorbable stents may be a promising technique in the setting of coarctation stenting. 148 This
revolutionary technique may enable the use of stent treatment in infants and still prevent the need
for redilatation in a growing child.

Future studies should focus on the long term follow up for aortic complications, morbidity
and mortality after each of the available treatment strategies. It has been shown that overall
mortality rates are comparable between surgical repair, balloon angioplasty and stent placement.75

Although follow up after percutaneous treatment is historically shorter than after surgery, mortality
rates remain significantly lower after percutaneous treatment than during 30 year follow up after
surgical repair for aortic coarctation.3 Although mortality rates are higher after surgical repair,
reintervention risk remains higher after stent repair.66 Most reinterventions involve redilatation due
to underdilatation during the initial treatment, whereas the overall risk after redilatation remains
lower as compared to after repeat surgery.89

Data with regard to the periprocedural risks and the intermediate complications such as
aneurysm formation and the need for reintervention are now available. Percutaneous treatment of
aortic coarctation is nowadays safe and effective in both children and adults due to major advances
in endovascular technology. However, these patients remain at risk for recoarctation and aneurysm
formation. Adequate surveillance by CT or MRI is therefore necessary in all patients, both for the
individual patient as for the overall assessment of long term outcome after the various treatment
modalities. Additionally it is known that one third of the patients remain hypertensive even after
successful endovascular treatment, and left ventricular dysfunction does not resolve in all patients.
These findings demonstrate that information with regard to disease related morbidity and long term
outcome is necessary for an adequate decision strategy in the era of transcatheter treatment for
aortic coarctation.



Percutaneous treatment in native CoA Percutaneous treatment in recurrent CoA

Figure 2: Overview of adults diagnosed with both native and recurrent aortic coarctation.
A B Patient diagnosed at the age of 26 years with a native aortic coarctation. (A: before stenting, B: after
stenting).
C D Patient with a native aortic coarctation diagnosed at the age of 28 years with significant collateralisation
(C: before stenting D: after stenting).
E F Percutaneous treatment of a native coarctation diagnosed at the age of 20 years (E: before stenting;
F: after stenting).

G H Percutaneous treatment of significant recoarctation at the age of 28 years after a subclavian flap
procedure during childhood. (G: before stenting, H: after stenting)
I J Percutaneous treatment of recoarctation occuring at the age of 45 years, after end to end anastomosis
during childhood. (I: before stenting, J: after stenting).
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