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Short- and Long-Term Results of Percutaneous Balloon
Valvuloplasty in Pulmonary Valve Stenosis
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Objective- Toassessthelong-termresultsof percuta-
neous balloon valvuloplasty at a single institution.

Methods - This study comprised 189 patients with
pulmonary valve stenosis under going per cutaneous bal -
loon valvul oplasty from 1984 to 1996, whose mean age
was7.97+9.25 years. Theprocedurewasclassified assuc-
cessful when the RV-PA gradient was reduced to levels
< 36 mmHg; restenosiswasindicated by RV-PA gradients
> 36 mmHg after an effective procedure.

Results- After the procedure, the peak-to-peak trans-
valvular gradient decreased from 70.12+30.06 to 25.11
+20.23mmHg (P<0.001). Immedi ate successwasobtai ned
in148 (78.72%) patients. Alater reductioninthegradient
to values < 36 mmHg was obtained in 24 other patients
previously categorized asunsuccessful. Therefore, percu-
taneous balloon val vul oplasty was consider ed effectivein
172 (91.01%) patients. Effectivenessincreasedto 93.53%
(159/170) in the cases of typical morphology. Follow-up
ranged from4.39+3 yearsto 13.01 years. Restenosiswas
observed in 24 (13.95%) patients. Pulmonary regurgita-
tion was detected in 95.1% of the patients, being morein-
tensethan mildin 29.5% of the patients. The probability of
maintaining an appropriateresult, at any time point, with
no restenosiswas 92.29% in 2 years, 87.38% in 5 years,
82.46% in 8 years, and 64.48% in 10 years.

Conclusion - Percutaneous balloon valvul oplasty
waseffectiveand safefor thetreatment of pulmonaryvalve
stenosiswith excellent short- and long-termresults.
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Pulmonary balloonvalvuloplasty, initiatedin 1982, was
1 of thefirst therapeutic proceduresto use cathetersfor the
treatment of congenital heart diseases*?. It wasfirst perfor-
medin 1982 withthestatictechnique, whichisstill currently
used by Kanet d . Fromthen on, the percutaneouspulmona
ry valvuloplasty technique underwent few changes; inre-
gardtothematerial used, however, great progresshasbeen
made. Theimprovementinthetechnology of balloon-cathe-
ter confection alowed the production of lower-profile bal -
loons, therefore, reducing thecomplicationsof theprocedure,
notably the vascular ones, enabling the performance of the
procedurein neonates, in additiontoimproving thechances
of passing acrossthe stenotic orifice34. Balloonswhosedia-
meters exceeded the ring measurement by 20% to 40% on
angiography were shown to be safeand more effectivethan
those usedintheinitia procedures, which adopted thedia-
meter of thepulmonary ring astheupper limit. Thisincreased
thesuccessratewith lower residual gradientsand noincrea-
seinthenumber of complications®®.

Initially, most hemodynamic dataof patientswith pul-
monary valve stenosiswere obtained from cardiac cathete-
rization. Currently, the use of Doppler echocardiography
allowsthereliableand serial assessment of thestenoticle-
sion by determining the gradient through the pulmonary
valveinany agegroup, which enablesonetofollow thena-
tural history of the disease™.

Theimmediateresultsandtheshort- and medium-term
follow-up of pulmonary valve dilation have already been
well documented intheliterature. Reportsonlong-termfol-
low-up, however, aredtill scarce®,

Methods

A noncontrolled cohort study of incidencewascarried
out in patientsundergoing percutaneous pulmonary valvu-
loplasty asatreatment for pulmonary valvestenosis.

Theoutcomeaxisisdynamic, becausethemajor clini-
cal outcomes considered wereimmediate success, efficacy,
andtheintermediate and | ate results of balloon pulmonary
valvuloplasty, using the measurement of themaximumins-
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tantaneousgradient on Doppler echocardiography andthe
peak-to-peak gradient obtai ned through cardiac catheteriza
tion. Inregardto thetemporal axis, thestudy may beconsi-
dered mixed, becausepart of thedatawerecollectedinahis-
torical (retrospective) way and part in acontemporary
(prospective) way.

From September 1984 to October 1996, 252 consecutive
patients diagnosed with pulmonary valve stenosiswerere-
ferred to the hemodynamics department of the Ingtituto de
Cardiologiacf Rio Grandedo Sul/Fundaggo Universitariade
Cardiologiato undergo balloon pulmonary valvul oplasty.

Thefollowing patientswere excluded fromthe study:
thoserequiring balloon valvul oplasty asapalliative treat-
ment for cyanosis, and those with pulmonary valve steno-
sisandlargedefectsintheinterventricul ar septum. Patients
withinteratrial septal defectsor patent oval foramenwere
included in the study. The criteriafor indicating percuta-
neous pulmonary valvuloplasty were a peak-to-peak pul-
monary transvalvular systolic gradient obtai ned during any
previous hemodynamic study or during the therapeutic
procedure, or amaximum instantaneous gradient obtained
on Doppler echocardiography, or both, greater than
50 mmHg with anormal cardiacindex, independent of the
symptoms, in addition to the evidence of right ventricular
hypertrophy on the el ectrocardiogram with symptoms of
heart failure, angina, or syncope. Two hundred and thirty-
eight patients underwent percutaneousballoonvalvedila
tion, 45 dropped out during follow-up, and 4 had only 1
echocardiogram performedwithinthe 30 daysfollowingthe
procedure. The popul ation actually studied comprised 189
patients, al of whom underwent at least 1 Doppler echocar-
diographic study 30 daysafter theprocedureuntil 12/31/97,
correspondingto 79.41% of the patientsdigiblefor theana-
lysisof thefinal follow-up.

Ninety-six (50.79%) patientswerefemales. Themean
ageof the patientsfollowed up, at thetimeof valvuloplasty,
was7.97+9.25 years, ranging from 0.1t0 48.88 (median of
5.04) years. No patient wasaneonate, 30 (15.88%) were 1to
12 months old, 114 (60.32%) were 1 to 10 yearsold, 24
(12.7%) were10to 20 yearsold, and 21 (11.1%) wereol der
than 20 years.

The criterion used for characterizing the immediate
success of the procedure wasthe reduction in theresidual
peak-to-peak systolic gradient betweentheright ventricle
and the pulmonary artery, measured after valvedilation, to
values< 36 mmHg. Theefficacy of pulmonary valvul oplasty
comprised the casesin whichimmediate successoccurred
or thoseinwhich, despitelack of immediatesuccess, alater
reductionwasobserved inthemaximuminstantaneousresi-
dual gradient tovalues< 36 mmHg in subsequent Doppler
echocardiographic studies. In ng theresults of late
follow-up, the samevaluesof thegradientsalready usedto
define successor unsuccessimmediately after valvuloplas-
ty wereused. Theoccurrenceof restenosiswasdefined asa
new elevation in the transvalvular gradient to levels
> 36 mmHg after effectivevalvuloplasty. Thepatientswere
also analyzed in regard to the morphology of the stenotic
valve, which was classified astypical, dysplastic, or com-
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plex, inthecaseof previoussurgical valvotomy (postopera
tive restenosis).

The technique of valvuloplasty used was similar to
that reported by Kan et a ¢, inwhich theprocedurewas per-
formed, depending on age, with the patient under general
anesthesia. Special attention was given to the withdrawal
tracingsbetween the pulmonary artery andtheright ventri-
cle, aswell asto themeasurement of thesystolic pressurein
that ventricle, becausethefinal indication of the procedure
depended on these measurements. Ventriculography was
performedintheleft profileandinthe 30° right anterior obli-
que projection with cranial angulation to excludethe pre-
sence of subvalvular obstruction, and to allow an appro-
priate measurement of the pulmonary ring, which directly
influenced the choiceof thediameter of theballoon. Theana:
tomy and the diameter of the balloon to be used were defi-
ned as being up to 40% greater than the systolic diameter
between the pointsof insertion of the pulmonary leafletsin
thearterial wall. The technique with asingle balloon was
usedin 157 patientsand that with 2 balloonsin 32 patients.

The Doppler-echocardiographic studies consisted
initially of the sequential morphol ogic assessment 2.

The degree of severity of the obstruction determined
by pulmonary valve stenosi s was assessed and quantified
with continuous Doppler. The maximum instantaneous
gradient was cal cul ated through the maximum vel ocity ob-
tainedwith themodified Bernoulli equation. In caseof asso-
ciated pulmonary subvalvular obstruction, a mosaic of
colorsindicated the presence of flow turbulence below the
plane of the pulmonary valve and also a characteristic
pattern of the spectral curve on Doppler with anincrease
from the beginning totheend of systole. The presenceand
intensity of pulmonary regurgitation were al so assessed
through color flow mapping, asreported by Cooper etal ,
considering the extension of the regurgitating jet and its
width at theorigin.

Inregardtothegradients, thegroupswerecompared at
baselinewiththe Student t test. Thechi-squaretest wasused
for thecategorical variables. Thetransvalvular gradientsbe-
foreand after valvuloplasty were compared with thet test for
paired samples. Anactuarial survival curvewashbuiltwiththe
aid of SPSS8 statistical software. The continuousvariables
wereexpressed asmeansz+ standard deviation. Thecharacte-
rization of theresult of pulmonary vavuloplasty wastrans-
formed into a dichotomous variabl e (success x unsuccess)
usingthevalueof 35 mmHg asthecut point.

Results

Immediately after the procedure (tab. 1), the patients
had a reduction in the right ventricular systolic pressure
from 90.16+30.56 t0 48.08+21.50 mmHg (P<0.001). The
pulmonary systolic pressure had a slight elevation from
20.66+9.52 t023.03+7.04mmHg (P<0.001). Thepesk-to-pesk
pulmonary transvalvular gradient had a reduction from
70.12+30.06 t025.11+20.23mmHg (P<0.001) (tab.1).

Of the 189 patients undergoing balloon val vul oplasty,
1 could not undergo blood pressureand transvalvular gra-
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Table | - Hemodynamic findings before and immediately after
balloon valvuloplasty

Table Il - Predictive factors of immediate result in
pulmonary valvuloplasty

RVSP - right ventricular systolic pressure; SPPA - systolic pressure in the pulmo-
nary artery; RV-PA GRAD - pulmonary transvalvular gradient; *P<0.001 compa:
ring pre-and postdilation values.

dient measurementsafter ballooninflation dueto theoccur-
rence of complications during the procedure, which was
theninterrupted. A Doppler echocardiographic study car-
ried out after percutaneous dilation revealed the presence
of anelevatedresidua gradient.

The 188 pati entsundergoing thehemodynamic measu-
rementsafter theprocedurewereconsideredfor andyzingthe
immediateresults. Thegradient measured representstheto-
tal residual gradient betweentheright ventricleand the pul-
monary trunk, and the contributions of thevalvular andin-
fundibular components were not routinely individualized,
whichwasthereason why thisfactor wasnot analyzed.

One hundred forty-eight (78.72%) patients had a
peak-to-peak pulmonary transvalvular gradient < 36 mmHg,
representing the group that obtained immediate success
with percutaneousdilation of the pulmonary valve. Onthe
other hand, 40 (21.28%) patientshad apeak-to-peak resi-
dual gradient= 36 mmHg, characterizing an unsuccessful
procedureinregardtoalleviating pulmonary valvestenoss.
Among the patientswith typical pulmonary valvestenosis
(n=170), 137 (80.59%) had immediate successafter thepro-
cedure; on the other hand, among those with pulmonary
valvestenosiswith adyspl astic valveand complex morpho-
logy consequent to the previoussurgery (n=18), therate of
successwas61.11% (P<0.05).

Analyzing separately the patientswith stenosisina
dysplastic pulmonary valve (n=9) and thosewith acomplex
valvular morphology (n=9), successwasobtainedin 66.67%
and 55.56% (NS), respectively.

The patients who did not obtain immediate success
after valvul oplasty had more severe pulmonary valve steno-
g5, characterized by agreater peak-to-peak pulmonary trans-
valvular gradient (P<0.001) andamored evated right ventri-
cular systolicpressure(P<0.001). Nodifferenceregarding age
andthedegreeof reductioninthepeak-to-peak transvalvular
gradient was observed between the 2 groups (tab. I1).

Regarding the reduction in the peak-to-peak systolic
gradient obtainedwith valvular dilation, nosignificant diffe-
rence was observed between the groups of patients with
immediate success or unsuccess (tab. 11). Among the for-
mer, areduction of 46.31+24.85 mmHgwas observed, and,
amongthelatter, areduction of 40.58+29.25 mmHg (NS) was
observed. In both groups, thereductioninthegradient ran-
gedfrom-1to-142 mmHg, an elevation of 15mmHgbeing
observedin 1 patient consequent to infundibul ar reaction.

Acute complications occurred in 8 (4.23%) patients.
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Hemodynamic Predilation Postdilation Factor Success group Unsuccess group
parameter (mmHg) (mmHg) (mean+ SD or number)  (mean £ SD or number)
RVSP 90.16 + 30.56 48.08 + 21.50* N° of patients 148 40

SPPA 20.66 + 9.52 23.03 £ 7.04* Age (years) 7.40 + 8.34 10.39 + 11.81
RV-PA GRAD. 70.12 + 30.06 25.11 + 20.23* RVSP 83.02 + 25.39 117.23 + 33.33 *

Peak-to-peak RV-PA 62.80 + 24.92 97.58 + 32.15 *
gradient (mmHg)

Reduction in the RV-PA -46.31 + 24.85 -40.58 + 29.25
gradient (mmHg)

RVSP - right ventricular systolic pressure; RV-PA gradient - pulmonary transva-
vular gradient; * P<0.001 comparing the vaues in the success and unsuccess groups.

Dissection of theinferior venacavaoccurredin1 case, but no
retroperitoneal bleeding or hematomawas observed. Two
patients had convulsions during the procedure, more pre-
cisaly during theinflation of the balloon catheter. Nontran-
sient supraventricular arrhythmia (atrial fibrillation)
occurred in 2 patients. One patient had deep venousthrom-
bosisintheright lower limb after the procedure. Rupture of
the tricuspid subvalvular apparatus was observed in 1
patient, determining asignificant tricuspid regurgitation. The
procedurewasinterruptedin 1 patient duetothe occurrence
of cardiac arrest that required resuscitation maneuvers.

For analyzing theefficacy of thevalvul oplasty, the 189
patients were considered. The efficacy of valvuloplasty
wasassessed over anintermediatefollow-up period compri-
singthetimeinterval betweenthe performanceof valvulo-
plasty and thefirst Doppl er echocardiography performed.

The efficacy of balloon pulmonary valvuloplasty en-
compassed those patients who obtained immediate success
in the procedure and those who maintai ned a peak-to-peak
residua gradientimmediately after valvuloplasty =36 mmHg
andwho had aspontaneousreductiontolevels<36 mmHgin
thefirst Doppler echocardiography during follow-up.

Thefirst Doppler echocardiography was performed
2.15+2.52 yearsafter valvuloplasty, and areductioninthe
RV-PA gradientstovauesbel ow 36 mmHgwasobservedin
24 patientsin thegroup with no successimmediately after
percutaneousballoon valvul oplasty. Of those, 22 had typi-
cal morphology, and 2 had complex morphol ogy, but none
of thelatter had adysplastic pulmonary valve.

Valvuloplasty was considered effectivein 172
(91.01%) patients, 148 of whom had areductioninthepul-
monary transvalvular gradient right after the procedure,
and another 24 had it duringfollow-up (fig. 1). Onehundred
and seventy (89.95%) patientshad pulmonary valve steno-
siswith thetypical dome-like morphol ogy, an appropriate
result being obtained in 159, corresponding to a success
rateof 93.53%. Of the 24 patientsevolving with areduction
inthetransvalvular gradient, 22 had typical morphology,
while2 had complex morphology (fig. 1).

Themeanfollow-up durationwas4.39+3 years, until a
maximumof 13.01years. Themean maximuminstantaneous
pulmonary transvavular gradient was26.12+19.08 mmHg,
rangingfrom5to100mmHg (fig. 2).
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Onehundred forty-nine (78.84%) patientshad amaxi-
mum instantaneousgradient < 36 mmHg, characterizingthe
maintenance of the success of pulmonary valvuloplasty,
and the patients remained free from restenosisduring the
follow-up period. Forty (21.16%) patientshad amaximum
instantaneous gradient = 36 mmHg, 16 (8.47%) of whom
mai ntai ned the noneffective result (unsuccess) of valvulo-
plasty and 24 (12.7%) had anew elevationinthetransvalvu-
lar gradient during follow-up, characterizing the occurrence
of pulmonary valverestenosis(fig. 1).

Valves with typical or dysplastic stenoses, or steno-
seswith complex morphology werefoundin, respectively,
170, 9, and 10 patients. Therate of successinthegroupwith
typical stenosisremained 81.18%; for the others, 55.56%
and 60% weretheratesfor the patientswith dysplastic and
complex morphol ogy, respectively (P<005).

A new elevation in the pulmonary transvalvular
gradient to level s> 36 mmHg after relief of the pulmonary
valvestenosisthrough dilation with theballoon characteri-
zed the occurrence of restenosis. Of the 172 patients of the
cohort whose procedures were successful (effective per-
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Fig. 1- Immediateresultsand periods of medium- and long-term follow-up of patients
undergoing percutaneous balloon valvuloplasty.
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cutaneous balloon valvuloplasty), with gradients < 36
mmHgimmediately after valvular dilationor later duetoa
reduction ininfundibular hypertrophy, 24 (13.95%) had
pulmonary valvular restenosis, and only 2 had adysplastic
pulmonary valve (fig. 1). The detection of valvular
restenosis occurred 3.56+3.50 years after percutaneous
dilation, and, in29.2% of the cases, it occurred after Syears
of follow-up. Inthe group of patientswith restenosis, the
mean agewas 7.69+7.89 years, the peak-to-peak gradient
before valvuloplasty was 69.63+40.19 mmHg, and that
immediately after valvul oplasty was 26.88+13.07 mmHg. No
significant difference was observed between the patients
who developed restenosis and those who remained free
from restenosisin regard to age or the gradient before
valvuloplasty and theresidua gradient after valvul oplasty.

Sixty-onesequentia patients, correspondingto 32.3%
of the cohort, underwent the last Doppler echocardiogra-
phy inasingledevice (HP Sonos2500). They werecarefully
assessed by 2 observersand by athird in case of disagree-
ment in regard to the degree of pulmonary regurgitation.
Somedegreeof regurgitation wasobserved in 95.1% of the
patients (58/61), and amoreintense than mild degreewas
observedin29.5% (18/61).

The probability of persistence of agood result in
pulmonary valvuloplasty, with norestenosis, was92.29%in
2years, 87.38%in5years, 82.46%in8years, and 64.48%in
10years(fig. 3).

Discussion

The percutaneous dilation of the pulmonary valve
withaballooniscurrently considered thetherapeutic moda-
lity of choicefor thetreatment of pulmonary valvestenosis
inany agegroup and any valvular morphology ¥'. Itisanef-
fectiveand safetechnique, withlow indicesof mortdity and
of incidence of important complicationswhenusedinape-
riod other than the neonatal *>*’. The method was devel o-
ped to replace surgical valvotomy, reported by Brock in
1948, withamortdity ratearound 1.5t0 2% %,

The study of the follow-up of the patients of this co-
hort was based on the maximum instantaneousgradient ob-

%
100
920
80
70
60
50
40
30
20 Patients
years
10
168 122 86 48 24 11 2
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Fig. 2 - Evolution of the mean gradients prior to and in different periods after pulmo-
nary valvuloplasty.

Fig. 3- Analysisof the permanence of agood result of pulmonary balloon valvulo-
plasty, using the actuarial method.

231



Hatem et al

Short-and long-term results of percutaneous balloon valvuloplasty in pulmonary valve stenosis

tained on Doppler echocardiography and comparable to
thegradient obtained on cardiac catheterization 224,

Thishigh degreeof correlation and concordanceisre-
duced when the measurements obtai ned with the 2 methods
are assessed unsimultaneously. Thisdifferenceisusually
small, < 10 mmHg. Some authors suggest that the greater
gradient should be used, even if obtained in an unsedated
patient, reflecting amoreactual physiological condition .

This explainsthe findingsin some patientsin this
cohort, who, at thetime of valvul oplasty, had peak-to-peak
gradientssignificantly lower than those obtained on Dop-
pler echocardiography beforevalvul oplasty, eveninthose
already known as having previously documented signifi-
cant pulmonary valve stenosis.

Immediatesuccessdocumentedin 78.72% (148/188) of
the patients, comprising all valve morphol ogiesiscons stent
with those observed by other authors, which ranged from
54% to 87.1% %%, The patientswho did not obtainim-
mediate successwith percutaneousdilation had asignifican-
tly greater pulmonary transvalvular gradient and right ventri-
cular systolic pressure than those who obtained immediate
success. No significant difference between the 2 groupsin
regardtoage, sex, and degreeof reductioninthepeak-to-pesk
pulmonary transvalvular gradient was observed.

Ray et al *°, studying 139 patients, also observed that
those who obtained incompl ete relief of the obstruction
right after valvuloplasty had amore significant degree of
pulmonary valve stenosischaracterized by greater RV -PA
gradients and right ventricular systolic pressure. In this
same study, the mean age of the patientswhose procedures
were unsuccessful washigher.

Inthe present study, thereductioninthetransvalvular
gradient obtained wassimilar in both groups, 46.31+24.85
mmHgand40.85+29.25 mmHg (NS), respectively, inthose
who obtained immediate successand inthosewho did not.

Mendelsohn et a # alsofound an almost identical re-
ductioninthegradientsbetween the 2 groups, with values
around 40 mmHg, suggesting that thisdecreaseinthegra-
dient wasfinite. Thesuccessof valvuloplasty related tothe
initial gradient value, which could havealimited reduction.
The authors suggested an earlier intervention, indicating
balloon valvul oplasty in patientswith lower degreesof pul-
monary valvestenosis, with gradient val uesof lower mag-
nitude, such as40 mmHg. The consequence of thisearlier
intervention would be alower residual systolic gradient,
with aconsequent decreasein the occurrence of symptoms
and of right ventricular hypertrophy inthelong run, anda
higher rate of success.

Theresultsof the patientswith dysplasticvalveandre-
sidual stenosisafter surgical valvotomy (61.11%) wereless
effectivewhen compared with those of the group of patients
withtypica pulmonary valvestenosis(80.59%) P<0.05.

Ballerini et a % continueto perform percutaneoushbal -
loon valvuloplasty in dysplastic valves and in those with
complex morphology, although withlesseffectiveresultsin
this group of patients, aiming at avoiding or delaying the
need for surgery.

232

Arq Bras Cardiol
2004; 82: 228-34.

Theefficacy of pulmonary balloon valvuloplasty has
been underestimated when only theimmediate resultsare
considered, because aprogressive reduction in the trans-
vavular gradientisfrequently documented asbeing similar
to that observed after surgical valvotomy 2, which occurs
dueto aregressionin theinfundibular obstruction, consi-
dered adynamic process that regresses after avariable
period of time. Therefore, the apparent poor immediate
result observed in some cases, mainly in the more severe
pulmonary valve stenoses, may temporarily mask the re-
sultsof an effective valvul oplasty, which later may becon-
firmedwiththereductionininfundibular hypertrophy 122930,
Inthecasesof residual infundibular stenosis, completere-
gression may take up to 2 yearsto occur, and no relation
with severity or the patient’ sagemay exist 3,

Of the40 patientsin our case serieswho did not obtain
immediate success, 24 (60%) evolved with areductionin
both the maximum instantaneousand the peak-to-peak resi-
dud pulmonary transvalvular gradientstolevels< 36 mmHg
without undergoing any additional intervention. Thisevo-
[ution characterized the percutaneousvalvedil ation as ef -
fective, despite the unsatisfactory pressureresults, imme-
diately after theprocedure.

Mahnert et al 1*, studying 52 patientswho had under-
gone percutaneous balloon valvul oplasty, obtained are-
ductioninthe mean pulmonary transvalvular gradient from
79.9+37.3mmHgto37.2+29.6 mmHg (P<0.001) immediately
after theprocedure, aresidual gradient > 36 mmHg persis-
tingin 19 patients. During aperiod shorter than 2 years, de-
fined by theauthorsasanintermediatefollow-up, thegra-
dient assessed on catheterization or Doppler echocardio-
graphy droppedtovalues< 36 mmHgin 10out of 19(52.63%)
patients, without any other additional intervention. Several
reportsexistintheliteratureontheimmediateresultsof per-
cutaneous balloon valvul oplasty and their short- and me-
dium-termfollow-up. Studieson theeffectivenessof valvu-
loplasty inthelongrun, ie, afollow-up longer than 2 years,
arescarce. |nour patientsassessed on Doppler echocardio-
graphy for upto 13 years, amean of 4.39+3 yearsafter pul-
monary valvuloplasty, persistent successwith permanence
of amaximuminstantaneousgradient <36 mmHgwasobser-
vedin78.84% (149/189) of thepatients.

Dataabout thefollow-up of the patientsinthelargest
case series published can befound in the VACA study 8,
comprising 533 patientsfrom 22institutionsand with afol -
low-up of up to 8.7 years, 77% of whom maintained gra-
dients< 36 mmHg, apercentagesimilar to that observed at
our ingtitution (78.84%).

Ray et a *reported acase serieswith 139 patients, 79
undergoing catheterization 13+8.7 monthsafter the proce-
dure, and 81% of whom showed a peak-to-peak systolic
gradient <36 mmHg.

Rao et a  reported the following results of along-
termfollow-up (3to 10years) in 80 patientsundergoing per-
cutaneous balloon valvuloplasty in 2 university-affiliated
institutions. mai ntenance of theappropriateresult in 88% of
thepatientsin5years, andin84%in 10years.
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Theoccurrence of complicationsrelated to pulmonary
valvuloplasty isconsidered small. Thenumber and severity
of thecomplicationsaregreater whenthe procedureisper-
formedintheneonatal period. Therefore, athough thetech-
niqueisrelatively safe, it isworth stressing that potential
complications may occur and that the correct technique
should be used, asshould the balloon with appropriatedia-
meter andlength ¥’

The presence of patent oval foramen protects against
arterial hypotension. Shuck et al * observed that the occur-
renceof arteria hypotensionisminimal inindividualswith
patent oval foramen at thetimeof ballooninflation, probably
duetomaintenanceof theleft ventricular fillingandright etrial
decompression through the oval foramen. The use of the
doubleballoontechnique®, bifail or trifoil balloonsthat allow
the passage of someflow fromtheright ventriclearoundthe
balloon, and the use of short periodsof inflation (5sor less)
reduce the occurrence of systemic hypotension.

Inthefollow-up studiesafter percutaneous pulmonary
valvuloplasty, theinitial impressionwasthat theincidenceof
residua pulmonary valve regurgitation was small. Subse-
quent larger studiesshowed that that wasafrequent finding,
usually of small magnitude after successful percutaneousdi-
lation®, Theincidenceinthemost recently published series
ranged from 74%to 100% 101418192 Theoccurrenceof resi-
dua pulmonary regurgitation after theproceduremay beex-
plained by thefact that the mechanism of valvular opening
throughthe useof balloon cathetersconsistsof commissural
separation, rupture, or even avulsion of theleaflets®.

Inour group of patients, pulmonary insufficiency was
present in 95.1% of the cases, usually being mild; however,
26.2% had amoderatereflux, and 3.3% had aseverereflux.
Ray et a *° detected pulmonary insufficiency on Doppler
echocardiography in 86% of the 139 patientsin their case
series, but only 3 had areflux greater than mild.

In the results of the VACA study published by
McCrindle 8, residual pulmonary regurgitation was
detectedin 74% of the patients, being classified astrivial in
22%, mildin 45%, and moderatein 7%. No case of severe
pulmonary insufficiency was detected, and the following
factorswereidentified asfavoring the occurrence of mode-
rate pulmonary insufficiency: theratio betweentheballoon
andthepulmonary ring greater than 1.4, and complex valvu-
lar morphol ogy dueto aprevioussurgical valvotomy or the
presenceof valvular dysplasia.

Raoeta 4, inacaseserieswith 85 patientsfrom 2 uni-
versity-affiliated centers, assessed theincidence of pulmo-
nary regurgitation and performed its semiquantification
using color Dopplerin4 periodsof time: beforevalvuloplas-
ty, 1 day after, within the period of 2 years, and, finally, in
theperiod from 3to 10 years. The quantification wasperfor-
med using theratio between thewidth of thejetinitsorigin
and thediameter of the pulmonary ringintheshort axisob-
tained in the parasternal window, considering that theva-
lues< 10%, 11-25%, 26-50%, and > 50%indicated, respecti-
vely, degreesof regurgitationfrom| tolV. Theincidence of
pulmonary regurgitation had agradual, but significant, in-
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crease, being greater inthelatefollow-up, when presentin
70 of the 80 (87.5%) patients assessed. No patient had de-
greelV of pulmonary insufficiency or required surgical inter-
vention because of this reason.

Thefrequency of restenosis, in several case series,
hasranged from 4.8% to 21% 1141635 being related to the
use of an inappropriate-sized balloon and the presence of
valvular dysplasia®. Inour caseseries, 13.95% (24/172) of
the patients evolved with elevation in the gradients at va-
riedtimeinterval safter an effectivevavuloplasty. Thetime
of progression of theresidua gradient tolevels336 mmHg
was 3.56+3.5years, andinonly 29.2% of the casesthey were
detected after 5 yearsof follow-up.

Inthe seriesby Rao et al *#, 11% of the patients had
restenosis, all casesoccurringinthefirst 2 yearsof follow-
up. Thecriterionused for characterizing restenosiswasan
elevationinthe pulmonary transvalvular gradienttolevels
>50mmHg.

IntheVACA study %, of the patientswith adequateim-
mediateresults, only 12% had inadequatelateresults, main-
taining residual gradients= 36 mmHg or requiring anew
percutaneousor surgical pulmonary valvul oplasty.

Jarrar et al %6, in astudy of invasive and noninvasive
follow-upin children, adolescents, and adultsundergoing
percutaneousballoon valvuloplasty, reported restenosisin
3of 62 patients(4.8%). Thelow ratesof restenosisand per-
sistence of stenosisfound in the study were attributed to
the use of high balloon/annulusratios (BARS), such as
1.4+0.38 and > 1.5in 5 adults. Although most authorsre-
commend that the BAR should not exceed thevalueof 1.5,
others have suggested its use above that value mainly in
adults, when theresidual gradient immediately after the
procedureis>35mmHg*.

Rao et a * investigated the causes of restenosis after
balloon valvul oplasty and identified the following factors
aspredisposing toitsoccurrence: the use of aballoon/pul-
monary ringratio < 1.2, and gradient measuredimmediately
after valvuloplasty > 30 mmHg.

Inour cohort, the probability of the maintenanceof a
good result of pulmonary vavuloplasty, with no restenosis,
was94.39%in 1year, 92.29%in 2 years, 87.38%in5years,
82.46% in 8 years, 64.48% in 10 years, and 56.42%in 13
years. Theestimatesafter 10 yearsof follow-up werebased
onasmaller number of patients, and, therefore, theresults
observed after that period arelessreliable. Rao et a * repor-
ted the results of a 3-to-10-year follow-up in 80 patients
aged 7+6.4 years, who underwent pulmonary balloon valvu-
loplasty. The permanence of the success of percutaneous
dilationinl, 2,5, and 10yearswas, respectively, 94%, 89%,
88%, and 84%. I nthe seriesby Quereshi®’, with 92 patients,
76% maintai ned an adequateresult with no needfor reinter-
ventionin5years, and 67%in 10 years.

Our study allowsthefollowing conclusions: percuta-
neous balloon dilation of the pulmonary valveiseffective
torelieve pulmonary valve stenosisdocumented by there-
ductioninthemean gradients; pulmonary balloonvalvulo-
plasty isan effective method and its beneficial effectsre-
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main in the medium and long runs; the maintenance of a
goodresultwas92.29%in2years, 87.38%in5years, 82.46%
in8years, and 64.48%in 10 years; the complicationsof the
procedureweresmall and not frequent; nonsignificant resi-

dual gradientspersistedin most patients, restenosisoccur-
ringin 13.95% of the cases; the prevalenceof residual pul-
monary insufficiency wasel evated, with approximately 1/3
of thepatientswith regurgitationintensity greater thanmild.
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