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Summary

To determine the optimal balloon-to-artery ratio in percutaneous transluminal coronary
angioplasty (PTCA), the effects of balloon size on the extent of residual stenosis, the incidence of
coronary dissection, and the percentage of cases requiring repeat PTCA for restenosis were examined
retrospectively. Fifty consecutive patients who underwent elective PTCA for simple and discrete
lesion localized in the left anterior descending coronary artery were selected for this study. To mea-
sure the absolute cross-sectional area of the adjacent control segment of the artery, we developed a new
method of quantitative coronary angiography, a hybrid of cinevideodensitometry and the edge detection
method. The balloon-to-artery ratio was calculated as the cross-sectional area ratio between the control
segment adjacent to the stenosis and the balloon which was visually selected by the operator during
PTCA. Residual stenosis was determined as the percent area of stenosis by our hybrid method using
cinevideodensitometry. The balloon-to-artery ratio ranged from 0.4 to 2.4, and a weak but significant
inverse correlation (r=—0.51) was observed between the balloon-to-artery ratio and the extent of
residual stenosis. In 23 patients whose balloon-to-artery ratios were less than 1.0, residual stenosis
was greater (59.9+11.9% vs 46.0£19.6%, p <0.05), and the percentage of repeat PTCA was higher
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(26% vs 4%, p<0.05) than in the group of 27 patients whose balloon-to-artery ratios were higher
than 1.0. The incidence of coronary dissection was similar in the 2 groups (9% vs 15%, ns).
The percent area of stenosis before PTCA, the number of inflations, the inflation pressures, and
the inflation times were also similar between these 2 groups.

We concluded that the optimal balloon size is slightly more than the control segment dimen-
sions of simple and discrete isolated stenoses of the left anterior descending artery treated at lower
inflation pressures, and that an accurate measurement method of the coronary arterial dimensions is
necessary to determine this optimal balloon size.
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Introduction

Computer assisted quantitative measurement
methods for relative coronary arterial stenosis
in coronary arteriography have recently been
adopted by several investigators!®, and the
value of these methods has been recognized
for clinical and research uset~?. However,
there still remain 2 major problems in measure-
ment of the absolute dimensions of the coronary
arteries and the measurement of regions of
stenosis with complex geometry. The edge
detection method with correction of pin-
cushion distortion and magnification error can
provide the absolute coronary arterial diameter
calibrated by a catheter, but it cannot measure
stenosis with complex geometry. On the other
hand, densitometry can measure the relative
cross-sectional area ratio independent of geo-
metrical assumptions, but it cannot provide an
absolute value alone. These 2 measurements
are especially important in evaluating residual
stenosis and in determining balloon size in
percutaneous transluminal coronary angioplasty
(PTCA). Pathological and angiographic in-
vestigations performed immediately after
PTCA have shown that the geometry of the
dilated arterial segment was asymmetrical and
its internal surface was irregular®-10. Thus, in
order to measure the residual stenosis imme-
diately after PTCA, a method of evaluating
the severity of stenosis independent of geo-
metric assumptions is necessary. The im-
portance of using balloons of the optimal sizes

during coronary angioplasty has been under-
scored by several investigators'?~19, In practice,
the balloon size is generally determined by the
operator based on his/her visual assessments of
the diameter of the adjacent normal coronary
segment. Quantitative measurements of ab-
solute coronary arterial dimensions are necessary
to determine balloon sizes more accurately.

In this report, we propose a method which
can facilitate measurements of the absolute
coronary arterial dimensions independent of geo-
metric assumptions with regard to the shape
of the arterial stenosis. Using this method, we
retrospectively evaluated the balloon-to-artery
ratios in patients who had undergone PTCA.
The aim of this study is to clarify the relation-
ships between angioplasty balloon sizes and
the residual stenoses, the incidence of coronary
dissections and the incidence of restenoses.

Patients and methods

Patient population: A series of 50 consecu-
tive patients who underwent elective PTCA in
our Department and fulfilled the following cri-
teria were studied. Each patient had single and
discrete stenotic lesions without calcification
in the left anterior descending artery; no
visible collaterals; no clinical evidence of
coronary artery spasm ; follow-up angiography
3-6 months after angioplasty; and diagnostic
arteriograms for quantitative analysis. Patients
who had total occlusions or stenoses in bifurca-
tions of the coronary artery were excluded
from the analysis.
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Angioplasty procedure: Percutaneous trans-
luminal coronary angioplasty was perform-
ed using a standard guide wire system. The
balloon catheters used in this study were SRB
(ACS Inc) or Proact (Mansfield). The sizes of
the balloon catheters were determined by the
operators based on their visual assessments of
the control arterial diameter. The inflation
pressure, inflation time, and the number of
times of balloons inflated were also determined
by the operators.

Quantitative angiographic measurements:
Coronary arteriograms were obtained immedi-
ately before and after coronary angioplasty. Films
were made at 30 frames/sec using an image in-
tensifier of a 7-inch field size. Suitable frames
of the R wave of the electrocardiogram were
selected for analysis and were digitized with
an image analyzer (Kontron, Mipron 1). To
measure the absolute coronary arterial diameter
and the cross-sectional area independent of
geometrical assumptions, we developed a new
method from the edge detection method and
cinevideodensitometry. Details concerning the
radiographic equipment used, the film devel-
opment method, the criteria for frame se-
lection, and the accuracy and reproducibility of
these 2 methods have been described previ-
ously!?. This new hybrid method encompassed
the following steps: 1) Measurement of the di-
ameter of the control arterial segment adjacent
to the stenotic segment using the edge detection
method. This step involved correction of pin-
cushion distortion and magnification error to
provide the absolute coronary arterial diameter
and the guiding catheter which was used as a
scale device. We calculated the cross-sectional
area of the normal segment, assuming it had
cylindrical geometry. 2) Measurement of the
cross-sectional area ratio of the normal and
stenotic segments was made by cinevideo-
densitometry. 3) The cross-sectional area of
the stenotic segment was calculated from the
results of the first and second steps.

The guiding catheter which functioned as a
scale was usually positioned at a corner of
the frame of the coronary arteriogram. Since

Balloon size in angioplasty

the catheter images were distorted severely,
its correction was essential for the measurement
of absolute diameter. We attempted to deter-
mine a factor distorting these images using a
one cm rectilinear grid, and found that the pin-
cushion distortion can be corrected by an
empirical formula, 1+cX!6 in which c is a
constant and X is the distance from the center
of the frame (Fig. 1).

In many cases, the catheter and the coronary
artery to be measured were magnified indepen-
dently on the films. To correct for dif-
ferences in magnification, we measured the
distance between the catheter and the artery
along the axis of the X-ray beam from the
orthogonal view, then calculated a correction
factor, 1+d/D, in which d is the distance be-
tween the catheter and the artery, and D is
the distance between the X-ray tube and the
film. We confirmed that this method allowed
appropriate correction of the magnification factor
using the one cm rectilinear grid (Fig. 2).

To test the overall accuracy and reproduci-
bility of our hybrid method, the following ex-
periment was performed. Seven cylindrical
holes with diameters ranging from 0.6 mm to
6.0 mm were drilled in lucite blocks, and were
filled with contrast medium. These blocks
were then positioned at various sites in the
arteriographic frame. Films were made in the
same manner with normal coronary arterio-
graphy, and the cross-sectional area of each
of the cylindrical holes was measured by 5
independent operators using the hybrid method
after correcting pin-cushion distortion and
magnification. The measured and the actual
cross-sectional areas were then compared.

Data analysis and definition: To verify the
importance of correcting pin-cushion distor-
tion and magnification error, we compared the
coronary arterial diameters of the control seg-
ments between 2 orthogonal views, with and
without corrections, before angioplasty.

The balloon-to-artery ratio was calculated as
the cross-sectional area ratio between the in-
flated balloon and the proximal control segment
adjacent to the stenosis. The relationship be-
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Fig. 1. Pin-cushion distortion of a rectilinear grid.

The relative distortion could be characterized by the function 1+4cX!* according to our labo-
ratory study, where c is a constant and X is the distance from the center of the frame. Similar
results observed along different axes demonstrate radial symmetry of the distortion. Using this
formula, we corrected pin-cushion distortion in the clinical study.
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Fig. 2. The results of magnification correction.

The correction formula was 1+d/D, where d is the
distance between the catheter and the artery and D
is the distance between the X-ray tube and the film.
D was set at 90 cm in our laboratory. This correction
was necessary because the catheter which was used
as a scale device provided magnification different
from the artery.

tween this ratio and the residual stenosis was
then investigated. The patients were catego-
rized into 2 groups; namely, the undersized
balloon group whose balloon-to-artery ratios
were less than 1.0, and the oversized balloon
group whose balloon-to-artery ratios were great-
er than 1.0. The incidence of coronary dissec-
tion, the incidence of repeat PTCA due to
restenosis, the percent area of stenosis before
PTCA, and the residual stenosis were compared
between these 2 groups.

Balloon size was defined as the maximum
balloon size used during angioplasty, and the
diameter at each inflation pressure was derived
from the manufacturer’s specifications. Resid-
ual stenosis was defined as the percent area of
stenosis determined by cinevideodensitometry
immediately after PTCA. Coronary dissection
was defined as the angiographic appearance of
an intraluminal filling defect, extravasation of
contrast medium, or luminal staining extending
beyond the length of the lesion before angio-
plasty.

Statistical analysis: The accuracy of our

— 882 —



system was evaluated by the least squares
linear regression analysis using phantom
models. The pin-cushion distortion factor
was determined by the nonlinear regression
analysis. The statistical significance of the
mean values was determined using the Student’s
t-test and differences between proportions
were tested by the chi-square test in compari-
sons between the undersized and oversized
balloon groups.

Results

Phantom study: There was a strong linear
correlation (r=0.99) between the measured and
the actual cross-sectional areas of the cylin-
drical phantoms (Fig. 3). Its regression equa-
tion was y=1.03x—0.09.

Importance of correcting pin-cushion distor-
tion and magnification error: The control
segment diameters of the coronary arteries
measured using the right anterior oblique
(RAO) view and the left anterior oblique (LAO)
view are plotted in Fig. 4. The difference in
diameter between the RAO and LAO views
before correction (left panel) was 0.30+0.19 mm
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Fig. 3. Correlation between measured and actual
cross-sectional areas.

There was a linear correlation between the actual
cross-sectional area (r=0.99) and the measured cross-
sectional area. Its regression line (y=1.03x—0.09) was
similar to the identical line (y=x). The horizontal
bars indicate the standard deviation of the measure-
ments made by 5 independent operators. It shows
that our hybrid method is accurate and sufficiently
reproducible in clinical use.
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Fig. 4. Demonstration of importance of the correction of pin-cushion distortion and magni-

fication.

Left panel: Significant discrepancies are observed between the control segment diameter mea-
sured from the right anterior oblique (RAO) and left anterior oblique (LAQO) views before the
corrections. The mean difference between the RAO and LAO views was 0.30+0.19 mm, sufficient
to affect the calculation of the balloon-to-artery ratio. Right panel : After the corrections, the mean

difference was reduced to 0.11+0.07 mm.
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(mean+SD). The maximum difference between
these 50 patients was 0.78 mm, which was 29%
of the corrected diameter in this case. After
correction (right panel), the mean difference
was reduced to 0.11+0.07 mm and the maxi-
mum difference was only 0.20 mm.
Measured balloon-to-artery ratio: The val-
ues were scattered widely from 0.4 to 2.4 (mean
+SD=1.1+0.5), corresponding to the diameter
ratios of 0.6 and 1.5, respectively. The rela-
tionship between the diameter ratio and the
residual stenosis is presented in Fig.5. A rela-
tively poor, nevertheless significant inverse
correlation (r=—0.51) was observed.
Comparison between the undersized and
oversized balloon groups: The residual ste-
nosis of the undersized balloon group was 59.9
+11.99, which was significantly greater than
that of the oversized balloon group which was
46.0+19.6% (Table 1). However, the percent
area of stenosis before PTCA was similar in
both groups, being 91.4+5.1% and 89.2+6.2%,
respectively. The percentage of patients re-
quiring repeat PTCA due to restenosis in
the undersized balloon group (26%, 6 of 23
patients) was significantly higher than that in

Table 1.
balloon groups

100, (%)
o 2
‘® 3
O c
c 2
[
el
(7] g 50
® <
=
T &
-0
28
e o .
o - _ i . .
0 0.5 1.0 1.5 2.0 2.5

Balloon Size / Control Artery
(Cross-Sectional Area Ratio)
Fig. 5. Correlation between percent area stenosis
and cross-sectional area ratio.

The balloon-to-artery ratio measured quantitatively
was widely distributed from 0.4 to 2.4. This suggested
that the operators’ selection of balloon size based on
visual estimation of the control segment diameter was
occasionally inappropriate. The residual stenosis (per-
cent area of stenosis) of 50 patients immediately
after PTCA correlated inversely (r=-—0.51, y=
73.4—18.9x) with the balloon-to-artery ratio (cross-
sectional area ratio).

Patient characteristics and procedural details in the undersized and oversized

Undersized balloon group

Oversized balloon group

Range of balloon-to-artery ratio <1.0 >1.0

Mean ratio 0.7+0.2 1.5+0.4

Number of patients 23 27

Age (yrs) 62+6 58+8 NS
Sex (male : female) 20:3 24:3 NS
Pre-PTCA stenosis (% area stenosis) 91.4+5.1 89.2+6.2 NS
Residual stenosis (% area stenosis) 59.9+11.9 46.0+19.6 p<0.01
Number of inflations 3.8+0.9 3.6+0.8 NS
Inflation time (sec) 62.0+9.4 69.4+15.0 NS
Inflation pressure (PSI) 98.3+8.3 93.7+15.1 NS
Number of dissections 2(9%) 4(15%) NS
Number of patients 6(26%) 1(4%) p<0.05

who required repeat PTCA

The balloon-to-artery ratio was expressed as a cross-sectional area ratio.

PSI=pounds per square inch; NS=not significant.
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the oversized balloon group (4%, one of 27
patients) (p<0.05). In the undersized balloon
group, 2 (9%) patients developed coronary dis-
sections ; compared to 4 (15%) in the over-
sized balloon group. (The difference was not
statistically significant). Inflation pressure,
inflation time, and the number of inflations
were similar in these 2 groups (Table 1).

Discussion

Measurement of coronary arterial dimen-
sions: OQOur system for the quantitative anal-
ysis of coronary angiograms is a hybrid of the
edge-detection and densitometric methods with
correction function for pin-cushion distortion
and magnification error. This hybrid method
was developed to measure the absolute value
of the minimal cross-sectional area of coronary
arterial stenosis independent of the stenosis
geometry. We previously reported that many
cases of coronary arterial stenoses immediately
after PTCA have a complex geometry!!.
Although densitometry was thought to be
most suitable for evaluating the severity of
residual stenosis in these cases, it could not
provide the absolute value when used alone.
The edge detection method could provide an
absolute value for the stenoses with cylindrical
geometry only by catheter calibration. Our
method is a combination of these 2 meth-
ods, which provides a means of measuring the
absolute cross-sectional area before and im-
mediately after PTCA.

Corrections of the pin-cushion distortion and
the magnification error were also essential for
obtaining accurate measurements of the abso-
lute coronary arterial dimensions. These
corrections significantly reduce the difference
in the measurements of the control segment
diameters of the coronary artery obtained
from the RAO and LAO radiographs. The
maximum difference in the diameters between
the 2 orthogonal views was 0.78 mm, which
was about 30% of the corrected diameter, a
difference which must affect the evaluation of
the balloon-to-artery ratio.

Visual vs quantitative measurement of the

Balloon size in angioplasty

balloon-to-artery ratio: The balloon-to-artery
ratio was measured retrospectively after PTCA
and ranged from 0.4 to 2.4 cross-sectional area
ratio. 'This suggests that visual estimation of
the balloon size may be considerably inaccurate.
To minimize such inaccuracy while achieving
the maximum effect of angioplasty without in-
creasing its risk, the operator must measure
the diameter of the control segment and select
the right balloon. Our hybrid method is ac-
curate enough for this purpose.

Optimal balloon size: Reportedly, the bal-
loon size may affect the residual stenosis,
the incidence of acute complications, and the
restenosis rate!2719, Results of the present
study indicated that an oversized balloon may
reduce the residual stenosis and the incidence
of restenosis without increasing the risk of
acute complications significantly. Roubin et
al'® have recommended that an undersized
balloon is used because of the low incidence of
acute complications and a similar initial success
rate, the residual stenosis, and the restenosis
rate compared with larger balloons. However,
the mean inflation pressure was nearly one atm
higher in the undersized balloon group than
in the oversized balloon group in their study.
The size of residual stenosis was similar in
both groups, suggesting that residual stenosis
is one of the most reliable predictors of
restenosis!®™!1?. They also reported that the
use of oversized balloons may increase the in-
cidence of acute complications, such as coro-
nary dissections and acute coronary occlusions,
as opposed to the results in the present study.
These discrepancies may be attributed to the
differences in inflation pressures and the pa-
tient population. In the oversized balloon
group, their inflation pressure was nearly one atm
higher than that in the present study. Acute
complications occurred frequently in patients
with multivessel disease and complex lesion
morphology in their series. In our study, all
patients had simple and discrete lesions in the
left anterior descending artery only. Of course,
an extremely oversized balloon which might
increase the risk of coronary artery dissection
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should not be selected. Consequently, we be-
lieve that a balloon whose length slightly
exceeds that of the control segment of the
coronary artery adjacent to the stenosis should
be selected. We also suggest that the optimal
balloon-to-artery ratio is 1.4 as a cross-sectional
area ratio or about 1.2 as a diameter ratio.
This value was derived from the balloon-to-
artery ratio with which the residual stenosis
was 50% (cross-sectional area ratio) on the
regression line of the correlation analysis be-
tween the balloon-to-artery ratio and residual
stenosis (Fig. 5).

Limitations: The optimal balloon size rec-
ommended in this study has some limitations.
Although the correlation between the balloon-
to-artery ratio and the extent of residual stenosis
were significant, it was rather weak. This sug-
gests that many other factors may influence
this relationship, such as the patients’ age,
sex, history of angina or myocardial infarction,
coronary risk factors, and the composition of
the stenosis. Further investigation of patients
with stenoses of other coronary arteries, mul-
tivessel disease, and complex types of stenosis
is also needed.

The inflation pressure determined by the
operators in this study was slightly lower
than the optimal pressure offered by the
manufacturers. Changes in actual balloon size
at each inflation pressure?® were corrected
in this study. However, the radial force re-
quired to dilate the stenosis in balloon an-
gioplasty depends not only on the balloon
diameter but also on the inflation pressure.
The radial force is related to hoop stress, which
is described by the following equation: hoop
stress=PxD (P is the inflation pressure and
D is the diameter of the inflated balloon??).
Therefore, the hoop stress in this study was
lower than that in the report by Roubin et
al!¥ although the balloon-to-artery ratios were
similar. This explains why coronary dissec-
tion did not increase in the oversized balloon
group. Therefore, the optimal balloon-to-artery
ratio derived from the results of the present
study is limited to lower inflation pressure for

angioplasty.

Conclusions

The present study indicates that the optimal
balloon-to-artery ratio is slightly over 1.0.
This ratio minimizes the extent of residual
stenosis and thus reduces the need for repeated
PTCA without increasing the risk of coronary
dissection. An accurate measurement method
of the coronary arterial dimensions before
angioplasty, such as our hybrid method, is
important in performing PTCA.
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