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Objectives. The indications for concurrent intervention for stenosis of a side branch during the treatment
for stenosis of the main vessel were investigated using quantitative coronary angiography.

Methods. The retrospective study included 451 patients treated for a stenotic main vessel incorporating a
side branch, who underwent follow-up angiography within 6 months. Patients were divided into Group[
with the side branch treated by coronary angioplasty, and Group 0 with the side branch left untreated.
Quantitative coronary angiography was used to measure the minimum luminal diametér) MLDCand per-
centage diameter stenosi§ %D S of the main vessel and the side branch.

Results. The MLD of the side branch after treatment was larger in Group[1] 1.4+ 0.1mm[than in
Group[1J 0.7+ 0.1mm(] and the %DS of the side branch after treatment was smaller in Group[T] 34+
3%l[than in Group[1] 63+ 2%![]. These differences decreased at follow-up to 1.1+ 0.1mm, 48+ 2% in
Group[J ; 0.9+ 0.04 mm, 46+ 2% in Group[l , respectively. The MLD and %DS of the side branch at
follow-up in GroupsO and[] were affected by the presence of main vessel restenosi§ Restenosisl O [:
0.9+ 0.1mm, 57+ 4%; restenosigl [0 0: 1.2+ 0.1mml p0 0.0500 43+ 3% pO 0.0500n Group ;
Restenosi&l [0 [0: 0.9+ 0.1mm, 51+ 8%; restenosi8l 0 (J: 1.0+ 0.1mm, 44+ 3% in GroupO [
Multivariate analysis showed that %DS of the main vessel at follow-up was the only powerful predictor of
restenosis of the side branchl pd 0.0249, odds ratiod 1.031, confidence interval O 1.0040 1.059(0n
Groups and[ .

Conclusions. Restenosis of the main vessel rather than the initial outcome of the side branch is the

major influence on restenosis of the side branch.
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INTRODUCTION

Stenotic lesions which incorporate side branches
are often difficult to treat by coronary angioplasty,
and the results are frequently suboptimal, as dila-
tion of the main lesions may damage the ostium of
the side branch as a result of plague movement or

EAnNgiography
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EAnNgioplasty HRestenosis

dissection'”. Coronary angioplasty also carries a
high risk of side branch occlusion®°", so side
branch protection by wire placement and a* kiss-
ing” balloon technique are required®’™. In addition,
the ostium of the side branch frequently undergoes
marked elastic recoil after angioplasty*®”, so the
medium-term outcome is less satisfactory com-
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pared to that of stenotic lesions without side
branches®®-,

Treatment of major stenoses associated with
stenosis of a side branch by directional atherectomy
improves the immediate outcome compared to only
balloon dilation, but the incidence of restenosis
remains high®”. The use of coronary stents also
improves the outcome of such lesions, but this pro-
cedure is technically challenging and carries a high
risk of compromising the branch'". Therefore,
treatment planning for a stenosis of a major vessel
must also consider the effect on the side branch.

Treatment of a side branch imposes limitations
on the procedures used for the main lesion. Various
techniques®“and new devices have been tried®™ "
but none have achieved optimal initial and late
effects, and the influence of the immediate effects
on the late effects in the side branch remain
unknown.

The present retrospective study examined the
early and late outcomes in patients with stenotic
lesions in a major vessel associated with a side
branch treated by coronary angioplasty to evaluate
whether concurrent intervention for side branch
lesions during the procedure for the main lesion is
effective using quantitative coronary angiography

0 QCAO

SUBJECTSAND METHODS

Patients

This retrospective study included 451 consecu-
tive patients admitted to our ingtitution for percuta-
neous coronary intervention because of stable angi-
na pectoris, unstable angina pectoris or acute
myocardial infarction.

The patients were treated by coronary angioplas-
ty, using plain old balloon angioplasty, stent
implantation, or directional coronary angioplasty.
The main lesion was contiguous to the side branch,
and was located in the angle of the bifurcationin al
patients. All patients underwent QCA evaluation
before and after angioplasty and at follow-up exam-
ination within 6 months was performed at the Keio
University School of Medicine between August
1995 and January 1999.

A significant lesion was defined as a stenosis
greater than 75% according to the American
College of Cardiology/American Heart Association

O ACC/AHATtlassification. Group O consisted of
85 patients who underwent coronary angioplasty
for significant lesions in the ostium of a side branch

before treatment of the main lesion, or had newly
developed significant lesions during the procedure.
Groupd consisted of 142 patients who received no
treatment for significant lesions in the ostium of a
side branch regardless of whether the lesions were
present before treatment or were newly developed
during the procedure. Group O consisted of patients
who had no significant side branch lesions before
or throughout the procedures, and had QCA para-
meters of the main lesion before the procedure
matching those of the other two groups. Group O

acted as a control.

Angioplasty procedure
Coronary angioplasty was performed according
to the standard technique via the femoral approach.
All patients received aspirinl 81 mg daily(from the
day before the procedure and continued for 6
months. Patients who underwent stent implantation
received ticlopiding 100mg twice dailytontinued
for 1 month after the procedure. During the proce-
dure, all patients received a bolus of heparin
00 10,0001U0 followed by an additional bolus if
necessary. The double wire technique was used to
treat the bifurcation lesion, and either the kissing
balloon technique or sequential balloon technique
was performed in GroupO . Patients who under-
went stent implantation for side branch lesions
were excluded. Cases in which the side branch was
finally occluded without hemodynamic abnormality
were included in this study.

Angiographic analysis

Quantitative coronary angiography analysis of
the main lesion was performed by an experienced
angiographer not involved in the treatment, using
an automated edge detection algorithril QCA-CMS
system version 3.0, MEDIS; LeidenCand a con-
trast-filled catheter as the calibration standard. The
reference diameter and the minimum lumen diame-
terl MLDLof the main lesion were measured, and
the percentage diameter stenosild %D S[was calcu-
lated at each evaluation point. Two angiographers
performed QCA analysis of the side branch, to
avoid measurement bias. The same indices for the
side branch as mentioned above were measured and
calculated by each angiographer, and the mean val-
ues were used. The reference diameter of the side
branch was measured at a sitel] 10mm from the
ostium which was considered not to be involved in
the stenotic lesion.
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Table 10 Clinical characteristics of the patients

GroupO O GroupO O Group O
OnO8500 Ond1420 0 Ond22400
Sekl male/femalel] O 75/100 125/17 O 193/31 O
Agél yr, meant SEO O 64+ 1 O 63+ 1 0O 61+ 1 O
Risk factor(J | O g
Hypertension 30 360 O 58 410 O 761 340 O
Hyperlipidemiall 28270 0 541 38[F [ 62 28[1 O
Diabetes mellitusC] 12000 281160 O 32140 0
Smokingd 381390 O 541 380 O 70320 O
Target vessel [l O O ad
Left anterior descending arteryd 60 710 O 86 6101 O 140 630 O
Left circumflex artery( 1812100 171120 0 30170 0
Right coronary artery 80 d 3 27[F 48] 207

217

oo %d

Group : With side branch treated by coronary angioplasty. Groupl] : With side branch left untreated. O

GroupO : No significant side branch lesions.(]
“p0 0.05 vs Group , “pd 0.05 vs Group .

Coronary angiography was repeated within 6
months of the treatment to evaluate the occurrence
of restenosis of the main lesion. If the patient
became symptomatic, coronary angiography was
performed at less than 6 months, and the measure-
ments were included in this analysis. Restenosis of
the main vessel was defined as(J 50%DS in the
treated segment at follow-up angiography.
Restenosis of the side branch was defined as
0 60%DS in the treated segment at follow-up
angiography, because the differences in QCA mea-
surements by the two angiographers were mini-
mized by this definition.

Statistical analysis

The chi-squared test and Fischer’s exact test
were used for analysis of categorical variables if
appropriate, and one-way ANOVA and post hoc
tests were used for analysis of continuous variables
between the three groups. The unpaired t-test was
used to compare the quantitative data between two
groups. Differences were considered statistically
significant if pd 0.05. Univariate and multivariate
logistic regression analyses were used to determine
predictors of side branch restenosis. Univariate pre-
dictors with pd 0.2 were entered into the multi-
variate model. Independent predictors of side
branch restenosis and 95% confidence interval were
calculated. Baseline clinical characteristics, sex,
age, target vessel and risk factors were included.
Reference diameter, MLD and %DS of the main
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vessel, and reference diameter, MLD and %DS of
the side branch, both before and after the procedure
and at follow-up examination, were included in the
model.

RESULTS

Characteristics of patientsand lesions

The clinical characteristics of the patients are
shown in Table 1. There were significantly more
patients with hyperlipidemia in Group] compared
to Groupsd andd . The main lesion was located
more often in the right coronary artery in Groups[
and[ .

Baseline angiogr aphic characteristics

The baseline angiographic characteristics of the
main lesion were similar in all groups Table 2[1
The reference diameter of the side branch was sig-
nificantly larger in Groupd than in GroupsO and
O . Predictably, MLD was significantly smaller in
Groups andO than in Group . Similarly, %DS
was significantly larger in Groups] andd than in
Group [ .

Quantitative coronary angiography of side
branches
The MLD of the side branch was similar before
treatment in Groups and , but became signifi-
cantly greater after treatmenil 1.4+ 0.1 mm[in
GroupOd compared to Groupd 0.7+ 0.1mm[
O pO 0.0500 However, athough MLD at follow-up
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Table 200 Baseline angiogr aphic characteristics

GroupO O Group O Groupd O
OnO8500 On0O 1420 O 0 n0O 2240 0
Main lesion] O d
Reference diametef] mmO O 2.6+ 0.10 2.6+ 0.10 2.6+ 0.10
Minimum luminal diametef] mmQO O 0.5+ 0.10 0.5+ 0.030 0.5+ 0.030
Percentage diameter stenosi§] %0 O 79+ 2 0O 80+ 1 O 81+ 1 [
Side branchO O ad
Reference diametet] mmQd O 2.1+ 0.1°0 1.7+ 0.10 1.7+ 0.040
Minimum luminal diametef] mmO O 0.8+ 0.10 0.9+ 0.030 14+ 0.1°0
Percentage diameter stenosi§l %] 58+ 3 44+ 290 18+ 1

Vauesare meant SE.[J

“p0 0.05 vs Groupsd andd , “p0 0.05 vs GroupsU and , ““ pd 0.05 vs Group .00

Explanation of the groupsasin Table 1.

(mm) (o) ¢ Groupl ) . L )
i 4 Group II Fig.1 Comparison of minimum luminal
2.07 100 a G I diameter of the side branch before
+ roup and after treatment, and at follow-up
O O

t
1.07 50 7
b4

O lefttand comparison of the percent-
age diameter stenosis of the side
branch before and after treatment,
and at follow-up! rightO
Pp0 0.05 vs Groupsd andO, " pd 0.05

g g—% vs Groupd , * pd 0.05 vs Group .
MLD O minimum luminal diameter ;
0 : 0 %DS [ percentage diameter stenosis;
Pre Post Follow-up Pre Post Follow-up Prel] before procedure; Post after proce-
dure. Explanation of the groups as in Table
MLD %DS 1

was still larger in Group[TJ 1.1+ 0.1mm[than in
Group[1 0.9+ 0.04mm0O pO 0.050 there was a
significant late loss in Group[ , so the difference
between the two groups clearly decreasedl Fig. 10

left(] The %DS of the side branch before treatment
was significantly greater in Group 1] 58+ 3%l[]
compared to Group (1] 44+ 2%[ pO 0.0500 and
but became significantly smaller after treatment in
Group ] 34+ 3%[tompared to Group 11 63+

2%[ pO 0.0500 However, the difference in %DS
between Groups[l] 48+ 2%[and[1] 46+ 2%[
had disappeared at follow-up angiography! Fig. 10

right]

Relationship between outcomes of the main ves-
sel and side branch

The MLD of the side branch after the procedure
had significantly increased compared to the MLD
before the procedure in GroupO , regardless of
restenosis of the main lesiofnl without restenosis,

before: 0.8+ 0.1mm, after: 1.4+ 0.1mm; with
restenosis, before: 0.9+ 0.1mm, after: 1.4+
0.1mm0O both pO 0.0500 However, the MLD of
the side branch was significantly greater at follow-
up angiography in the absence of restenosis of the
main lesiofnl without restenosis, 1.2+ 0.1mm;
with restenosis, 0.9+ 0.1mm{0 pO 0.050.
Moreover, there was no difference in MLD of the
side branch between before the procedure and at
follow-up angiography in the presence of restenosis
O Fig. 20 left]

The %DS of the side branch similarly increased
after the procedurél without restenosis, before:
58+ 4%, after: 33+ 4%; with restenosis, before:
59+ 4%, after: 35+ 5%0 both pO 0.0500 The
%DS of the side branch at follow-up angiography
was greater in the presence of restenosis of the
main vessdll 57+ 4%l[] compared to absence of
restenosisl 43+ 3%0 pO 0.0500 The %DS of the
side branch did not differ between before the proce-
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Fig. 2 Relationship between restenosis of the
main vessel and the side branch, and
the minimum luminal diameter in
Group OO leftdand relationship
between restenosis of the main vessel
and the side branch, and the percent-
age diameter stenosisin GroupO

O rightO

Pre Post

MLD

Follow-up Pre Post
%DS

4 main lesion restenosis (+)

Group IT , main lesion restenosis (- )

(mm) (%)

2.07 100 ]

1.0 ‘w 50 1 §

§ pO 0.05 vs main lesion restenosis.
Explanation of the group and abbreviations
asinTable1, Fig. 1.

Follow-up

Fig. 3 Relationship between restenosis of the
main vessel and the side branch, and
the minimum luminal diameter in
Group OO leftdand relationship
between restenosis of the main vessel
and the side branch, and the percent-
age diameter stenosisin GroupO

O rightO

0

Pre Post Follow-up Pre Post

MLD

dure and at follow-up angiography in the presence
of restenosidl Fig. 20 right

The MLD of the side branch was greater after the
procedure in the absence of restenosis than in the
presence of restenosiBl without stenosis, after:
0.8+ 0.1mm; with restenosis, after: 0.5+
0.1mmd pO 0.0500 The difference was not signifi-
cant at follow-up angiograph{l without restenosis,
1.0+ 0.1mm; with restenosis, 0.9+ 0.1mm; Fig.
30 leftl] The %DS of the side branch was smaller
in the absence of restenosis without restenosis,
after: 59+ 3%; with restenosis, after: 69+ 4%l
The difference was not significant at follow-up
angiography] without restenosis, 44+ 3%; with
restenosis, 51+ 4%; Fig. 30 rightd

Effect of main vessel variables on restenosis of
the side branch
The baseline characteristics were not significant-
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%DS

$ pO 0.05 vs main vessel restenosis.
Explanation of the group and abbreviations
asin Tablel, Fig. 1.

Follow-up

ly different in Groupsd and0 between popula-
tions with and without side branch restenosisl data
not shownl Univariate analysis showed that both
the MLD and %DS of the main vessel at follow-up
angiography were significantly correlated with
restenosis of the side branchl pO 0.05; Table 301

Effect of side branch variableson restenosis
Statistical analysis showed that both the MLD
and %DS of the side branch after the procedure in
GroupsO and O significantly differed between
populations with and without side branch restenosis
O pO 0.050 The reference diameter of the side
branch after the procedure also tended to differ
between populations with and without side branch
restenosis, athough the difference was not signifi-
caril Table 401
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Table 30 Univariate analysis of predictive factorsfor restenosis of the side branchl 10 O

Groupsd and(] O

Original lesion

New lesion

Restenosis of side branchO o000 oooog

vieg 0OO0O DODOD W 0000 0000 O -
0 n0 101000 1260 1 ’ 0 n0 620 0 0 740 0P 0 n0 360 O nO 550 0P
Parameters of main lesion] o O 5 O o - o o 5
Pre R mmO O 2.6+ 010 2.7+ 010 03840 2.3+ 010 2.8+ 010 00070 3.1+ 0.20 2.6+ 0.10 0.0480
Post RN mmO O 3.1+ 010 3.0+ 010 06000 2.9+ 010 3.1+ 010 06210 3.3+ 0.20 2.9+ 0.10 0.1160
Follow-up R mmO O 2.7+ 0.10 2.8+ 0.10 06370 2.6+ 0.10 2.8+ 0.10 0.3540 2.8+ 0.20 2.7+ 0.10 0.6500
Pre MLID mmO O 0.6+ 010 0.6+ 010 09700 0.6+ 0.10 05+ 0.10 0.6750 0.5+ 0.10 0.6+ 0.10 0.5180
Post ML mmO O 2.7+ 0.10 2.9+ 020 06160 25+ 020 2.7+ 010 02870 3.1+ 0.30 3.0+ 0.40 0.0850
Follow-up ML mmO @.4+ 0.20 1.8+ 0.10 00280 1.4+ 0.20 1.8+ 0.10 0.0720 1.4+ 0.30 1.8+ 0.10 0.2140
Pre %DS %0 O 78+ 30 80+ 20 04810 76+3 0 8lt20 01560 82+ 40 77+2 0 03160
Post %DS %0 O 13+30 1120 05300 15t 40 11+ 2 0O 0.2950 9+ 40 12+ 3 0 0.6080
Follow-up %DS %0 0 48+ 4 35+ 3 0.007 47+ 5 36+ 3 0.066 51+ 8 33t 4 0042
Vaues are meant SE.[
RDO reference diameter. Explanation of the groups and other abbreviationsasin Table 1, Fig. 1.
Table 4 Univariate analysis of predictive factorsfor restenosis of the side branchl 2001
Groupsd and] O Original lesion New lesion
Restenosisof sidebranch g g pooo in Dooo oooo 0 Dooo oogo 0
0 n0 101000 1260 1V ﬂueu 0 n0 620 O no 740 0PV m“em 0'n0 360 0 nO 550 0P ﬂ”em
Parameters of side branch(] o O a O o 5 u o 5
PCIO 52/490 54/720 0.1570 32300 32420 0.2710 15210  22/330  0.9290
Pre R mmO O 2.1+ 010 2.1+ 010 05940 2.1+ 010 2.3+ 010 04760 2.0+ 0.10 2.0+ 0.10 0.6700
Post RN mmO O 1.9+ 010 2.1+ 010 0.1420 2.0t 010 2.1+ 010 02850 1.9+ 0.10 2.0+ 0.10 0.2640
PreMLID mmO O 0.9+ 010 0.9+ 010 07390 0.7+ 010 0.6+ 0.10 04250 1.4+ 0.10 1.4+ 0.10 0.9430
PostMLDNmmO O 0.9+ 010 1.3+ 010 00110 09+ 0.10 1.4+ 010 00020 1.0+ 0.20 1.0+ 0.10 0.9420
Pre %DS %0 O 56+ 30 5620 09870 68+ 20 70+2 0 04530 32+ 4 [0 28+ 3 0 04340
Post %DS %0 53t 4 41+ 3 0.024 55+ 5 34+ 3 0001 48t 9 55:4  0.488

Continuous values are meant SE.[J

PCIO percutaneous coronary intervention. Explanation of the groups and other abbreviationsasin Tables 1, 3, Fig. 1.

Multivariate analysis
Multivariate analysis of the significant univariate
variables showed that follow-up %DS of the main
lesion was the only independent factor affecting the
restenosis of the side branch in all groups, with the
cut-off value of side branch restenosis set at 60%
O pO 0.0249, odds ratiod 1.031, confidence inter-
val [0 1.0040 1.059; Table 500

Subgroup analysis

The patients were sub-divided into two groups
according to the timing of side branch lesion devel-
opment. Patients in the original lesion group had
preexisting lesions in the ostium of the side branch
before the treatment of the main lesion. Patients in

the new lesion group had newly developed lesions
in the side branch during the procedure for the main
lesion. Both univariate and multivariate analyses
were performed to examine the effect on restenosis
of the side branch. The baseline characteristics in
these groups did not differ between populations
with and without side branch restenosis data not
shownl Univariate analysis showed that reference
diameter of the main lesion before the procedure,
and MLD and %DS of the side branch were signifi-
cantly associated with restenosis of the side branch
in the original lesion groupl p 0.0500 Reference
diameter before the procedure and %DS at follow-
up angiography of the main lesion were significant-
ly associated with restenosis in the new lesion

J Cardiol 2003 May; 40 501 215-224
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Table 50 Multivariate logistic regression analysis of predictive factors for restenosis of the side

branch

Groups andd O

Oddsratio Confidence interval p value
Follow-up %DS of main lesion( 1.0310 1.00401.059 O 0.02490
PCIC 0.4750 0.2230 1.01200 0.05380
Post RD of main lesion( 1.7750 0.9390 3.3560J 0.07730
Post MLD of side branch 0.6780 0.24101.9110 0.46230
Follow-up MLD of main lesion( 1.29500 0.55800 3.0070 0.54710
Post %DS of side branch(J 1.0050 0.98100 1.0300 0.68140
Original lesiond ad g g
Follow-up %DS of main lesionO 4.3150 2.73807.49 O 0.00580
Post RD of main lesion( 1.7390 0.98200 2.2580J 0.18710
Post %DS of main lesiond 1.0130 0.0270 0.0280 0.34800
Pre MLD of side branch( 2.49401 2.087012.7940 0.34840
Pre RD of side branchO 1.4420 0.63500 1.1330 0.65580
Post MLD of side branchd 0.73601 0.50801.64 O 0.78740
Follow-up RD of main lesiond 1.2050 0.6590 1.4520] 0.895701
Post %DS of side branch( 1.0190 0.0280 0.0290 0.895701
New lesiond d g O
Follow-up %DS of main lesion( 2.9470 1.8320 4.8410 0.03810
Post %DS of main lesion 0.9770 0.0250 0.0260 0.31620
Pre %DS of side branch 1.015 0.02500 0.026 0.5372

Explanation of the groups and abbreviationsasin Tables 1, 3, 4, Fig. 1.

groupl pO 0.05[1 However, multivariate analysis
showed that %DS at follow-up angiography of the
main lesion was the only independent factor affect-
ing the restenosis of the side branch in GroupsO

and[J .

DISCUSSION

The present study showed that the MLD of the
side branch was significantly larger after the proce-
dure and at follow-up in Group , in which the
side branch was treated by coronary angioplasty,
compared to Group , in which the side branch
was not treated. However, the difference in MLD
between the two groups was clearly decreased at
follow-up. Moreover, there was no difference in
%DS between the two groups at follow-up. These
findings indicate that the initial outcome for the
side branch does not reflect the possibility of late
restenosis. The late outcome of the side branch is
not affected by the perfusion status or the presence
of an ostial stenosis immediately after the proce-
dure?™.

This study also found that restenosis of the main
vessel was associated with unfavorable outcome for

J Cardiol 2003 May; 40 5[1 215-224

the side branch. This finding suggests the possibili-
ty of restenosis in the main vessel directly affects
the likelihood of restenosis in the side branch, espe-
cially if the side branch was treated during the pro-
cedure for the main lesion. Univariate analysis
showed that %DS of the main vessd at follow-up,
and both MLD and %DS of the side branch after
the procedure were significant predictors of
restenosis of the side branch. However, the multi-
variate model indicated that %DS of the main
lesion at follow-up, and not %DS of the side branch
immediately after the procedure, was the only pow-
erful predictor of late results of the side branch.
Accordingly, the restenosis of the side branch
depends on the occurrence of restenosis of the main
vessel. The analysis of the two subgroups, contain-
ing original lesions existing at the ostium of the
side branch prior to procedures for the main vessel,
and newly developed side branch lesions during the
procedures, also showed that %DS of the main
lesion at follow-up was the only powerful predictor
of restenosis of the side branch in both groups.

A previous study found that despite the associa-
tion between restenosis of the main lesion and the
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side branch, reference diameter of the side branch
before the procedure was the only predictor of
restenosis of the side branch®". This finding is not
consistent with our results. There are some possible
reasons for this inconsistency, such as differences
in the study population, reference diameter of the
side branch before the procedure, treatment for the
main vessel, and absence of treatment for the side
branch in the previous study.

The exact mechanisms governing the flow in the
side branches after treatment for stenosis of the
main vessel remain unknown, but plausible expla-
nations include the following: Remodeling of the
plague geometry at the ostium of the side branch by
the increased flow in the main vessel, and reversa
of acute coronary spasm of the side branch.
Therefore, the patency of the side branch should be
maintained in most cases even in the presence of
any stenosis of the side branch after the treatment.

This study indicated that the initial results of
coronary angioplasty for side branch lesions did not
reflect the possibility of restenosis, so a different
approach or strategy from that for the main vessel
should not be chosen for the simultaneous treat-
ment of side branch lesions. Adequate therapy for
the main vessel should avoid restenosis of both the
main vessel and the side branch.

CONCLUSIONS

We conclude that if intervention for stenosis of a
side branch is considered during a procedure to
treat stenosis in a main vessel, whether the side
branch stenosis was previously present or newly
developed, treatment for the main vessel must
receive priority for optimal prevention of resteno-
Sis.

Study limitations
This study was non-randomized, retrospective
and included a small population, so extension of

gooog
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the present findings to the general clinical popula
tion requires caution. The study was non-random-
ized, so there was bias in selecting cases and the
devices used to treat side branches and main ves-
sels. In addition, this study has severa other limita-
tions.

Firstly, the reference diameter of the side branch
before the procedure tended to be small compared
to that of the main vessel. However, the present
study focused not on true bifurcation lesions, but
on main vessels with side branches. Multivariate
logistic regression analysis showed that restenosis
of the side branch was more strongly affected by
the %DS of the main vessel at follow-up, compared
to the reference diameter of the side branch before
the procedure.

Secondly, the reference diameter of the side
branch at baseline differed between the three
groups. Accordingly, the side branch restenoses
that were not dilated could have been smaller, so
the surgeon did not attempt dilation. Although we
could not completely exclude this bias, multivariate
logistic regression analysis suggested that the refer-
ence diameter of the side branch before the proce-
dure did not influence the restenosis of the side
branch.

Thirdly, we did not perform analysis according
to the device used to treat the side branch and the
main lesion. Treatment of the main vessel with a
stent generally resulted in worse initial and late out-
comes for the side branch compared to other proce-
dures for the main lesion. Debulking of the main
lesion seemed to give a superior outcome for the
side branch. Although the results are not presented
here, we confirmed that the same relationship held
between the main vessel and the side branch in only
patients who underwent stent implantation for
stenosis of the main vessel.

A larger, prospective, randomized study is
required to provide more accurate information.
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