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Abstract- Soon after successful results of balloon valvuloplasty in treatment of congenital pulmonary 
stenosis, use of this technique for relief of congenital aortic stenosis (AS) was attempted in different 
parts of the world. With the purpose of assessment the value of valvuloplasty in comparison with 
surgical valvotomy in relief of congenital AS, we retrospectively studied 115 patients with valvar AS, 
48 of whom underwent balloon valvuloplasty (mean age 9.63 years), and 67 subjected to surgical aortic 
valvotomy (mean age 10.32 years), in a six year period from 1991 to 1997 at Rajaie heart hospital. 
Comparison of balloon valvuloplasty with surgical valvotomy revealed that reduction in the mean 
pressure gradient in balloon valvuloplasty group was greater than those subjected to surgical valvotomy 
(73.54 vs. 45.03 mmHg, P < 0.0001). Decreased incidence of aortic insufficiency and mortality in 
balloon valvuloplasty in comparison with surgical valvotomy are other notable points in this study. 
Although it is difficult to compare the results of the two procedures and determine their different 
indications, our successful experience with balloon valvuloplasty for congenital AS and the safety of 
this procedure encourage us to use this technique for the patients with congenital AS more than ever. 
These results must be supported by future studies.  
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INTRODUCTION 

 
 In 1961 Dotter and Judkins for the first time 

described the use of transluminal technique for 
treatment of arteriosclerotic obstruction when they 
dilated a stenotic peripheral vessel (1). Balloon atrial 
septostomy was introduced by Rashkind and Miller 
in 1966 (2), and in 1980 Martin et al. described the 
first trial of percutaneous transluminal angioplasty 
for peripheral pulmonary arterial stenosis (3).  
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In 1982, Kan introduced a transcatheter  technique 
for balloon pulmonary valve dilation (4). 
Subsequently the first successful balloon 
valvuloplasty for congenital aortic stenosis (AS) was 
performed by Lababidi in 1983 (5, 6).  

 At present, balloon valvuloplasty is considered a 
useful procedure in primary treatment strategy of 
patients with congenital AS because its results 
approximate the results of surgical valvotomy but 
with less risk and much less morbidity (7-12). 
Balloon valvuloplasty is the procedure of choice as 
intermediate palliation for moderate to severe aortic 
stenosis. If balloon valvuloplasty is contraindicated, 
surgical valvotomy has a limited role in initial 
therapy. If balloon valvuloplasty is unsuccessful or 
contraindicated because of aortic insufficiency (AI), 
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the Ross operation (removal of the stenotic aortic 
valve and placement of a pulmonary autograft in the 
aortic position and a pulmonary homograft in the 
pulmonary position) would be the treatment of choice 
(13). In present study we compared the results of 
balloon valvuloplasy against surgical valvotomy in 
relief of congenital valvar AS.  

 
 
MATERIALS AND METHODS 
 
This retrospective study accomplished at Rajaie 

heart hospital by reviewing existing data in hospital 
charts of 156 patients who categorized as having 
congenital AS in a six year period, from1991 to 1997. 
The data included here are based on history, physical 
examination, chest x-ray, electrocardiogram, and 
Doppler echocardiography (pre and post balloon 
valvuloplasty and pre and post surgical valvolotomy). 

 As we mentioned earlier, in this study we 
compared the results of balloon valvuloplasy against 
surgical valvotomy in relief of congenital valvar AS. 
All patients had AS at valvular level and AS was 
documented mainly by the evidences of Doppler 
echocardiography and catheterization (angiography). 

 Valvuloplasty was performed in cases with 
severe stenosis, defined by the presence of a pressure 
gradient >70 mmHg, detected in catheterization room 
or derived by echocardiography (14, 15), or when 
electrocardiographic alterations (of the T wave or ST 
segment) or clinical symptoms (dizziness and 
syncope with no other causes, significant chest pain) 
were present, accompanied by a pressure gradient 
>50mmHg (16, 17). The procedure was also 
performed in neonates or young infants (between 1 
and 6 months of age) with AS and severe ventricular 
dysfunction, independent of the transvalvular 
gradient, because in these situations gradient is 
underestimated due to the low systemic cardiac 
output. We did not perform valvuloplasty in the 
presence of moderate and severe aortic regurgitation, 
other associated intracardiac lesions requiring 
immediate surgery or a hypoplastic left ventricle 
requiring palliative surgery (18-20).  

Balloon valvuloplasty was performed after routine 
sedation and use of local anesthesia. The classic 
retrograde femoral route was used; the catheter was 

inserted into the femoral artery and advanced to the 
ascending aorta. After measuring aortic pressure, the 
catheter was advanced into the left ventricle. Left 
ventricular pressure was measured and a left 
ventricular cineangiogram was recorded. A balloon 
with a diameter 10% smaller than the aortic annulus 
diameter was chosen and advanced into the left 
ventricle. A long guidewire was advanced through 
the catheter and tip of it was passed out. While the tip 
of the guidewire was kept in the left ventricle, the 
catheter was removed. The balloon catheter was 
mounted at the end of the guidewire, inserted into 
femoral artery and advanced over the wire into the 
left ventricle. The balloon was rapidly inflated until 
the waist disappeared and then rapidly deflated (12-
15). 

 Valvotomy was performed after general 
anesthesia and mid-sternotomy by open 
commissurotomy, without myomectomy. The 
commissurotomy was done with cardiopulmonary 
bypass. The pressure gradient measured across the 
aortic valve in apical 5 chamber and suprasternal 
view, using Bemouli equation (pressure gradient = 
4V2). All patients underwent right and left cardiac 
caheterization. In some patients with severe AS or 
severely deformed valve, measurements of left 
ventricular pressure were unsuccessful. In these cases 
gradient measurement obtained only by Doppler 
echocardiography.  

We used paired-samples t test for comparative 
measurement of mean pressure  gradient across aortic 
valve, pre and post balloon valvuloplasty as well as 
pre and post surgical valvotomy. Finally comparison 
the measurement of these two techniques carried out 
by independent samples t test.  

 
 

 RESULTS 
 
 We reviewed data of 156 patients with diagnosis 

of AS admitted to our hospital from 1991 to 1997. 
Seventeen patients (10.9%) with subvalvular and 6 
(3.9%) with supravalvular AS were excluded. Of the 
remaining 133 patients with valvular AS, we 
excluded 18 patients with severe AI and associated 
congenital cardiac anomalies. 

Among the remaining 115 patients with valvular 
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aortic stenosis, 67 patients underwent surgical 
valvotomy and 48 subjected to balloon valvuloplasty. 
The characteristics of these two groups have been 
shown in table 1. 

The mean ages were 9.63±2.84 and 10.32±3.44 
years for balloon valvuloplasty and surgical 
valvotomy groups, respectively (P>0.05). Mean 
pressure gradient across the aortic valve before 
valvuloplasty was 119.31±45.19 mmHg that dropped 
to 40.77±24.72 mmHg (P<0.001).  Mean pressure 
gradient was 81.21±36.01 mmHg before surgical 
valvotomy that reached to 39.18±26.92 mmHg after 
surgery (P= 0.001). In comparison between two 
techniques, the mean gradient reduction was 
significantly greater in patients who underwent 
valvuloplasty than those subjected to surgical 
valvotomy; 78.54 vs. 45.03, P<0.0005 (Fig. 1). 

 The residual AS after balloon valvuloplasty and 
after surgical valvotomy at different stages is shown 
in table 2. 
In balloon valvuloplasty group, follow up (mean 
duration±SD, 3.6±1.9 yr) revealed that 2 patients 
(4.2%) needed valve replacement and 7 (14.6%) 
needed repeat balloon valvuloplasty due to 
occurrence of moderate stenosis. There was no 
mortality in this group.  
In surgical valvotomy group, follow up (mean 
duration±SD, 3.4±2.3 yr), revealed that 12 (17.9%) 
needed valve replacement. There were 2 deaths 
(2.9%) in this group; one patient due to septicemia   
and  brain   abscess   and   the  other  one because of 
cerebral hemorrhage secondary to use of warfarin 
after valve displacement. 
 
Table 1. Some characteristics of the studied patients with 
congenital aortic stenosis 

Parameter  

Valvuloplasty 

(n=48) 

Valvotomy 

(n=67) 

 Pressure Gradient before 

procedure (mmHg)  
119.3 :45.2 81.2±36.0 

 Follow up duration (yr)  3.6±1.9 3.4±2.3 

 Range of age (yr) 1-14 4 mo-15 

 Mean±SD of age (yr)  9.6 ± 2.8 10.3±3.4 

 
Fig. 1. Pressure gradients across the aortic valve before and 
after balloon valvuloplasty and surgical valvotomy. 

  
   

DISCUSSION 
 
 Congenital AS is characterized by narrowing of 

the aortic valve orifice, leading to left ventricular 
hypertrophy and predisposing the patient to exercise 
intolerance and myocardial dysfunction.  

Valvular AS is the most common type of AS that 
consists 65 to 75% of left outflow abnormalities and 
accounts for 3 to 6% of all congenital cardiac 
anomalies. The male to female ratio is 4:1. 

 The basic homodynamic abnormality in left 
ventricular obstruction is due to pressure gradient 
across the aortic valve (obstruction level), which is 
reverse proportional to degree of valvular obstruction 
(7, 8). 

Use of balloon valvuloplasty is a relatively new 
technique for relief of aortic valve obstruction (21-
23). Since the initial description of balloon dilation of 
the aortic valve in children by Lababidi et al. (5), 
several investigators have reported good short- and 
medium- term results of balloon aortic valvuloplasty 
(9-12, 23-27).  

For comparing results of valvuloplasty with 
valvotomy, aside from different indications for these 
techniques, we must consider many other factors 
such as patient's age, type and severity of AS, 
presence of other congenital heart diseases, and 
especially, duration of follow up (9,28).  
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Table 2. Residual Aortic stenosis, post-balloon valvuloplasty 
and surgical valvotomy* 

Group  
Mild AS 

PG: 25-50 
mmHg 

Moderate AS 
PG: 50-75 

mmHg 

Severe AS 
PG> 75 
mmHg 

Valvuloplasty 
(n= 48) 

24 
(50.0%) 

8 
(16.6%) 

6 
(12.5%) 

Valvotomy 
(n= 67) 

6 
(8.9%) 

34 
50.7%) 

18 
(26.8%) 

Abbreviations: AS, aortic stenosis; PG, pressure gradient. 

*P value< 0.0005 by chi square test. 

 
The low mortality associated with balloon dilation 

is relatively similar to that seen with operative 
valvotomy and at least the primary results of this 
procedure are similar to surgical valvotomy data 
(11,29,30). The reduction of pressure gradient is 
often about 50% or greater and even in 90% of the 
cases the pressure gradient drops below 50 mmHg (9, 
31-35). But creation of AI or progression of mild AI 
to severe one is common; about 10-38% of patients 
develop mild to severe AI (7, 9, 36, 37). The 
mortality in this technique is similar or less in 
comparison with surgical valvotomy. Deaths have 
occurred more commonly in the patients with critical 
AS (38, 39). Mild complications have been reported 
in 24-27% of the patients; injury to femoral artery is 
the most common encountered complication (7-8, 40-
43).  

On the other hand, the standard surgical technique 
in severe AS after infancy is open valvotomy. 
Commissurotomy is done with cardiopulmonary 
bypass. Almost all patients develop significant 
reduction in pressure gradient and remarkable clinical 
improvement. However, long terms follow up of 
these patients has revealed some problems such as 
residual AS, moderate to severe AI, need of repeat 
surgery and infective bacterial endocarditic. About 
two thirds of patients develop moderate to severe AI 
after valvotomy for congenital valvar AS. According 
to different studies, the immediate and short time 
mortality is about 2-9% (44,45) and has been variable 
in long-term follow up (up to 30 years) between 4 to 
33% (28-32). 

  Gatzoulis et al. compared the contemporary 
results of balloon dilatation and surgery for valvar 
AS in infants and children in a five year period from 
1988 to 1993. Thirty-four children underwent 

attempted balloon valvuloplasty (group 1, age 1 day-
16 years), eight of whom were neonates with critical 
AS. During the same period, 17 children underwent 
direct surgical valvotomy (group 2, seven neonates). 
Successful balloon valvuloplasty was achieved in 33 
(97%) with immediate reduction in the systolic 
pressure gradient from 82 to 34 mm Hg (mean). 
There were two deaths in this group (both neonates), 
the second in a preterm neonate from necrotising 
enterocolitis. Complications requiring intervention in 
group 1 were aortic regurgitation in one and femoral 
artery injury in two. Follow up from four months to 
five years showed sustained results in most cases. 
There were two neonatal deaths in the surgical group. 
When the two groups were compared there was no 
significant difference in mortality, morbidity, or need 
for reintervention within 12 months. It is concluded 
that balloon dilatation for valvar AS is effective and 
safe for the entire pediatric population and its results 
compare favorably with those of surgery (25). 

 In another study, McCrindle et al. evaluated 
outcomes of surgical aortic valvotomy versus 
transcatheter balloon aortic valvuloplasty in 110 
neonates with critical AS in a study by the Congenital 
Heart Surgeons Society from 1994 to 1999. Mean 
percent reduction in systolic gradient was 
significantly greater with balloon valvuloplasty  
(65±17%) than surgical valvotomy (41±32% 
P<0.001). Important aortic regurgitation was more 
often present after balloon valvuloplasty (18%) than 
surgical valvotomy (3%; P= 0.07). Time-related 
survival after valvotomy was 82% at 1 month and 
72% at 5 years, with no significant difference for 
surgical valvotomy versus balloon valvuloplasty, 
even after adjustment for differences in patient and 
disease characteristics. In conclusion, they showed 
that surgical valvotomy and balloon valvuloplasty for 
neonatal critical AS have similar outcomes. There is 
a greater likelihood of important aortic regurgitation 
with balloon valvuloplasty and of residual stenosis 
with surgical valvotomy (30). Results of other studies 
showed that use of balloon valvuloplasty postponed 
demand for surgical valvotomy or valve replacement 
and could be a substitute for surgery (5, 8, 22). 

 In our study reduction in the mean pressure 
gradient in balloon valvuloplasty group was 
significantly greater than those subjected to surgical 
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valvotomy (73.54 vs. 45.03 mmHg, P< 0.005). By 
considering that the mean gradient pressure was even 
greater before valvuloplasty in comparison with 
surgical valvotomy (119.31 vs. 81.21 mmHg), we 
believe this difference is very important. Moreover, 
frequency of AI and mortality in balloon 
valvuloplasty group were less than those underwent 
surgery.  

This study as well as other studies in this field 
(5,8,10,13-15), show that presently balloon 
valvuloplasty is a suitable procedure in primary 
treatment strategy in patients with congenital AS. 
Although, it is difficult to compare the results of the 
two procedures and determine their differential 
indications, our successful results of balloon 
valvuloplasty for congenital AS and the advantage of 
relief safety of this procedure encourage us, more 
than ever, to use this technique primarily for the 
patients with congenital AS. Obviously, these results 
must be supported by future well-conducted studies.  
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