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Gradient Reduction, Aortic Valve Regurgitation and Prolapse After
Balloon Aortic Valvuloplasty in 32 Consecutive Patients With

Congenital Aortic Stenosis
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HERBERT D. RUTTENBERG. MD. FACC. GARTH S. ORSMOND, MD
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From 1986 to 1988, balloon aortic valvuloplasty was per-
formed i 32 patients with congenital valvular aortic steno-
sis. The patients ranged in age from 2 days to 28 years
(mean x SD 8.3 + 5.9). One balloon was used in 17 patients
and two balloons were used in 15 patients. Tmmediately
after valvuloplasty, peak systolic pressure gradient across
the sortic valve decreased significantly from 77 = 27 to
23 = 16 mm Mg (p < 0.01), a 70% reduction in gradient. At
carly follow-up study (4.1 = 3.3 months after valvulo
plasty), there was a 48 £ 20.5% reduction in gradieat
compared with that before valvuloplasty, and at late foliow.
up evaleation (19.2 £ 5.6 months), a reduction in gradient
of 40 = 29% porsisted.

Echocardiography showed evidence of significantly in-

creased nortic regurgitation in 10 patients (31%) and aortic
valve profapse in 7 patients (22%). There was no correix-
tion between the J ratio and the sub

b of aortic iation or prolapse. In fact, no
patient who shawed a significant increase in sortic regur-
gitation had had 2 batloon/anulus ratio >100%.

It is concluded that balioon aortic valvuloplasty effec-
tively reduces peak systolic pressure gradient across the
sortic valve in patients with congenital sortic stemosis.
However, subsequent sortic regurgitation and prolapse
occur in a significant aumber of patients, even if sppropri-
ate technique and n balloon size no grester than that of the
Rortic anulus are used,

(7 Am Coll Cardiol 1990;16:451-6)

Balloon aortic valvuloplasty is an i ingly popular
method of treating congemtal valvular aortic stenosis in
infants and children with native and postsurgical stenosis
(1-4). Complications fmm ballonn aortic valvuloplasty in-
clude bleeding, arr d femoral pulses, in-
jury to the mitral valve. aortic regurgitation and death (1.2).
In this study we reviewed our experience with the efﬁcacy
and complxcahons of balloon aonlc valvuloplasty in 32
ients with ital aortic stenosis.

Methods

Study patients, From March 1986 to December 1988. we
performed balloon uortic valvuloplasty in 32 patients with
congenital valvular aortic stenosis. All patients had discrete
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stenosis with a peak systolic pressure gradient across the
aortic valve =50 mm Hg as determined by direct measure-
ment during cardiac catheterization, the absence of other
iated cardiac ies except of the aorta
and the absence of aortic regurgitation greater than grade 2
of 4 (0 to 4) grades. In all patients >1 year of age, the known
potential risks and benefits of managing the aortic stenosis
with either balloon aortic valvuloplasty or surgery were
explained to the family, and the option of performing vaivu-
loplasty instead of surgery was offered. The parents of alt
patients (n = 28) who met this criterion requested balloon
aortic velvuloplasty. In addition. the parents of four patients
<1 year of age with good left ventricular function and an
adequate-sized aortic valve anulus were offered balloon
aontic valvuloplasty and chose this form of treatment.

The 32 patients forming the study group ranged in age
from 2 days to 28 years (mean * SD 8.33 = 5.9). Four
patients were <1 year of age at thic time of balloos aortic
valvuloplasty and one was >>16 years of age. Three patients
had coarctation of the aorta; in one it had been surgically
corrected during infancy, in one it was balloon-dilated at the
time of balloon aostic valvuloplasty and in one it was
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considered to be so mild as not to require treatment. Six
patients had undergone previous surgical aortic valvotomy.

Echocardiography. All patients had complete echocar-
diographic examination 1.5 + 1.8 months before balloon
aortic valvuloplasty, and the degree of aoriic stenosis was
estimated by pulsed and continuous wave Doppler ultra-
sound. The degree of aortic regurgitation was also deter-
mined by pulsed wave ultrasound and was graded on a scale
of 0 to 4 {5). The echocavdiographic presence of aortic valve
prolagse was determined from the long-axis view as previ-
ously described by Mardelii et al. (6). We defined mild
prolapse as occurring when aortic valve leaflet tissue was
imaged inferior 1o the aortic valve ring toward the left
ventricular outflow tract without displacement of the coap-
tation point of the valve. Severe prolapse was defined as
occurring when the coaptation point of the valve leaflet was
markedly displaced inferiorly into the left ventricular out-
flow tract. Moderate prolapse was defined as being between
mild and severe.

tonhni h

Cardiac ization was
performed by standard techniques. Patients were sedated
and given local anesthesia. The femoral artery and vein were
entered percutancously and heparin was administered intra-
venously (100 Urkg body weight). Care was taken to try to
enter the femoral artery atravmatically through the anterior
arterial wall. Complete right and left heart catheterization
was performed. and peak systolic pressure gradient across
the aortic valve was determined by withdrawal measurement
using 2 pigtail catheter. Cineangiography was performed in
the left ventricle, and the aortic valve anulus diameter was
measured at the hinge points of the aortic valve leaflets.
Calibration blocks were included at the isocenter of the
anteroposterior and lateral imaging tubes for standardization
of anulus measurement. A wire was then placed through the
pigtail catheter, curled in the apex of the left ventricle and
the pigtail catheter removed.

One or two balloon catheters with an estimated balloon
size of 80% ta 1009 of the aortic valve anulus were then
advanced along the wires and positioned across the aortic
valve. The effective dilation diameter for two balloons was
determined as previously described by Yeager (7). The
balloons were then inflated by hand until the waist on the
balloon or balluons caused hy the stenotic aortic valve

dor was d(4to
6 atm) A larger balloon size was used if the initial balloon
size did not reduce the gradient across the valve to <30 mm
Hg. Balloon inflations were repeated two to four times. with
lninor variations in the position of the balloon cathelers 1o
insure centering in the aortic anulus. Afier dilation. repeat
Pressure measurements were made with a pigtail catheter
and alt catheters were removed. The patients were then
admitted to the hospital and monitored for complications,
including d d pulse or bleedi
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Follow-up. Early follow-up evaluation consisting of com-
plete physical examination and echocardiography was per-
formed at 4.1 + 3.3 months (range | to 11) after balloon
aortic valvuloplasty in 30 patients. Late follow-up study was
performed at 19.2 = 5.6 months (range 12 to 27) in 17
patients.

Data analysis. Values obtained before and after balloon
aortic valvuloplasly were compared using a paired Student's
rest. Differences between groups (for example, one balloon
versus two balloons) were compared vsing an unpaired
Student’s ¢ test or chi-square analysis. All data are expressed
as mean values = SD.

Results

Gradient reduction, The precatheterizavion Doppler-
measured peak systolic pressure gradient across the aortic
valve was 72 * I8 mm Hg. There was no significant
difference between the Doppler echocardiographic gradients
and the peak systolic pressure gradients across the aortic
valve measured directly at the time of cardiac catheteriza-
tion (77 = 27 mm Hg). Immediately after balloon aortic
valvuloplasty, peak systolic pressure gradient across the
aortic valve decreased significantly from 77 £ 271023 = 16
mm Hg (p < 0.01), a 70% reduction in gradient (Fig. 1). One
balloon was used in 17 patients and two balloons were used
in 15 pati The mean halloon/anulus ratio was 100 * 13%
(range 80% t0 147%0), There was no correlation between the
baltoon/anulus ratio and the il di duction in gradi
after balloon aortic valvuloplasty (Fig. 2). In 11 patients,
because initial balloon aortic valvuloplasty did not reduce
the peak systolic pressure gradient to <30 mm Hg, a larger
balloon (or balloons) was used. The gradient was reduced to
<30 mm Hg in 9 (82%) of these patients. Not surprisingly,
the balloon/anulus ratio in these 11 patients was greater
(110 = 14%) than that in patients in whom only the initial
balloon size was used (95 = 9%) (p < 0.001).

At early follow-up evaluation, the Doppler gradiem
across the aortic valve was increased from the directly

d gradi diately after balloon aortic valvulo-

plasty to 36 * l2 mm Hg p< 0 01) (Fig. 1). However. this
in gradient of 48 + 20.5% compared

with the value before balloon aortic valvuloplasty. At late
follow-up evaluation, echocardiograms showed no signifi-
cant change in the peak systolic pressure gradient (43.5 = 19
mm Hg) or in the reduction in gradient (40 = 29%) pared
with early follow-up echacardiograms (Fig. 1). Peak systolic
pressure gradient was <50 mm Hg in 31 (97%) of the 32
patients immediately after balloon aortic valvutoplasty and
persisted at <50 mun Hg in 27 (309%) of 30 patients at ¢arly
and 10 (39%) of 17 paticnts at latc follow-up ¢valuation,
However, peak systolic pressure gradient was <30 mm Hg
in 26 (81%) of the 32 patients immediately after balloon
aortic valvuloplasty bt persisted at <30 mm Hg in only 11
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Figure 1. Peak systolic pressure gradient imm Hp) across the aortic
valve in 32 consecutive patients with congenital aortic stenosis
before and immediately afier balloon aortic valvuloplasty (BAV)
and at carly (4.1 = 3.3 months) and late (19.2 = 5.6 months)
follow-up study.

(37%) of 30 patients at early and 5 (29%) of 17 at late
follow-up study.

Aortic regurgitation and prolapse. At carly follow-up
study, echocardiographically determined aortic regurgitation
had increased significantly (=2 grades) in fou- patients, At
lat¢ follow-up evaluation. 6 more paticats had shown pro-
gressian of aortic ion, so that a tota! of 10 patients
(31%) had a significantly increased degree of aortic regurgi-
tation since balloon aortic valvaioplasty at late follow
study. This incidence of patients with significantly increased
aortic regurgitation (=2 grades) was not significantly dif-
ferent whether batloon aortic valvuloplasty was performed
with only the initial balloon or balloons (8 of 21 patients) or
repeated with a larger balloon or balloens (2 of 11 patiems).
There was no lation 1 the bali lus ratio
and the subseq deveiop of an i in aortic
regurgivation or aortic valve prolapse (Fig. 3). In fact, in no
patient who showed a significan! increase in aortic regurgi-
tation was a balloon/anulus ratio >100% used. No paticnt
has yet required surgical aortic valve rcplacement.

A total of seven patients {age 1.3 to 10.3 years at time of
balloon aortic valvuloplasty) showed aortic vaive prolapse
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Figure 2. Relation of balloon/anulus (B/A) ratio (%) to immediate
gradient reduction (%) after balloon aowtic valvuloplasty (BAV).

on follow-up echocardiography (three mild, two moderate
and two severe) (Fig. 4). Of these seven patients, four
eaderwent balloon aottic valvulopt with two ball
and three with one balloon. The three patients with mild
prolapse showed an increase in the degree of aortic regurgi-
tation of grade 1, 2 and 4, respectively. The four patients
with moderate and severe prolapse showed increases in
aortic regurgitation of grade 2 {two patients) and 3 (two
patients). respectively (Fig. 4). There were no significant
differences between those patients who did and those who
did not develop aortic regurgitation or prolapse after balloon
aortic valvuloplasty with regard to age, weight., balloon/
anulus ratio, previous surgery, prevalvuloplasty pressure
gradient o preexisting aortic itation. Therefore, on
the basis of this study. we are unable to predict which
patients are more likely to develop these complications.

Complivations. Two patients had significant bleeding
from the catheigrization site after retuning from the cardiac
catheterization laboratory, and one required a blood trans-
fusion for this reason. Five patients had a decreased femoral
pulse at 24 h after balloon aortic valvuloplasty despite
heparin therapy in three patients and urokinase therapy in
one patient. Four of these five patients were <15 months of
age and weighed <10 kg. Two patients (6%) continued to
have a decreased femoral pulse at late follow-up study. and
both of these patients were <1 year of age at the time of
batt.on aortic valvuloplasty.

One versus two balloon technigwe. When comparing re-
sults between patients in whom one balloon aad two bal-
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Figure 3. Relation of balloon/anulus {B/A) ratio (%) to degree of

increase in grade of aortic regurgitation (AR) (grade 0 to 4) in
patients after balloon aortic vatvuloplasty. Patients with aortic valve
prolapse are denoted as follows: *mild. tmoderate: isevere.

loons were used, there were no significant differences be-
tween the age of patients or iritial peak systolic pressure
gradient across the aortic valve before balloon aortic valvu-
loplasty (Table 1}. The balloon/anulus ratio was also simifar
between the two groups: (98 + 119 versus 102 = 16%).
Immediately after balloon aortic valvuloplasty, the two
groups were similar with regard to residual gradient, al-
though the percent gradient reduction was significantly
greater with the two balloon technique {p < 0.05)., Howaver,
at early and late follow-up study, there were no significant
differences between the two groups with regard to peak
systolic pressure gradient, percent reduction in gradient or
degree of aortic regurgitation. Similarly, there were no
significant differences in gradient reduction, aortic regurgi-
tation or prolapse between those patients with or without
previons surgical aortic valvolomy.

Discussion
Gradient reduction. Our results show that balloon aortie
valvuloplasty immedialely and effeclively relieves aortic
valve slenosis in patients wuh moderate to severe cangenital
valvular is. The red in gradient in our patients
was comparable to or greater than that in previously re-
ported data (1-3). Furthermore, there was a continued

JACC Vol. 16, No. 2
Augusi 1990:451-6

Figure 4. Echocardiographic parasternal long-axis view of the left
ventricle in a patient with mild aortic valve prolapse (AVP) (top) and
a patient with severe sortic valve prolapse (bottem) after balloon

aortic valvuloplasty. A = anterior; I = inferior; LA =
LV = left ventricle: MV = milral valve.

feft atrium;

significant reduction in gradient at both early and late
follow-up study, ind; the inued long-term benefits
from this proced The i in gradient across the
aortic valve from the period immediately after balloon aortic
valvuloplasty to early follow- -up evaluauon may partially
reflect different there was
no significant difference between peak systolic pressure
gradiemt derived from Doppier ultrasound and direct cathe-
terization measurement, we elected to use the catneteriza-
tion measurement as our initial gradient for comparison.
However, there are inherent problems in comparing imme-
diate reduction in gradient with the patient sedated in the
catheterization laboratory and follow-up Doppler-derived
gradients with the patient awake in the echocardiographic
faboratery. It is thus possible that the differences between
these two are overesti d and not truly
representative of changes in the degree of aortic valve
stenasis. However, the inued red in gradient of
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Table 1. Summary of Results of Balloon Aortic Valvuloplasty in 32 Patients
Before
BAV Immediate Foltow-Up Farly Follow-Up Late Follow-Up
Pressure Pressure Gradient Pressure Gradient Pressure Gradient
Gradient Gradient Reduction Gradiem Reduction Gradient Reduction
Age lyr) tmm Hg} (mm Hgd %) fmm Hg) & {mm Hg) {%)
One balloon 13+ 4 GERM =17 6322 Nz 2B 41 £ 19 2230
m=1n
Two balloons 24 £7] 81 = 3 1B=13 7= KERIE 1] 0+ 46+ 20 B2
{n =15

*p < 0.05 when compared wilh one ba’loon lechnique. BAV = balloon aortic vatvuloplasty.

40% at long-term follow-up study is

Pathal m
F

ging for good
long-term results of this method.

Aortic regurgitation. The most concerning complications
that we saw in our patients were the increase in aortic
regurgitation and the development of aortic valve prolapse.
The 31% incidence rate of a significant increase in aortic
regurgltauon aﬂer balloon aortic valvuloplasly in our pa-
tients is p with previously described inci
rates of 15% 1c 33% (1-3, 8) Allhough others (1.9) have
found a correlation between the use of a balloow/anulus
ratio >100% and the development of significant aortic regur-
gitation, we found wo such correlation. In fact. although we
used balloon/anulus ratios >100% in 10 patients, none of
these patients developed a significant increase in aortic
reg.lrgnatmn (Flg 3) but l d|d have mild aortic valve

by lus ratio 106%).
Thus the sngmﬁcanl mcreases in aortic regurgitation o¢-
curred in patients in whom the balloon/anulus ratio was
=<160%. This shows that a significant increase in aortic
regurgitation can occur afier balloon aortic valvuloplasty
even if baltoons no larger than the aortic valve anulus are
used.

All patients at our institution during thc period of this
study who were >1 year of age with significant aortic
stenosis underwent balloon aortic valvuloplasty. Therefore,
we have no surgical group during this time with which to
compare the efficacy and complications of balloon avrtic
vaivu!oplasly versus surglcal valvotomy However, aottic

ion is not an infr ion after surgical
aortic valvotomy. as evldenced by the fact that aortic
regurgitation is the indication for reoperation after surgical
valvotomy in 30% 1o 36% of patients who require reopera-
tion (8).

Aortic valve prolapse. We found a 22% incidence of
aortic valve prolapse after percutaneous balloon aortic val-
vuloplasty. Although previously described (10} in adoles-
cents and young adults after balloon aortic valvuloplasty.
this complication has been rarely reported. We do not
believe that this complication is attributable to variations in
technique because the sizes and types of balloons that we
used are comparable with those described in other reports.

. aortic valve prolapse accurs in
with a ruptured valve cusp and loss of commissural support.
Aortic valve prolapse has also been described (11) in the
presence of intact cusps associated with “‘floppy valve
svndrome.” fraying of the cusp, bicuspid aortic valve and
mitral valve prolapse. Partial and complete detachment of
the right coronary cusp from the aortic ring was reported (12)
in two infants with critical aortic stenosis who had intraop-
¢crative batloon dilation of a dysplastic aortic valve. These
infants died, presumably from severe aortic regurgitation
y to valve detach After balloon aortic valvu-
loplasty. the development of aortic valve prolapse is proba-
bly secondary to tearing of the valve cusp itseif or the valve
raphe or, possibly, partial detachment of the valve from the
valve ring. This kind of tear may then undermine the support
mechanism of the valve and, thus, cause prolapse of the
valve during diastole.

Although 1he natural history of aortic valve prolapse is
unknown, two of our patients with prolapse have shown
significant progression of aortic regurgitation over time and
will probably require aortic valve replacement at some point.
In our study, the three patients with the greatest increase in
the degree of aortic regurgitation all showed some degree of
prolapse (one mild, two severe), Thus, it is possible that the
presence of aortic valve prolapse after balloon aortic valvu-
loplasty is predictive of more rapid progression of aortic
regurgitation and the subsequent need for therapy.

One versus two balloon lechmque. There was a signifi-
cantly greater i di; in gradient when two
balloons rather than one balloon were used. This finding is
similar to the results of Beekman et al. (2), who compared
single versus double balloon techniques for balloon aortic
valvuloplasty. However, this difference was not present in
our patients at early or late follow-up study, suggesting that
this potential benefit is short lived. Also, because the use of
one or two balloons was arbitrarily decided and not ran-
domly assngned the lmponance of lhlS finding is question-
able. The minor compli of bleeding and temporary
decrease in femoral pulse accurred mt‘reque vy, In wo
patients, there was a fong- terrn decrease in femoral pulse.
Our finding of an d incid of d d femoral
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pulse after balloon aortic valvuloplasty in patients <2 years
of age is comparable to that in previous studies (1,9).
Although the patients are asymptomatic at this time, the
fong-term impact of this problem is not known.

Conclusions. Balloon aortic valvuloplasty effectively re-
duces peak systolic pressure gradient across the aortic valve
in a group of patients with congenital valvular aortic steno-
sis. Furthermore. aortic regurgitation occurs in approxi-
mately 33% of these patients and may ultimately require
surgery in some. Aortic valve prolapse also occurs in a
- significant number of these patients. Those patients who
develop aortic regurgitation or aortic valve prolapse cannot
be identified by valvuloplasty techni the p of
aortic regurgitation before the procedure or the
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