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Abstract 

Background: Balloon dilatation with or without placement of stent in native coarctation offers a good alternative to 
surgery. Aim: To determine feasibility and safety of primary balloon angioplasty in infants with coarctation of aorta. 
Materials and Methods: This was a retrospective, observational study of 44 consecutive infants undergoing balloon 
dilatation of native coarctation of aorta during a 4 year period from July 2009 to July 2013. Demographic details, previous 
history and data of chest X-ray, electrocardiogram and sequential echocardiography were collected for all the patients. The 
patients were followed up at 1 months, 6 months and 1 year thereafter. Results: The reintervention rate was 20.45% after 
successful procedure. Two patients having hypoplastic arch had successful procedure with 1 requiring reintervention. Left 
ventricular dysfunction was observed in 15 patients, out of them 11 patients improved immediately after the procedure. 
Thirty five (79.55%) patients did not undergo reintervention in whom mean gradient was reduced from 48.05±15.26 mm 
Hg to 10.97±5.8 mm Hg after percutaneous reintervention (p<0.0001). Also, mean diameter in this group was improved 
(1.94±0.52 vs 6.07±1.84 mm; p <0.0001). Early age of presentation was identified as a contributor of reintervention in the 
study population (p=0.009). Conclusions: This study results show that BDC in infants is a safe and feasible technique that 
could be effectively used as an option of surgery in order to reduce mortality and morbidity. 
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Introduction 

A natural history study shows that the median survival in 
untreated Coarctation of Aorta (COA) is 31 years [1]. In 
infants with ductal closure, there is development of 
increased pressure load resulting in myocardial dilation, 
myocardial dysfunction and reduced stroke volume 
leading to symptoms of congestive heart failure and 
cardiogenic shock. Though surgical management has 
been advocated as treatment of choice in these infants 
with native coarctation of aorta, feasibility of surgery and 
associated morbidity has to be thought of. Balloon 
dilatation with or without placement of stent in native 
coarctation is an accepted mode of treatment in older 
children. Wong et al. in a systematic decision analysis  
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to compare balloon angioplasty and surgery in children 
of different age groups found balloon angioplasty to be 
preferable over surgery in the non-neonatal coarctation 
patients, whereas balloon angioplasty in infants remains 
controversial [2].  
 

Due to the balloon dilation, high incidence of tears, 
dissections, subsequent aneurysm formation and 
restenosis has been noted and hence, primary balloon 
angioplasty for native coarctation of aorta is considered 
as high risk procedure. However, there are only limited 
number of studies on primary balloon angioplasty for 
native coarctation of aorta in neonates, infants and young 
children. This study determines feasibility and safety of 
primary balloon angioplasty in infants with coarctation 
of aorta. 
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Materials and Methods  

Patients and study design- We performed retrospective 
analysis of 44 consecutive infants who underwent 
balloon dilatation of native coarctation of aorta during a 
4 year period from July 2009 to July 2013 at our institute.  
 
All symptomatic and asymptomatic patients with severe 
coarctation of aorta with mean gradient of >20 mm of Hg 
across narrow segment were included in the study. 
Patients of interrupted arch and with any prior 
intervention for coarctation of aorta were excluded from 
the study.  
 
Informed written consent was obtained from parents of 
each patient and approval of ethics committee was taken. 
All the enrolled patients underwent detailed history and 
physical examination. Data was collected for the 
symptoms which brought the patients to clinician's 
attention. A chest x-ray, electrocardiogram, detailed 
sequential echocardiogram study were performed for 
each patient.  
 
Procedure-Conscious sedation was given with ketamine 
infusion (50μgm/kg/min) in most of the patients while 
mechanical ventilation with general anesthesia was 
instituted in patients with cardiogenic shock, respiratory 
distress or in patients developing distress during 
procedure.  
 
A pediatric introducer sheath of 4F was inserted in the 
femoral artery and complete anticoagulation was 
achieved with 100U/Kg of unfractationed heparin. 
0.035" J-tipped Terumo wire with Judkins right coronary 

catheter was used to cross narrowest segment in most of 
the patients. However in  
some of the severely narrowed segments coronary wire 
was used to cross the narrowest segment. Angiogram was 
performed in 20º left anterior oblique and lateral views 
and peak to peak gradient was measured across the 
narrowest segment with end hole catheter.  
 
Diameter of ascending aorta, transverse arch, isthmus, 
narrowest segment, proximal descending aorta and 
descending thoracic aorta at diaphragm level were 
measured from cineangiogram. Balloon dilation of 
coarctation of aorta was performed with coronary 
balloons over the coronary wire and was inflated with 
pressure gauge inflators.  
 
The size of the balloon was determined on angiography 
with reference to diameter of isthmus. Repeat angiogram 
and pressure gradients were taken after balloon dilatation 
to determine success of procedure. 
 
Follow-up- Follow-up evaluation was done at 1 month, 
6 months and yearly thereafter. Evaluation included 
clinical examination focusing on symptoms and physical 
examination with upper limb/lower limb blood pressure 
determinations by sphygmomanometer, electro-
cardiography, and echocardiography. 
 
Statistics-Patient and procedural characteristics are 
expressed as frequencies, mean ± SD or median and 
range. The entire tests were two sided. Data obtained 
prior to and immediately after the balloon dilatation were 
compared using a paired t-test. The differences between 
subgroups were tested by t-test.  

Results 

We assessed 44 infants in this study of which 5 were female. Mean age at presentation was 99.19±227.4 days and average 
weight was 4.18±2.13 Kg. Twenty five (56.82%) of the patients had isolated coarctation, whereas 16 patients had associated 
acyanotic congenital heart disease while 1 patients were diagnosed with cyanotic congenital heart disease. Bicuspid aortic 
valve was present in 21 patients (47.7%) while transverse hypoplastic arch was found in 2 patients (4.5%) (Table 1).  
 
Fifteen (34.09%) patients had left ventricular dysfunction on presentation. Mean diameter of coarctation segment increased 
from 2.068±1.24 to 7.04±2.03 (p-value <0.0001) and peak gradient reduced from 46.3±18.35 mm Hg to 10.47±11.97 mm 
Hg after the procedure (p-value <0.001). 
 
The reintervention rate was 20.45% after successful procedure. Average hospital stay was 6.11±3.68 days. Left ventricular 
function improved immediately in 11 patients after the procedure. Total follow up period was 12 months. Total 9 patients 
(20.45%) developed re-coarctation of aorta on median follow up of the 19 weeks. Mean gradient in re-coarctation cohort 
was 49.11±13.12 mm Hg which reduced to 10.33±5.6 mm Hg after percutaneous reintervention (p<0.0001).  
 
Mean diameter in recoarctation group increased from 1.68±0.59 to 5.86±1.34 mm after re-intervention  (p <0.0001). The 
improvement in gradient in both the groups (non-intervention and reintervention are presented in (figure 1). 
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Table 1: Characteristic of the study group. 

Male/Female 39/5 

                                                                Age (Days) 

Mean 99.19±227.4 

Range 3-246 

Weight (kg)  

Median 4.18±2.13 

Range 1.5-6.2 

Diagnoses  

Isolated Coarctation including bicuspid aortic valve 25 

Coarctation with Hypoplastic arch 2 

Coarctation with acynotic congenital heart disease 16 

Coarctation with cyanotic congenital heart disease 1 

Coarctation with LV dysfunction 15 

  

 

Figure-1: Comparison of gradient (pre vs post procedure) in non-reintervention and reintervention group. 
 
Both the patients with hypoplastic arch had successful procedure, out of them 1 had incidence of reintervention and another 
is on follow up. Factors affecting early reintervention of BDC are presented in (table 2). Younger age of presentation was 
identified as a contributor of reintervention in the study population. 
 
Average balloon size used was 162% of isthmus size and 110% of diameter of descending thoracic aorta at diaphragm level 
and it showed no significant correlation with restenosis rate. Eight patients had reintervention in form of balloon dilatation 
while 1 patient underwent surgical arch repair. On median follow-up of 8 months all patients with re-intervention were 
asymptomatic with no patient having significant residual gradient. The freedom from reintervention after first attempt was 
78.5% at 4 months and subsequent freedom from reintervention after second balloon dilation was 100% at 8 months. 
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Table-2: Factors affecting early reintervention 

 

Four patients had transient loss of pulse after procedure which was appropriately treated with anticoagulation for 24 hours. 
However, patients with severe left ventricular dysfunction needed inotropic support for at least 1-2 days.  

Discussion 

Significant advances in recent years have enabled the 
increasing application of interventional catheterization 
techniques to pediatric groups. Developments in 
catheters, balloons and guide wires have led to improved 
performance and to relatively simple, low-risk 
procedures that can be used in infants. Lock et al 
performed the first balloon angioplasty in excised 
segments of human COA [3]. Since then, balloon 
dilatation has become a standard method of treatment in 
both native and recurrent COA [4, 5]. 
 
Treatment of coarctation is indicated when the 
obstruction gradient during cardiac catheterization is ≥ 
20 mmHg [6]. In the present study significant coarctation 
of aorta was defined as peak gradient of ≥ 20 mm Hg and 
all the patients had peak gradient ≥ 20 mm Hg. In the 
present study 7 infants had severe left ventricular 
dysfunction with metabolic acidosis on presentation. 
Prompt correction of acidosis was done and PGE1 
infusion was started.  
 
All patients responded well and balloon dilatation was 
done in the next 24 to 48 hrs. The role of PGE1 in such 
cases has been supported by study done by Freed et al 
who found dilatation of ductus with minimization of 
obstruction within 3 hrs in 80% of such cases [7]. Twenty 
five out of 26 neonates (96%) had successful  

 
 
immediate outcome of balloon dilatation in the present 
study. This rate is in accordance with that of Yetman and 
coworkers [8]. There was significant decrease in mean 
gradient and increase in mean diameter of narrowest 
segment immediately after the procedure. Similar 
success rate has been reported by Farouk et al in their 
study in immediate post procedure period [9].  
 
However, at 4 months post balloon dilatation the 
procedure was considered effective in 20 out of the 26 
(76.9%) patients. Six neonates (23.0%) developed re-
coarctation of aorta on median follow up of 19 weeks. 
This is in accordance with Redington et al.  
 
Who in their study has reported high rate of restenosis 
after balloon angioplasty in neonates [10]. Similarly, 
Patel et al also reported high incidence of restenosis in 
neonates after balloon dilatation for coarctation of aorta 
in similar subset of patients [11].  
 
This is explained by risk for restenosis in neonates and 
infants in the follow up period due to presence of large 
amount of myoblasts around the coarctation site [12]. 
Other reason for re-coarctation could be due to 
neointimal hyperplasia caused by fracture of the internal 
elastic lamina and the migration of smooth muscle cells 
and fibroblasts from tunica media to intima and their 

 Non reintervention reintervention p Value 

Patients 35 9  

Age (Days) Mean 102 76 0.03 

Weight (kg) Mean 4.7 4.2 0.07 

Ballon/to Coarctation ratio 
2.43±0.69 

 
2.32 ±0.81 

 
0.157 

 

Descending  thoracic  aorta  dimension  (mm) 5.93±1.45 5.1±1.48 0.278 

Transverse arch to descending aortic dimensions (mm) 0.97±0.19 0.96±0.13 0.157 

Pre procedural coarctation diameter (mm) 1.94±0.52 1.68±0.59 0.278 

Pre procedural gradient (mm hg) 48.05±15.26 49.11±13.12 0.902 

Post procedural coarctation diameter (mm) 6.07±1.84 5.86±1.34 0.87 

Post procedural gradient (mm hg) 10.97±5.8 10.33±5.6 0.96 

z-value of transverse arch -2.83±1.55 -3.63±2.80 0.355 

Balloon/ DTA dimension  ratio 1.06 1.00 0.98 
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proliferation may cause restenosis after balloon 
angioplasty for aortic coarctation [13].  
 
Beekman et al reported femoral artery injuries and 
thrombosis in 21% of newborns and infants, and in 9% 
of children in their study [14]. Similarly, in our study 
9.0% infants had transient loss of femoral pulse which 
was reestablished within 24 hrs with adequate 
anticoagulation. In the present study no significant 
correlation was found between pre-procedure mean 
gradient, post procedure mean diameter achieved and re-
coarctation rate.  
 
Also, no correlation was found with hypoplastic 
transverse arch and restenosis rate due to inadequate 
number (n=2) of patients with hypoplastic transverse 
arch. Similar to present study Reigh et al also could not 
found any predictors for re-coarctation except for age at 
percutaneous intervention [15].  
 

However, Yetman et al have reported transverse arch 
hypoplasia, higher pre-angioplasty pressure gradient and 
a higher pressure gradient immediately after angioplasty 
as predictors for reintervention [8]. In an another study 
by Kaine et al young patient age (neonate), associated 
arch hypoplasia and a small COA diameter were the 
factors associated significantly with re-coarctation of 
aorta [16]. 
  
Nine patients underwent re-intervention of which 8 
patients underwent balloon dilatation after a median 
follow up period of 19 weeks. Various studies has 
reported re-intervention rate between 6 to 53% for re-
coarctation of aorta. Procedural success rate was 100% 
in our study. This success rate was higher than is reported 
in other studies [8, 15].  
 
In re-intervention cohort no patient developed any major 
procedure related complications. While other studies 
have reported complication rate up to 17% [17]. Other 
associated cardiac anomalies also affect outcome in 
coarctation of aorta [18].  
 
In our study 36.36% patients had associated acyanotic 
congenital heart disease while 2.2% patients had 
complex cyanotic congenital heart disease. One patient 
died 4 days after procedure with septicemia, had 
associated large ventricular septal defect with severe 
pulmonary artery hypertension.  
 
Similar to our study Beekman et al also reported higher 
incidence of morbidity and mortality with associated 

cardiac anomalies and left ventricular dysfunction in 
their study [14].  
 
One patient in our study underwent surgical repair after 
re-coarctation of aorta. Patient was asymptomatic with 
no significant residual gradient at 8 months of follow up 
after surgical repair. Following balloon dilatation 
restenosis treated with surgical repair has restenosis rate 
of 7% to 30% [19]. No patient in our study in re-
intervention group developed any complications during 
procedure or in follow up period. 
 
Limitation of the study- The study includes small 
number of patient, is a retrospective study, without 
surgical controls and follow up is up to term. 

Conclusion 

This study shows balloon dilation of coarctation of aorta 
in infants is feasible, safe and have low incidence of re-
intervention. Patient presenting with left ventricular 
dysfunction had remarkable improvement in ventricular 
function after balloon dilation, hence it can be used as a 
rescue procedure for infants presenting in morbid 
condition. We could identify younger age of presentation 
as a statistical significant predicator for reintervention.  
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