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Abstract

Following the description by Lababidi in 1983 of balloon aortic valvuloplasty, it has been adopted by several
groups of workers for relief of aortic valve stenosis. The indications for the procedure are peak-to-peak systolic
pressure gradients in excess of 50 mmHg with symptoms or ECG changes or a gradient greater than 70 mmHg
irrespective of the symptoms or ECG changes. One or more balloon dilatation catheters are placed across the aortic
valve percutaneously, over extra-stiff guide wire (s) and the balloon (s) inflated until waist produced by the stenotic
valve is abolished. A balloon/annulus ratio is 0.8 to 1.0 is recommended. While trans-femoral arterial route is the most
commonly used for balloon aortic valvuloplasty, trans-umbilical arterial or venous or trans-venous routes are preferred
in neonate and young infants to avoid femoral arterial injury.

Reduction of peak-to-peak systolic pressure gradient along with a fall in left ventricular peak systolic and end-
diastolic pressures is seen after balloon aortic valvuloplasty in the majority of patients. Significant aortic insufficiency,
though rare, may develop, particularly in the neonate. At intermediate-term follow-up, peak-to-peak gradients, at
repeat cardiac catheterization and noninvasive Doppler gradients remain low for the group as a whole. Nevertheless,
restenosis, defined as peak-to-peak gradient = 50 mmHg may develop in nearly one quarter of the patients. Predictors
of restenosis are age < 3 years and an immediate post-valvuloplasty aortic valve gradient = 30 mmHg. The restenosis
may be addressed by repeat balloon valvuloplasty or surgical valvotomy. Feasibility and effectiveness repeat balloon
valvuloplasty in relieving restenosis has been demonstrated. Long-term follow-up data suggest, low Doppler peak
instantaneous gradients, minimal additional restenosis beyond what was observed at intermediate-term follow-up
and progression of aortic insufficiency in nearly one-quarter of patients. Event-free rates are in mid 70s and low 60s
respectively at 5 and 10-years after initial balloon valvuloplasty. A number of complications have been reported, but
are rare. Comparison with surgical results is fraught with problems, but overall, the balloon therapy appears to carry
less morbidity.

Immediate, intermediate and long-term follow-up data following balloon aortic valvuloplasty suggest reasonably
good results, avoiding/postponing the need for surgical intervention. However, late follow-up data indicate that
significant aortic insufficiency with left ventricular dilatation may develop, some require surgical intervention and are
of concern. Current recommendations favor balloon valvuloplasty as first line therapeutic procedure for relief of aortic

valve stenosis.

Introduction

Congenital aortic stenosis makes up 5% to 6% of all congenital
heart defects. It occurs four times more frequently in males than
females. Although the pathology of stenosis varies, the most common
is a bicuspid valve with commissural fusion. Unicuspid aortic valves
are more prevalent in neonates with critical stenosis while bicuspid
valves are common in childhood. Aortic stenosis is a progressive
disorder with worsening severity of obstruction with increasing age.
The treatment of choice for congenital aortic valve stenosis has varied
from surgical valvotomy in the past to balloon aortic valvuloplasty at
the present.

The technique of balloon valvotomy of stenotic pulmonary and
tricuspid valves with a modified ureteral catheter was first described
by Rubio and Limon-Lason [1] in the early 1950s. Double lumen
balloon catheters developed by Gruntzig and their associates [2],
based on the concepts of Dotter and Judkins [3], were utilized for
dilatation of coarcted aortic segments [4-6] and valvar pulmonary
stenosis [7]. Subsequently this technique was extended to the aortic
valve by Lababidi and his associates [8] in 1983. Shortly thereafter
this technique has been adopted by other workers and reports of
immediate, intermediate-term and long-term results of balloon aortic
valvuloplasty have been published [9-12]. The purpose of this review
is to discuss the technique and results of balloon aortic valvuloplasty.

Assessment of Aortic Valve Severity

Assessment and diagnosis of aortic valvar obstruction is made
by clinical examination, roentgenographic, electrocardiographic and

echo-Doppler (Figure 1) studies. Once a diagnosis of moderate to severe
obstruction is made, cardiac catheterization and cineangiography is
performed to confirm the clinical impression and to consider balloon
aortic valvuloplasty [9,10]. The most usual method of assessing the
severity of obstruction is pressure pullback tracings across the aortic
valve (Figure 2) during cardiac catheterization; however, the most
accurate method is simultaneous left ventricular and aortic pressure
measurement (Figure 3). Since the availability of echo-Doppler studies,
this non-invasive method is used for selection of candidates for cardiac
catheterization and will be detailed in the next section.

Indications

The indications for balloon aortic valvuloplasty are same as those
used for surgical valvotomy. Indications of transcatheter intervention
are:
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ECHO-DOPPLER — VALVAR AORTIC STENOSIS

Figure 1: Selected video frames from an echocardiogram of a child with aortic
stenosis demonstrating doming (arrow) of the aortic valve (A) and turbulent
flow (B) at the aortic valve (arrow) suggesting aortic valve stenosis. However,
the degree of obstruction can only be assessed by Doppler-calculated peak
instantaneous and mean gradients across the aortic valve (not shown). LA,
left atrium; LV, left ventricle; RV, right ventricle.
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Figure 2: Pressure pullback tracing from the left ventricle (LV) to the aorta
(Ao) demonstrating a peak-to-peak gradient of 21 mmHg across the aortic
valve; this would suggest that the aortic stenosis is mild, provided the cardiac
index is within normal range.

1. A peak-to-peak systolic pressure gradient across the aortic valve
more than 70 mmHg, regardless of symptoms or

2. A gradient of more than 50 mmHg with a normal cardiac index
and with either symptoms or the presence of electrocardiographic
ST-T wave changes indicative of myocardial perfusion abnormality.

Another method practiced by some cardiologists is the calculation
of the aortic valve area to evaluate the degree of aortic valve obstruction
as opposed to pressure gradient. Sullivan et al. [13] opined that direct
pressure gradient measurements are advantageous over calculated
aortic valve area in children. However, it is necessary to measure
cardiac index to ensure its normalcy prior to using valve gradients as
indicators of severity of aortic valve obstruction.

As mentioned above, non-invasive Doppler studies are currently
used for selection of candidates for cardiac catheterization and for
consideration of balloon aortic valvuloplasty. Initially it was thought
that peak instantaneous and/or mean [14] Doppler gradients reflect
the peak-to-peak catheter gradients, but because of pressure recovery
phenomenon [15,16], the Doppler gradients are not as accurate as one
would like. We generally use an average of peak instantaneous and
mean Doppler aortic valve gradients in excess of the above values to
recommend balloon aortic valvuloplasty.

LEFT VENTRICULAR AND AORTIC PRESSURES
RECORDED SIMULTANEOUSLY
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Figure 3: Simultaneous pressure recordings from the left ventricle (LV) and
the aorta (Ao) demonstrating a peak-to-peak gradient of 110 mmHg across
the aortic valve suggesting that the aortic stenosis is very severe.
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Figure 4: Left ventricular (LV) and ascending aortic (AAo) pressures
recorded separately showing a peak to peak gradient of 55 mmHg across the
aortic valve. Pressure pullback was not recorded because of the difficulty in

crossing the aortic valve initially.

Neonates with very severe aortic valve stenosis with high gradient
across the aortic valve, congestive heart failure or ductal-dependent
circulation, characterized as critical obstruction, will require
administration of PGE1 initially followed by transcatheter intervention,
which is an acceptable alternative to surgery.

The presence of significant aortic insufficiency is considered a
contraindication for balloon intervention for fear of further worsening
of aortic valve insufficiency. However, previous surgical aortic
valvotomy is not considered a contraindication for balloon dilatation
[17-19].

Sub-aortic stenosis caused by thin membrane is amenable to
balloon dilatation [20-22], whereas the presence of fibromuscular and
tunnel sub-aortic obstruction and hypertrophic cardiomyopathy with
dynamic sub-aortic obstruction are not responsive to balloon therapy.
These entities are not the subject of this review.

Technique

After obtaining informed consent, cardiac catheterization and
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selective cineangiography are performed to confirm the clinical and
echocardiographic findings. Sedation may be obtained with a mixture
of meperidine, promethazine and chlorpromazine, ketamine or general
anesthesia; this is usually institutional dependent. We recommend
general anesthesia with elective endotracheal intubation and controlled
ventilation for infants less than three months of age. Once the venous
and arterial access is achieved, 50-100 units/kg of heparin (maximum
3,000 units) are administered intravenously and ACTs (activated
clotting times) monitored and maintained above 200 sec. Several
routes have been used to accomplish balloon aortic valvuloplasty;
percutaneous femoral arterial approach is the most commonly used
approach.

Retrograde femoral arterial approach

In the retrograde femoral arterial approach a #4- or #5-F sheath is
placed percutaneously in the femoral artery and a 4- or 5-F multipurpose
or right coronary artery catheter is advanced into the ascending aorta.
With the help of a floppy-tipped coronary guide wire (in infants), a
0.035-inch straight Benston guide wire (Cook) or similar wires, the
catheter is advanced into the left ventricle across the stenotic aortic
valve. Other types of catheters and guide wires may be used if there
is difficulty in crossing the aortic valve. Peak to peak systolic pressure
gradient is determined by pressure pullback across the aortic valve
(Figure 2) and cardiac output measurements performed. However,
if there is marked difficulty in crossing the aortic valve, no pressure
pullback is performed; instead, previously recorded aortic pressure is
used to determine the peak to peak systolic pressure gradient across
the aortic valve (Figure 4). Cineaortography and left ventriculography
are performed and a final diagnosis is made. Cine projections should
be chosen to best highlight the aortic valve stenosis and any additional
subvalvar and supravalvar anomalies.

A J-tipped extra-stiff Amplatz guide wire (Cook, Bloomington,
IN) {or an apex guide wire (Cook) in the older child} is positioned
in the left ventricular apex, through the catheter already in place. The
chosen balloon should have a diameter 80% to 100% of the aortic
valve annulus and should not exceed the aortic annulus. The aortic
valve annulus is measured both in the echocardiogram performed
prior to catheterization and from the left ventricular angiography
during the procedure. The balloon length varies depending on the
size of the patient: neonates and young infants - 2 cm; older infants
and young children - 3 cm; older children and adolescents - 4 to 5.5

BALLOON AORTIC VALVULOPLASTY
NEONATE

Figure 5: Selected cineradiographic frames showing a balloon positioned
across the aortic valve in a neonate for balloon valvuloplasty. Note waisting
(arrow) of the balloon (A) which was almost completely abolished (B) on
further inflation of the balloon. GW, guide wire.

BALLOON AORTIC VALVULOPLASTY
DOUBLE BALLOON TECHNIQUE

Figure 6: Right anterior oblique views of selected cineradiograms
demonstrating two balloons placed across the aortic valve. The balloons were
positioned retrogradely via both femoral arteries. Balloon waisting (arrows)
during the initial phases of balloon inflation (A) was completely abolished on
further inflation of balloon (B). GWs, guide wires; LV, left ventricle.

PULLBACK PRESSURES AFTER BALLOON
AORTIC VALVULOPLASTY
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Figure 7: Pressure pullback tracing across the aortic valve following balloon
aortic valvuloplasty, demonstrating a residual peak-to-peak gradient of 18

mmHg, indicating good result of the procedure. LV, left ventricle; Ao, aorta.

cm. There is a tendency for ejection of the balloon during balloon
inflation and therefore, we prefer to use longer balloons. Others use
Adenosine induced transient cardiac standstill [23] or rapid right
ventricular pacing [24] to achieve stable position of the balloon during
valvuloplasty. Using stiff guide wires and long balloons were found
adequate in the majority of our patients [9,10,12,17,25] with rare need
for rapid right ventricular pacing.

The selected balloon is placed across the aortic valve over the guide
wire already in place using landmarks on the scout film and keeping
with the same camera angulations. The balloon is inflated (Figure 5)
with diluted contrast solution (1 in 4) to a pressure not exceeding the
catheter manufacturer stated burst pressure. The recommendation is
to perform two to four balloon inflations for duration of five seconds
each, five minutes apart. In the case of an aortic valve annulus that is
too large to dilate with a commercially available single balloon or when
the balloon catheter size is too large that there is high probability of
femoral arterial damage, a double-balloon technique in which two
balloons are simultaneously inflated across the aortic valve (Figure 6)
is used. Effective balloon diameter may be calculated by the following
formula [26], which again, should not exceed the aortic valve annulus
diameter:

D, +Dz+7z(ﬂ+&)
2 2

T
Where D, and D, are diameters of the balloon used. This formula
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CATHETER/GUIDE WIRE COURSE

uv
SHEATH

Figure 8: The course of the balloon catheter (BALL CATH) in a neonate
with aortic stenosis is shown; the catheter traversed from the umbilical
venous (UV) sheath to the right (RA) and left (LA) atrium, left ventricle (LV),
ascending aorta (AAo) and descending aorta (DAo) — see the text for details.
The endotracheal (ET) and nasogastric (NG) tubes are marked.

UMBILICAL VENOUS ANTEROGRADE

Figure 9: Selected cineradiographic frames showing a balloon positioned
across the aortic valve in a manner demonstrated in figure 8. Note waisting
(arrows) of the balloon (A) which was abolished on further inflation of the
balloon.

was simplified [27]: Effective balloon diameter = 0.82 (D, + D,). Post
intervention pressure pullback tracings across the aortic valve (Figure
7), cardiac output measurements and left ventricular and/or aortic root
angiography are performed fifteen minutes following the valvuloplasty.

Balloon aortic valvuloplasty in the neonates [28-31] may also be
performed in a similar manner but, due to concerns for femoral artery
injury in the neonatal period, alternative arterial routes such as carotid
[32], axillary [33], umbilical arterial [34], subscapular [35], anterograde
femoral venous [36,37] and umbilical venous [38,39] approaches have
been attempted.

Balloon aortic valvuloplasty via carotid artery

Right carotid artery cut down and isolation is performed by either
the pediatric cardiologist or the pediatric cardiovascular surgical
colleague depending on institutional practices. A 4-F sheath is placed
with a purse string suture. The remainder of the procedure is performed
using the above described femoral arterial access method. Due to the
straight catheter course, it is easier to position the catheter/guide wire
across the aortic valve into the left ventricle [32]. At the end of the
procedure, the catheters and sheaths are removed, the purse string
suture is tightened and the skin incision sutured.

Transumbilical arterial balloon aortic valvuloplasty [34]

A 4-French multi-A2 catheter (Cordis) is used to replace the

previously existing umbilical arterial catheter and advanced in a
retrograde fashion into the ascending aorta. With the help of a floppy-
tipped coronary guide wire or a similar soft-tipped guide wire, the
catheter is advanced into the left ventricle across the stenotic aortic
valve. If there is difficulty in crossing aortic valve other catheters and
wires may be used. At this juncture, a left ventricular angiography is
performed and balloon dilatation is performed using the previously
described femoral arterial access method.

Transumbilical venous balloon aortic valvuloplasty [38]

The existing umbilical venous catheter is replaced with a 5-French
sheath and the tip of the sheath positioned in the low right atrium.
The usual catheterization and left ventricular cineangiography are
performed and the diameter of the aortic annulus is obtained. This will
be an adjunct to the aortic valve annulus measurement made from the
pre-intervention echocardiogram. A 4-F multi-A2 catheter (Cordis)
with a slightly curved tip (special order) is introduced through the
umbilical venous sheath and advanced into the left atrium across the
patent foramen ovale and into the left ventricle through the mitral valve.
Using a soft tipped straight Benston guide wire (Cook) and/or J-tipped
0.035-in, core-movable Amplatz guide wire, the catheter is advanced
into the aorta and the catheter tip is positioned in the descending aorta.
The guide wire is then exchanged for a 0.025-in J-tipped Amplatz extra
stiff wire (Cook). At this juncture, a balloon dilatation catheter (Tyshak
-II {Braun} or Ultrathin {Meditech}) based on the annulus size not to
exceed 80-100% of the aortic valve annulus is selected, advanced over
the guide wire and positioned across the aortic valve. The course of

LEFT VENTRICULAR AND AORTIC PRESSURES

RECORDED SIMULTANEOUSLY
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Figure 10: Simultaneous pressure recordings from the left ventricle and
aorta prior to (PRE - A) and immediately after (POST - B) balloon aortic
valvuloplasty demonstrating no residual gradient. There is a slight decrease
in aortic diastolic pressure (B) suggesting aortic insufficiency.

IMMEDIATE RESULTS OF BALLOON
AORTIC VALVULOPLASTY
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Figure 11: Bar graph showing immediate results after balloon valvuloplasty of
aortic valve stenosis. Note significant (p = 0.001) decrease in peak-to-peak

systolic pressure gradients (left panel) and percent reduction (right panel).
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PREVALENCE OF SIGNIFICANT AI AT FOLLOW-UP
AFTER BALLOON AORTIC VALVULOPLASTY

30

Percent with 3+ Al

Figure 12: Bar graph showing the prevalence of grade Il aortic insufficiency
prior to (Pre), immediately following (Post) and at late follow-up (LFU). Note
significant increase at late follow-up.
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Figure 13: Bar graph depicting maximum peak instantaneous Doppler
gradients prior to (Pre) and one day after (Post) balloon aortic valvuloplasty
and at intermediate-term (ITFU) and late (LTFU) follow-up. There was
significant reduction (p< 0.001) after valvuloplasty which remained essentially
unchanged (p > 0.1) at ITFU (12 + 5 mo) and LTFU (3 to 9 years [mean 6
years]). Doppler-derived maximum peak instantaneous gradients at follow-
up continue to be lower (p < 0.001) than pre-valvuloplasty gradients. SD,
standard deviation.

the balloon catheter in a neonate with severe aortic stenosis is shown
in Figure 8. Balloon inflation is performed (Figure 9) with diluted
contrast solution up to or less than the burst pressure specified by the
manufacturer of the selected balloon catheter. Afterwards, the balloon
catheter is replaced with the 4-F multi-A2 catheter (Cordis) with the
tip positioned in the aorta and an aortic root angiography is performed
as well as pull back measurements across the aortic valve. A repeat left
ventricular angiography may be performed. Antibiotic prophylaxis is
given because of extensive umbilical area manipulation.

If there is difficulty in maneuvering the guide wire into the
descending aorta, a gooseneck micro-snare (Microvena, White Bear
Lake, MN) can be used. The snare is advanced in a retrograde fashion
through a 4-F multi-A2 catheter (Cordis) via the umbilical artery to
the descending aorta and used to snare the antegradely placed 0.025-
in J-tipped Amplatz extra stiff wire (Cook) into the descending aorta
where it is held in place. This establishes an umbilical venous to
umbilical arterial wire rail and with gentle traction the balloon catheter
can be eased into place and the usual dilatation performed. Once the
dilatation is completed, the guide wire is released from the snare and
withdrawn.

Antegrade femoral venous balloon aortic valvuloplasty
[33,34]

A 5-F sheath is used to achieve femoral venous access. The rest of

the procedure is performed using the previously described umbilical
venous access method.

Comparison of antegrade and retrograde techniques by Magee
and associates [40] suggests similar results in terms of feasibility and
gradient reduction. However, the retrograde methods had higher
mortality, more severe aortic insufficiency and greater incidence of
arterial complications compared to the antegrade approach.

Immediate Results

There is an acute reduction in the peak to peak systolic pressures
across the aortic valve (Figure 7, 10 and 11) along with a reduction in
the left ventricular peak systolic and end diastolic pressures without
significant change in cardiac index. There is approximately 60%
reduction in the gradient compared to the pre-valvuloplasty gradients
(Figure 11). The degree of aortic insufficiency does not worsen as a
general rule (Figure 12); there is improvement seen in some patients
suggesting better coaptation of the aortic valve leaflets after balloon
dilatation. With the exception of neonates, most patients are discharged
home within 24 hours of the procedure.

In the first series of 23 consecutive patients with valvar aortic
stenosis, reported by Lababidi et al. [11], the peak to peak systolic
gradient across the aortic valve decreased from 113 +/- 48 mmHg to 32
+/- 15 mmHg (p<0.001) after balloon valvuloplasty. Very mild aortic
regurgitation was noted in 10 (43%) patients after balloon dilatation and
two patients required surgery. Acute results following balloon aortic
valvuloplasty reported during the decade (1983 to 1992) following its
description were tabulated elsewhere [10] and the interested reader is
referred to this book chapter.

Equally impressive reduction in gradients was noted in the neonates
and the results from the first seven neonatal series [28-32,34,41] is
tabulated elsewhere [10]; however, high complication rate including
deaths and need for surgical intervention because of development of
severe aortic insufficiency were reported in this age group [10,41].

Intermediate-Term Follow-Up Results

During intermediate-term follow up (defined as < 2 years), peak-to-
peak gradients across the aortic valve at repeat cardiac catheterization
and Doppler peak instantaneous gradients either remain unchanged
or increased slightly compared to immediate post-intervention
values (Figure 13) but continued to be significantly lower than pre-
valvuloplasty values [12]. However, with careful examination of the

RELATION BETWEEN AORTIC INSUFFICIENCY IMMEDIATELY
FOLLOWING VALVULOPLASTY AND THAT AT FOLLOW-UP

T+ 2+ 3+
Post-BAV Al

Figure 14: Relationship of immediate post-valvuloplasty Doppler-derived
aortic insufficiency (Al) with Al at late follow-up. Note good correlation
(r=0.71).
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results, restenosis defined as a peak to peak gradient of greater than
or equal to 50 mmHg, was found in 23% of children, some requiring
surgical valvotomy or repeat balloon valvuloplasty. The degree of
aortic insufficiency remains stable during intermediate-term follow-up
[12]. Again, intermediate-term follow up during the decade after first
description of balloon valvuloplasty were tabulated elsewhere [10] for
the interested reader.

Predictors of Restenosis

Based on the intermediate-term follow up results [12,17] we
subdivided our patients into two groups: group 1 with residual aortic
valvar gradients <50 mmHg and group 2 with residual gradients > 50
mmHg. Using multivariate stepwise logistic regression analysis, age <
3 years at the time of valvuloplasty and immediate post-valvuloplasty
peak to peak aortic valve gradient > 30 mmHg were identified as
predictive factors for restenosis. Sholler et al. [41] investigated the
influence of various technical and morphological features on the
immediate results of balloon aortic valvuloplasty but no statistical
significance was demonstrated on any factors tested. The morphology
of the aortic valve and the balloon/annulus ratio may play an important
role in restenosis at follow up evaluation, however further studies are
required to establish this.

Long-term Follow-up Results

Although there are several reports on immediate and intermediate-
term results of balloon aortic valvuloplasty for the relief of congenital
aortic valve stenosis in infants and children [8-13,17-19,41-54], reports
of long-term results are few. Galal et al. [12] reported 26 children
followed for 3 to 10 years after balloon aortic valvuloplasty and found
stable gradients (Figure 13), but there was a significant increase in
the left ventricular end-diastolic dimension even after normalizing to
the square root of the body surface area. However, the left ventricular
shortening fraction and posterior wall thickness in diastole did not
change. Eight (31%) children (including six at intermediate follow-
up) developed restenosis and most were successfully treated with
transcatheter balloon therapy. One child required a left ventricular
apex-to-descending aortic valve conduit for severe left ventricular mid
cavitary obstruction. Seven (27%) children developed severe aortic
insufficiency at long-term follow-up (Figure 12) and two children
required the Ross procedure. Event-free rates suggested 80%, 76%,
76% and 60% probability of freedom from re-intervention at 1-, 2-,
5- and 10- year follow-up respectively. Kuhn et al. [54] reported on
22 children followed for 61 + 23 months; during follow up, six (27%)
underwent repeat balloon valvuloplasty and three (14%) children
required aortic valve replacement for progressive aortic insufficiency.
The overall probability of survival without surgical intervention was
75% at 100 months. Similar results were reported by Corzani et al. [55]
in 37 patients.

More recently, Brown [56], Ewert [57], Maskatia [58] and their
associates reported longer term follow-up in larger cohorts of patients.
Brown et al. [56] followed 509 patients for a median time period of 9.3
years. During the follow up 225 (44%) of the 509 patients underwent
338 interventions on the aortic valve. A total of 115 (23%) patients
required 149 repeat balloon aortic valve dilations; 49 (10% of total) of
these were second repeat balloon dilations before aortic valve surgery.
Surgical intervention was performed in 159 (31%) patients, aortic
valve repair in 65 and replacement in 116 patients. Aortic valve re-
intervention-free rates were 89%, 72%, 54% and 27% at 1-, 5-, 10-,
and 20-year follow-up intervals, respectively. Multivariate regression

analysis suggested lower post-dilatation gradient and lower post-
dilation aortic insufficiency grade were associated with longer freedom
from aortic valve replacement. Ewert et al. [57] analyzed follow-up
results of 1004 patients who had balloon aortic valvuloplasty in three
European centers and found decreased pressure gradients across the
aortic valve, higher complication rates in the neonates (15%) than
in infants (11%) and older children (6%) and freedom from surgery
10 years after intervention in 50% of all patients. They conclude
balloon aortic valvuloplasty postpones the need for surgery in infants,
children and adolescents. Maskatia et al. [58] followed 272 patients for
5.8 + 6.7 years. Aortic insufficiency was found in 83 patients (31%),
repeat valvuloplasty (balloon or surgical) was required in 37 (15%)
patients, aortic valve replacement was needed in 42 (15%) patients
and transplantation or death occurred in 24 (9%) patients. Adverse
outcomes are associated with neonatal interventions, high residual
post-valvuloplasty gradients and depressed baseline left ventricular
function.

In conclusion, the long term results suggest maintenance of
gradient relief for most with evidence of restenosis in a third of the
patients, need for repeat balloon valvuloplasty, progression of aortic
insufficiency, some requiring aortic valve replacement, left ventricular
enlargement and relatively high re-intervention rates.

Feasibility of Repeat Balloon Valvuloplasty

Successful relief of obstruction following balloon dilatation of
congenital stenotic lesions of the heart, including aortic valve stenosis
has been demonstrated. However, varying incidence of residual
obstruction or recurrence, referred to as restenosis, has been observed
at follow-up. We [12,59] were among the first to show that repeat
balloon valvuloplasty is feasible and effective in relieving residual aortic
valvar obstruction; four of the six patients that developed restenosis
underwent repeat balloon valvuloplasty with resultant immediate
reduction in the gradient which was maintained during further follow-
up period. In a recently published study quoted in the preceding
section [56], 115 (23%) of the 509 patient cohort underwent repeat
balloon valvuloplasty with relief of obstruction and an additional 49
(10% of total) had second repeat balloon dilations, again with relief of
obstruction. Consequently, we conclude that repeat balloon dilatation
is feasible and effective in relieving restenosis after initial balloon
valvuloplasty and repeat balloon should be the first option in the
management of these patients.

Aortic Insufficiency

Aortic insufliciency remains a significant long-term complication
of balloon aortic valvuloplasty; however, this is not too dissimilar to
that following surgical valvotomy. Galal et al. [12] reported seven
(28%) of 26 children with 3+ aortic insufficiency at late follow-up
(Figure 12) with two (8%) children undergoing the Ross procedure.
Left ventricular end diastolic dimensions were at or greater than 90%
percentile for body surface area. Several factors predict significant aortic
insufficiency namely Doppler quantified aortic insufficiency both prior
to and immediately after balloon aortic valvuloplasty [12]. Most studies
reviewed demonstrate a general trend toward increase in the degree of
aortic insufficiency at follow-up; this increase appears to become more
significant with longer follow up times. The reasons for progression of
aortic insufficiency are not well understood. There are some hypotheses
which suggest that greater relief of gradient immediately following
balloon valvuloplasty [44], unicommisural aortic valves, aortic valve
prolapse [49], poor valve morphology [12] and larger balloon/annulus
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ratio [41,48] are associated with a higher grade of aortic insufficiency
at follow-up. Our data [12] suggest that degree of aortic insufficiency
immediately after balloon aortic valvuloplasty is predictive of
development significant late aortic insufficiency (Figure 14).

Comparison With Surgery

Comparison of follow-up results of surgical with transcatheter
balloon therapy is plagued with problems consisting of a smaller
number of transcatheter patients available for follow up compared to
surgical patients, shorter follow up time, and potential inaccuracies in
comparing older surgical studies with current balloon therapies. Ten
papersreporting long-term follow-up results of surgical valvotomy were
reviewed [10] and showed operative mortality ranging from 0% to 4%
(1.2% mortality rate in the natural history study [60]). Restenosis was
reported in 10% to 78%, aortic insufficiency in 6% to 65% and surgical
intervention in 16% to 39%. Gatzoulis et al. [61] found no significant
difference in mortality, morbidity or need for re-intervention within
12 months of the procedure between the surgical and balloon groups.
McCrindle and associates [62], comparing surgical and balloon groups
in neonates found that the two modes of therapy have similar rates
of freedom from re-intervention at five years following the procedure.
Consequently, significant prevalence of early and late mortality and
the need for re-operation associated with surgical valvotomy would
make balloon aortic valvuloplasty an attractive alternative to surgical
approach.

Complications

Immediate complications include transient bradycardia, premature
beats and a fall in systemic pressure during balloon inflation; these
return to baseline following balloon deflation, thus reiterating the
previously suggested balloon inflation time of < 5 seconds. Other
reported complications are blood loss requiring transfusions; femoral
artery thrombosis requiring heparin, streptokinase or thrombectomy
[63]; other rhythm disorders including transient left bundle branch
block [10], right bundle branch block, transient prolongation of QTc
interval [64], temporary atrioventriuclar block, supraventricular and
ventricular dysrhythmias [10,57]; cardiac arrest [65]; transmural tears
with vessel or ventricular wall perforation [63,66]; balloon rupture
[11,67]; balloon dislodgement [48]; aortic insufficiency or mitral valve
tears [48,68]; myocardial perforation; occlusion of the right coronary
artery; transient myocardial ischemia [57]; cerebrovascular accidents
[69]; and development of subvalvar obstructions [70] although rare.
Aortic valve tears have been seen with animal models with large
balloon sizes, 1.2 to 1.5 times the valve annulus [71] and therefore, large
balloons should not be used. Death associated with balloon dilatation
has also been reported [41,44,68,72,73]; these are associated with
aortic rupture, occlusion of extreme critical obstruction, perforation
or avulsion of aortic valve cusp, exsanguination from torn iliac/
femoral vessels, and ventricular fibrillation. Sudden unexplained death
is also recorded, but is extremely rare [73]. Complications at follow
up were femoral artery occlusion [9,74], aortic valve insufficiency
and recurrence of obstruction; the latter two were discussed in the
preceding section.

Conclusions

Balloon aortic valvuloplasty provides an excellent alternative
to surgical intervention and has become the preferred intervention
for initial palliation for aortic stenosis in neonates, infants, children
and adolescents. With the exception of neonates, most patients can

be discharged within 24-hours of the procedure. Although there is
definitive evidence for gradient relief immediately after as well as
at follow-up and postponement of surgical intervention following
balloon aortic valvuloplasty, the progression of aortic insufficiency at
late follow up remain a major concern. In the neonatal population,
severe aortic insufficiency may develop requiring surgical intervention.
Despite these limitations, balloon aortic valvuloplasty is currently
considered as therapeutic procedure of choice in the management of
congenital aortic stenosis in the pediatric population. Careful follow-
up to detect recurrence of stenosis and development of significant
aortic insufficiency is recommended.
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