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Results of balloon and surgical valvuloplasty in congenital aortic valve stenosis:
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Dogumsal aort kapak darliginda balon ve cerrahi valvuloplasti sonucilar: 19 yillik,
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ABSTRACT

Background: This study aims to compare the success, complications, and
long-term outcomes of aortic balloon valvuloplasty and surgical aortic
valvuloplasty in pediatric patients with congenital aortic valve stenosis.

Methods: Between March 2000 and October 2019, a total of
267 procedures, including 238 balloon valvuloplasties and 29 surgical
valvuloplasties, in 198 children (135 males, 63 females; mean age:
57.4+62.6 months; range, 0.03 to 219 months) were retrospectively
analyzed. The hospital records, echocardiographic images,
catheterization data, angiography images, and operative data were
reviewed.

Results: Aortic regurgitation was mild in 73 patients before balloon
valvuloplasty, and none of the patients had moderate-to-severe aortic
regurgitation. Compared to surgical valvuloplasty, the rate of increase
in the aortic regurgitation after balloon valvuloplasty was significantly
higher (p=0.012). The patients who underwent balloon valvuloplasty did
not need reintervention for a mean period of 46+45.6 months, whereas
this period was significantly longer in those who underwent surgical
valvuloplasty (mean 80.5+53.9 months) (p=0.018). The overall failure rate
was 8%. Moderate-to-severe aortic regurgitation was the most important
complication developing due to balloon valvuloplasty in the early period
(13%). All surgical valvuloplasties were successful. The mean length of
hospitalization after balloon valvuloplasty was significantly shorter than
surgical valvuloplasty (p=0.026). During follow-up, a total of 168 patients
continued their follow-up, and a reinterventional or surgical intervention
was not needed in 78 patients (47%).

Conclusion: Aortic balloon valvuloplasty can be repeated safely and helps
to eliminate aortic valve stenosis without needing sternotomy. Surgical
valvuloplasty can be successfully performed in patients in whom the
expected benefit from aortic balloon valvuloplasty is not achieved.

Keywords: Aortic balloon valvuloplasty, aortic valve stenosis, complication,
surgical aortic valvuloplasty.

0z
Amag: Bu ¢caligmada, dogumsal aort kapak darlig1 olan ¢ocuk hastalarda

aort balon valvuloplasti ve cerrahi aort valvuloplastinin basarisi,
komplikasyonlar1 ve uzun déonem sonuglari karsilagtirildi.

Calisma plani: Mart 2000 - Ekim 2019 tarihleri arasinda 198 cocukta
(135 erkek, 63 kadin; ort yas: 57.4+62.6 y1l; dagilim, 0.03 to 219 yil)
238’1 balon valvuloplasti ve 29’u cerrahi valvuloplasti olmak iizere
toplam 267 islem retrospektif olarak incelendi. Hastane kayitlari,
ekokardiyografi goriintiileri, kateterizasyon verileri, anjiyografi
goriintiileri ve ameliyat verileri degerlendirildi.

Bulgular: Balon valvuloplasti oncesi 73 hastada aort yetersizligi hafif
diizeyde idi ve hastalarin hicbirinde orta ila siddetli aort yetersizligi
yoktu. Cerrahi valvuloplastiye kiyasla, balon valvuloplasti sonrasi
aort yetersizligindeki artig orani anlamli diizeyde yiiksekti (p=0.012).
Balon valvuloplasti uygulanan hastalarda ortalama 46+45.6 ay siireyle
tekrar girisim gerekmez iken, bu siire cerrahi valvuloplasti uygulanan
hastalarda anlamli diizeyde daha uzundu (ortalama: 80.5+53.9 ay)
(p=0.018). Genel basarisizlik oran1 %8 idi. Orta ila siddetli aort
yetersizligi, balon valvuloplastiye bagli erken donemde goriilen en
onemli komplikasyon idi (%13). Cerrahi valvuloplastilerin tiimii basarili
idi. Balon valvuloplasti sonrasinda ortalama hastanede kalig siiresi,
cerrahi valvuloplastiye kiyasla anlamli diizeyde daha kisa idi (p=0.026).
Takiplerine devam eden 168 hastanin 78’inde (%47), tekrar girisimsel
veya cerrahi miidahaleye gerek duyulmadi.

Sonug: Aort balon valvuloplasti, giivenli bir sekilde tekrarlanabilir ve
sternotomi ihtiyaci olmaksizin aort kapak darligini ortadan kaldirabilir.
Cerrahi valvuloplasti ise, aort balon valvuloplastiden beklenen yararin
elde edilemedigi hastalarda basaril1 bir sekilde uygulanabilir.

Anahtar sozciikler: Aort balon valvuloplasti, aort kapak darligi, komplikasyon
cerrahi aort valvuloplasti.
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Congenital aortic valve stenosis is a disease
that requires lifelong monitoring with recurrent
attempts. Aortic balloon valvuloplasty (ABV) and
surgical aortic valvuloplasty (SAV) are among the
treatment options. Numerous publications have
reported that ABV, applied as the first treatment
option in many centers, facilitates a significant
reduction in valve-level gradient and low frequency
of recurrence in the short-term.!'">! Similar to ABV,
SAV provides an effective decrease in the valve-
level gradient. Low grade of aortic regurgitation and
successful application in patients with ABV failure
are important advantages of SAV, whereas prolonged
hospitalization and cosmetic problems are the main
disadvantages of SAV.

In some single-center studies, it was reported that
SAV results were better and the rate of reintervention
was low.®7l Many studies have reported that the
rate of recurrent attempts is higher after ABV.1281%
Although the first treatment option varies according
to different centers, ABV was applied as the first
option in our clinic because of its reproducibility. In
the present study, we aimed to compare the efficacy,
long-term outcomes, and complications of ABV and
SAV in children with congenital aortic valve stenosis
and identify the factors determining the choice of
treatment in these children.

PATIENTS AND METHODS

This single-center, retrospective study was
conducted at Bagkent University Faculty of
Medicine, Department of Pediatric Cardiology
and Cardiovascular Surgery between March 2000
and October 2019. A total of 267 procedures,
including 238 ABVs and 29 SAVs, in 198 children
(135 males, 63 females; mean age: 57.4+62.6 months;
range, 0.03 to 219 months) were reviewed. The
patients with simple congenital heart disease (CHD)
such as atrial septal defect, ventricular septal defect,
patent ductus arteriosus, and aortic coarctation were
included in the study. Patients with complex CHD
were excluded, as such CHDs may affect prognosis.
A written informed consent was obtained from
each parent and/or legal guardians of the patient.
The study protocol was approved by the Bagkent
University Faculty of Medicine Ethics Committee
(KA20/111-17.03.2020). The study was conducted in
accordance with the principles of the Declaration of
Helsinki.

The ABV was preferred as the first treatment
option in all patients. In the next procedure, SAV
was preferred in patients in whom ABV failed or

the initial valvuloplasty process did not achieve the
expected level of improvement, as well as in those with
dysplastic valves. Trivial aortic stenosis was defined as
a transvalvular Doppler peak-systolic gradient less than
25 mmHg, mild stenosis as 25 to 49 mmHg, moderate
stenosis as 50 to 75 mmHg, and severe stenosis as
greater than 75 mmHg."""? Both angiographic!'¥
and echocardiographic!"'! examinations were used to
classify the aortic regurgitation associated with the
procedure. Aortic valve morphology was classified by
echocardiography as monocuspid, bicuspid (functional
or anatomic bicuspid), and tricuspid. Left ventricular
systolic functions were classified according to ejection
fraction and shortening fraction data. If the ejection
fraction was below 30%, left ventricular systolic
function was considered to be severely impaired; if
it was between 31 and 55%, left ventricular systolic
function was considered to be moderately impaired;
and if it was above 55%, left ventricular systolic
function was considered to be normal. The diameter of
the aortic annulus was measured by two-dimensional
echocardiography and angiography in the left

Figure 1. The angiogram of a five-day-old newborn
with severe valvular aortic stenosis. Aortic annulus was
measured as 6.4 mm in size. Balloon aortic valvuloplasty
was performed using a 6-mm (2 cm) balloon (balloon
diameter/annulus diameter: 0.94; Tyshak-II, NuMed
Canada Inc., Cornwall, Canada). Peak systolic gradient
in aortic valve decreased from 96 mmHg to 24 mmHg.
There was mild aortic regurgitation on aortogram after
procedure.
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ventricular mid-systolic phase. The ABV procedure
was started with balloons having a balloon diameter/
annulus diameter ratio of 0.75 to 0.9. The procedure
was continued with the balloon diameter/annulus
diameter ratio of maximum 1 to 1.2, 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 using 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 peak gradient of
=50 mmHg in the aortic valve, ST-T wave change in
patients with peak gradient <50 mmHg, presence of
left ventricular systolic dysfunction, and/or decreased
antegrade flow in the aortic valve. The success criteria
for ABV and SAV was 40 to 50% reduction in the
systolic pressure gradient (according to study period),
a peak gradient of <50 mmHg in patients with normal
cardiac output, decreased left ventricle end diastolic
pressure, increased forward flow from the valve, and
procedure-related moderate or less aortic regurgitation.

SAV technique

Midline split sternotomy was performed following
induction of general anesthesia. Aortic and bicaval
cannulation was preferred in every patient. Cold
crystalloid cardioplegia was infused via an aortic root
cannula to establish diastolic cardiac arrest. The right
atrium was incised and cardioplegia was removed
from the atria. In patients with moderate-to-severe
aortic regurgitation, a left ventricular vent was placed
through the right upper pulmonary vein after going on
bypass, and cardioplegia was applied directly through
the coronary ostium following a hockey stick style
aortotomy. The identifiable commissures were incised
all the way to the annulus to get a satisfactory aortic
orifice. The raphe of an underdeveloped commissure
was spared, but nodular fibrotic structures were
excised and detached from the aortic wall for mobility.
Thickened leaflets were shaved to increase mobility, as
well. Subvalvular fibrotic membrane or fibromuscular
thickening was resected, if necessary. The aortotomy
was closed with fine polypropylene sutures.

Statistical analysis

Statistical analysis was performed using the
IBM SPSS for Windows version 20.0 software
(IBM Corp., Armonk, NY, USA). Descriptive data
were presented in mean + standard deviation (SD),
median (min-max) or number and percentage. The
Kolmogorov-Smirnov test was used to evaluate the
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normality of quantitative variables. The comparison
between groups of quantitative variables was
performed with the independent samples t-test and
Mann-Whitney U test. The chi-square test was used
to assess the association between two qualitative
variables. A binary logistic regression was applied
to check multiple effects of independent variables on
binary dependent variables. A two-tailed p value of
<0.05 was considered statistically significant.

RESULTS

The mean ages of the patients undergoing ABV
and SAV were 55.2+64.9 (range, 0.03 to 219) months
and 66.6+48 (range, 0.84 to 156) months, respectively,
indicating no statistically significant difference
(p=0.542). The mean follow-up for all patients was
8.5+5.1 years (range, 6 months to 18 years). The valve
structure was bicuspid in 249 procedures, bicuspid
and dysplastic in 10 procedures, tricuspid in two,
and monocuspid and dysplastic in two. Aortic valve
stenosis was critical in 25 of the interventions. Left
ventricular systolic functions were normal in 233 of
the procedures, impaired in 18, and severely impaired
in 12. Left ventricular functions returned to normal
within six months after the intervention in all patients
who underwent both ABV and SAV. In 50 of the
procedures, there was endocardial fibroelastosis of
the left ventricle. Twenty-five patients had aortic
coarctation, one patient had discrete subaortic
membrane, and one patient had supravalvular
aortic stenosis. Twelve patients had severe heart
failure symptoms before interventional procedures.
In the acute period, no serious complications or
death associated with ABV or SAV were observed
(procedure-related complications within the first 24 h).

Results of ABV

The ABV was repeated once in 198 patients, twice
in 56 patients, and thrice in 10 patients. Approximately
123 of the interventions were implemented in children
under the age of one year (Figure 1). The peak
systolic gradient measured prior to ABV was 80+23.3
(range, 35 to 182) mmHg, which reduced to 38.7+17.9
(range, 5 to 111) mmHg after the procedure. A
significant decrease in the peak systolic gradient
(mean: 41.5+21.1 mmHg) was achieved with ABV.

Nineteen of the ABV interventions were considered
unsuccessful. Among all the intervention, six were
considered unsuccessful, as the valve could not be
passed through with guidewire, 12 failed as there was
a significant residual gradient on the valve, and one
was considered unsuccessful, as the patient developed
severe aortic regurgitation due to valvuloplasty in
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the acute period. The mean balloon diameter/annulus
diameter ratio selected for intervention was 0.96+0.1
(range, 0.75 to 1.2). There was no statistically
significant correlation between the final balloon
diameter/annulus diameter ratio and the decrease in
valve-level gradient (p=0.448). Similarly, there was
no significant correlation between the increase in
aortic regurgitation after the intervention and the final
balloon diameter/annulus diameter ratio (p=0.572).
Aortic regurgitation was mild in 73 patients before
ABV, and none of the patients had moderate-to-
severe aortic regurgitation. The ABV-related increase
in aortic regurgitation was mild in 22 patients,
moderate in 30 patients, and severe in one patient.
A statistically significant increase was found in the
ABV-related aortic regurgitation (p=0.006).

There was no need for reintervention for a mean
period of 46+45.6 (range, 0.01 to 180) months after
ABV. Three patients developed dysrhythmia during
the interventions. When supraventricular tachycardia
ended with adenosine treatment in one patient, short-
term ventricular tachycardia attacks in two patients
ended spontaneously without any intervention. The
mean in-hospital follow-up after ABV was 1.7+0.9
(range, 1 to 5) days. The reasons for requiring
intervention in patients requiring a reinterventional
or surgical operation after the first intervention are
shown in Table 1 and the interventions performed are
presented in Table 2.

Univariate and binary logistic regression analyses
were performed in patients in terms of need for

Table 1. Reasons for intervention in patients requiring
reintervention (n=125)

Reason for reintervention n %
Restenosis 66 528
Restenosis, AR 17 13.6
Restenosis, LVOTO 2.4
Restenosis, DSM 2 1.6
AR 12 9.6
AR,LVOTO 5 4
AR, DSM 1 0.8
AR, AAD 1 0.8
Failed ABV (high residual gradient) 12 9.6
Failed ABV (could not be passed through 6 4.8
the valve)

AR: Aortic regurgitation; LVOTO: Left ventricular outflow tract
obstruction; DSM: Discrete subaortic membrane; AAD: Ascending aortic
dilation.

reintervention after the first interventional procedure.
The univariate analysis (Table 3) showed that the
younger the patient during the first intervention
was, the higher is the risk of repeating intervention
(p=0.009). In the analysis of binary logistic regression
using the same data, young age in ABV was not found
to be a risk for repeated interventions (Table 4). None
of the patients died in early and/or late period during
follow-up.

Results of SAV

In 27 patients, SAV was performed once, but
two SAV interventions were needed in one patient.
The number of patients under the age of one who
underwent SAV was nine. The mean peak systolic
gradient with direct pressure measurement of left
ventricle and aortic root before SAV was 93+12.6
(range, 77 to 138) mmHg, which decreased to 39.8+6
(range, 24 to 48) mmHg after the procedure. The
decrease in gradient varied between 38 and 93 mmHg
with a mean value of 53.1+10.7 mmHg. Aortic
regurgitation increased slightly in 16 patients due

Table 2. Reinterventions in patients during follow-up
(n=133)

Reinterventions n %
Re-ABV 50 376
Re-ReABV 13 9.8
SAV 24 18.1
Re-SAV 1 0.8
AVR 24 18
AVR, Konno procedure 6 4.5
Re-AVR, MVR 2 1.5
Ross procedure, PVR 3 2.3
SAV, DSM resection 2 2.3
AVR, DSM resection 1 0.8
Recurrent DSM resection 1 0.8
AVR, AREP 1 0.8
SAV, Enlargement of the ascending aorta 1 0.8
with patch

AVR,MVR 1 0.8
Bentall procedure 1 0.8
SAV,MVR 1 0.8

Note: Reinterventions in patients during follow-up are indicated in this
table. In some patients, more than one intervention was performed.

ABV: Aortic balloon valvuloplasty; SAV: Surgical aortic valvuloplasty;
AVR: Aortic valve replacement; MVR: Mitral valve replacement; PVR:
Pulmonary valve replacement; DSM: Discrete subaortic membrane;
AREP: Aortic root enlargement procedure.
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Table 4. Risk factors associated with reintervention
by multivariate analysis

OR %95 CI p
ABV age (day) 1.000 1-1 0.072
Constant 0.927 0.695

OR: Odds ratio; CI: Confidence interval, ABV: Aortic balloon
valvuloplasty; In logistic regression analysis, it was observed that ABV age
had no significant effect on reintervention. (p>0.05).

to SAV, and there was no significant increase
in the remaining 13 patients. All SAV operations
were considered successful. There was no need
for reintervention for a mean period of 80.5+53.9
(range, 7 to 174) months after SAV. There was no
significant correlation between the decrease in gradient
and the increase in aortic regurgitation due to SAV
(p=0.724). Two patients developed pericardial effusion,
which recovered with nonsteroidal anti-inflammatory
drugs. The mean length of hospitalization after SAV
was 6.5+1.5 (range, 5 to 10) days.

Comparison of ABV and SAV

Compared to SAV, the rate of increase in aortic
regurgitation after ABV was significantly higher
(p=0.03). Another advantage of SAV over ABV was
the longer duration of the period, when there was a
need for reintervention. The patients who underwent
ABYV did not need reintervention for a mean period
of 46+45.6 (range, 0.01 to 180) months, whereas
this period was significantly longer in those who
underwent SAV (mean: 80.5+53.9 months). The
duration of no need for reintervention after SAV was
statistically significantly higher than the post-ABV
period (p=0.008). Approximately 19 of transcatheter
interventions failed, whereas SAV was successful in
all patients. Compared to the patients who underwent
ABY, the length of hospitalization of the SAV patients
was statistically significantly longer (p=0.04). There
was no significant difference between the peak systolic
gradients measured on echocardiography prior to ABV,
whereas the residual gradient measured after ABV
and that measured after SAV did not differ (p=0.243).
Similarly, there was no significant difference between
the decrease in gradient achieved with ABV and that
achieved with SAV (p=0.134).

DISCUSSION

The standard treatment approach for aortic valve
stenosis was SAV until the first half of the 1980s.
The ABV was, for the first time, was performed
in 1984 by Lababidi et al.'”! In subsequent studies,

ABV was reported as an alternative and effective
method to SAV in all newborn and pediatric patients
with congenital aortic valve stenosis.!?#>16-181 For
congenital aortic valve stenosis, a treatment method
that eliminates stenosis without causing significant
regurgitation in the valve is ideal. The first treatment
option varies depending on the facilities of healthcare
centers. In our study, the ABV was administered as
the first treatment option owing to its repeatability.
Patients with dysplastic or thick valves, where ABV
was not beneficial enough, were treated with surgical
treatment. Similar to the results of our study, SAV
results were reported to be better as a result of
improved surgical techniques in some single-center
studies.®” As in our study, many recent studies have
shown that the number of patients undergoing ABV is
much higher than the number of patients undergoing
SAV_[6,8,17,19]

In a multi-center study, Hill et al.® reported that the
rate of reintervention was higher after ABV. Siddiqui
et al.”! found a low rate of reintervention after SAV.
In their multi-center study including 110 newborns,
McCrindle et al.!'’! reported a significant difference
between the rates of reintervention necessity after two
treatment methods."”! In our study, the patients who
underwent SAV were usually patients with dysplastic
valves, and the duration of no need for reintervention
after SAV was significantly longer in this group than
in the ABV group.

It has been shown that the rate of repeated
intervention in patients undergoing ABV as newborns
and infants is higher.?*!"% Similar to the literature,
the results of the logistic regression analysis in our
study revealed that ABV performed at young age
did not carry a risk for reintervention, although
interventions in newborns and infants were considered
risk-enhancing factors for reinterventions, according to
the univariate analysis.

Significant residual aortic stenosis after ABV is
one of the most challenging problems in dysplastic
and thick aortic valves. The problem can be solved by
continuing the procedure with a balloon of a larger size
or by terminating the procedure and then performing
SAV. In our experience in the clinical setting, we chose
to terminate the procedure and, then, perform SAYV, as
we considered that continuing with larger balloon could
increase the risk of developing aortic regurgitation,
requiring the Ross procedure particularly in underage
patients and more complicated interventions, such as
aortic valve replacement along with mechanical aortic
valve replacement and aortic root expansion in older
children.
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Although the most common cause of reintervention
in congenital aortic valve stenosis is the development
of restenosis,># the main factor determining the long-
term prognosis is the iatrogenic aortic regurgitation
developing after ABV or SAV.24!81 Maintaining
valve functions plays a key role in the management of
these patients. Although some studies have reported
that the frequency of aortic regurgitation is similar
after surgery and transcatheter treatment,!0:17:20.21]
others have shown that moderate-to-severe aortic
regurgitation does not develop with SAV, similar to
our findings." In our study, restenosis was the most
common cause of repeated interventions, consistent
with the literature.

As reported in the literature,”*?221 we found
that the groups of ABV and SAV did not differ
significantly in terms of their residual peak
systolic gradients measured on post-treatment
echocardiography. However, some other studies
have shown that residual gradient is lower in
patients undergoing ABV.*!"1" Although there were
few patients who underwent SAV in our study, the
SAV results were favorable. In addition, the covers
of patients who underwent SAV were dysplastic
and did not benefit from ABV. We believe that,
this is a reliable evidence to show that SAV is
an effective intervention. The hospitalization in
the intensive care unit and hospital after SAV
is also significantly longer.?”) Similarly, in the
present study, the hospitalization after SAV was
longer, (hospitalization after SAV: 6.5+1.5 days vs.
hospitalization after ABV: 1.7+0.9 days).

The retrospective design of the present study is
the main limitation in the collection and analysis of
data. Changes in the surgical team performing the
surgical procedures during 18 years may have also
caused differences in patient selection and treatment
strategy. However, all interventional procedures were
performed by two pediatric cardiologists. During
this period, there have been important changes and
advances in balloon technology. The low number of
patients who underwent SAV was another limitation.
In this study, ABV and SAV procedures were applied
sequentially to some patients and, therefore, it is not
possible to clearly state whether the burden causing
these patients to undergo aortic valve replacement
(AVR) was ABV or SAV origin. Therefore, in this
study, it was not considered a healthy data to indicate
the AVR rate in patients who underwent ABV or SAV,
which is an important limitation of the study. Further
large-scale, prospective studies are needed to confirm
these findings.
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In conclusion, aortic balloon valvuloplasty can
be repeated safely and helps to eliminate aortic
valve stenosis without needing sternotomy. Surgical
valvuloplasty can be successfully performed in
patients in whom the expected benefit from aortic
balloon valvuloplasty is not achieved, as there is no
need for reintervention for a long period of time in
surgical aortic valvuloplasty, which also has a rate
of post-procedural residual gradient similar to that
in aortic balloon valvuloplasty and a rate of aortic
regurgitation development lower than that in aortic
balloon valvuloplasty.
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