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Abstract
Objective: The balloon angioplasty is a controversial procedure for the treatment of coarctation of the aorta (COA). This
study determines the results of balloon angioplasty of native COA in infants.
Materials and Methods: Twenty-five subjects had undergone balloon angioplasty under drug-induced sedation using the
retrograde technique through the femoral artery. In all the cases a Tyshak Mini balloon had been used. The patients had all
been followed by thoracic echocardiography. Data were analyzed with SPSS 16.
Results: Twenty-five patients under 2 years of age with native COA, had undergone balloon angioplasty.The median age and
weight of the subjects were 55 (12-700) days and 4860 ± 192 g respectively. Mean stenotic site diameter was 2.31± 0.58
mm before procedure and 5.41 ± 1.09 mm after procedure (P < 0.001). Mean pressure gradient before and after procedure
was 34.48 ± 15.39 mm Hg and 5.84 ± 3.79 mm Hg respectively (P < 0.001). Early minor and major complications were
seen at 16% and 24% of the cases respectively. The only short come complication was recurrent COA in 3 cases (12%).
The final outcome of patients was recovery in 20 subjects (80%).
Conclusion: Based on the results of this study and reviewed studies, balloon angioplasty might be an alternative procedure
in infants with native COA. However timely diagnosis and improvement in angioplasty techniques are necessary to improve
the outcome.
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Introduction
Coarctation of aorta (COA) is seen in 6%-8% of patients
suffering from congenital heart diseases. COA has been
reported to be the fourth most prevalent heart disease in
infants, requiring catheterization and surgery during the
first year of life (1). Similar to other obstructive conditions
of the left side, COA is more prevalent in males compared
to females, with a male-to-female ratio ranging from 1.23
to 1.74 (1,2).
COA might occur in different parts of the aorta, including
the ascending aorta, aortic arch or descending thoracic
or abdominal aorta. In terms of anatomical, pathophysiologic and clinical manifestations, their treatment and
prognosis are different. In the simple form, COA is usually seen as a discrete stenosis in the proximal portion of
thoracic aorta in the vicinity of the arterial duct and might
be accompanied by patent ductus arteriosus (PDA) or
ventricular septal defect (VSD). In the complex type, it is
usually associated with complex intra-cardiac anomalies
and may affect a long segment of aorta and can be associated with aortic arch hypoplasia (the infantile type). Extra-cardiac vascular anomalies, such as innominate artery
defects, collateral arterial circulation and aneurysm of the
Circle of Willis are seen in a large number of patients with

COA. The pathophysiology of COA varies depending on
the severity of the lesion and concurrence of other defects
such as VSD/PDA and obstruction of the left ventricular
outlet. Bicuspid aortic valve (BAV) is seen in up to 85%
of patients with COA. Clinical manifestations of COA
range from heart failure during infancy to asymptomatic
systemic hypertension or cardiac murmur in older children and adults that are accidentally discovered during
routine examination. Treatment options include surgery
with thoracotomy and correction of stenosis using different techniques, in most cases by removing the constricted
area and anastomosis of the 2 ends of the constricted area
(end-to-end) and balloon angioplasty and percutaneous
stenting. The long-term prognosis of this anomaly and
its clinical outcomes vary considerably after treatment
and are not always benign. In the majority of patients, the
long-term prognosis is affected by the residual stenosis in
the area, recurrence of stenosis, associated intracardiac
defects and chronic hypertension. If COA is diagnosed
during infancy, which is associated with the manifestations of heart failure, prompt treatment is necessary. After
a short period of medical therapy, in order to stabilize the
patient’s hemodynamic status, definitive treatment with
balloon angioplasty or surgery is necessary.
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Surgical repair of COA was reported for the first time in
1945 (3). The mortality rate after surgery in these infants
ranges from 2% to 10% and the mortality rate is higher
in cases associated with intra-cardiac defects (4-8). The
postoperative complications in COA patients include paradoxical hypertensions, arteritis of mesenteric artery and
intestinal ischemia (9), ischemia of the spinal cord and
paralysis of extremities (10), injury to laryngeal and diaphragmatic nerves, chylothorax, hemorrhage and infection. Percutaneous balloon angioplasty is a less invasive
option in comparison to the surgical repair of COA, which
is used in patients with discrete COA. This procedure is an
effective technique in recurrent COA after surgery; however, there is controversy over it as an initial treatment
modality in native COA, which is attributed to the high
success rate of the surgical technique in isolated native
COA.
Balloon angioplasty for the treatment of COA has been
used since 1982 (11) and different results have been reported in relation to its safety and effectiveness in patients
with native COA (12-18).
The mid-term outcomes of balloon angioplasty are better in older children and adolescents compared to that
in infants, similar to the surgical technique (14-17,19). A
number of complications have been reported after balloon
angioplasty for native COA. Mortality after infancy is rare
but a mortality rate of 0.7% has been reported during infancy (12). The most frequent acute complication is the
injury to the femoral artery, which is more common in
infants under 12 months of age; however, its incidence
has decreased after low-profile angioplasty catheters became available (20). Less common complications include
hemorrhage from the femoral artery and cerebrovascular
accidents. Paradoxical hypertension is uncommon after
balloon angioplasty of COA (21).
Considering the results of different previous studies and
the overall controversy over balloon angioplasty for native
COA, the present retrospective study was undertaken to
evaluate the outcomes of the technique in infants with native COA in Madani Heart Center in Tabriz.
Materials and Methods
The aim of this retrospective cohort study was to determine the recovery rate of vascular stenosis andpressure
gradient and also the short and mid-term complications
and recurrent stenosis and aneurysm of the aorta after
balloon angioplasty of native COA in infants less than 2
years of age. The samples consisted of 25 consecutive patients which underwent percutaneous balloon angioplasty
between May 2011 and December 2014 in Madani Heart
Center in Tabriz, Iran. Balloon angioplasty was administered to all the patients, under drug-induced sedation, using the retrograde technique through the femoral artery.
Subjects in a critical condition before the procedure underwent intra-tracheal intubation. In all the subjects, a
Tyshak Mini balloon (Numed Company, Canada), measuring 6-10 mm in diameter and 20 mm in length, was
used. Before and after the procedure, the pressure gradient
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and the minimum diameter at the stenotic area was determined by aortography and recorded. After the procedure,
aortography was repeated for the evaluation of aneurysm
or dissection. The subjects were followed by thoracic
echocardiography in an outpatient setting after discharge
from the hospital and in case of recurrent stenosis of the
aorta and an increase in the pressure gradient to over 40
mm Hg as determined by echocardiography or the presence of dilatation and/or decrease in the function of the
left ventricle with any pressure gradient, the patient again
underwent angiography and angioplasty.
The patients’ data were extracted from their hospital files
and analyzed with Kolmogorov-Smirnov, sample paired t
test and Wilcoxon signed-rank tests, using SPSS 16.
Results
A total of 25 patients with COA, who had undergone balloon angioplasty, were evaluated; 20 patients (80%) were
male and 5 (20%) were female. The median age of the
subjects was 52 days, with minimum and maximum ages
of 12 and 700 days, respectively. The mean weight of the
infants was 4860 ± 192 g.
The most frequent chief compliant of the patients was respiratory distress along with poor feeding in 8 (32%) cases. Clinical examination of the patients revealed 16 cases
(64%) of weak pulse along with cardiac murmur and pulmonary rales and 9 cases (36%) of weak pulse associated
by cardiac murmur (Table 1).
Clinically 10 (40%) of the cases had cardiorespiratory failure who underwent endotracheal intubation and the other
15 (60%) were hemodynamically stable and had spontaneous breathing.
The COA was associated by VSD in 15 (60%), PDA in 12
(48%), atrial septal defect in 10 (40%), and shone complex
in one (4%) of the case. Only 6 (24%) of the cases had
isolated COA (Table 2). 18 (72%) had juxtaductal, 6 (24%)
had predctal and 1 (4%) had postductal type COA.
Mean stenotic site diameter was 2.31 ± 0.58 mm before
procedure and 5.41 ± 1.09 mm after procedure (P < 0.001).
Mean pressure gradient before and after procedure
was 34.48 ± 15.39 and 5.84 ± 3.79 mm Hg, respectively
(P < 0.001).
The complications of balloon angioplasty were divided
Table 1. The Baseline Characteristics of 25 Infants With Coarctation
of Aorta, Receiving Treatment With Balloon Angioplasty
Variable
Male
Female
Min
Age (day)
Median
Max
Weak pulse + murmur
Physical
Weak pulse + murmur +
examination n(%)
pulmonary rales
Preductal
COA type, n(%)
Juxtuductal
Postductal
Sex, n(%)
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20 (80)
5 (20)
12
55
700
9 (36)
16 (64)
6 (24)
18 (72)
1 (4)
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Table 2. Associated Anomalies With COA
Anomalies
Number
%
ASD-PDA-COA
4
16.0
ASD-PDA-COA-VSD
3
12.0
ASD-VSD-COA
3
12.0
COA
6
24.0
SHONE-VSD-PDA
1
4.0
VSD-COA
4
16.0
VSD-PDA-COA
4
16.0
Total
25
100.0
Abbreviation: COA, coarctation of the aorta; PDA, patent ductus
arteriosus; VSD, ventricular septal defect.

into early and late. In 3 cases (12%), the early complication was the thrombosis of femoral artery, 2 of which were
treated by anticoagulative agents.
In 5 cases (20%) hemorrhage from the femoral artery necessitated transfusion of blood. Paradoxical hypertension
was seen in 2 cases (8%). None of the patients developed
aortic dissection or cerebrovascular accident. In 3 cases
(12%) the late complication of recurrence of coarctation
of aorta was detected after 7, 9 and14 months; in 2 of these
cases balloon angioplasty was repeated successfully, but in
one case angioplasty was carried out surgically due to the
bilateral obstruction of the femoral artery. Both patients
who received antihypertensive therapy after the procedure
received the drug during the follow-up period. None of
the subjects cursed aneurysm, aortic dissection and endarteritis during the follow-up.
The patients were followed for a mean 16 months, ranging
from a minimum of 7 days to a maximum of 45 months.
The final outcomes of the patients were as follows: 20 cases (80%) were completely cured and were followed clinically; 4 cases (16%) died a few days after the procedure
and one case (4%) suffered from bilateral obstruction of
the femoral artery and needed surgical repair.
About correlation of the complications with the clinical
status of the patients both early and late complications
and deaths occurred in patients that were hemodynamically unstable and had been intubated before procedure.
None of the deaths was related to the procedure technique
directly, but had been due to severe hemodynamic instability and multi-organ failure.
Mean left ventricle ejection fraction in patients with and
without complication was 29 ± 0.14 and 25 ± 0.13%, respectively (P = 0.66). None of the patients with stable hemodynamic cursed complication.
Discussion
Coarctation of aorta is one of the relatively common congenital anomalies of the cardiovascular system that might
be manifested during infancy as heart failure and even
cardiogenic shock. Unfortunately the initial clinical manifestations in infants are non-specific and mainly consist of
tachypnea, poor feeding and restlessness, which result in
delays in the correct diagnosis and therapeutic interventions. Such a situation was noted in 32% of the patients
evaluated in the present study, resulting in the clinical
misdiagnosis in 76% of the cases. All of the subjects had

weak pulse in the lower extremities along with heart murmur which can help in early diagnosis of this condition
during clinical examination. In the majority of patients in
this study, COA was accompanied by other cardiovascular
anomalies.
For patients present with cardiopulmonary insufficiency
and hemodynamic disturbances, the first therapeutic procedure is supportive, including use of oxygen, inotropic
agents, diuretics and if necessary prostaglandin E1 and
correction of disorders such ashypoglycemia, hypothermia, acidosis and anemia. After stabilizing the patient’s
hemodynamic status, definitive repair should be undertaken. Surgical repair during infancy is associated with a
high mortality rate, especially when the condition is associated with intra-cardiac anomalies (4-8,22,23). However,
in isolated cases surgical repair is associated with a low
mortality rate (24-27).
Percutaneous balloon angioplasty is usual in re-COA after an initial surgical operation; however, there is controversy over it as an initial therapeutic strategy for native
COA. Some studies have shown the safety and efficacy of
balloon angioplasty in native COA (12-18), but according to other studies balloon angioplasty is not appropriate
for native COA because of residual and recurrent stenosis
and development of aneurysm at the angioplasty location,
especially during infancy (28-35).
The rate of residual pressure gradient over 20 mm Hg after balloon angioplasty is 8%-27% based on available data
(12,16,18) and is more common in infants under 6 months
of age compared to older children (14-17,19).
In the present study none of subjects had residual pressure gradient over 20 mm Hg; however, 3 subjects (12%)
exhibited recurrent stenosis, 2 of whom again underwent
successful angioplasty and one underwent surgical repair.
This rate of recurrent stenosis is similar to the surgical
technique and other studies (27-35).
The prevalence of aneurysm after angioplasty has been reported to be 5%-15% (16-18,27-33). In the present study,
none of the subjects exhibited aneurysm during the follow-up period.
After balloon angioplasty of native COA, acute complications might arise. Mortality has not been reported after
infancy but death might occur during infancy (12). In the
present study, none of the patients died in the catheterization laboratory and due to angioplasty. After successful
angioplasty – without acute complications – 4 (16%) of the
cases died in the intensive care unit (ICU) due to severe
cardiopulmonary insufficiency and multi-organ failure.
All these patients were less than 60 days of age and presented with cardiogenic shock in the pediatric emergency
unit and had undergone cardiopulmonary resuscitation
and intra-tracheal intubation, followed by angioplasty in
an emergency setting.
The most common acute complication is injury to the
femoral artery (6%-17%), which is more common in infants under 1 year of age (27-29); however, introduction of
low-diameter balloon catheters has resulted in a decrease
in such complications (20).
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In the present study, 3 patients (12%) developed thrombosis of the femoral artery; two patients underwent anticoagulant therapy but in one subject (4%) femoral artery thrombosis resulted in the obstruction of the artery.
In this patient there was sufficient distal run-off through
collateral vessels. Other acute complications included
hemorrhage from the femoral artery, cerebrovascular accidents and paradoxical hypertension (21).
Five subjects (20%) in this case series required transfusion
of blood and 2 (8%) received antihypertensive agents due
to an increase in blood pressure after the procedure and
continued receivingsuch medication throughout the follow-up period.
In relation to the selection of the treatment modality, a
study compared the surgical and balloon angioplasty techniques in infants less than 3 months of age, demonstrating
similar results but the complications were more numerous
and duration of intubation and hospitalization was longer
in the surgery group (35). Therefore, it has been concluded that balloon angioplasty is more effective in severely ill
infants compared to surgery and has many advantages. In
addition, in cases in which none of the treatment modalities is definitely superior, it appears trans-catheter technique is preferable. However, selection of a correct treatment modality predominantly depends on the patient’s
age at the time of presentation, the anatomy of the stenotic
site and the adjacent structures (36).
Conclusion
Based on the results of the present study and review of
other relevant studies, it appears balloon angioplasty can
be considered as an alternative technique in infants with
native coarctation of aorta; however consulting the following significantly improve the outcomes.
First, attention to the symptoms and signs, comprehensive
examination of the patient, use of simultaneous pulse oximetry of the lower and upper extremities before discharging the infants from the maternity ward/hospital in order
to prevent delay in correct diagnosis of the condition; second, use of low-profile catheters during angioplasty, frequent irrigation of the catheter and judicious use of heparin to prevent femoral artery thrombosis.
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