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 Introduction

Coarctation of the aorta was first described by Morgagni in 
1760, and in its simplest form refers to isolated and discrete 
stenosis of the proximal thoracic aorta. However, coarctation 
may also be associated with a longer segment of narrowing, 
with hypoplasia of the transverse aortic arch, or with stenosis 
of the lower thoracic or abdominal aorta [1–3]. While more 
severe cases typically present in the neonatal period, aortic 
coarctation may be diagnosed at any age, either in isolation 
or in association with other cardiac defects. Crafoord was the 
first to perform a successful surgical repair of aortic coarcta-
tion in 1944 [4]. Since then, various surgical and transcath-
eter approaches have been developed, which have enabled 
significantly improved outcomes. In this chapter, we will 
focus our attention on the etiology, evaluation, and manage-
ment of coarctation of the thoracic aorta and then discuss the 
less common presentations of abdominal aortic coarctation 
and pseudocoarctation.

 Prevalence and Etiology

Coarctation of the aorta accounts for 5–7% of all congenital 
heart disease [5], with an incidence of approximately 3 cases 
per 10,000 births [6]. Males are more commonly affected 
than females [5]. Coarctation may be seen in isolation or 
with additional cardiac lesions, including left ventricular 
outflow tract lesions, such as bicuspid aortic valve, aortic 
valve stenosis, and hypoplastic left heart syndrome [7, 8], 

as well as ventricular septal defect, patent ductus arteriosus, 
transposition of the great arteries, and atrioventricular canal 
defects [9–13]. Genetic syndromes including Turner syn-
drome (45XO), Down syndrome (Trisomy 21), and Jacobsen 
syndrome (11q terminal deletion) are associated with coarc-
tation of the aorta [14]. In neonates undergoing coarctation 
repair, Turner syndrome is the most common genetic syn-
drome (4%), followed by Down syndrome (2.1%) [15, 16]. 
The exact embryologic development of coarctation of the 
aorta is unclear, but two main hypotheses exist. One theory 
is that in utero, ductal tissue abnormally migrates into the 
aortic isthmus. With ductal constriction after birth, there is 
also abnormal constriction of the aortic isthmus, leading 
to coarctation [1]. An alternative hypothesis proposes that 
decreased blood flow through the ductus arteriosus leads 
to abnormal growth of the aortic isthmus, which acts as a 
vulnerable “watershed” region. This abnormal flow could be 
caused by proximal obstruction to flow in the left ventricu-
lar outflow tract or an abnormal angle of entry of the ductus 
arteriosus at the aortic isthmus [17]. This theory is supported 
by fetal echocardiography data, which shows a prevalence of 
transverse aortic arch hypoplasia in fetuses who eventually 
go on to have coarctation [18, 19].

 Diagnosis

 Clinical Presentation

Coarctation can present at any age. In the United States 
approximately 1 in 4 neonates requiring surgical intervention 
for coarctation is diagnosed prenatally [20, 21]. Neonates 
with “critical” or ductal dependent aortic coarctation that are 
not diagnosed prenatally often present with heart failure, aci-
dosis, and shock following closure of the ductus arteriosus. 
Without prompt medical resuscitation and surgical interven-
tion, death occurs rapidly in these patients [22, 23].

Patients with less severe coarctation may not be diag-
nosed until later in life and can present with a murmur or 
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hypertension. Murmurs can be a manifestation of associated 
congenital heart defects (e.g. ventricular septal defects or 
aortic stenosis) or may be due to flow through collateral ves-
sels that develop from the internal thoracic and subclavian 
arteries, thyrocervical trunks, and vertebral and anterior spi-
nal arteries [24, 25]. In adults with previously undiagnosed 
coarctation, hypertension is the most common presenting 
symptom [26]. Frequent headaches or symptoms of clau-
dication of the lower extremities with exertion may also be 
reported. In these patients, decreased lower extremity pulses 
or a significant systolic blood pressure gradient between the 
upper and lower extremities is highly suggestive of aortic 
coarctation [22, 26]. However, the absence of these physical 
exam findings does not exclude a diagnosis of coarctation, as 
exam findings may be diminished or even absent in the set-
ting of significant collateral blood flow, which often devel-
ops in patients diagnosed later in life [27].

 Imaging Studies

Chest x-ray may be nonspecific, especially in young 
patients, but in adult patients, indentation of the aorta at the 
site of coarctation creates a classic “3 sign,” and notching 
of the posterior fourth to eighth ribs due to dilated intercos-
tal arteries may also be seen [27, 28]. Electrocardiogram 
is often normal in infants, but in older children and adults, 
ventricular pressure overload typically leads to evidence of 
left ventricular hypertrophy [27]. Transthoracic echocar-
diography is the diagnostic test of choice in neonates and 
young children with concern for coarctation, and it enables 

detection of the presence and severity of aortic coarctation 
and any associated cardiac defects (Fig. 8.1). In adult sized 
patients, transthoracic echocardiography remains the initial 
test of choice for evaluation of coarctation [27], but echocar-
diographic windows may be suboptimal in this population. 
Computed tomography (CT) scan or magnetic resonance 
imaging (MRI) can provide excellent anatomic detail and 
are commonly used to create three-dimensional images for 
interventional planning (Fig.  8.2, Video 8.1). MRI has the 
additional benefit of defining and quantifying collateral ves-
sel flow. Cardiac catheterization is also a valuable diagnostic 
tool for the diagnosis of coarctation. Although cardiac cath-
eterization is now used less frequently as a primary diagnos-
tic modality due to advances in other imaging modalities, 
such as echocardiography and MRI, catheterization remains 
the gold standard for quantification of pressure gradients 
across the region of coarctation. The addition of rotational 
angiography to fluoroscopic equipment will allow improved 
imaging of coarctation of the aorta in the catheterization lab. 
Moreover, transcatheter approaches are increasingly used for 
therapeutic intervention, particularly in older children, ado-
lescents, and adults [27, 28].

 Treatment

Fortunately, surgical and transcatheter interventions are 
now available for coarctation of the aorta, and the outcomes 
are very good. Treatment guidelines exist for both children 
and adults with coarctation, with intervention warranted in 
patients with a peak-to-peak gradient ≥20  mmHg across 

a b

Fig. 8.1 Echocardiogram of coarctation. (a) Two-dimensional transthoracic echocardiogram in an 11-day-old infant with discrete coarctation 
(arrow). (b) Color Doppler of the same image demonstrating aliasing of flow at the coarctation site (arrow)
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the site of coarctation. Intervention is also warranted with 
lesser gradients in the presence of significant anatomic 
evidence of stenosis and extensive collateral flow [27, 29]. 
Factors such as systemic hypertension, additional cardiac 
defects, left ventricular hypertrophy, or elevated left ven-
tricular end diastolic pressure must also be considered 
when determining possible intervention [27, 29–31].

 Surgical Repair

In 1944, Crafoord described resection with end-to-end 
anastomosis as the first surgical repair for coarctation [32] 
(Fig. 8.3a). Subsequent studies showed recoarctation in over 
half of the patients repaired with this technique, which was 
largely attributed to the use of a circumferential suture line 
[33, 34]. Gross reported using an interposition graft after 
resection of the segment of coarctation in 1951 [35]. While 
less appealing in pediatric patients due to somatic growth, 
this approach can be appropriate in adult patients with aneu-
rysm, long segment coarctation, or recoarctation after pri-
mary repair [36].

As an alternative approach, Vosschulte described pros-
thetic patch aortoplasty for coarctation repair in 1961. In this 

technique, the ductal tissue is excised, a longitudinal inci-
sion across the coarctation is made, and a prosthetic patch 
is used to enlarge the area of stenosis (Fig. 8.3b). This tech-
nique avoids a circumferential suture line, can address longer 
segments of coarctation, and minimizes mobilization of the 
aorta and ligation of intercostal arteries [37]. Recoarctation 
rates of 5–12% [38] were lower compared to the resection 
and end-to-end anastomosis technique, but aortic aneurysm 
was a long-term problem with this technique, occurring in 
18–51% of patients [39–42].

Subclavian flap aortoplasty was introduced in 1966 as a 
surgical treatment option for coarctation by Waldhausen and 
Nahrwold. In this approach, the left subclavian artery is ligated 
and divided, and the proximal left subclavian stump is folded 
down and used to enlarge the area of coarctation (Fig. 8.3c). 
This technique allows for improved growth by avoiding the 
use of a circumferential suture line and prosthetic material and 
can be used in long segment coarctation [43, 44]. However, 
the need to sacrifice the left subclavian artery has been a major 
concern with this technique, which has been associated with 
decreased length and muscle bulk of the left upper extremity 
as well as claudication with exercise [45, 46].

In 1977 Amato described a modification to Crafoord’s 
resection and end-to-end anastomosis, called the extended 

a bFig. 8.2 Magnetic resonance 
imaging of coarctation. (a) 
Sagittal magnetic resonance 
image (steady-state free 
precession) in a 12-year-old boy 
showing transverse arch 
hypoplasia and long segment 
coarctation distal to the left 
subclavian artery (arrow). (b) 
Three-dimensional reconstruction 
of a gated contrasted angiogram 
of the same patient, again 
highlighting hypoplasia of the 
transverse arch, coarctation at the 
distal transverse aortic arch and 
isthmus (arrow), and dilated 
intercostal arteries functioning as 
collaterals
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end-to-end technique. In the extended end-to-end approach, 
a broader, longitudinal incision and anastomosis across the 
proximal aorta is performed (Fig. 8.3d). While still avoiding 
prosthetic material and enabling ductal tissue resection, the 
wider incision is less prone to restenosis and enables enlarge-
ment of the transverse aorta [47, 48]. Currently, extended 
end-to-end anastomosis is one of the preferred techniques 
for surgical repair, due to low restenosis rates (4–11%) and 
low mortality rates [47, 49–51].

Finally, in neonates considerable debate has revolved 
around the merits of performing coarctation repair through 
a left thoracotomy versus a median sternotomy. While most 
surgeons would advocate for a left thoracotomy approach 
in all patients with discrete coarctation, for neonates with 

a hypoplastic transverse aortic arch, a slight variation of 
the extended end-to-end anastomosis has been called aortic 
arch advancement (AAA). In this procedure, a median ster-
notomy is performed, the infant is placed on cardiopulmo-
nary bypass, all ductal tissue is removed, and a longitudinal 
incision is made on the convex aspect of the distal ascend-
ing aorta/proximal transverse arch. The descending aorta is 
mobilized and anastomosed in an end-to-side approach to 
the proximal aortic arch [52]. While one must accept the 
increased risks associated with cardiopulmonary bypass, 
compared to a left thoracotomy, proponents of the AAA 
approach cite overall low morbidity and mortality rates, 
greater exposure of the aortic arch, and lower reinterven-
tion rates [49, 52, 53].

a
b

c d

Fig. 8.3 Surgical techniques in coarctation repair. (a) Crafoord’s origi-
nal resection with end-to-end anastomosis. The coarctation is resected, 
and an end-to-end, circumferential anastomosis is created. (b) Patch 
aortoplasty. An incision is extended across the coarctation, followed by 
patch augmentation of the stenotic region. (c) Subclavian flap aorto-
plasty. The left subclavian artery is ligated and divided, and a longitudi-
nal incision is extended from the proximal left subclavian artery beyond 

the area of coarctation. The proximal left subclavian flap is then folded 
down to enlarge the area of coarctation. (d) Resection with extended 
end-to-end anastomosis. The coarctation is resected using a broad, lon-
gitudinal incision, and an oblique anastomosis is used to join the under-
surface of the transverse arch and descending thoracic aorta. (Adapted 
and reprinted from Dodge Khatami A et  al. [32], with permission 
from John Wiley and Sons)
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 Balloon Angioplasty: Native Coarctation

An alternative to surgical intervention for coarctation of the 
aorta emerged in 1982, when the use of balloon angioplasty 
was described by Lock [54]. Several studies have shown 
balloon angioplasty to be a relatively effective acute inter-
vention for native coarctation, however recoarctation and 
aneurysm formation have limited the widespread adoption 
of balloon angioplasty in native coarctation [55–57]. In a 
prospective, multicenter study performed by the Congenital 
Cardiovascular Interventional Study Consortium (CCISC), 
the rate of recoarctation, defined as a systolic upper to lower 
extremity blood pressure gradient >15 mm Hg at intermediate 
term follow-up (1.5–5 years after balloon angioplasty), was 
27% for native coarctation in patients greater than or equal to 
10 kg. In the same study, aneurysms were observed in 8 of 21 
(38%) patients with available imaging data from CT, MRI, 
or repeat angiography [58]. This risk of aneurysm formation 
was similar to that seen in a small, single-center, randomized 
trial comparing balloon angioplasty versus surgical repair of 
coarctation in 36 children (20 balloon angioplasty versus 16 
surgical) ages 3–10 years of age. In this study 35% of the 
balloon angioplasty patients developed aneurysm, compared 
to none in the surgical cohort [59]. With balloon angioplasty, 
aneurysm formation is thought to be provoked by tearing of 
the intima and media during the procedure with subsequent 
disruption of vascular integrity [60–63].

 Balloon Angioplasty: Recurrent Coarctation

In contrast to native coarctation, balloon angioplasty is typi-
cally the intervention of choice for recoarctation, especially 
in patients who are too small for stent placement [29]. Short- 
term success rates range from 80% to 93% [64], and the inci-
dence of aortic wall injury is low at 1–2%. Fibrosis at the site 
of recoarctation is thought to be protective against aneurysm 
formation in these patients. However recoarctation remains 
a significant concern, with a broad incidence reported of 
6–53% [65, 66].

 Bare Metal Endovascular Stent Placement

Endovascular stents were introduced as a treatment option 
for coarctation in 1991 [67], which broadened the utility of 
transcatheter treatment for coarctation. Stents offer decreased 
rates of aortic wall injury compared to balloon angioplasty 
alone because stents do not require overdilation of the vessel 
and provide structural support to the vessel wall [5] (Fig. 8.4).

The Coarctation of the Aorta Stent Trial (COAST) has 
provided definitive prospective data on the safety and effi-
cacy of stent placement for aortic coarctation. COAST began 
in 2007 as a multicenter, single-arm clinical trial to evalu-
ate the safety and efficacy of the Cheatham Platinum (CP, 
NuMED, Hopkinton, NY) stent in children and adults with 

a b

Fig. 8.4 Endovascular stent placement for coarctation. (a) Angiogram 
(LAO 30°, caudal 30°) in a 45-year-old man with a discrete coarctation 
and intercostal aneurysm (arrow). (b) Angiogram in the same projec-

tion after endovascular bare metal stent placement with no significant 
residual stenosis. An Amplatzer Vascular Plug II was used to success-
fully occlude the intercostal aneurysm (arrow)
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coarctation. Because of the controversy in using endovascu-
lar stents in small children due to large sheath size and the 
need to accommodate for somatic growth [68, 69], patients 
less than 8 years of age and under 35 kg were excluded. In 
COAST, CP stent implantation was attempted in 105 patients 
from 8 to 52 years of age, with no significant acute adverse 
events and only one failure of stent implantation. In the cath-
eterization lab, no patient had a significant gradient across 
the CP stent, and at 1 month follow-up, 99% of patients had 
a gradient <20 mmHg. Two-year follow-up data was avail-
able for 86% of patients, with 90% demonstrating a blood 
pressure gradient <20 mmHg between the upper and lower 
extremities. Stent fracture was relatively common, reported 
in 23 patients, though none of these cases had decreased 
stent integrity, stent migration, aortic wall injury, or hemody-
namic obstruction. Aortic aneurysm was found in 6 patients, 
one of which spontaneously resolved. To date, there have 
been no reported surgical reinterventions for any COAST 
trial patient, but the need for stent dilation or development of 
aortic wall injury has prompted 19 patients to undergo repeat 
transcatheter intervention [70]. The COAST trial is planned 
to include 5 years of follow-up from stent placement, which 
will enable further understanding regarding the safety and 
efficacy of the CP stent for aortic coarctation [6].

 Covered Endovascular Stents

The use of covered endovascular stents is one of the most 
recent transcatheter innovations for the treatment of patients 
with coarctation, first described in 1999. The material within 
the stent provides additional structural support and creates a 
protective barrier against shear stress and presumably subse-
quent aortic wall injury. When aortic aneurysm or stent frac-
ture occur with bare metal stent placement, covered stents 
can serve as a rescue therapy. Covered stents can also be 
used as a primary treatment option for coarctation and are 
especially helpful in the setting of complex coarctation anat-
omy or when friable and calcified aortic wall tissue exists 
in older patients. Some limitations of covered stent place-
ment exist, and due to the need for large sheath sizes and to 
accommodate for somatic growth, covered stent placement 
is often precluded in small children. Furthermore, caution 
must be taken to avoid stent occlusion of significant aortic 
branches, including paraspinal branches off of the descend-
ing aorta, which are often challenging to identify [71].

In 2010, the COAST II trial was developed to investigate 
the safety and efficacy of the covered CP stent in treating 
or preventing aortic wall injury in patients with coarctation. 
Short-term outcomes at 1-month follow-up for the COAST 
II trial were released in 2016. A total of 158 patients with 
either a history of coarctation with aortic wall injury or an 
increased risk of aortic wall injury underwent placement of a 

covered CP stent. At 1 month of follow-up, the average gradi-
ent across the aortic arch had declined from 27 ± 20 mmHg 
to 4 ± 6 mmHg. Complete coverage of pre-existing areas of 
aortic wall injury was achieved in 92% of patients, and there 
were no cases of acute aortic wall injury, repeat interven-
tions, or death. This led to FDA pre-market approval of the 
covered CP stent in April 2016 for preventing aortic wall 
injury in high-risk patients with coarctation and for the treat-
ment of existing aortic wall injury related to complications 
from previous interventions for coarctation. Follow-up to 
24 months after covered stent placement is planned for the 
COAST II trial [72].

A recent randomized clinical trial was performed com-
paring bare CP stent placement to covered CP stent place-
ment in 120 patients. No procedural complications occurred 
in either group, and at a mean follow-up of 31.1 months, the 
bare CP stent group had an increase in the rate of recoarcta-
tion (6.7% versus 0%) and decrease in the rate of pseudoan-
eurysm (0% versus 3.3%) compared to the covered CP stent 
group, though neither comparison reached statistical signifi-
cance. In both cases of pseudoaneurysm in the covered stent 
group, the aneurysm developed at the proximal end of the 
stent and was able to be treated by placing a second covered 
stent. Neither case developed any further complications [73].

 Management Algorithm

In the setting of various treatment options, determination of 
the optimal treatment strategy for coarctation of the aorta can 
be complicated, and there is no comprehensive evidence- 
based standard of care or algorithm. Guidelines from the 
American College of Cardiology and the American Heart 
Association provide some insight, but the level of evidence 
supporting these recommendations is suboptimal (Level B 
or C for all recommendations) [27, 29]. Treatment deci-
sions must be made after careful consideration of the age 
at presentation, complexity of the coarctation, and whether 
the coarctation is native or recurrent. In general, surgical 
repair is preferred for infants and young children with native 
coarctation due to the risk of recurrent coarctation and aortic 
wall injury with angioplasty, the need for large sheath sizes, 
and challenges in accounting for somatic growth with stent 
placement [59]. Surgical repair may also be more appropri-
ate at any age when repair of associated cardiac defects is 
indicated or in patients with complex coarctation anatomy, 
including those with transverse arch hypoplasia, tortuous 
segments of recoarctation, and distorted arterial branch anat-
omy [27]. For uncomplicated native coarctation in the older 
child or adult, stent placement with either a bare metal or 
covered stent can offer a less invasive approach than surgi-
cal repair with good long-term outcomes [27, 29, 74]. For 
 recurrent coarctation, balloon angioplasty is typically per-
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formed. If the anatomy is favorable, stent placement should 
also be considered when the chosen stent can be dilated to 
near adult size [29, 58].

Treatment Approach for Coarctation of the Aorta 
in Children and Adults

Indications for Treatment [27, 29]:
Intervention is indicated with a peak-to-peak systolic pressure 
gradient ≥20 mmHg across the site of coarctation upon initial 
presentation or in the setting of recurrent coarctation.
Intervention is also warranted with lesser gradients in the presence 
of significant anatomic evidence of stenosis and extensive 
collateral flow.
Intervention may be considered with a peak-to-peak systolic pressure 
gradient <20 mmHg but with systemic hypertension associated with 
anatomic narrowing that explains the hypertension.
Intervention may be considered with a peak-to-peak systolic pressure 
gradient <20 mmHg but with an elevated left ventricular end- 
diastolic pressure and an anatomic narrowing.
Treatment Approach:
  Surgical Repair
   Surgical repair is typically preferred over transcatheter 

approaches in infants and young children with native coarctation, 
all patients requiring repair of associated cardiac defects, or in the 
setting of complex coarctation anatomy.

   Extended end-to-end anastomosis is typically the preferred 
surgical technique, which avoids prosthetic material, includes 
resection of the coarctation, and involves a wider incision that is 
less prone to restenosis.

   In neonates with a hypoplastic transverse aortic arch, a variation 
of the extended end-to-end anastomosis technique, called aortic 
arch advancement, may be preferred.

  Balloon Angioplasty
   Typically balloon angioplasty is the preferred intervention for 

recurrent coarctation in children and adults.
   Balloon angioplasty is not often used in native coarctation due 

to concern for recoarctation and aneurysm formation.
  Endovascular Stent
   For uncomplicated coarctation in the older child or adult, either 

a bare metal or covered endovascular stent can offer a less invasive 
approach than surgical repair with good long-term outcomes. If 
the anatomy is favorable, stent placement should be considered 
when the chosen stent can be dilated to near adult size.

   Endovascular stents provide structural support and decreased 
rates of aortic wall injury and aneurysm compared to balloon 
angioplasty, but care must be taken to avoid overlying vital branch 
vessels.

   Covered stents may be considered as an alternative to bare 
metal stents, particularly in patients felt to be at increased risk for 
aortic wall injury.

   The use of stents in small children remains controversial due to 
the need for large sheath sizes and limitations in accommodating 
for somatic growth.

 Patient Follow-Up

Without intervention, the outcome for patients with coarc-
tation of the aorta is overwhelmingly poor. In his classic 
1970 natural history study, Campbell examined autopsy and 
clinical records of 465 patients with coarctation who sur-

vived beyond 1 year of age, and the mean age of death was 
34 years, with 75% mortality by 43 years of age. Causes of 
death included congestive heart failure (26%), aortic rupture 
(21%), bacterial endocarditis (18%), and intracranial hem-
orrhage (12%) [75]. Fortunately, surgical and transcatheter 
techniques have evolved, and outcomes for patients with 
repaired coarctation are now overall quite good. After coarc-
tation repair, patients still must be followed at least annu-
ally by a cardiologist to assess for long-term issues, such as 
hypertension and associated left ventricular hypertrophy and 
dysfunction, exercise intolerance, intracranial aneurysms, 
and recoarctation [27].

 Hypertension

Hypertension is endemic in patients with repaired aortic coarc-
tation and represents the most common long-term morbidity 
[76, 77]. In a contemporary analysis of the Swedish National 
Registry on Congenital Heart Disease (SWEDCON), hyper-
tension was present in 344/653 (52.7%) adults (mean age 
36.9 ± 14.4 years) with a prior history of coarctation repair 
(mean age at repair 9.5  ±  11  years) [78]. Risk factors for 
hypertension in multivariable analysis included male sex 
(OR = 3.35 [95% CI: 1.98–5.68]), age (OR = 1.07 per year 
[95% CI: 1.05–1.10]), increased body mass index (OR = 1.09 
per unit increase [95% CI: 1.03–1.06]), and a residual right 
upper to lower extremity systolic blood pressure gradient of 
10–19 mm Hg (OR = 3.58 [95% CI: 1.70–7.55]) or >20 mm 
Hg (OR = 11.38 [95% CI: 4.03–32.11]) [78]. The etiology of 
such high rates of baseline and exercise-induced hyperten-
sion remain unclear but may be due to any combination of 
underlying arteriopathy, decreased aortic wall compliance, 
abnormal streaming of blood flow, or renal abnormalities 
[76]. In addition to traditional hypertension risk factors such 
as age and body mass index, the substantially increased risk 
of hypertension in patients with a residual blood pressure 
gradient serves to highlight the importance of evaluating for 
recoarctation as a cause of hypertension.

 Intracranial Aneurysm

Adults with a history of coarctation have a five-fold 
increased risk of developing an intracranial aneurysm [79]. 
Recognizing this risk, the current American College of 
Cardiology and American Heart Association adult congeni-
tal guidelines recommend screening for intracranial vascu-
lature abnormalities in patients with coarctation by CT or 
MRI, but the exact timing and frequency of follow-up imag-
ing is not defined [27]. A prospective trial using CT angiog-
raphy for screening of intracranial aneurysm in patients with 
coarctation found increased age to be the sole risk factor for 
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the development of intracranial aneurysm in patients with 
coarctation, with the fourth and fifth decade of life being the 
most common age at presentation [79]. While further stud-
ies are needed, this data suggests screening for intracranial 
aneurysm should be performed in patients with coarctation 
at least by the fourth decade of life.

 Impact of Arch Type

Even when no evidence of recoarctation exists, patients with 
a history of coarctation are at risk for hypertension, vas-
cular remodeling, and decreased left ventricular function. 
Some evidence suggests that the morphology of the aortic 
arch after coarctation repair can impact outcomes in patients 
who have undergone coarctation repair. Three types of aor-
tic arch morphology have been described: (1) Romanesque 
with a normal, rounded aortic arch, (2) Crenel with a rect-
angular shaped aortic arch and normal horizontal aortic 
width, and (3) Gothic with an acutely angled, triangular aor-
tic arch and an exaggerated height-to-width ratio (Fig. 8.5) 
[80]. Interestingly, in repaired coarctation patients, Gothic 
aortic arch morphology has been associated with increased 
prevalence of hypertension both at baseline [80] and with 
exercise [81]. Ou et al. demonstrated that the Gothic aortic 
arch morphology is also associated with other maladaptive 
aortic features including increased carotid artery intima-
media thickness, higher aortic stiffness index, and impaired 
vasoreactivity proximal to the site of coarctation repair. 
Bruse et  al. described an association between Gothic arch 

morphology after coarctation repair and impaired ventricular 
performance including lower left ventricular ejection frac-
tion, larger indexed left ventricular end-diastolic volume, 
and elevated indexed left ventricular mass [82]. However, the 
relationship between arch morphology and long-term out-
come has not been completely consistent, and other reports 
have shown no association between arch type and exercise 
induced hypertension [83, 84]. In fact, one study proposed 
that hypoplasia of the transverse arch and isthmus, not arch 
curvature, were the major factors associated with exercise 
induced hypertension [84]. Indeed, patients with repaired 
coarctation with normal or Romanesque aortic arch mor-
phology also have significantly higher carotid artery intima- 
media thickness, aortic stiffness, and impaired vasoreactivity 
suggesting that arch morphology is not the sole determinant 
of abnormal arch physiology [85]. Overall, further study 
is needed regarding the utility of assessing arch morphol-
ogy for long-term risk prediction in patients with repaired 
coarctation.

 Consensus Follow-up Recommendations

According to guidelines from the American Heart 
Association and American College of Cardiology for 
management of adults with congenital heart disease, 
patients with repaired coarctation should be followed at 
least annually by a cardiologist, or sooner if concerns 
arise. In adults, it is recommended that there be consul-
tation with a specialist in adult congenital heart disease. 

Gothic Crenel Romanesque

a b c

Fig. 8.5 Three described categories of arch morphology. (a) Gothic 
arch with acute angulation of the aortic arch, creating an exaggerated 
height-to-width ratio. (b) Crenel arch with rectangular shaped aortic 

arch and normal width. (c) Romanesque arch with a normal, rounded 
shape. (Adapted and reprinted from Ou P, et al. [85], with permission 
from Elsevier)
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Screening for baseline and exercise induced hypertension, 
including evaluation for the presence of a right upper to 
lower extremity blood pressure gradient is recommended. 
Cardiac evaluation in patients with hypertension should 
include evaluation for associated left ventricular hypertro-
phy and dysfunction. Re-imaging of the repaired coarc-
tation is recommended at least every 5  years, or sooner 
based on the original anatomy and symptoms, to assess for 
complications such as aortic aneurysm or recurrent steno-
sis [27]. At least by the fourth decade of life, CT or MRI 
angiography of the brain should be performed to assess for 
the presence of intracranial aneurysms. Exercise should be 
encouraged in patients with no significant upper to lower 
extremity blood pressure gradient, no evidence of aneu-
rysm or associated heart defects, and normotension at rest 
and with exercise. Patients should only be restricted from 
activities with a large static component [86]. Although 
not addressed in the American Heart Association and 
American College of Cardiology guidelines, the European 
Society of Cardiology recommends consideration of rein-
tervention regardless of symptoms for all patients with 
repaired coarctation and a noninvasive systolic blood pres-
sure gradient >20 mmHg between upper and lower limbs 
with upper limb hypertension (>140/90 mmHg in adults), 
pathologic blood pressure response during exercise, or 
significant left ventricular hypertrophy [87]. Finally, 
according to the most recent American Heart Association 
guidelines, endocarditis prophylaxis is not routinely rec-
ommended after the first 6  months following surgical or 
transcatheter intervention, unless a previous history of 
infectious endocarditis exists [88].

 Pseudocoarctation

Pseudocoarctation is a rare anomaly that refers to kinking 
or buckling of the aorta at the isthmus without significant 
obstruction to flow or development of collateral circula-
tion (Fig. 8.6). This condition is thought to arise embryo-
logically from abnormal compression of the third through 
seventh dorsal aortic segments, leading to a superiorly dis-
placed distal aortic arch and redundancy and kinking of the 
aorta at the ligamentum arteriosum [89, 90]. Patients with 
pseudocoarctation are typically asymptomatic but may pres-
ent with hypertension [91]. On routine chest x-ray pseudo-
coarctation may resemble a mediastinal mass due to the 
superior displacement of the distal transverse aortic arch. 
Patients with pseudocoarctation may also appear to have 
true coarctation on chest x-ray due to an indentation at the 
isthmus where the aorta is kinked, giving a classic “3 sign.” 
In these challenging scenarios, a high degree of suspicion 
for pseudocoarctation must exist, prompting further evalu-
ation [89, 92].

In isolation, pseudocoarctation is typically felt to be a 
benign condition due to the lack of actual obstruction to aor-
tic blood flow. While pseudocoarctation often exists in isola-
tion, it is important to consider the association of additional 
congenital heart defects, especially a bicuspid or stenotic 
aortic valve, which warrant further evaluation and potential 
intervention [93]. Furthermore, patients with pseudocoarcta-
tion are at risk for aortic aneurysm and dissection distal to the 
kinked segment, which is thought to be related to abnormal, 
turbulent blood flow beyond the area of pseudocoarctation 
[94]. Therefore, patients with suspected pseudocoarctation 
should first undergo transthoracic echocardiography to rule 
out associated congenital heart defects. The area of aortic 
kinking may be difficult to visualize by echocardiography, 
and CT angiography or MRI should then be performed to 
rule out true coarctation as well as the development of aor-
tic aneurysm or dissection distal to the kinked segment [90, 
95]. If less invasive imaging techniques remain inconclusive, 
cardiac catheterization should be performed, which remains 
the gold standard to determine the anatomy and pressure 
gradient across the aorta. Surgical intervention for pseudo-
coarctation is typically reserved for patients with significant 
symptoms or when concern for aortic aneurysm and/or dis-
section exist [90].

Fig. 8.6 Magnetic resonance image of pseudocoarctation. Sagittal 
magnetic resonance image angiogram of the thoracic aorta in a 39-year- 
old man with a history of pseudocoarctation demonstrating significant 
tortuosity of the proximal descending aorta (arrow)
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 Abdominal Coarctation

Abdominal coarctation, also known as Middle aortic syn-
drome (MAS), occurs when there is narrowing of the distal 
thoracic and/or the abdominal aorta (Fig.  8.7). It is a rare 
disease found in children and young adults, making up only 
0.5–2% of all cases of aortic coarctation [96]. While uncom-
mon, this is an important etiology for hypertension in chil-
dren and young adults. A recent systematic review of MAS 
showed that most cases are idiopathic (64%), 15% are asso-
ciated with genetic disease such as neurofibromatosis type I, 
Alagille syndrome, and William syndrome, and an additional 
17% of cases are caused by inflammatory diseases such as 
Takayasu arteritis or intrauterine infection [97]. The exact 
embryologic development of MAS remains unclear, but 
one theory is that it results from abnormal fusion of the two 
dorsal aortas in fetal life. An inflammatory response with 
resultant fibrosis in the setting of an intrauterine infection 
prenatally or postnatal vasculitic diseases may also explain 
some cases of MAS [98].

 Clinical Presentation

Patients with MAS most commonly present with refractory 
hypertension, and the severity depends on the location and 
degree of vessel stenosis. An abdominal bruit may be heard, 
and patients may have absent femoral pulses and symptoms 

of claudication. While stenosis of visceral vessels is quite 
common in MAS, reports of intestinal angina and weight 
loss occur rarely, though renal dysfunction occurs more 
commonly [97, 99].

 Evaluation

As with classic coarctation, patients with MAS may dem-
onstrate evidence of left ventricular hypertrophy on an elec-
trocardiogram. A transthoracic echocardiogram should be 
obtained to assess the anatomy of the thoracic and abdominal 
aorta and to screen for associated intracardiac defects and 
end-organ damage from hypertension [98]. If an abdominal 
bruit exists on exam, a dedicated abdominal or renal ultra-
sound may also be indicated but can be of limited quality 
in adult patients due to technical challenges. Typically CT 
angiography or MRI is then utilized to better define the exact 
areas of the aorta that are affected, the presence of collater-
als, and to define any extra-aortic vessel involvement [100, 
101]. Cerebrovascular disease occurs in as many as 45% of 
patients with MAS and should be evaluated on CT angiogra-
phy or MRI of the brain as well [102]. The abdominal aorta 
is the site of narrowing in 97% of cases, with only 3% of 
MAS affecting the distal thoracic aorta. In a large systematic 
review of MAS in adults by Rumman et al., 57% of the 630 
reviewed cases defined the site of abdominal coarctation, and 
the most common site of coarctation was the suprarenal aorta 

a b

Fig. 8.7 Abdominal coarctation. (a) Maximum intensity projection 
(MIP) image of an abdominal magnetic resonance contrast angiogram 
in a 3-year-old girl with refractory systemic hypertension showing 
abdominal coarctation and bilateral renal artery stenosis (arrow). (b) 

Anterior–posterior projection of an angiogram of the descending aorta 
in a 6-year-old girl showing abdominal coarctation and renal artery ste-
nosis (arrow)
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(29%), followed by stenosis from the suprarenal to infrarenal 
aorta (12%), and the infrarenal aorta (8%). Visceral branch 
vessels are affected in about 70% of cases of MAS, with 
renal artery stenosis being the most common (66%), fol-
lowed by stenosis of the superior mesenteric artery (30%) 
and celiac trunk (22%). Interestingly the inferior mesenteric 
artery is typically not affected [97].

 Management

With severe hypertension being the most common symp-
tom, antihypertensive agents are the first line treatment 
option in MAS. Unfortunately, there is a high rate of refrac-
tory hypertension, and in their series of 36 patients with 
MAS, Tummolo et  al. report only an 8% success rate of 
medical management with antihypertensives [102]. Failure 
to achieve blood pressure control or evidence of end-organ 
damage are often cited as reasons to pursue endovascular 
or surgical interventions, but specific guidelines for inter-
vention do not exist. The region and length of stenosis need 
to accommodate for somatic growth in young patients, 
extra-aortic vessel involvement, and degree of symptoms 
must be considered on an individual basis [97]. The use 
of a stent in percutaneous transluminal angioplasty (PTA) 
can be quite effective in relieving stenosis, but care must 
be taken to avoid occlusion of important visceral arter-
ies [103]. In their systematic review of 630 adult cases of 
MAS, Rumman et al. reported that 28% of patients under-
went PTA with or without stenting. Complications were 
reported in 13% of patients, mortality in 2.3%, and techni-
cal failure or need for reintervention was described in 28% 
of cases [97]. In their report of outcomes in 36 patients 
with MAS, Tummolo et  al. report that 36% of patients 
underwent PTA, with 46% requiring repeat PTA. Because 
of failure to adequately control blood pressure after PTA, 
53% of these patients went on to require surgical interven-
tion [102].

Surgical options for patients with MAS include thora-
coabdominal bypass grafts, patch aortoplasty, interposi-
tion aortoaortic grafts, and renal autotransplantation. In the 
systematic review by Rumman et al., 55% of 630 patients 
underwent surgical treatment for MAS, with 12% of these 
cases following failed endovascular intervention. Of these 
surgical cases, 42% were done by aortoaortic bypass, 23% 
involved reconstruction patch graft, and renal autotrans-
plantation was performed in 11% of cases. While most 
patients tolerated surgery well, a complicated postopera-
tive course was reported in 9% of cases, technical failure 
in 8%, and surgical mortality occurred in 2.9% of cases. 
Interestingly, cases involving arteritis were the highest 
risk [97]. Tummolo et  al. reported 47% of their patients 
proceeding to surgery, with 41% of these cases following 

failed endovascular intervention. At mean follow-up of 
5.6–7.2 years (patients who underwent surgery only versus 
surgery after failed PTA, respectively), 25% of patients no 
longer required antihypertensives, 58% required antihyper-
tensive therapy with improved BP control, 14% of patients 
continued to have refractory hypertension, and 3% were 
reported as a technical failure. In their series of 53 patients 
who underwent surgical treatment for MAS, Stanley et al. 
reported resolved hypertension in 53% and improved 
hypertension in 34% of patients. There was no improve-
ment in blood pressure in 7% of patients, who underwent 
repeat surgical intervention [99].

 Outcome

Left untreated, MAS leads to a shortened life expectancy, 
typically in the fourth decade of life [103]. Residual hyper-
tension is the most common long-term problem in MAS, 
and, even after endovascular or surgical intervention, 
hypertension is reported in over one-third of patients [97]. 
Restenosis, especially in-stent stenosis, and outgrowth 
of a previously placed stent are typical reasons for surgi-
cal reintervention after PTA [103]. In surgical patients, 
reintervention due to somatic growth relative to an aortic 
bypass graft of patch aortoplasty is not unusual, with one 
surgical cohort describing a reintervention rate of 6% for 
these reasons [99]. Exact guidelines regarding follow-up 
in MAS patients after intervention do not exist. However, 
it would seem reasonable to extrapolate recommendations 
for typical aortic coarctation by suggesting at least annual 
evaluation by a cardiologist with screening for hyperten-
sion, exercise intolerance, left ventricular hypertrophy and 
ventricular dysfunction. Regarding follow-up imaging, one 
proposed regimen is to perform at least yearly surveillance 
with CT angiography or MRI, and once several scans are 
documented to be stable, spacing imaging intervals to every 
2–3 years [98].

 Conclusion

Coarctation of the aorta is a very heterogeneous disease that 
can present at any age, sometimes requiring a high index of 
suspicion to make the appropriate diagnosis. Fortunately in 
the past 70 years, a great deal of progress has been made 
in the ability to both diagnose and treat aortic coarcta-
tion. Advances in echocardiography, CT, and MRI have 
aided the diagnosis, treatment planning, and follow-up in 
these patients. Modifications of various surgical techniques 
have led to low mortality and morbidity rates, even in the 
smallest patients. Development of transcatheter balloon 
angioplasty and subsequently endovascular stent place-
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ment have expanded treatment options and allowed less 
invasive approaches for some patients. However, even after 
 seemingly uncomplicated repairs, patients with coarctation 
of the aorta are still at risk for long-term health issues, most 
notably hypertension, exercise intolerance, and left ven-
tricular hypertrophy and dysfunction (Table 8.1). Ongoing 
efforts to understand and potentially mitigate these long-
term problems are underway.
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