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Percutaneous Balloon Angioplasty for Severe Native Aortic
Coarctation in Young Infants Less Than 6 Months: Medium- to
Long-term Follow-up

Lan He, Fang Liu, Lin Wu, Chun-Hua Qi, Li-Feng Zhang, Guo-Ying Huang
Pediatric Heart Center, Children’s Hospital of Fudan University, Shanghai 201102, China

Background: Although balloon angioplasty (BA) has been performed for more than 20 years, its use as a treatment for native coarctation
of the aorta (CoA) during childhood, especially in young infants, remains controversial. This study aimed to assess the effects and potential
role of percutaneous transcatheter BA for native CoA as an alternative therapy to surgical repair in young infants.

Methods: The 37 patients aged from 6 days to 6 months with severe CoA in congestive heart failure or circulatory shock were admitted for
BA. Patient’s weight ranged from 2.4 to 6.1 kg. All 37 patients were experiencing cardiac dysfunction, and eight patients were in cardiac
shock with severe metabolic acidosis. Eleven patients had an isolated CoA, whereas the others had a CoA associated with other cardiac
malformations. Cardiac catheterization and aortic angiography were performed under general anesthesia with intubation. Transfemoral
arterial approaches were used for the BA. The size of the balloon ranged from 3 mm % 20 mm to 8 mm X 20 mm, and a coronary artery
balloon catheter was preferred over a regular peripheral vascular balloon catheter.

Results: The femoral artery was successfully punctured in all but one patient, with that patient undergoing a carotid artery puncture.
The systolic peak pressure gradient (PG) across the coarctation was 41.0 + 16.0 mmHg (range 13—76 mmHg). The mean diameter of the
narrowest coarctation site was 1.7 + 0.6 mm (range 0.5-2.8 mm). All patients had successful dilation; the PG significantly decreased to
13.0 + 11.0 mmHg (range 0-40 mmHg), and the diameter of coarctation significantly improved to 3.8 + 0.9 mm (range 2.5-5.3 mm). No
intraoperative complications occurred for any patients. However, in one case that underwent a carotid artery puncture, a giant aneurysm
formed at the puncture site and required surgical repair. The following observations were made during the follow-up period from 6-month
to 7-year: (1) The PG across the coarctation measured by echocardiography further decreased or remained stable in 31 cases. The remaining
six patients, whose PGs gradually increased, required a second dilation. No patient required further surgery because of a CoA; (2) in two
cases, an aortic aneurysm was found with an angiogram performed immediately postdilatation and disappeared at 18 and 12 months of
age, respectively; (3) tricuspid regurgitation and pulmonary hypertension improved in all patients; (4) all patients were doing well and
were asymptomatic.

Conclusions: Percutaneous BA is a relatively safe and effective treatment for severe native CoA in young infants, and should be considered
a valid alternative to surgery because of its good outcome and less trauma and fewer complications than surgery.
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INTRODUCTION cardiopulmonary arrest, stroke, and phrenic or laryngeal
nerve injury.l'? Although BA is a less invasive procedure
and has been performed for more than 20 years, its use as
a treatment for native CoA during childhood, especially
in young infants, remains controversial. Many studies
have reported a high incidence of restenosis and aneurysm
formation when performing BA in neonates and young
infants (age <3 months).>% This study reported our results
when using BA for native coarctation in infants <6 months
ofage to assess its effects and potential role as an alternative
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therapy to surgical repair in young infants.

Quick Response Code:

Native coarctation of the aorta (CoA) accounts for 5%—7%
of all congenital heart diseases. Open surgical treatment was
the only choice until balloon angioplasty (BA) treatment was
introduced as an alternative therapy for CoA in the 1980s. In
addition to the late complications of restenosis and aneurysm
formation, surgical repair has some major immediate
complications, such as spinal cord injury, arrhythmia with
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Patients

This work was a retrospective study of 37 young infants
with discrete native coarctation who underwent BA at
Pediatric Heart Center, Children’s Hospital of Fudan
University, from June 2006 to June 2012. Twenty-eight
patients were male and nine were female. The age ranged
from 6 days to 6 months (mean 66 + 45 days) and body
weight ranged from 2.4 to 6.1 kg (mean 4.3 + 1.0 kg).
Twenty-eight of these 37 patients were under 3 months of
age. All patients were examined clinically and underwent
comprehensive transthoracic echocardiography (TTE), a
12-lead electrocardiogram (ECG), and chest radiography.
The diagnosis of a discrete CoA with or without mild aortic
arch hypoplasia was confirmed by computed tomography
angiography (CTA).

Clinically, all 37 patients presented with heart failure, and
eight patients were in cardiac shock with severe metabolic
acidosis that required intubation prior to performing the
procedure. The left ventricle end-diastolic dimension was
enlarged, and the left ventricle ejection fraction was lower
than normal measured by TTE [Table 1]. All patients
presented with moderate to severe tricuspid regurgitation
and pulmonary hypertension. Among these 37 patients,
11 had an isolated CoA, including four patients diagnosed
with dilated cardiomyopathy, endocardial fibroelastosis and
left ventricular noncompaction, before being referred to our
hospital. The other 26 patients presented with other cardiac
malformations, including ventricular septal defect (VSD)
in 18, atrial septal defect in four, patent ductus arteriosus
in four, bicuspid aortic valves with or without mild stenosis
in 6, mild mitral stenosis in two, Shone syndrome in one
and absent right pulmonary artery with left patent ductus
arteriosus in one. Two patients were also associated with
noncardiac malformations, one had hypospadias and right
inguinal hernia, and another had immune deficiency.

Balloon angioplasty was indicated in infants younger than
6 months of age if the following conditions were met:**!
(1) The presence of congestive heart failure or circulatory
shock; (2) a lowered or absent femoral pulse with a systolic
pressure gradient (PG) across the coarctation that exceeded
20 mmHg as measured by TTE; (3) a discrete CoA with or
without mild aortic arch hypoplasia. Patients with a significant
hypoplastic aortic arch with a transverse arch or aortic isthmus
diameter of <50% of the descending aorta were excluded.!'”
For patients with a CoA and a nonrestrictive VSD, balloon
dilation was first performed in the cardiac catheterization

laboratory, and subsequently transferred to the operating room
to surgically repair the VSD. If the VSD appeared restrictive,
only balloon dilation was performed. If the patient had a
CoA and a large patent ductus arterious (PDA) that needed
to be closed, surgical repair was recommended in one stage
irrespective of other cardiac anomalies.

Angioplasty procedure

After informed consent was obtained from the patients’
parents, balloon dilation was performed. Catheterization and
angioplasty were performed under general anesthesia using a
retrograde femoral arterial approach in all patients except for
one who underwent a carotid artery puncture due to a failed
femoral puncture. Radial arterial pressure was monitored
during the procedure. A 4 French introducer sheath was
initially used and changed during the procedure according
to balloon size, with the largest sheath being 5 French. A 4
French catheter with end and side holes was placed using
a retrograde approach, and the pressures of the ascending
and descending aorta were measured. Biplanar angiography
was performed before and after the angioplasty in straight
frontal and lateral projections. The balloon catheters were
inserted and positioned in the narrowest site over a floppy-tip
guide wire. The patients were intravenously administered
100 IU/kg of heparin after vascular access was achieved
and were given more when necessary based on the activated
clotting time (ACT) value. The target ACT value during the
procedure exceeded 200 s. Associated cardiac malformations
were diagnosed during the procedure if present.

The initial diameter of the balloon for the angioplasty
was equal to or 1-2 mm greater than the diameter of the
aortic arch at or proximal to the level of the left subclavian
artery, and did not exceed the diameter of the aorta at the
diaphragm [Figure 1a]. The balloon size ranged from 3 mm
to 8 mm, and coronary balloons (3—6 mm) and regular Cordis
balloons (6—8 mm) were used. The balloon was inflated
2-3 times under fluoroscopic guidance for each patient under
the pressure stated by the manufacturer. If a residual waist
was evident at the coarctation site, the next larger balloon
by 1-2 mm was selected to dilate the coarctation within
the above guidelines. The balloon dilation was considered
successful if the peak systolic PG across the coarctation site
was <20 mmHg or decreased by more than 50% and the
coarcted segment increased in diameter by more than 50%.

Associated procedure

In one case with an absent right pulmonary artery and
PDA, the PDA was occluded with an Amplatzer occluder
(AGA company, USA) during the BA.

Table 1: The values of LVEDD and LVEF measured by echocardiography before BA (mean + SD)

Ages LVEDD (mm) Reference value (mm)!”! LVEF (%) Reference value (%)
0-28 days (1 = 10) 21.30+3.23 18.96 + 1.58 53.00 = 8.74 69.21+7.13
29 days to 3 months (1 = 18) 2433 +3.88 21.18 +1.51 61.81+9.34 73.08 £ 4.91
> 3-6 months (n =9) 27.11+1.59 23.00 + 1.86 54.00 +12.18 7414 +4.72

LVEDD: Left ventricle end-diastolic dimension; LVEF: Left ventricle ejection fraction; BA: Balloon angioplasty.
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Follow-up

In addition to the clinical evaluation, TTE was performed
prior to discharge, at 1, 3, 6, and 12 months, and annually
thereafter. A CTA was performed if significant restenosis of
the aorta or aneurysm formation was evident on the TTE.

Statistical analysis

The data were expressed as the means + standard
deviation (SD). The pre- and post-dilation mean values of
the peak-to-peak systolic ascending to descending aorta PG
and diameter of coarctation were analyzed with a paired
t-test. Logistic regression analysis was performed to analyze
the risk factors of re-CoA. An odds ratio (OR) was used to
compare the relative risks. And a standard error was used
to compute the statistic data. A Kapaln—Meier curve was
used to show the re-intervention free probabilities. All
these statistical studies were performed by SPSS 16.0 for
Windows (SPSS Inc., Chicago, IL, USA), and a P < 0.05
was considered as statistically significant.

ResuLts

Balloon angioplasty

Two sequential balloon dilations were performed in four
patients, and one balloon dilation was performed in the
other 33 patients. The mean value of the peak-to-peak
systolic ascending to descending aorta PG significantly
decreased from 41.0 + 16.0 mmHg (range 13—76 mmHg)
to 13.0 = 11.0 mmHg (range 0-40 mmHg) (P < 0.001)
after balloon dilation. The mean coarctation diameter
significantly increased from 1.7 = 0.6 mm (0.5-2.8 mm) to
3.8+ 0.9 mm (2.5-5.3 mm) after balloon dilation (P <0.001).
In two neonates with critical coarctation and heart failure
that required intubation, the catheterization gradient before
BA was < 20 mmHg (13 and 17 mmHg). After BA, the
PG decreased to 0, and both patients showed significant
sustained clinical improvement. A residual gradient of more
than 20 mmHg was considered acceptable in the presence of
an increase more than two-fold in the coarctation segment
diameter. The procedure was successful in all 37 patients (an
example was shown in Figure 1b).

Figure 1: Aortic angiogram and measurements in a 2-month-old baby
with severe discrete aortic coarctation before (a) and after (b) balloon
dilation. (a) The diameter of the aortic arch (X1), the narrowest site
(X3) and the descending aorta at the diaphragm (X2). The diameter of
the balloon chosen for angioplasty was equal to or 1-2 mm greater
than X1 and not greater than X2; thus, a 6 mm X 2 cm coronary
balloon was used for this baby; (b) After balloon dilation, the aortic
angiogram showed that the stenosis was completely relieved (arrow)
without aneurysm formation.

Procedural complications

Intraoperative complications were absent except
for the formation of two small aneurysms seen on a
postdilation angiogram. After angioplasty, four patients
had decreased femoral pulses, which were resolved by
heparin infusion within one to four days. In one patient
with a carotid artery puncture, a giant aneurysm formed
at the puncture site one week after angioplasty and
required surgical repair.

Follow-up

During the 6-month to 7-year follow-up period (mean
74.0 £ 56.0 months), all patients were doing well clinically
and did not experience cardiac dysfunction. ECG showed
a significant improvement of tricuspid regurgitation, and
the seven associated unrepaired VSDs spontaneously
closed in two patients and became smaller in the other
five patients.

A second percutaneous BA was performed in six cases for
re-CoA; the time between the two dilations ranged from 5
to 18 months. After adjustment of age and age-standardized
body weight, logistic regression analysis indicated that
higher predilation systolic PG across the coarctation site
measured by catheter was associated with a higher risk
of re-CoA (P = 0.056), as shown in Table 2. Re-CoA was
absent during the follow-up period of the second dilation,
which ranged from 5 to 60 months. Figure 2 showed the
actual re-intervention-free probability curves obtained for
this group of patients.

In the case with an aneurysm, an angiogram showed that
the aneurysm disappeared when the patient was re-dilated
for re-CoA at 18 months [Figure 3]. Another aneurysm
disappeared on CTA 1 year later. One patient with a bicuspid
aortic valve and supramitral valve ring with mild to moderate
stenosis (Shone syndrome) underwent surgical repair of
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Figure 2: Re-intervention-free probability curves obtained for this
group of patients.
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Figure 3: Aneurysm formation and regression shown on the angiogram.
(a) Isolated discrete aortic coarctation in a 32-day-old baby (arrow);
(b) After a 5-mm balloon dilation, the stenosis resolved, but an
aneurysm formed (arrow); (c) Recoarctation of the aorta occurred,
and the aneurysm regressed spontaneously over 18 months after the
initial procedure (arrow); (d) Successful relief of the recoarctation
without aneurysm formation by the repeat balloon angioplasty (arrow).

the mitral valve at 7 years of age. No further surgery was
required for CoA in any patients.

Discussion

As reported during the past 30 years, complications such
as re-CoA and aneurysm formation have been associated
with both surgical repair and BA, making it difficult to draw
any meaningful conclusions as to which treatment option is
superior. The risk of re-CoA after surgery in young children
ranges from 44% in neonates to 11% in older children,"!
and the risk of re-CoA significantly increased if the patient
underwent the initial operation at 1 year of age.['”! Aortic
aneurysm formation and aortic dissection occurred in about
9% of patients at or near the site of repair late after operation
with aortic rupture with a lethal outcome reported in some.['>13
Wong et al.V reviewed articles regarding treatment outcomes
of patients with native CoA from 1984 to 2005. For the
baseline probabilities of successful treatment, complications,
re-CoA, and aneurismal formation, they found that BA was
preferred over surgery as the initial treatment for native CoA
in children after accounting for the preference-weighted
probabilities of outcomes. In young infants, it was deemed
that more research was necessary to determine which method,
BA or surgical repair, yields better long-term results.

In this study, the immediate success rate was 100%, which
was concordant with other studies in which the early success
rate in infants aged 3 months or younger ranged from 88%
to 100%.2*+4151 During the 6-month to 7-year follow-up
period, 6 of 37 cases (16.2%) developed restenosis and needed
asecond BA. From the exploratory analysis among the limited
number of study subjects, we found that higher predilation
systolic PG was associated with a higher risk of re-CoA after
adjustment of age and body weight [Table 2]. The wider range

Table 2: Logistic regression analysis of pre-PG and
re-CoA by adjusting age and body weight

Independent variables OR (95% ClI) SE z P
Age 0.42 (0.14-1.25) 023 -1.56 0.119
Weight 1.95 (0.60-6.31) 117 111 0.267
Pre-PG status* 10.34 (0.93-115.56) 12.74  1.90 0.056

P model = 0.016, R*= 0.3147. Pre-PG: Predilation systolic PG across the
coarctation site measured by catheter. *Pre-PG status: 1 for pre-PG > mean
level, 0 for pre-PG < mean level. CI: Confidence interval; PG: Pressure
gradient; CoA: Coarctation of the aorta; SE: Standard error; OR: Odds ratio.

of OR indicated that this association needs to be supported
by future studies with a larger sample size. All six cases with
re-CoA resolved via repeated balloon dilation without surgery.
Further restenosis was not found in the subsequent 6-month
to 5-year follow-up period. According to previous reports,
the restenosis rate in infants younger than 12 months ranged
from 25% to 71%.2*1%17 In most cases (71-80%) except for
a few patients requiring surgery, restenosis was treated with
repeated BA with a success rate of 80-100%. BA appears
to offer the best results in patients with discrete CoA and a
well-developed aortic arch. Further restenosis of the discrete
CoA can be successfully managed by repeat BA.

Both immediate and late aneurysm formations have been
reported, and the incidence of aneurysms at the dilation site
ranges from 0% to 6.5%.!"%-2! Once an aneurysm is formed,
itis not certain that it will require an immediate intervention
because it may not change in size for a long period of time.*?!
In this study, 2 of 37 patients (5.4%) developed immediate
aneurismal malformations. However, both aneurysms
disappeared during the 18- and 12-month follow-up periods.
Late aneurysm was not found either by TTE or CTA during
a 6-month to 7-year follow-up period.

This group of patients included 11 patients with a CoA
associated with a large VSD who underwent surgical repair
on the same day or within 1 week. Although one-stage repair
of'the coarctation with VSD can be performed with low risk at
an early age, it is still accompanied by a risk of complications,
such as phrenic nerve palsy, delayed sternal closure, and
wound infection. In our heart center, repair of VSD and BA
of CoA are performed separately. As such, complications
that can be associated with coarctation repair, such as spinal
cord injury, hemorrhage, phrenic or laryngeal nerve injury,
or chylothorax, did not occur. None of the patients died,
including the ones with severe heart dysfunction.

For low body weight neonates, we preferred a coronary
balloon because of its low profile and small sheath.l'™ A
smaller balloon was used in our procedure to avoid aneurysm
formation and artery complications, and a second dilation
at an older age, if necessary, is much safer and more easily
accepted by parents. In this group of patients, the angioplasty
residual gradient was intentionally left at 32 mmHg and
40 mmHg in two infants (the PG before BA was 71 mmHg
and 76 mmHg) with a body weight <5 kg for future repeat
BA 6 months and 8 months later.
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The successful puncture of the nonpulsating femoral artery
is a challenge in young infants. However, puncturing the
carotid artery should be avoided because these babies usually
have hypertension in the upper limb, making it difficult to
compress the puncture site for hemostasis and observation.
For this condition in young infants, transfemoral venous
anterograde approaches can be attempted if the foramen ovale
is patent.l’! Femoral artery occlusion and aneurysm were the
most commonly reported artery complications in young
infants.?! However, persistent femoral artery complications
did not occur in our group of patients, suggesting that use
of a small sheath and administering intensive care after
angioplasty might prevent such complications.

In conclusion, percutaneous BA is a safe and effective
treatment for native aortic coarctation in young
infants <6 months of age. However, long-term close
follow-up is essential for infant patients treated with balloon
dilation to observe and treat late aneurysms and restenosis.
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