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Obijective: To determine factors influencing immediate and medium-term results of Pulmonary Balloon Valvu-
loplasty (PBV) for pulmonary valve stenosis.

Material and Method: Between 1995 and 2001, the authors carried out PBV in 25 consecutive patients. Two
treatment outcomes including immediate and medium-term results were analyzed. The immediate results were
classified into two groups based on the pulmonary systolic pressure gradient (PG) immediately after dilation:
group I with a PG < 35 mmHg and group Il with a PG > 35 mmHg. At medium-term follow-up of 6 to 60 months,
echocardiographic evaluations were analyzed and divided into two groups: group A with a PG < 25 mmHg
and group B with a PG > 25 mmHg. Demographic characteristics and hemodynamic parameters of immediate
and medium-term results were compared and analyzed.

Results: Immediately after PBYV, the right ventricular systolic pressure (RVSP) decreased from 1153  37.6
mmHgto 67.0 28.5mmHg (p <0.001). The pulmonary systolic pressure gradient decreased from 90.4  37.9
mmHg to 39.3  25.6 mmHg (p < 0.001). Nine of the 25 patients (group I1; 36%), with incomplete immediate
relief of the obstruction, had more symptoms, a higher baseline PG, higher right atrial pressure, higher RVSP,
and a higher systolic pressure ratio. Six of the 25 patients (group B; 24%), with suboptimal medium-term
results, had a higher right ventricular voltage on the electrocardiogram, higher pre-dilation PG, and higher
RVSP.

Conclusion: Successful medium-term outcomes following pulmonary balloon valvuloplasty were achieved in
76% of the patients, with a greater success rate (91%) in patients with a lower right ventricular voltage
electrocardiogram (R wave amplitude in V,) < 21 mm, a prevalvuloplasty systolic gradient < 90 mmHg, and
right ventricular systolic pressure < 125 mmHg.
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Isolated pulmonary valve stenosis (PS)
accounts for approximately 10% of congenital heart
disease in children®?. Pulmonary balloon valvuloplasty
(PBV) is now the treatment of choice for patients with
PSt1 1t is a safe and effective procedure for the relief
of moderate to severe pulmonary stenosis in neonates,
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infants, and children. While previous studies focused
on intermediate and long-term results, more recent
studies emphasized the factors determining the
outcomes after PBV. The purpose of the present study
was to determine which factors had an impact on the
immediate and medium-term results of PBV in patients
with pulmonary valve stenosis.

Material and Method

Between 1995 and 2001, the authors carried
out PBV in 25 consecutive patients with simple PS at
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Chiang Mai University Hospital. Diagnosis was made
by 2D and color doppler echocardiography. Patients
with a pressure gradient > 50 mmHg were selected for
PBV. Electrocardiographic findings were evaluated. The
height of the R wave in V| was carefully measured in all
cases. Hemodynamic and angiographic parameters
were determined immediately before PBV. Moderate and
severe PS were defined as a pressure gradient across
the pulmonary valve greater than 40 mmHg and 80
mmHg, respectively®. Hemodynamic assessment of the
right ventricle to the pulmonary artery peak systolic
gradient, and grading of pulmonary regurgitation,
was determined by catheterization immediately after
PBV. Echocardiographic results were taken from the
most recent examinations. Continuous-wave doppler
echocardiographic measurement of the pressure
gradient was calculated by the Bernoulli equation.
Color Doppler echocardiographic assessment of pul-
monary regurgitation was graded subjectively as
trivial, mild, moderate, or severe. Two treatment out-
comes were analyzed as immediate and medium-term
results. The immediate results were classified into two
groups based on the pulmonary systolic pressure
gradient (PG) immediately after dilation: group I with a
PG < 35 mmHg and group Il with a PG > 35 mmHg.
According to previous studies®'?, the residual pres-
sure gradient > 35 mmHg was chosen as indicative of
incomplete relief of obstruction. Echocardiographic
evaluation with a mean follow-up interval of 17.5 + 19.4
months (minimum 6 months) following PBV was
analyzed for the medium-term results and divided
into two groups: group A with a PG < 25 mmHg and
group B with a PG > 25 mmHg. The follow-up residual
gradient > 25 mmHg was defined as a suboptimal
medium-term outcome®?, Demographic characteristics
and hemodynamic parameters of patients with a
successful outcome were compared to those with
suboptimal outcome in both immediate and medium-
term results.

Statistics

Data were expressed as mean + SD and 95%
Confidence Interval (Cl). The variables between the
two groups were compared by using the unpaired
t test, and the Mann-Whitney U test as appropriate.
The level of statistical significance was set at p < 0.05.

Results

Of the 25 patients, 14 were males and 11
females. Their ages ranged from 1 year to 14 years with
a mean age of 6.2 years. Sixteen patients (64%) were
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asymptomatic. Five patients (20%) with cyanosis were
more likely to be younger and have more severe
obstruction than other symptomatic patients, who pre-
sented with diminished exercise tolerance. Associated
heart lesions were small atrial septal defect in six patients
(24%), and small patent ductus arteriosus (PDA) in
one patient (4%). Coil embolization was also performed
in a patient with PDA. Eighteen patients (72%) had
severe PS. The mean pulmonary valve diameter, mea-
sured from the cineangiogram, was 15.4 + 3.8 mm. The
mean ratio of balloon to pulmonary valve diameter
was 1.19 +0.11. Immediately after PBV, right ventricular
systolic pressure decreased from 115.3 + 37.6 mmHg to
67.0 + 28.5 mmHg (p < 0.001) while the right ventricular/
aortic systolic pressure decreased from 0.96 + 0.26 to
0.56 +0.17 (p <0.001). The pulmonary systolic pressure
gradient decreased from 90.4 + 37.9 mmHg to 39.3 +
25.6 mmHg (p < 0.001). Incomplete immediate relief of
obstruction with a residual gradient > 35 mmHg was
noted in nine patients (group 11). Demographic charac-
teristics and hemodynamic data of patients who had
optimal and suboptimal immediate result were compared
in Table 1. Patients with a suboptimal immediate
outcome had significantly greater symptoms, higher
pre-dilation PG, higher baseline right atrial pressure,
higher baseline right ventricular systolic pressure, and
higher baseline right ventricular/aortic systolic pressure
ratio. The suboptimal immediate result was significantly
associated with a residual pressure gradient at the
infundibular level. As shown in Table 2, the suboptimal
medium-term result with a residual gradient > 25 mmHg
was noted in six patients (group B). They had signifi-
cantly higher Right Ventricular (RV) voltage on the
electrocardiogram (R wave amplitude in \V,), a higher
pre-dilation PG, and higher baseline RVSP (Fig. 1-3).
Five out of six patients with suboptimal medium-term
outcome had incomplete immediate relief of obstruc-
tion after PBV (Fig. 4). Ten of the eleven patients
(91%) who had an R wave amplitude in V, <21 mm, a
prevalvuloplasty systolic gradient < 90 mmHg, and
RVSP < 125 mmHg had an optimal medium-term result.
Pulmonary regurgitation was trivial or mild, as docu-
mented by color doppler echocardiography upon
follow-up in 64% of patients. There was no statistical
difference between the two groups. Three patients
(12%) had moderate pulmonary regurgitation. Transient
cerebral thrombosis with left hemiparesis was noted
in one patient with recovery 3 months later. Other
transient complications occurred in two patients were
an episode of tonic seizure and brief apnea, secondary
to hypoxia.
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Table 1. Demographic characteristics and hemodynamic data at immediate term

Variables Group | Group 1l p-value
(PG < 35 mmHg) (PG > 35 mmHg)
(N =16) (N=9)
Male (N) 10 4 NS
Symptoms (N) 3 6 0.03
Patient age (year), mean + SD 5.6+3.4 7.2+4.9 NS
R wave amplitude in V, (mm) 16.9+7.3 21.1+9.1 NS
Pre-PBV PG (mmHg) 69.3+24.5 127.8+26.9 <0.001
Right atrial pressure (mmHg) 10.0+2.3 14.2+3.9 0.01
Pre-PBV RVSP (mmHg) 94.0+23.9 153.2+25.6 <0.001
Pre-PBV ratio of RV to aortic systolic pressure 0.84+0.22 1.19+0.15 0.001
Ratio of balloon to pulmonary valve diameter 1.18+0.12 1.21+0.09 NS
Post-PBV pressure gradient at the infundibular level 8.9+7.6 49.8+23.7 <0.001
Post-PBV pressure gradient at the valvular level 14.3+4.9 18.1+7.9 NS

PBV, pulmonary balloon valvuloplasty; PG, pulmonary systolic pressure gradient; RV, right ventricle; RVSP, right ventri-

cular systolic pressure

Table 2. Demographic characteristics and hemodynamic data at medium term

Variables Group A Group B p-value
(PG <25 mmHg) (PG > 25 mmHg)
(N=19) (N=6)

Male (N) 10 4 NS
Symptoms (N) 6 3 NS
Patient age (year), mean + SD 5.6+3.4 9.2+4.5 NS
R wave amplitude in V, (mm) 16.7+8.1 23.8+5.5 0.03
Pre-PBV PG (mmHg) 79.8+31.7 123.7+39.1 0.02
Right atrial pressure (mmHg) 10.7+2.8 14.0+4.6 NS
Pre-PBV RVSP (mmHg) 104.7+30.2 148.8+41.6 0.01
Pre-PBV ratio of RV to aortic systolic pressure 0.92+0.25 1.10+0.26 NS
Ratio of balloon to pulmonary valve diameter 1.21+0.09 1.13+40.15 NS
Patients with suboptimal immediate result (N) 4 5 0.01

PBV, pulmonary balloon valvuloplasty; PG, pulmonary systolic pressure gradient; RV, right ventricle; RVSP, right ventri-

cular systolic pressure; NS, not statistically significance

Discussion

Although several studies documented good
to excellent immediate and long-term results®*®, few
studies focused on the factors determining these
results®+1". The data obtained from the present study
provided factors that determined immediate and
medium-term outcomes of PBV in 25 patients with
moderate to severe PS. The majority of patients (64%)
were asymptomatic. Cyanotic patients were younger
and have more severe obstruction than other symp-
tomatic patients. Cyanosis may be secondary to
diminished cardiac output or right-to-left shunting
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through patent foramen ovale?. In the present study,
PBV is a very effective procedure in relieving pulmo-
nary valvular obstruction. The immediate statistically
significant reductions of pulmonary systolic pressure
gradient, RVSP, and right ventricular/aortic systolic
pressure ratio after PBV were similar to many previous
studies“6:9-11131510) “\When the immediate pressure
gradient of less than 36 mmHg was used for defining
successful result, the immediate success rate in the
present study was 64%. This cut point value was
chosen because it corresponded to a continuous-wave
Doppler peak velocity of 3 m/sec®”. As shown in
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Fig. 1 Mean and 95%ClI of pre-dilation R wave amplitude in V, (mm) of group A (PG < 25 mmHg) and group B (PG > 25
mmHg), p=0.03. PG, pulmonary systolic pressure gradient
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Fig. 2 Mean and 95% CI of pre-PBV pulmonary systolic pressure gradient of group A (PG < 25 mmHg) and group B (PG
> 25 mmHg), p=0.02. PBV, pulmonary balloon valvuloplasty; PG, pulmonary systolic pressure gradient
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Fig. 3 Mean and 95%CI of pre-dilation right ventricular systolic pressure (RVSP) of group A (PG < 25 mmHg) and group
B (PG > 25 mmHg), p = 0.01. PG, pulmonary systolic pressure gradient
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Fig. 4 Proportion of patients with suboptimal immediate result of group A and group B (p = 0.01)
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Table 1, the patients with suboptimal immediate results
(group I1) had significant pressure gradient at infundi-
bular level. This was proved to be a reactive infundi-
bular obstruction after PBV occurred in 12%-24% of
patients®!®  Resolution of residual gradients has
been attributed to the regression of infundibular
hypertrophy°1¢20 Tg evaluate factors determining
medium-term outcome, a residual gradient of greater
than 25 mmHg was chosen as indicative of the sub-
optimal result because patients with a gradient of < 25
mmHg usually did not experience a progressive ob-
struction®@V. The significant factors that had an impact
on medium-term outcome were a higher RV voltage on
the electrocardiogram (R wave amplitude in V,), and
hemodynamic indicators of more severe degrees of
obstruction. Other factors in several studies included
the patients’ age of less than 2 years, symptoms, hypo-
plastic pulmonary valve with dysplastic morphology,
and a smaller ratio of balloon to valve hinge point
diameter®141529|n the present study, the patients’
age, symptoms, and the ratio of balloon to pulmonary
valve diameter were not statistically significant in
determining the success rate in medium-term outcome.
Mendelsohn demonstrated that patients with greatest
long-term success had prevalvuloplasty systolic
gradients < 60 mmHg, and a systolic right ventricular/
aortic pressure ratio < 0.8, Successful medium-term
results were achieved in 76% of the presented patients,
with greater success rate (91%) in patients with an R
wave amplitude in VV, <21 mm, a pre-dilation pulmonary
systolic gradient < 90 mmHg, and right ventricular
systolic pressure < 125 mmHg. These values of the
prevalvuloplasty pressure gradient, and right ventricu-
lar systolic pressure were higher than a previous study
because there were more patients with severe degrees
of obstruction in the present study. McCrindle ob-
served a significant rise in the incidence of significant
pulmonary regurgitation with the use of a balloon to
PV diameter ratio of > 1.4%%, In the authors’ experience,
the balloon diameter size 1.0 to 1.3 times (mean 1.19 +
0.11) the diameter of the pulmonary valve was used,
and the resulting pulmonary regurgitation was trivial
or mild. The optimal ratio for a PBV of approximately
1.2 provided good medium-term results, and also can
avoid the production of significant pulmonary regur-
gitation. The limitation of the present study was the
small number of studied patients. Despite these good
results, long-term follow-up is necessary to document
factors that determine the eventual long-term outcome
of pulmonary balloon valvuloplasty for the relief of
pulmonary valve stenosis.
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Conclusion

Pulmonary balloon valvuloplasty is an effec-
tive procedure for the immediate and medium-term
relief of obstruction in moderate to severe pulmonary
valve stenosis. In patients with severe degrees of ob-
struction, significant immediate residual gradients may
persist at infundibular level, but some were resolved
spontaneously. This was due to regression of the
infundibular hypertrophy. Successful medium-term
outcome after PBV was achieved in 76% of patients,
with a greater success rate (91%) in those with a lower
right ventricular voltage on the electrocardiogram
(R wave amplitude in V) < 21 mm, a prevalvuloplasty
pulmonary systolic pressure gradient < 90 mmHg,
and RVSP < 125 mmHg using a balloon to pulmonary
valve diameter ratio of approximately 1.2.

References

1. Cheatham JP. Pulmonary stenosis. In: Garson A Jr,
Bricker JT, Fisher DJ, Neish SR, editors. The science
and practice of pediatric cardiology. Baltimore:
Williams & Wilkins; 1998: 1207-56.

2. Blieden LC, Berant M, Zeevi B. Pulmonic steno-
sis. In: Moller JH, Hoffman IE, editors. Pediatric
cardiovascular medicine. Philadelphia: Churchill
Livingstone; 2000: 552-66.

3. Rome JJ. Balloon pulmonary valvuloplasty. Pediatr
Cardiol 1998; 19: 18-24.

4. Stanger P, Cassidy SC, Girod DA, Kan JS, Lababidi
Z, Shapiro SR. Balloon pulmonary valvuloplasty:
results of the valvuloplasty and angioplasty of
congenital anomalies registry. Am J Cardiol 1990;
65: 775-83.

5. McCrindle BW, Kan JS. Long-term results after
balloon pulmonary valvuloplasty. Circulation
1991; 83: 1915-22.

6. O’Connor BK, Beekman RH, Lindauer A, Rocchini
A. Intermediate-term outcome after pulmonary
balloon valvuloplasty: comparison with a matched
surgical control group. JAm Coll Cardiol 1992; 20:
169-73.

7. Elliott JM, Tuzcu EM. Recent developments in
balloon valvuloplasty techniques. Curr Opin
Cardiol 1995; 10: 128-34.

8. Rao PS. Balloon pulmonary valvuloplasty: a
review. Clin Cardiol 1989; 12: 55-74.

9. Masura J, Burch M, Deanfield JE, Sullivan ID.
Five-year follow-up after balloon pulmonary val-
vuloplasty. JAm Coll Cardiol 1993; 21: 132-6.

10. Schmaltz AA, Bein G, Gravinghoff L, Hagel K,
Hentrich F, Hofstetter R, et al. Balloon valvulo-

1409



11

12.

13.

14.

15.

plasty of pulmonary stenosis in infants and
children - co-operative study of the German So-
ciety of Pediatric Cardiology. Eur Heart J 1989; 10:
967-71.

Colli AM, Perry SB, Lock JE, Keane JF. Balloon
dilation of critical valvar pulmonary stenosis in
the first month of life. Cathet Cardiovasc Diagn
1995; 34: 23-8.

Buheitel G, Bohm B, Koch A, Trusen B, Hofner G,
Singer H. Balloon dilatation of the pulmonary valve.
Short-, middle- and long-term results. Z Kardiol
2001; 90: 503-9.

Lachaprasitiporn D, Nana A, Soongsawang J,
Kangkagate C, Wansanit K, Kovitcharoentrakul
T, etal. Percutaneous balloon pulmonary valvulo-
plasty in children: experience at Siriraj Hospital. J
Med Assoc Thai 1997; 80: 580-6.

McCrindle BW. Independent predictors of long-
term results after balloon pulmonary valvuloplasty.
Valvuloplasty and Angioplasty of Congenital
Anomalies (VACA) Registry Investigators. Circu-
lation 1994; 89: 1751-9.

Mendelsohn AM, Banerjee A, Meyer RA,
Schwartz DC. Predictors of successful pulmonary
balloon valvuloplasty: 10-year experience. Cathet
Cardiovasc Diagn 1996; 39: 236-43.

1410

16.

17.

18.

19.

20.

21.

Shrivastava S, Kumar RK, Dev V, SaxenaA, Das G.
Determinants of immediate and follow-up results
of pulmonary balloon valvuloplasty. Clin Cardiol
1993; 16: 497-502.

Ray DG, Subramanyan R, Titus T, Tharakan J, Joy
J, Venkitachalam CG, et al. Balloon pulmonary
valvoplasty: factors determining short- and long-
term results. Int J Cardiol 1993; 40: 17-25.
Buheitel G, Hofbeck M, Leipold G, Singer H.
Incidence and treatment of reactive infundibular
obstruction after balloon dilatation of critical
pulmonary valve stenoses. Z Kardiol 1999; 88:
347-52.

Fontes VF, Esteves CA, Sousa JE, Silva MV,
Bembom MC. Regression of infundibular hyper-
trophy after pulmonary valvuloplasty for pulmo-
nic stenosis. AmJ Cardiol 1988; 62: 977-9.

Gupta D, SaxenaA, Kothari SS, Juneja R. Factors
influencing late course of residual valvular and
infundibular gradients following pulmonary valve
balloon dilatation. IntJ Cardiol 2001; 79: 143-9.
Hayes CJ, Gersony WM, Driscoll DJ, Keane JF,
Kidd L, O’Fallon WM, et al. Second natural
history study of congenital heart defects. Results
of treatment of patients with pulmonary valvar
stenosis. Circulation 1993; 87: 128-37.

J Med Assoc Thai Vol. 89 No. 9 2006



fasendrananisinwlsaauialanaluursesunieasrergaunlzgnith
g Aafilashu, gwan wewwse, usnadty AnsanApa, 118 WeWRILNNA

lavinnisdiasisuuanissnwlsadawialavialuuisadunasdsaeaauntsgnitelugilaeg 25 58
Alasun9inmsenanNy WA, 2538 0N 2544 e lanaumvaaususeiawauialanaluiie 35 ua.ileen

'
o o

yuiasaeeauTusasnfunanisine wuagae 9 58 (36%) NANIFINHIA WNNEN WABAIINAN

1
=

pamAuTE AUl U TN 35 . lsan LT@@wm@memimm?un@mﬂ@ 1. 8IN19NN
2. mvmmsxmnmumhwwfmmmm (rm) 3. fmmmmm’lum’lwmmwum (rm) 4. ANAUIADA
Yuwoiﬂmaqilovz\wwm (rm) uag 5. @mmmumvmum@mYum?wmmm’zm@m’rmuYum@m@@m@@@i}z”’z
g9 (197) mu?ugjﬂqy 16 7181 HANITFNEIANIN

(fednmunizinm luszazaann 6 i 60 1iau (mean 17.5 1A8Y) A983EN17MT9ANNARTN

£

ﬂﬁuzﬁmﬂm@umwﬁm uaznaliles mﬂﬂnm"nﬁ@ng”qmm9'mmlwmwm”mzm";qguﬁo‘l@ﬁ@fym?ﬂr
25 un.Uraniusasnfunanisins wm"w»ﬂ'qz/ 19 7181 (76%) WANITINEHIANIN mumpﬂqa 6 218 (24%)
uansinmA lumin ﬁ@@ﬂwwﬂm@msmmYunzvmuﬂ@ 1. R wave amplitude lu ECG lead V1 g9 (127)
2. m’lmmmmmum‘l@wzvfumm@q (rm) uag 3. mmmummYum’lfwmmmw@\? (rm) Yugﬂoﬂn@y
77 R wave T V1 < 21 . PRI laA TN Te < 90 wu.iren uazmwsaealuiala

WANT9IAN < 125 ua.1lsen uansine lunaagens 91%

J Med Assoc Thai Vol. 89 No. 9 2006 1411



