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Further observations on the effect of balloon size on
the short term and intermediate term results of
balloon dilatation of the pulmonary valve
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SUMMARY The relation between the size ofthe balloon used for dilatation of the pulmonary valve
and the extent of relief of pulmonary stenosis both immediately after and at intermediate term
follow up was studied. Sixty four balloon dilatation procedures in 56 patients were divided into
group 1- 12 in which the ratio of the diameter ofthe balloon to that of the pulmonary annulus was
< 1 -0-and group 2-52 in which the ratio was > 1 0. Both groups had similar mean (SD) pressure

drops across the pulmonary valve before dilatation. Immediately after dilatation there was a

significant reduction in the pulmonary valve gradient in both group 1 (843 (39 2) v 43-6 (26 8)mm
Hg) and group 2 (92 8 (42*1) v 22'4 (13 6)mm Hg). On intermediate term follow up (6-34 months),
residual pulmonary valve gradients were significantly lower in group 2 (20-8 (18-5)mm Hg) than in
group 1 (75-0 (49-4) mm Hg), suggesting that restenosis was more common after dilatation with
small balloons. These data suggest that although the immediate results with either small or large
balloons are good, balloons that are larger than the pulmonary valve annulus produce more

sustained relief of pulmonary stenosis. Further analysis within the group treated with larger
balloons showed that the subgroup with a balloon/annulus ratio of 1-01-1 -2 had more recurrences

of stenosis (need for repeat balloon dilatation and larger number of patients with residual
pulmonary valve gradients > 30 mm Hg) than subgroups with balloon/annulus ratios for
diameters of 1 21-1 41, > 1-41, and > 1-5, in which there were no recurrences. Balloons that were
> 1-5 times the size of the pulmonary valve annulus had no additional advantage over the other
subgroups, namely, 1-21-1-4 and > 1-41.
These results and reports of damage to the right ventricular outflow tract by oversized (> 1 5)

balloons indicate that balloons that give a balloon/annulus ratio of 1-2-1-5 are the best for
dilatation of the pulmonary valve.

In a previous study I reported on the relation
between the size of the balloon used for balloon
dilatation of the pulmonary valve and the degree of
relief of pulmonary stenosis and I concluded that
although the immediate results of dilatation are
similar with both small and large balloons, balloons
that are larger than the pulmonary valve annulus
seem to produce more sustained relief of pulmonary
stenosis on follow up.' Therefore, I recommended
balloons that were larger than the pulmonary valve
annulus for balloon dilatation of the pulmonary
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valve. Radtke et al reported similar relation between
ballon size and the immediate results of dilatation.2
In view ofthe damage to the right ventricular outflow
tract when balloons larger than 1-5 times the size of
the pulmonary valve annulus were used,' a balloon
diameter to annulus diameter ratio of 1-2-1-4 was
recommended. 22Tis was an arbitrary recommenda-
tion without specific supporting data. I attempted to
break down the group treated with large balloons into
subgroups with various balloon/annulus ratios' but I
did not have sufficient cases in each subgroup to
reach valid conclusions. In the present paper I
present an evaluation of the effect of balloon size on
balloon dilatation of the pulmonary valve in a much
larger number of patients and examine what ratio of
balloon size to pulmonary valve annulus is most
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apropriate for balloon dilatation in terms of the
immediate and intermediate term follow up results.

Patients and methods

During a 50 month period ending in December 1987,
56 infants and children, aged seven days to 20 years
(median six years) underwent 64 procedures for
balloon dilatation of the pulmonary valve to relieve
moderate to severe pulmonary valve stenosis. We
obtained informed consent from the parents of each
patient. The data obtained and the technique of
percutaneous balloon dilatation of the pulmonary
valve have been described in detail in earlier papers'
and they are similar to the technique used by
others.78 Two balloons were used simultaneously for
dilatation in twelve patients in whom the annular
diameter was > 20 mm. Initially, we did not use
balloons that were larger than the pulmonary valve
.annulus;4 later we did.' The size of the pulmonary
valve annulus was measured from a frame of the
lateral projection of the cineangiogram obtained
before balloon dilatation and corrected for mag-
nification.' I used the balloon size listed by the
manufacturer to calculate the balloon/annulus ratio.'
When two balloons were used simultaneously, the
total balloon diameter was calculated according to the
formula: DI D2

D1+D2+r + 2

where D, and D2 are the diameters of the balloons
used.
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Balloon dilatation procedures were divided into
two groups, based on the ratio between the balloon
size and the size of the pulmonary valve annulus:
group 1 with ratio of < l 0 and group 2 with ratio of
> l 0. Group 2 was further subdivided into 2a, ratio
of l-Ol to 1-2; 2b, 121 to 14; 2c, > 141; and 2d,
> 1-5.
Follow up catheterisation was performed in 36 of

56 patients or 39 ofthe 64 dilatation procedures six to
34 months (mean 10-6 (SD) (6-7) months) after
balloon dilatation. The cardiac index (mean (SD))
was obtained by a thermodilution technique in 33
patients and by the Fick method in the remaining
patients. There was no difference (p > 0 l) between
the cardiac index before dilatation (3-18 (0-84)
1/min/m2) and that measured immediately after
dilatation (3-16 (0-68) I/min/m2) or at follow up
(3-51 (0 8) I/min/m2).

I used a two tailed Student's t test to compare data
between groups and data obtained before and after
dilatation. The Bonferroni correction9 was applied
when multiple comparisons were made. Frequency
distributions were compared by the x2 test. The level
of statistical significance was set at p < 0 05.

Results

There was a total of 64 balloon dilatation procedures
in 56 patients; intennediate term follow up was
available in 36 patients. In group 1, (12 dilatations),
the mean (SD) balloon/annulus ratio was 0-89 (0-08)
(range, 0-76-1 -0); in group 2 (56 dilatations) the ratio
was 131 (Ol9) (range, 1-01-18). The peak systolic
pressure gradients across the pulmonary valve before
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Fig 1 The peak pressure gradient across the pulmonary
valve fell immediately (IMM) after balloon dilatation in
both group I with small balloons (p < 0 02) andgroup 2
with large balloons (p < 0001). On intermediate term
follow up (FU), the gradient had risen towards pre-
dilatation values (p > 0 1) in group I patients (treated with
balloons that were smaller than the pulmonary valve
annulus) while in group 2 (balloons larger than the
pulmonary valve annulus) the gradients remained low.
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Fig 2 Right ventricular (RV) peak systolic pressures and
pulmonary valve (PV) gradients in all threegroup 2
subgroups were similar (p > 01) suggesting that in all the
three groups there was a similar degree ofpulmonary valve
obstruction.
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Fig 3 Peak systolic pressuregradients across the pulmonary valvefell (p < 0001) immediately (IMM)
after balloon dilatation in all three subgroups. On intermediate termfollow up (FU), there was either no
further change (p > 1-01) (in subgroups with a balloon/annulus ratio of 1-01-1-2 and 1-21-1-4) or a

furtherfall (p < 0 02) (in the subgroup with balloon anulus ratio of > 1-41).

dilatation were similar in both groups (84-3 (39 2) v

29-8 (42-1) mmHg, p > 0 1).
Immediately after balloon dilatation the pulmon-

ary valve gradient was significantly reduced in both
group 1 (84-3 (39-2) v (43-6 (26 8) mm Hg, p < 0 02)
and group 2 (92-8 (42-1) v 22A4 (13-6) mm Hg,
p < 0-001) (fig 1). However, the residual pulmonary
valve gradients in group 2 with large balloons (22-4
(13-6) mm Hg) were lower (p < 0-01) than those in
group 1 with small balloons (43-6 (26-8) mm Hg).
On intermediate term follow up at 6-34 months,

the pulmonary valve gradient (75-0 (49-4)mm Hg) in
group 1 had risen towards pre-dilatation values (84-3
(39 2)) and was not significantly different from such
values (p > 0-1) (fig 1). In group 2 with large balloons
the pulmonary valve gradient remained low (20-8
(18-5) mm Hg) and was not significantly different (p
> 0 1) from the gradient measured immediately after
balloon dilatation. At follow up the right ventricular
pressures (97-7 (50 6) v 45-5 (17 2)mm Hg, p < 0-02)
and pulmonary valve gradients (75-0 (49-4) v 20 8
(8-5) mm Hg, p < 0-01) were higher in group 1 than
those in group 2 at the follow up. Four ofthe group 1
patients and one group 2 patient needed repeat
balloon dilatation at follow up (p < 0-005). There
was Doppler echocardiographic evidence of mild
pulmonary insufficiency in 33 of 36 group 2 patients
and in three of seven group 1 patients (p < 0-005).

No other important complications were seen in either
group.
Having confirmed that larger balloon/annulus

ratios are associated with sustained relief ofpulmon-
ary valve obstruction on follow up, I further sub-
divided group 2 into group 2a (balloon/annulus ratio,
1-01 to 1-2, 20 patients), group 2b (balloon/annulus
ratio, 1.21 to 1.4, 15 patients), and group 2c (balloon/
annulus ratio > 1-41, 17 patients). The right ven-

tricular peak systolic pressures and pulmonary valvar
gradients were similar (p > 0 1) in those three
subgroups (fig 2) although there were minor differen-
ces. Reduction of pulmonary valvar gradients
imnmediately after and on intermediate term follow
up was seen in all three groups (fig 3). In group 2c
(with the largest balloon/annulus ratio (> 1-41) there
was a further fall (p < 0 02) in the pulmonary valvar
gradients at follow up (18-4 (8-1) mm Hg) when
compared to the value measured immediately after
dilatation (33-8 (20- 1) mm Hg). This may be related
to the slightly higher residual pulmonary valvar
gradients immediately after dilatation in this sub-
group. When the number of patients with residual
gradients > 30 mm Hg or the number of patients
requiring repeat balloon dilatation were compared
(table), group 2a with balloon/annulus ratio of 1-01-
1 20 had residual pulmonary valve obstruction while
group 2b (ratio 1-21-1 4) and group 2c (ratio > 1-41)
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Table Frequency of repeat balloon and dilatation
significant residual gradients in various subgroups

Number ofpatients Number ofpatients with
needing repeat pulmonary valve
dilatation gradient > 30 mm Hg

Group I (n = 7) 4 6
Group 2a (n = 13) 1 2
Group 2b (n = 9) 0 0
Group 2c (n = 9) 0 0

n = number of patients with intermediate term follow up
catheterisation.

had none (p < 0-005). Group 1 with balloon/annulus
ratio < 1 0 had the worst results (table).

Finally, the results of balloon dilatation ofpatients
with balloon/annulus ratios > 1-5 (group 2d, nine
patients) were examined (because balloons as large as
these are reported to damage the right ventricular
outflow tract3 and were compared with group 2b
(balloon/annulus ratio, 1-21-1-4) to see whether
there is any advantage in using these oversized
balloons (fig 4). The right ventricular systolic pres-
sures (98-0 (27 1) v 99-0 (36-9) mm Hg, p > 0 1) and
pulmonary valvar gradients (80-7 (28 6) v 82-1 (37-4)
mm Hg, p > 01) were similar in both groups.
Residual pulmonary valvar gradients immediately
after dilatation (19-2 (13-3) v 27-8 (13-3), p > 0 1) and
on follow up (14-9 (7T7) v 14-0 (5 6), p >0 1) were
also similar. No patients needed repeat balloon
dilatation in either group nor was there any patient
with residual pulmonary valve gradient > 30 mm
Hg. There was no angiographic evidence of asymp-
tomatic pulmonary arterial tears in either group.
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Fig 4 The peak systolic pressure gradient across the
pulmonary valve before balloon dilatation and pulmonary
valve gradients immediately (IMM) after dilatation and on
intermediate termfollow up (FU) were similar (p > 0-1) in
both groups with balloonlannulus ratios of 1I21-1 4 and >
1-5.

Discussion

It is generally agreed that it is better to use balloons
with diameters larger than pulmonary valve annulus
for balloon dilatation of pulmonary valve stenosis.'2
Balloon sizes 1-2-1-4 times the pulmonary annulus
are recommended'2 but there are no hard data to
support such a recommendation. Experimental
evidence indicates that the balloons > 1-5 times size
of the diameter of pulmonary valve annulus may
damage the right ventricular outflow tract.3 The
current study was designed to confirm that it is better
to use balloons that are larger than the pulmonary
valve annulus to relieve stenosis of the pulmonary
valve and to determine what size of balloon is needed
for successful balloon dilatation of the pulmonary
valve.
My results confirm that balloons larger than

pulmonary valve annulus are needed to produce
sustained relief of pulmonary valve obstruction.
Breakdown of group 2 (larger balloon) into three
subgroups showed that there is still a considerable
degree of residual obstruction in the group with
balloon/annulus ratio of 1-01-1-2. Intermediate term
results were similar in the subgroups with balloon/
annulus ratios of 1-21-1-4 and > 1-41. Balloons more
than 1-5 times the size of the pulmonary valve
annulus did not give better immediate or inter-
mediate term results and may damage the right
ventricular outflow tract.3 The present data show that
balloons that are less than 1-2 times the size of the
pulmonary valve annulus are likely to be associated
with residual pulmonary valve obstruction on follow
up and cannot be recommended. Balloons that are
> 1-5 times larger than pulmonary valve annulus do
not have any additional advantage and therefore are
not necessary. Thus balloons which are 1-2-1-5 times
larger than the pulmonary valve annulus are the best
for relieving pulmonary valve stenosis.

I thank Dr M E Fawzy, Dr M K Mardini, Dr L
Solymar, and DrMK Thapar for their contribution
to this study. I also thank P Carey for the advice on
statistical analysis.
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