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INTRODUCTION

Aortic stenosis (AS) is a rare congenital heart disease with 
an incidence of 4/10,000.[1] Congenital AS has a wide 
range of clinical presentations. Newborns may present 
with shock, but some patients remain asymptomatic 
until adulthood. The treatment of newborns with critical 

AS remains a challenge in pediatric interventional 
cardiology although pediatric cardiac surgeons are 
reporting good outcomes with direct valvotomy.[2] In a 
multicenter survey of more than 1000 patients with AS, 
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ABSTRACT

Background : Congenital aortic stenosis (AS) is a rare disease. Treatment options for newborns are 
challenging. Newborns may have higher reintervention rate and mortality.

Objectives : The study aimed to identify the factors predictive of reintervention following balloon 
aortic valvuloplasty (BAV) for AS during infancy.

Methods : Retrospectively, between 2001 and 2016, echocardiography  (echo) and cardiac 
catheterization data for infants with AS were analyzed, including follow‑ups and 
reinterventions. Percentage reduction was defined as the ratio between the drop of aortic 
valve (AV) peak gradient and the baseline peak gradient.

Results : Sixty infants were included and 48 were followed up. Sixteen  (27%) patients were 
neonates. Peak‑to‑peak gradient at AV was 64 ±  27 mmHg, which was reduced to 
27 ± 13 mmHg. Percentage reduction was 53% ±24%. Forty‑nine  (82%) patients had 
adequate results  (residual AV gradient <35 mmHg). There was no significant aortic 
insufficiency (AI) before procedure, while 6 (10%) patients had increased AI immediately 
after BAV. Of 48 patients, 14 (29%) required an additional BAV. Of 48 patients, 8 (17%) 
required surgical interventions following BAV. Reintervention was associated more 
with small left ventricular outflow tract (LVOT), high residual AV, and low percentage 
reduction. Mortality was 8.3%.

Conclusions : BAV in infancy has a reasonable success rate (82%) with high rate of reintervention. 
Patent ductus arteriosus‑dependent neonates carried the highest risk of mortality. 
Small LVOT, high AV residual gradient, and low percentage reduction resulted in more 
reinterventions.

Keywords : Aortic valve disease, congenital heart disease, pediatric intervention, pediatrics, 
percutaneous intervention
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•	 Percentage reduction = (PG1−PG2)/PG1 × 100

where PG1 indicates the baseline peak gradient and PG2 
indicates the postprocedural peak gradient. Percentage 
reduction was calculated from both echo gradients and 
catheter‑derived gradients.

Data are expressed as numbers and percentages for 
categorical variables and as mean ± SD for continuous 
variables. Data that did not fit a normal distribution are 
expressed as medians and ranges. Death or surgical repair 
for AV or severe left ventricular outflow tract  (LVOT) 
obstruction was considered the endpoint of the study. 
Continuous variables were compared using paired 
Student’s t‑tests, and categorical variables were compared 
using Chi‑square tests or Fisher’s exact test appropriately. 
P  < 0.05 was considered statistically significant. The 
statistical analyses were performed with SPSS for 
Windows, Version 16.0., SPSS Inc., Chicago, IL, USA.

RESULTS

From 2001 to 2016, sixty infants underwent BAV at our 
institution. Patients ranged in age at BAV from 1 day to 
11.4 months, with a median age of 2 months; 16 (27%) 
patients underwent BAV as neonates  (age  <30  days). 
Median weight was 4.2 kg ranging from 2.2 to 9.6 kg. 
Eight  (13%) patients had surgical intervention before 
BAV for aortic arch repair (seven cases of coarctation 
and one case as interrupted aortic arch repair). None 
had surgical aortic valvotomy before BAV.

Five patients died within 1–58 days of BAV accounting for 
a mortality of 8.3%. Four (80%) of them were newborns 
and PDA dependent. Of 12 PDA‑dependent patients, 
there were 4 mortalities (33%) (P = 0.005). Seven patients 
lost to follow‑up. Hence, 48 patients were followed up 
after BAV for a median time of 3.2 years and a maximum 
of 10.5 years; 16 (33%) patients had follow‑up >5 years.

AV annular diameter was 7 ± 1.6 mm. Forty‑six (77%) 
of AV were bicuspid, 11 (18%) unicuspid, and 3 (2%) 
tricuspid. Before BAV, the peak and mean AV Doppler 
gradients were 86 ± 26 and 48 ± 14 mmHg, respectively. 
The baseline left ventricle ejection fraction  (EF) was 
70% (14–90). Nineteen (31.7%) patients had EF <55% 
and 8 (42%) of them were newborns.

At the time of cath, peak‑to‑peak gradient from the left 
ventricle to the ascending aorta was 64  ±  27  mmHg, 
which was reduced by BAV to 27  ±  13  mmHg. The 
average decrease in AV gradient was 37 ± 23 mmHg. 
Percentage reduction was 53% ±24%. The BAR was 
0.91 ± 0.14. The results of ballooning were considered 
adequate (residual AV gradient <35 mmHg) in 49 (82%) 
patients. Eleven  (18%) patients had residual AV 
gradients >35 mmHg. Of those, four required a second 
BAV, five required surgical repair (three had both BAV 
and surgery), and five were free from reintervention.

58% were infants, almost half of them were newborns 
who had higher mortality and reintervention rates.[3] 
Aortic valve (AV) insufficiency and residual AS are the 
primary factors that are reported to necessitate the 
surgical reintervention.[4]

The purpose of this study was to identify the factors 
that were predictive of reintervention and to explicate a 
simple method for calculating the percentage reduction 
that may provide additional aid in the management of 
these patients and facilitate parent counseling.

MATERIALS AND METHODS

We retrospectively reviewed our institutional database 
and records to identify all infants with AS who required 
balloon aortic valvuloplasty (BAV) during the period from 
2001 to 2016. All patients who had BAV within the 1st year 
of life were included in the study. Patients were excluded 
if they ultimately underwent single‑ventricle palliation 
or required direct surgical AV intervention. Demographic 
data, including age at catheterization  (cath), gender, 
weight, and associated cardiac lesions, were recorded. 
Patent ductus arteriosus (PDA)‑dependent patients were 
defined as patients who required prostaglandin infusion 
to maintain their cardiac output. Outcomes after BAV 
were reviewed.

The baseline echocardiography (echo) study was defined 
as the most recent study before BAV. Data retrieved from 
the echo reports included aortic annular diameter, AV 
peak instantaneous and mean Doppler gradients, left 
ventricular ejection fraction (LVEF), and initial degree 
of aortic insufficiency  (AI)  (none, mild, moderate, 
and severe). AI was categorized according to the echo 
laboratory standard, which conforms to currently 
available standards as defined by the American Society 
of Echocardiography.[5] Significant AI was defined as 
moderate or severe AI. Postprocedural echo study 
was defined as the first study after the valvuloplasty. 
Postprocedural AV peak instantaneous and mean 
Doppler gradients were obtained.

The final echo study was defined as the last study 
performed before surgical repair of AS, death, or the end 
of the study. Data obtained from the final echo study 
included degree of AI, LVEF, and peak instantaneous and 
mean AV gradients.

Procedural data were noted and recorded, including 
pre‑  and post‑BAV catheter‑derived peak‑to‑peak 
valve gradient, angiography‑determined AV annular 
diameter,  and maximum balloon diameter‑to‑AV annular 
diameter ratio (BAR).

Percentage reduction was defined as the ratio between 
the drop in AV peak gradient and the baseline peak 
gradient.
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of 39 ± 17 mmHg and EF of 72% ± 12% at the last echo. 
Only 6 (19%) of them had significant AI.

DISCUSSION

We reviewed the results of AS in infancy since we 
thought that this age group has unique risk factors 
and results. Torres et  al.[6] reviewed 373 BAV in a 
multicenter prospective study for adults and children. 
85% of their patients were considered to have adequate 
results  (gradient post‑BAV <35 mmHg). Two hundred 
and twenty‑nine were infants, 158 (69%) of them had 
adequate results, in contrast to our rate of 82%.

In our cohort, we noticed a predictive difference between the 
actual residual AV gradient and the percentage reduction. 

None of the patients had a significant AI before procedure, 
while 6 (10%) had significant AI immediately after BAV. 
Two of those patients died during the same admission. 
One of them had Konno procedure and AV replacement 
at the age of 8 years. The rest still had significant AI at 
the last follow‑up.

An additional valvuloplasty was performed in 14 (29%) 
patients 9  months  (1–66) after the initial BAV. 
(One of them died and was not included in follow‑up 
statistics). Freedom from repeat valvuloplasty was 
72% and 59% at 2 and 5 years, respectively [Figure 1]. 
Patients who required an additional BAV had low cath 
percentage reduction of 39 ± 27 and echo percentage 
reduction of 15 ± 33 versus those who had BAV once 
with percentage reduction of 60 ± 17 (cath; P = 0.002) 
and 36  ±  28  (echo; P  =  0.025) during the initial 
intervention [Table 1].

Surgical repair for residual LVOT obstruction was 
done in 8  (17%) patients at a median of 17  months 
(0.3–120 months) after the initial BAV. Four of them had 
twice BAV before surgery. Freedom from surgical repair 
was 79% and 53% at 5 and 10 years, respectively [Figure 2]. 
Surgical procedures were Ross–Konno in four patients 
while aortic valvotomy, Konno and AV replacement, 
Norwood with Sano shunt, and subaortic membrane 
resection was performed in one patient each. Those who 
required surgical repair had smaller LVOT (P = 0.001) 
and higher residual AV gradients (P < 0.001) [Table 2].

Seventeen  (35%) patients required reintervention 
(either BAV or surgery). Risk factors for reintervention 
were small LVOT (P < 0.001), high residual gradient by 
cath  (P = 0.002) or echo  (P = 0.001), low percentage 
reduction by cath (P < 0.001) or echo (P = 0.01), and 
those who were PDA dependent [Table 3].

Thirty‑one (52%) patients at the end of the study did not 
require reintervention. They had peak Doppler gradients 

Figure 1: Kaplan–Meier curve displays freedom from repeat 
valvuloplasty

Figure 2: Kaplan–Meier curve displays freedom from surgical 
procedure after valvuloplasty

Table 1: Comparing patients requiring additional 
balloon aortic valvuloplasty and those who did not

BAV once 
(n=35)

BAV twice 
(n=13)

P

Age (months) 2.83±2.1 3.63±4.1 0.382
Weight (kg) 4.53±1.3 5±2.1 0.345
AV annulus (mm) 7.39±1.7 6.87±1.4 0.324
AV peak gradient 90±23 84±30 0.483
LVOT (mm) 7.2±1.5 6.7±1.4 0.250
LVOT‑Z score −0.21±1.2 −0.98±0.9 0.037
LV function (EF) 66.6±21.1 67±19.7 0.957
Balloon/AV annulus ratio 0.9±0.1 0.86±0.1 0.324
LV to aorta gradient 
(catheterization)

66±22 65.5±42 0.960

Residual AV gradient 
(catheterization)

26±14 31±11 0.247

Residual AV gradient 
(echocardiography)

55±18.3 66±17 0.070

Percentage reduction 
(catheterization)

60±17 39±27 0.002

Percentage reduction 
(echocardiography)

36±28 15±33 0.025

PDA dependent 2/35 5/13 0.011

BAV: Balloon aortic valvuloplasty, AV: Aortic valve, LVOT: Left 
ventricular outflow tract, EF: Ejection fraction, LV: Left ventricular, 
PDA: Patent ductus arteriosus
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High residual AV gradients by echo or cath were associated 
with the need of surgical repair of AV or LVOT obstruction. 
However, low percentage reductions by echo or cath were 
associated with the need of another balloon dilatation. Since 
there was overlapping between the two groups (cath and 
surgery; four patients had twice BAV then surgical repair), 
it was reasonable to study all reinterventions in one group.

An additional BAV was performed in 29% of our patients. 
This is probably high because of the younger age group 
in our cohort. In mixed children populations, the rate 
of reintervention was 16%–23%.[7,8] Ewert et al. reported 
a reintervention ratio of 16% in neonates and 10% in 
older patients.[3]

Surgical repair of AV or LVOT obstruction was required 
in 17% of our patients. The need for surgery is evaluated 

by multiple factors of LV adequacy like measures of 
aortic annulus, LVOT, and AV morphology in addition 
to the gradient across the AV and severity of AI. The 
nature of varied surgeries reflects the complexity of 
factors involved in the decision‑making. The main 
surgery performed was the Ross–Konno procedure, 
while in other series, it was mainly AV repair or AV 
replacement in older patients.[8,9] Surgical interventions 
were necessitated by outflow obstructions, rather than 
aortic insufficiencies.

Mortality is high in this group of patients. It was 8.3% in 
our cohort, which is comparable to previous reports with 
mortality around 9%–11%.[3,7,9,10] Death was associated 
with small AV annulus and LVOT‑Z score, depressed LV 
function, high BAR, low percentage reduction by cath, 
and PDA‑dependent systemic circulation  [Table  4]. 
Probably higher BAR is a reflection of low cath percentage 
reduction and the need for use of larger balloons to try 
to get the maximum response. Maskatia et al.[9] correlated 
death to depressed LV function while neonatal BAV and 
high AV residual gradients were not associated with 
death in their series. Others described higher mortality, 
repeat BAV, and higher surgical intervention in newborns 
when compared to infants and older patients.[7,11] We 
found that newborns who are PDA dependent are at the 
highest risk of mortality (33%, P = 0.005).

CONCLUSIONS

BAV in infancy has a reasonable success rate (82%) with 
high rate of reintervention. PDA‑dependent neonates 
carried the highest risk of mortality. Small LVOT, high AV 
residual gradient, and low percentage reduction resulted 
in more reinterventions.

Limitations

This was a retrospective descriptive study with a 
relative small number of patients who precluded 
the establishment of regression modeling. The study 

Table 2: Comparing patients who required surgical 
repair for left ventricular outflow tract obstruction 
and those who are free of surgery after the first 
balloon aortic valvuloplasty

Free of 
surgery (n=40)

Had surgery 
(n=8)

P

Age (months) 3.1±2.6 2.9±3.6 0.84
Weight (kg) 4.6±1.5 4.8±2.1 0.759
AV annulus (mm) 7.4±1.4 6.7±2.4 0.283
AV peak gradient (mmHg) 85±23 108±26.9 0.016
LVOT (mm) 7.3±1.4 5.8±1.4 0.008
LVOT‑Z score −0.13±1 −1.86±0.7 <0.001
LV function (EF) 68±19 60±28 0.282
Balloon/AV annulus ratio 0.88±0.1 0.92±0.1 0.473
LV to aorta gradient 
(catheterization)

61±23.7 89±39.6 0.011

Residual AV gradient 
(catheterization)

24±10 43±15 <0.001

Residual AV gradient 
(echocardiography)

54±18 74±11 0.005

Percentage reduction 
(catheterization)

56±23 45±18 0.205

Percentage reduction 
(echocardiography)

31±32 28±21 0.798

PDA dependent 4/40 3/8 0.08

AV: Aortic valve, LVOT: Left ventricular outflow tract, EF: Ejection 
fraction, LV: Left ventricular, PDA: Patent ductus arteriosus

Table 3: Comparing patients who required reintervention (catheterization or surgery) and those who are 
free from reintervention

Free from reintervention (n=31) Reintervention (n=17) P AUC
Age (months) 2.8±2.1 3.3±3.7 0.56
Weight (kg) 4.6±1.3 4.8±2 0.67
AV annulus (mm) 7.5±1.4 6.8±1.8 0.14
AV peak gradient 88±21 89±32 0.89
LVOT (mm) 7.5±1.4 6.2±1.5 0.006 0.73
LVOT‑Z score 0.04±1 ‑1.2±1 <0.001 0.85
LV function (EF) 69±18 61±24 0.23
Balloon/AV annulus ratio 0.89±0.1 0.89±0.07 0.97
LV to aorta gradient (catheterization) 64±19 68±41 0.67
Residual AV gradient (catheterization) 23±11 35±15 0.002 0.75
Residual AV gradient (echocardiography) 51±16 69±17 0.001 0.78
Percentage reduction (catheterization) 64±14 38±24 <0.001 0.82
Percentage reduction (echocardiography) 39±27 15±31 0.01 0.75
PDA dependent 1/30 6/11 0.005

AV: Aortic valve, LVOT: Left ventricular outflow tract, EF: Ejection fraction, LV: Left ventricular, PDA: Patent ductus arteriosus, AUC: Area under the curve
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population was exclusively composed of infants. 
A multicenter study with a greater number of patients 
would probably enable stronger conclusions.
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Table 4: Comparing mortality and survival
Survival 
(n=48)

Mortality 
(n=5)

P

Age (months) 3±2.8 1.56±1.3 0.244
Weight (kg) 4.7±1.6 3.6±1.2 0.147
AV annulus (mm) 7.3±1.6 5.1±1.4 0.006
AV peak gradient (mmHg) 89±25 73±33 0.189
LVOT (mm) 7.1±1.5 4.8±1.4 0.003
LVOT‑Z score −0.42±1.2 −2.54±1.3 <0.001
LV function (EF) 67±21 43±26 0.020
Balloon/AV annulus ratio 0.89±0.1 1.13±0.3 <0.001
LV to aorta 
gradient (catheterization)

66±29 47±24 0.274

Residual AV 
gradient (catheterization)

27±13 32±21 0.552

Residual AV 
gradient (echocardiography)

58±18 41±6 0.046

Percentage 
reduction (catheterization)

54±22 17±41 0.011

Percentage 
reduction (echocardiography)

30±30 34±36 0.828

PDA dependent 8/48 4/5 0.005

AV: Aortic valve, LVOT: LV outflow tract, EF: Ejection fraction, 
LV: Left ventricular, PDA: Patent ductus arteriosus


