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Aortic balloon valvuloplasty (ABV) is the first-
line treatment for neonatal critical or severe aortic 
stenosis in many centers. Many studies have 
shown that balloon valvuloplasty effectively 
reduces the valvular gradient in aortic valve 
stenosis and the rate of short-term restenosis is 
low.1-3 Especially in critically ill newborns, it is 
a palliative approach that can be applied with 

lower morbidity and mortality compared with 
aortic valve surgery. However, it is not always 
possible to completely eliminate morbidity and 
mortality with interventional therapy. Aortic 
valve morphology, the severity of the stenosis, 
left ventricular structure and function and the 
degree of regurgitation after valvuloplasty are 
possible factors determining the outcome.1,2 The 
most common complication of valvuloplasty is 
the increase in aortic regurgitation. Although 
development of mild to moderate aortic 
regurgitation after valvuloplasty is frequently 
reported, severe regurgitation is rare.1,2 
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ABSTRACT

Background and objectives. Aortic balloon valvuloplasty (ABV) has become the first-line treatment for critical 
aortic valve stenosis in infants. We aimed to evaluate the short- and mid-term results of patients who underwent 
ABV during neonatal period, the factors affecting the success and complications of the procedure.

Methods. We retrospectively examined 65 patients who underwent ABV during the neonatal period between 
1998 and 2017. All hospital records including cardiac catheterization reports, echocardiographic information, 
and angiographic views were reviewed. 

Results. Forty five (69.2%) of the patients were male and mean follow-up was 6.2 ± 4.9 years (range: 6 months - 
19 years). The mean age of the patients at the first ABV was 14.5 ± 10.6 days (range: 1-30 days) and body weight 
was 3.25 ± 0.6 kg (range: 1.5-4.8 kg). The peak systolic gradient measured during pre-valvuloplasty cardiac 
catheterization was 73.3 ± 22.7 mmHg (range: 30-142 mmHg), and it decreased to 29.2 ± 12.2 mmHg (range: 
5-55 mm Hg) after the procedure. Valvuloplasty was successful in 59 (90.7%) patients. There was no more than 
mild aortic regurgitation in any patient before valvuloplasty. There was mild aortic regurgitation in 21 patients 
before the valvuloplasty. In the acute phase after valvuloplasty, 30 patients had mild, 15 had moderate and two 
had severe aortic regurgitation. There was a significant increase in the degree of aortic regurgitation related to 
valvuloplasty (p <0.05). The most important complication of ABV was increased aortic regurgitation (26.2%). 
Another important complication was femoral artery occlusion; and was detected early after valvuloplasty 
(61.6%). There was no serious complication or death in the acute phase.

Conclusions. In newborns with valvular aortic stenosis, balloon valvuloplasty has become the first choice in 
many centers due to its high success rate, low mortality and morbidity, and increased clinical experience. Aortic 
regurgitation and femoral artery occlusion were the most important complications. Although reintervention for 
residual or recurrent aortic valve stenosis is common during the first year after valvuloplasty, these patients are 
able to reach advanced ages without the need for surgical intervention. Surgical valvotomy is a good alternative 
treatment for a small number of patients in whom valvuloplasty fails.
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In this study, we evaluated the efficacy of 
valvuloplasty in newborns with aortic valve 
stenosis, complications, factors affecting the 
development of aortic regurgitation, and the 
necessity and outcome of repeat valvuloplasty 
or aortic valve replacement in follow-up. As our 
series cover babies smaller than or 30 days old it 
is different from most of the studies which also 
include babies more than one month old. 

Material and Methods

We retrospectively reviewed the data of 65 
newborns with a critical or severe aortic valve 
stenosis who underwent ABV during the first 
30 days of life between 1998-2017. All hospital 
records of the patients, including physical 
examination findings, cardiac catheterization 
reports, echocardiography information, and 
angiographic views were reviewed. Patients who 
underwent first ABV after the first 30 days of life, 
patients with missing catheter measurements, 
or patients with congenital heart disease who 
were not eligible for biventricular repair were 
excluded from the study. Both angiographic 
and echocardiographic examinations were used 
to classify the aortic regurgitation associated 
with the procedure. Criteria defined by the 
American Echocardiography Society were 
used for echocardiographic classification; 1) 
absence of aortic regurgitation, 2) mild grade 
aortic regurgitation, 3) moderate grade aortic 
regurgitation, and 4) severe grade aortic 
regurgitation.4 Grade of aortic regurgitation 
is assessed by aortic root angiography before 
and after valvuloplasty and was graded at 
the time of the procedure based on Seller’s 
criteria.5,6 Grade 1+ (mild): A small amount 
of contrast material enters the left ventricle in 
diastole; it is essentially cleared with each beat 
and never fills the entire ventricular chamber. 
Grade 2+ (moderate): contrast enters the left 
ventricle with each diastole resulting in faint 
opacification of the entire chamber. Grade 
3+ (moderate to severe): The left ventricle is 
well opacified and equal in density with the 
ascending aorta. Grade 4+ (severe): Complete 
dense opacification of the left ventricle in one 

beat and appears more densely opacified than 
the ascending aorta. 

Aortic valve morphology was classified by 
echocardiography as monocuspid, bicuspid 
(functional or anatomic bicuspid) and tricuspid. 
The presence of endocardial fibroelastosis 
was assessed by echocardiography. Left 
ventricular systolic functions were classified 
according to ejection fraction and shortening 
fraction data. If the ejection fraction is below 
30%, left ventricular systolic function is 
considered to be severely impaired, between 
31-57% moderately impaired, and above 
58% normal left ventricular function. The 
diameter of the aortic annulus was measured 
by two-dimensional echocardiography and 
angiography in the left ventricular mid-systolic 
phase. Valvuloplasty procedure was started 
with balloons with balloon diameter/annulus 
diameter ratio of 0.75-0.9. The procedure was 
continued with the balloon diameter/annulus 
diameter ratio of 1-1.2 maximum, taking into 
account the residual transvalvular gradient 
and the grade of aortic regurgitation and, if 
necessary, increasing the balloon diameter by 
1 mm. Valvular aortic gradient was determined 
by echocardiography by measuring peak 
gradient and mean gradient with continuous 
flow Doppler. In addition, systolic valvular 
gradient was measured during catheterization. 
Cardiac catheterization was performed when 
transthoracic echocardiography revealed a 
mean gradient of ≥50 mmHg in the aortic valve, 
ST-T wave change in patients with gradient <50 
mm Hg, presence of left ventricular systolic 
dysfunction, and/or decreased antegrade flow 
in the aortic valve. The success criteria for aortic 
valvuloplasty was 30% reduction in systolic 
pressure gradient, gradient <50 mm Hg in 
patients with normal cardiac output, decreased 
left ventricle end diastolic pressure, increased 
forward flow from the valve, termination of 
prostaglandin E1 treatment and valvuloplasty-
associated moderate or less aortic regurgitation. 
In all patients with sheath insertion in the femoral 
artery regardless of the presence of pulse after 
the procedure, heparin infusion was continued 
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at the dose of 20 units/kg/hour for at least six 
hours. Heparin was used as an anticoagulant 
in the treatment of patients with disturbed 
circulation of the extremity after venous access. 
Fibrinolytic therapy (streptokinase or tissue 
plasminogen activator) was started in patients 
without femoral pulse after 6 hours of heparin 
infusion. The loading dose of heparin was 50 
units/kg (intravenous), and the maintenance 
dose was 20 units/kg/hour. For streptokinase, 
the intravenous loading dose was 3000 units/kg, 
and the maintenance dose was 1500-2000 units/
kg/hour. Tissue plasminogen activator infusion 
was continued at the dose of 0.2 mg/kg/hour 
for five hours. During heparinization, activated 
partial thromboplastin time value was kept 
between 60-80 seconds. If the fibrinogen level 
dropped below 100 mg/dl after streptokinase 
or tissue plasminogen activator treatment, 
patients were administered fresh frozen plasma 
(10 ml/kg). Patients with absent pulse and/
or disrupted blood flow in the extremities 
underwent Doppler ultrasonography. 

This study was approved by the ethics committee 
of our university (KA18/338 – 06/11/2018).

Statistical analysis: Statistical analysis was 
performed using the PASW version 17.0 
software (SPSS Inc., Chicago, IL, USA). 
Descriptive statistics were expressed in mean 
± standard deviation (SD), and frequency. A p 
value less than 0.05 was considered statistically 
significant.

Results

Diagnosis of aortic stenosis was based on 
auscultation of a cardiac murmur in 46 patients 
during a routine visit, 12 were diagnosed after 
cardiac examination due to respiratory distress 
and/or cyanosis, five were diagnosed during 
antenatal period and two were diagnosed 
after deterioration of the general condition and 
development of metabolic acidosis. Aortic valve 
morphology was monocuspid in four patients 
and bicuspid in 61. A total of 85 aortic balloon 
valvuloplasties were performed in 65 patients. 

At the first valvuloplasty procedure, the mean 
age of the patients was 14.5 ± 10.6 days (1-30 
days) and body weight was 3.25 ± 0.6 kg (1.5-4.8 
kg). Before the valvuloplasty, the aortic valve 
annulus was 6.5 ± 0.9 mm (4-8.8 mm), z score 
was -0.53 ± 1.59 (-5.43 - 3.06), the mitral valve 
annulus was 11.1 ± 2 mm (6-15.7 mm), z score 
was -0.37 ± 1.18 (-4.39 - 2.05). The mean balloon 
diameter/annulus diameter ratio was 0.96 ± 0.1 
(0.75-1.2) (Fig. 1) and the balloon diameter was 
6.1 ± 0.6 mm (3.5-7 mm). The stenosis of the 
aortic valve was critical in 26 (40%) patients. 
Five patients underwent predilatation with 
3.5-4 mm (2 cm length) coronary angioplasty 
balloons followed by dilatation with 5-6 mm 
(2 cm) valvuloplasty balloons. A patient with 
critical valvular aortic stenosis concomitant 
with aortic arch hypoplasia was dilated with a 
3.5 mm (2 cm) coronary angioplasty balloon. In 
this patient, the procedure was not continued 

Fig. 1. The angiogram of a 6 day-old newborn with 
bicuspid aortic valve and severe valvular aortic 
stenosis. Aortic annulus was measured 6.5 mm. 
Balloon aortic valvuloplasty was performed by 
using 6 mm (2 cm) balloon (ballon diameter/annulus 
diameter: 0.92; Tyshak-II, NuMed Canada Inc., 
Cornwall, Canada). The peak systolic gradient in the 
aortic valve regressed from 98 mmHg to 32 mmHg; 
there was no aortic regurgitation in the aortogram 
performed after the procedure.
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because the aortic annulus was 4 mm and 
hypoplasic aortic arch was present. Twenty 
(30.8%) of the patients also had stenosis in 
other left heart structures. The most common 
pathologies were aortic coarctation (21.5%), 
aortic arch hypoplasia (15.6%) and mitral 
valve stenosis (10.7%). Nine (13.8%) patients 
had multiple left-sided obstructive lesions in 
addition to aortic valve stenosis (Table I). 

ABV was performed in all patients via femoral 
artery. In all patients with sheath insertion in the 
femoral artery regardless of pulse status after 
the procedure, heparin infusion was continued 
for at least six hours. Twenty four of 30 patients 
without palpable pulse received streptokinase, 
whereas six received TPA. No serious bleeding 
or circulatory disturbance in the extremities 
was observed during these treatments. Despite 
the anticoagulation treatment, there was no 
palpable femoral pulse in eight of these patients 
during discharge. There was no circulatory 
compromise in their extremities. Dysrhytmia 
developed in three patients during the 
procedure; supraventricular tachycardia which 
resolved with adenosine treatment occurred 
in one patient and spontaneously resolved 
nonsustained ventricular tachycardia occurred 
in two patients during the procedure.

The mean peak systolic gradient before and 
after the procedure, and the mean decrease in 

the gradient is shown in (Table II). Eight patients 
(12.3%) had significant heart failure symptoms 
before the intervention. Seventeen (26.2%) 
patients received inotropic drug treatment for 
8.1 ± 5.8 days (range: 3-23 days) and eight (12.3%) 
patients received prostaglandin E1 treatment 
for 3.2 ± 2.1 days (range: 1-7 days). There was 
no significant association between the decrease 
in the gradient and the final balloon diameter/
annulus diameter ratio (p >0.05). Similarly, 
there was no significant association between the 
increase in aortic regurgitation degree and the 
final balloon diameter/annulus diameter ratio 
(p >0.05).

There was no significant association between 
aortic valve morphology and gradient 
determined before valvuloplasty, decrease in 
postoperative gradient and increase in aortic 
regurgitation degree (p >0.05). There was no 
significant association between aortic valve 
morphology and severity of aortic stenosis 
(p >0.05) and with the need for repeat ABV (p 
>0.05).

Thirty-eight (58.5%) patients had endocardial 
fibroelastosis. Endocardial fibroelastosis was 
present in 76.9% of patients with critical aortic 
stenosis and in 44.7% of patients with non- 
critical aortic stenosis. There was a significant 
association between critical aortic stenosis and 
endocardial fibroelastosis (p <0.05). Patients 

Table I. Demographic and clinical characteristics of the patients (N=65).
Characteristics Results
Female/male, n (%) 20 (30.8) / 45 (69.2)
Age, days 14.5 ± 10.6 (range: 1-30)
Body weight, kg 3.25 ± 0.6 (range: 1.5-4.8)
Follow-up time, years 6.2 ± 4.9
Aortic valve morphology, n (%)

Bicuspid 61 (93.8)
Monocuspid 4 (6.2)

Aortic arch hypoplasia, n (%) 10 (15.6)
Mitral valve stenosis, n (%) 7 (10.7)
Multiple left-sided obstructive lesions, n (%) 9 (13.8)
Endocardial fibroelastosis, n (%) 38 (58.5)
Moderate left ventricular systolic dysfunction, n (%) 16 (24.6)
Severe left ventricular systolic dysfunction, n (%) 22 (33.8)
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with endocardial fibroelastosis had decreased 
ejection fraction [47.9 ± 18.8% (range: 18-76%) 
versus 68.8 ± 11.7% (range: 45-85%), p <0.05)] 
and shortening fraction value [23.2 ± 11% 
(range: 8-42%) versus 36.9 ± 9.1% (range: 21-
55%), (p <0.05)].

There was no significant difference in the 
increase of aortic regurgitation degree related to 
valvuloplasty between the patients with critical 
aortic valve stenosis and the other patients (p 
>0.05). Valvuloplasty was repeated at least once 
in 53.3% of patients with critical aortic valve 
stenosis and in 20.7% of other patients. The 
rate of repeat valvuloplasty in patients with 
critical aortic valve stenosis was significantly 
higher than the other patients (p <0.05). Surgical 
intervention was performed in 15.4% of patients 
with critical aortic valve stenosis and in 15.4% 
of other patients. There was no significant 
difference between two groups for requirement 
of surgical intervention.

In 18.5% of the patients, surgical intervention was 
performed once to the aortic valve and in 6% of 
the patients a second operation was performed. 
In six patients, aortic valve replacement was 
performed due to severe aortic regurgitation. 

Vegetation resection and aortic valve 
replacement was made in one patient due to 
infective endocarditis. Four patients underwent 
surgical valvotomy due to unsuccessful 
valvuloplasty, two patients underwent repeat 
surgical valvotomy due to recurrence of 
aortic valve stenosis, two patients underwent 
reoperation for aortic valve replacement due to 
prosthetic valve dysfunction, and one patient 
underwent Ross procedure. In addition, three 
patients underwent coarctation repair and one 
patient underwent repair of ascending aorta 
aneurysm. The first surgery was performed at 
a mean age of 3.1 ± 3.8 years (range: 26 days-10 
years) and the second at a mean age of 10.5 ± 2.5 
years (range: 8-14 years).

In patients with critical aortic valve disease, the 
mean ejection fraction was 44.9 ± 20.6% (range: 
18-77%) and the mean shortening fraction was 
21.7 ± 11.9% (range: 8-42%). In other patients, 
the mean ejection fraction was 65.2 ± 13.5% 
(range: 30-85%) and the mean shortening 
fraction was 34.1 ± 9.7% (range: 13-54%). In 
patients with critical aortic valve stenosis, both 
ejection fraction and shortening fraction values 
were significantly lower than the other patients 
(p <0.05).

Table II. Data and complications related to aortic balloon valvuloplasty procedure.
Features Results
Pre-ABV catheter peak systolic gradient, mmHg 73.3 ± 22.7 (range: 30-142)
Post-ABV catheter peak systolic gradient, mmHg 29.2 ± 12.2 (range: 5-55)
Decrease in the gradient, mmHg 44.1 ± 20.8 (range: 10-127)
Pre-ABV aortic valve annulus, mm 6.5 ± 0.9 (range: 4-8.8)
Balloon diameter, mm 6.1 ± 0.6 (range: 3.5-7)
Balloon diameter / annulus diameter ratio 0.96 ± 0.1 (range: 0.75-1.2)
Pre-ABV aortic regurgitation moderate and severe None
Post-ABV aortic regurgitation moderate and severe, n (%) 17 (26.2)
Repeat ABV, n (%) 17 (26.2)
Surgical valvotomy, n (%) 4 (6.2)
Aortic valve replacement, n (%) 7 (10.7)
Ross procedure, n (%) 1 (1.5)
ABV success rate, n (%) 59 (90.7)
Femoral artery occlusion, n (%) 30 (46.2)
Dysrhythmia, n (%) 3 (4.6)
ABV: aortic balloon valvuloplasty
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There was no significant difference in the 
annulus diameter, valve morphology, 
balloon diameter/annulus diameter ratio, 
aortic gradient, reduction in gradient with 
valvuloplasty procedure, and aortic annulus 
Z-score between patients with mild to moderate 
aortic regurgitation related to valvuloplasty and 
patients with severe aortic regurgitation related 
to valvuloplasty (p >0.05).

In 14 patients with severe left ventricular systolic 
dysfunction (ejection fraction ≤30% before 
valvuloplasty), complete recovery was achieved 
within the first six months after the procedure. 
Six patients died without improvement in the 
ejection fraction, no data were available for 
two patients. In 16 patients with moderate 
left ventricular systolic dysfunction (ejection 
fraction: 31-57% before valvuloplasty), 
complete recovery was achieved within the 
first six months after the procedure. Aortic 
regurgitation before valvuloplasty was mild in 
32.8% of patients, and absent in 67.2%. Aortic 
regurgitation after valvuloplasty was mild 
in 46.9% of patients, moderate in 23.1% and 
severe in 3.1%. There was a significant increase 
in the degree of aortic regurgitation after 
valvuloplasty (p <0.05). ABV was successful in 
59 patients (90.7%). Surgical valvotomy was 
performed in two patients with critical aortic 
stenosis because the guidewire and catheter 
could not be advanced from the valve. Two 
patients underwent surgical valvotomy as there 
was no significant reduction in aortic gradient. 
The procedure was considered unsuccessful in 
two patients because severe aortic regurgitation 
developed early after the procedure. Femoral 
artery occlusion developed in 40 (61.5%) 
patients, increase in aortic regurgitation in 36 
(55.3%), hematoma at the entrance site in one 
patient, respiratory depression requiring short 
duration respiratory support in one patient, 
and convulsion developed in one patient. In 
the late period, moderate dilatation of the 
ascending aorta developed in four patients 
and aneurysmatic dilatation requiring surgical 
repair was present in one patient. There was no 
serious complication or death associated with 
ABV procedure.

Seventeen patients developed re-stenosis 
during follow-up, second valvuloplasty was 
performed at a mean of 27.2 ± 45.8 months of 
age (range: 5 days - 13 years). In one patient, 
third valvuloplasty was performed at 16 
months of age. Freedom from reintervention 
after valvuloplasty was 71.7% in the first year, 
58.8% in the third year, 53.1% in the fifth year, 
and 26.9% in the tenth year of follow-up.

Six patients died in the first year. One died due 
to sepsis and multiorgan failure in the fifth day 
after valvuloplasty. One died due to low cardiac 
output and cardiac arrest in the early period 
after the Ross procedure and coarctation repair. 
The other four patients who died had Shone 
complex. None died during valvuloplasty. 
It was determined that all deceased patients 
had critical valvular aortic stenosis, severe 
left ventricular dysfunction and other stenotic 
lesions in left heart structures. 

Discussion

Aortic balloon valvuloplasty in neonatal 
patients is safely performed as a first-line 
treatment in many centers around the world.2,7-9 
Until the first half of 1980s, the standard 
treatment approach was surgical valvotomy. 
Lababidi et al.10 performed ABV for the first 
time in 1984. Subsequent studies have reported 
that ABV is an alternative and effective method 
to surgical valvotomy.1,2,11-13 In accordance with 
the literature, we determined that most patients 
were diagnosed with cardiac examination 
on the basis of murmur during routine 
examination. We have shown that ABV is an 
effective intervention to reduce the aortic valve 
gradient in patients with congenital aortic valve 
stenosis. Many similar studies have reported 
an effective reduction of the gradient with 
valvuloplasty and a low rate of restenosis in 
the early period.1-3,14,15 Sullivan et al.2 reported 
that the most common lesion associated with 
aortic valve stenosis was aortic coarctation 
(21%) and mitral valve stenosis (7.8%). In this 
study, 5.8% of patients had multiple left-sided 
obstructive lesions in addition to aortic valve 
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stenosis. In accordance with the literature, the 
most common obstructive lesions associated 
with valvular aortic stenosis in our study were 
aortic coarctation, aortic arch hypoplasia and 
mitral valve stenosis.

Few studies have reported that ABV was 
performed with access through the femoral 
vein, umbilical artery or umbilical vein.2,14,16 As 
in our study, valvuloplasty was performed via 
femoral artery in many studies.

Sullivan et al.2 reported that mean peak systolic 
gradient was 61 ± 23 mmHg before, and 18 
± 9 mmHg after valvuloplasty. The acute 
decrease in the gradient was 43 ± 21 mmHg. 
We also found that the residual gradient was 
at acceptable level after valvuloplasty. In our 
patients, valvuloplasty was successful at a 
high rate (90.7%). In six patients the procedure 
was considered unsuccessful. There was no 
significant decrease in aortic gradient in two 
patients. We failed to advance the guidewire 
through the valve in two and they underwent 
surgery. Severe aortic regurgitation developed 
in two patients after the procedure. Surgical 
valvotomy was performed successfully in four 
patients. Surgical valvotomy is a good treatment 
option for thick, dysplastic valves through 
which a guidewire can not be advanced. 

Several complications related to ABV such as 
aortic regurgitation, femoral artery thrombosis, 
left ventricular perforation, pericardial 
tamponade, aortic perforation, excessive blood 
loss, life-threatening arrhythmia and death have 
been reported.1,2,11,17,18 Balloon valvuloplasty-
related mortality is reported in critical aortic 
valve stenosis, severe left ventricular systolic 
dysfunction, or accompanying complex 
anomalies.19,20 In studies comparing surgical 
valvotomy with percutaneous valvuloplasty, 
early mortality rate in the surgical group is 
reported as 10-28.5% whereas it was 0-16.6% in 
the valvuloplasty group, although the long-term 
results of both procedures are similar.1,12,13 In 
recent years, early mortality related to surgical 
valvotomy in newborns has been reported at 
lower rates, but there are also reports giving 

rates as high as 20-30% and this is extremely 
high.12,21 Torres et al.1 reported no death because 
of valvuloplasty in their multicenter study. 
Sullivan et al.2 also reported no death in 76 
newborns. High mortality rates are reported 
in case of accompanying stenotic left heart 
pathologies.22,23 The mortality rate was 9.3% 
in our study. All of the patients who died had 
critical aortic stenosis, severe left ventricular 
dysfunction or had stenotic left heart lesions. 
In our study, the most important complications 
of ABV was increased aortic regurgitation and 
femoral artery occlusion. There was no serious 
complication or death associated with ABV.

Vascular injury or obstruction are the most 
common problems in these patients. Vascular 
complications are significantly reduced with 
anticoagulant and/or fibrinolytic treatment. We 
observed that anticoagulant and/or fibrinolytic 
drugs can be safely used in newborns for the 
treatment of obstruction in the femoral artery 
during interventional procedures.

Severe dysrhythmia related to valvuloplasty may 
be seen in patients with impaired left ventricular 
systolic function. Ventricular tachycardia, 
ventricular fibrillation, supraventricular 
tachycardia, and atrioventricular block 
are frequently reported. The incidence of 
dysrhythmia has been reported as 1-13% in 
different series.14,21 There was no serious 
dysrhythmia resulting in mortality or morbidity 
in our series. 

The increase in valvuloplasty-associated 
aortic regurgitation was reported as 43% 
in the series of Labadibi, 7-59% in different 
studies.1,2,10,11 The incidence of moderate and 
severe aortic regurgitation was 2.2-29%.1-3,11,14 
The development of aortic regurgitation after 
valvuloplasty in newborns is more frequent.2,14,24 
Fratz et al.24 reported that the incidence of 
moderate and severe aortic regurgitation 
after valvuloplasty was 29% in newborns and 
19% in babies older than one months of age. 
Sullivan et al.2 also reported that the incidence 
of moderate and severe aortic regurgitation 
after valvuloplasty was 16% in newborns and 
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9% in others. While the effect of large diameter 
balloons on aortic regurgitation in neonates 
is not yet clear, balloons with a final balloon/
annulus diameter ratio of 0.9-1 have been used in 
many studies.2,8 Lewin et al.26 reported that there 
was a significant correlation between frequency 
of moderate-severe aortic regurgitation and the 
ratio of balloon diameter/annulus diameter. 
However, Hamidi-Manesh et al.25 showed that 
there was no significant correlation. Reich et al.17 
reported that a functional bicuspid aortic valve 
is an independent risk factor for the appearance 
of aortic regurgitation after valvuloplasty. 
In our study, the aortic regurgitation related 
to valvuloplasty was moderate in 23.1% 
and severe in 3.1% of infants. There was no 
significant association between the increase in 
aortic regurgitation and the balloon diameter/
annulus diameter ratio. This may be so 
because we kept the balloon diameter as low as 
possible. To prevent moderate-to-severe aortic 
regurgitation it is important to perform a careful 
measurement of the annulus diameter by both 
echocardiography and angiography, to initiate 
valvuloplasty with a smaller diameter balloon, 
to check for pressure and aortic regurgitation 
after each procedure and, if necessary, to use a 
larger diameter balloon. In order to choose the 
balloon diameter we use both echocardiographic 
and angiographic measurements. Considering a 
smaller measurement may be useful in reducing 
aortic regurgitation.

Endocardial fibroelastosis causes considerable 
volume and size loss with diastolic dysfunction 
in the left ventricle.3,27 Although biventricular 
repair can be performed in patients with 
borderline left ventricular structure19, there 
are studies reporting that this is an important 
risk factor for mortality.28,29 In our study, we 
determined left ventricular systolic dysfunction, 
borderline left ventricular structure and 
endocardial fibroelastosis as important risk 
factors for mortality. 

Soulatges et al.3 reported freedom from surgical 
intervention and transcatheter intervention as 
72.9% and 54%, respectively in 37 newborns 
at a mean follow-up of 11 years. Rossi et al.30 

also reported freedom from surgical and 
transcatheter intervention as 47% and 59%, 
respectively at a mean follow-up of 10 years. 
In many studies, freedom from reintervention 
(surgery or transcatheter) after valvuloplasty 
was reported as 40-60%.3,9,30-33 In our study, 
the results were similar to the literature. In 
accordance with previous studies, severe 
aortic regurgitation and recurrent aortic valve 
stenosis were the most important reasons for 
late surgical intervention in our series.2,24,27

It has been reported that the presence of 
endocardial fibroelastosis in patients with 
congenital aortic valve stenosis causes left 
ventricular systolic and diastolic dysfunction 
and increased mortality.34-36 Same was true for 
our study. We determined that left ventricular 
systolic dysfunction was both more frequent 
and more severe in patients with critical aortic 
valve stenosis. The need for inotropic support 
and length of stay in hospital were significantly 
prolonged in patients with left ventricular 
systolic dysfunction after valvuloplasty.

The success of valvuloplasty was found 
to be associated with the diameter of the 
valve annulus.37,38 In our study, we found 
no association with annulus diameter, but 
there was an association between the need for 
reintervention and the diameter of the annulus 
in the mid-term follow-up. Many studies have 
reported that the duration of hospital stay 
after valvuloplasty was shorter, morbidity 
and mortality were less, but the need for 
reintervention was higher.19,21 In our series, the 
duration of hospital stay of patients undergoing 
valvuloplasty who had no additional cardiac 
pathology was very short.

Aortic valve replacement is required due to 
progressive severe aortic regurgitation during 
or after valvuloplasty.2,24 The incidence of 
severe aortic regurgitation in the long-term has 
been reported as 21-38%.2,39 Nine of our patients 
(13.8%) developed severe aortic regurgitation 
at follow-up. In six of them, aortic valve 
replacement was performed due to progressive 
increase in aortic regurgitation and left 
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ventricular dilatation. Three patients remained 
in follow-up. The data show that valvuloplasty 
has a low mortality risk in the mid- to long-term. 
However, it has significant risks such as valve 
dysfunction and aortic valve replacement in the 
long-term.2,9 Sullivan et al.2 reported that aortic 
valve replacement was not required in 45% of 
newborns at 15 years of follow-up after ABV. 
Maskatia et al.9 also reported that aortic valve 
replacement was not required in 70% and 61% 
of patients at 10 and 15 years of follow-up after 
ABV, respectively. In our series, six patients 
(9.2%) underwent aortic valve replacement 
due to severe aortic regurgitation, one (1.5%) 
underwent Ross procedure and coarctation 
repair at a mean follow-up of 6.2 ± 4.9 years after 
valvuloplasty. In addition, five of these patients 
underwent Konno procedure and one patient 
underwent repair of ascending aorta aneurysm. 

In many studies residual aortic stenosis and 
acute aortic regurgitation after valvuloplasty 
are found to be the most important risk factors 
for aortic valve replacement in the long-term.2,9,31 
Therefore, it is very important to identify 
correctable risk factors determining long-term 
valve functions. Risk factors associated with 
aortic valve replacement should be considered 
when deciding whether to continue procedure 
in the residual aortic stenosis. In our study, we 
determined that the most important risk factor 
associated with aortic valve replacement was 
moderate-severe aortic regurgitation, which 
developed after the procedure and continued 
during the follow-up. We prefer to terminate 
the procedure in the gray zone of 40-50 mmHg 
gradient for residual aortic stenosis in order to 
avoid increase in the aortic regurgitation.

One of the most important problems for the 
operator is the persistence of high residual 
AS after valvuloplasty in case of dysplastic 
and thick valves. Should the procedure 
continue with larger balloons, with the risk of 
aortic regurgitation or should the procedure 
be terminated? Sullivan et al.2 found that 
patients with moderate or severe acute aortic 
regurgitation and a residual AS gradient <30 
mmHg after valvuloplasty had an approximately 

three times greater risk of requiring AVR 
compared to those patients with a residual AS 
gradient ≥30 mmHg and mild or less aortic 
regurgitation. In addition, all patients with 
acute moderate or severe aortic regurgitation 
underwent aortic valve replacement at 15 years 
of follow-up while aortic valve replacement was 
not required in 52% of cases with high residual 
gradient and mild or less aortic regurgitation.2 

In our study, 45% of cases with residual gradient 
<40 mmHg in the acute period and moderate-
severe aortic regurgitation underwent aortic 
valve replacement. On the other hand, aortic 
valve replacement was performed in 6.2% of 
cases with residual gradient ≥40 mmHg in the 
acute period and mild or no aortic regurgitation. 
However, we think that there is insufficient 
data to determine risk factors for aortic valve 
replacement and re-intervention types because 
the number of cases was low and the mean 
follow-up period was 6.2 ± 4.9 years. We believe 
that follow-up with tolerable residual aortic 
stenosis after valvuloplasty is better than severe 
acute post-valvuloplasty aortic regurgitation to 
avoid aortic valve replacement in the mid and 
long-term.

A retrospective study is a significant 
disadvantage in the collection and evaluation 
of data. The change of the pediatric cardiologist 
and the surgical team performing the 
interventional procedures during 18 years may 
have caused differences in patient selection 
and treatment strategy. At the same time, the 
progress in medical equipment technology 
during this period might have affected the 
results. The number of patients (65 newborns) 
was a significant advantage, but the number of 
patients undergoing surgical valvotomy was 
low and comparison of surgical valvatomy with 
balloon valvuplasty was not possible. 

In conclusion, the choice of valvuloplasty 
or surgical intervention in valvular aortic 
stenosis depends on the experience of the 
center. Recently, the initial treatment of choice 
in newborns is ABV because of the lower 
mortality. The prognosis of the patient is closely 
related to the left ventricular structure and the 
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development of aortic regurgitation. Although 
valvuloplasty is a safe and effective procedure 
in the treatment of congenital aortic stenosis, 
it should be known that it involves significant 
risks such as regurgitation, requirement for 
reintervention, and aortic valve replacement.
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