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Possible Predictors of Target Lesion
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Eluting Stent Implantation
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Background. A small number of patients still need target lesion revascularization) TLRC&fter drug-elut-
ing steril DESCOmplantation. It is important for the management of coronary artery disease to assess the

predictors of TLR after DES implantation.

Methods and Results. Two hundred ninety-seven patients 325I|esionsCivere treated with Cypher™

sirolimus-eluting and/or TAXUS™ paclitaxel-eluting stent implantation at four centers in Japan and Brazil.
Among these centers, 20patients 24|esionsCheeded clinically driven TLR. The clinical and angiographic
characteristics of TLR patients were compared to those of non-TLR patients. Hemodialysis, prior myocar-
dial infarction) MICand prior coronary artery bypass graftingl CABGOvere more frequent in TLR patients
than in non-TLR patients. An ostia stenosis was more frequent in the TLR group than in the non-TLR
groufl 41.7% vs 19.9%, pd 0.01200 In addition, post-procedure in-stent percentage diameter stenosis
0 %DSvas higher in TLR patients 21.9% vs 13.3%, pO 0.002[1 Stepwise logistic regression analysis

indicated that all of these variables were independent predictors of TLR after DES implantation.
Conclusions. Hemodialysis, prior MI, prior CABG, ostia lesion location and high in-stent%DS may be

independent predictors of TLR after DES implantation.
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INTRODUCTION
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proven to reduce restenosis after percutaneous
coronary interventionl PCICand to improve the clin-

Both Cypher™ sirolimus-eluting sterifl SESCand ical outcome in patients with PCI in many clinical
TAXUS™ paclitaxel-eluting sterifl PESChave been trials.**” However, a small number of patients still
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experience restenosis after SES or PES implanta-
tion and require target lesion revascularization

O TLRO Although some factors such as diabetes,
long lesion or small vessel**" are well known to
predict TLR after bare metal sterifl BM SOmplanta-
tion, such predictors after drug-eluting steril DESO
implantation have not yet been clarified. The pur-
pose of this study was to identify possible predic-
tors of TLR after DES implantation and to clarify
their possible significance in the management of
coronary artery disease.

SUBJECTSAND METHODS

Study design

Consecutive patients who had been treated with
SES or PES and who had more than 6 months of
clinical follow-up at the Clinica Cardiologico C.
Costantirid] Curitiba, Brazil Cbetween May 2003 and
June 2004, or at Fukuoka University Hospital,
Fukuoka University Chikushi Hospital and White
Cross Hospital between August 2004 and July
2005, were enrolled in this study. Clinical charac-
teristics, lesion characteristics, interventional pro-
cedure and clinical events were compared between
20 patientd 24 lesions[with TLRI TLR groupCand
277 without TLRI non-TLR groupCin atotal of 297
patientsl 192 SES, 134 PES[with 325 lesions to
evaluate the predictors of TLR after DES implanta-
tion. Patients with acute myocardial infarctionl M1
within 24 hr after the onset were excluded from this
study. Clopidogrel or ticropidine was prescribed for
at least 6 months. Clinical follow-up information
was obtained by telephone contact or by reviewing
hospital records. During follow-up, coronary
angiography was performed only as clinicaly indi-
cated in Brazil and routinely in Japan. TLR was
basically performed when the percentage diameter
stenosisl %D SCof the target lesion was more than
50 and myocardial ischemiawas documented in the
target vessel area by a noninvasive method. Acute
MI was defined by arisein the creatine kinase level
of more than twice the upper normal limit with an
increased creatine kinase-MB or Troponin-T. This
study was approved by the ethics committee of
Fukuoka University Hospital.

The angiographic laboratory at Fukuoka
University Hospital analyzed all procedural and
post-procedural angiographic images using CMS-
GFTI MEDISO The angiographic laboratory was
unaware of the treatment assignment. All measure-
ments were performed on angiographic images

recorded after the intracoronary administration of
nitroglycerin. The target lesion was defined as the
stent and 5mm proximal and distal to the edge of
the stent. Ostial lesions were those that began with-
in 3mm of the major epicardial artery ostium.

Statistical analysis

All statistical analyses were performed using the
SAS] Statistical Analysis SystemOSoftware
Packageél Version 9.1, SAS Institute[at Fukuoka
University. The distribution of variables was exam-
ined by the Shapiro-Wilk test. Differences in cate-
gorical variables between the TLR and non-TLR
groups were examined by the chi-square test.
Differences in continuous variables between the
TLR and non-TLR groups were examined by
analysis of variance and/or the Wilcoxon rank-sum
test. Correlations between variables were examined
by the Spearman correlation. Stepwise multiple
regression analysis was used to examine the inde-
pendent variables that predicted TLR. The signifi-
cance of the variables that predicted TLR after con-
trolling for other related variables was examined by
multivariate logistic regression analysis using
dummy variables. The odds ratio and 95% confi-
dence interval are given. All p values are two-
tailed. The significance level was considered to be
5% unless indicated otherwise.

RESULTS

Clinical and lesion characteristics
The mean follow-up period in al patients was
174.6+ 72.7days. There was no death and @ 0.4%0
MI because of stent thrombosis during this period
O Table 100 Baseline patient characteristics are
shown in Table 2. There were no significant differ-
ences in age or the incidence of male or diabetic
patients between the TLR and non-TLR groups.
The prevalences of prior MI, prior coronary artery
bypass graftingl CABGCand hemodialysis were
higher in the TLR group than in the non-TLR
groupl 60.0% vs 27.5%, pO 0.004, 45.0% vs
18.7%, pOd 0.009, 8.3% vs 0.7%, pO 0.028,
respectivelyl Although lesion length in the TLR
group was greater than that in the non-TLR group,
this difference was not statistically significant.
Ostial stenosis was more frequent in the TLR group
than in the non-TLR group! 41.7% vs 19.9%, pO
0.012; Table 30
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Table 10 Overall clinical events

In hospital After discharge
Follow-up periofl days( 174.6x 72.7
Death 0 0
MI 0 0 0.4%0
TLR PCI 0 201 6.7%0
TLR CABG 0 0.4%0 0
Stent thrombosis 0 0.4%0 0 0.4%0

MI10O myocardia infarction; TLRO target lesion revasculari-
zation; PCI0O percutaneous coronary intervention;
CABGLI coronary artery bypass grafting.

Table 20 Clinical characteristics

TLRgroup Non-TLRgroup pvalue

Ond200 0Or0O2770
Agel yr, meant SDO 65+ 11 63+ 11 NS
Mal&l %0 90 77.8 NS
DN %0 35.0 238 NS
HT %0 85.0 68.7 NS
HL %0 60.0 70.6 NS
UAB %0 25.0 291 NS
Prior MO %0 60.0 275 0.004
Prior CABG %0 45.0 18.7 0.009
HID! %0 8.3 0.7 0.028

DMO diabetes mellitus; HTO hypertension; HLO hyperlip-
idemia; UAPO unstable angina pectoris; HDO hemodialysis.
Other abbreviationsasin Table 1.

Table 30 Lesion characteristics

TLRgroup Non-TLRgroup pyaue

0 n 240 0 nO 3010
Ostial lesionl %0 1.7 19.9 0.012
ISR %0 25.0 21.3 NS
Bifurcationl %0 66.8 48.3 NS
SVG graff] %0 83 2.0 NS
Multivessel diseasgl %] 65.0 62.4 NS
Type B,/ Clesionl %0 875 71.4 NS
Brush grade 8] %[ 66.7 70.0 NS
Lesion lengthl mmO 218+ 136 17.1+ 9.6 NS
Referencel mm0 2.6+ 0.7 2.7+ 0.6 NS
MLD pr& mmQO 1.0+ 0.7 1.0+ 04 NS
%DS prél %0 63.0 62.8 NS

Continuous values are meant SD.

ISRO in-stent restenosis; SV G saphenous vein graft;
MLDUO minimum lumen diameter; %DS[] percentage diameter
stenosis. Other abbreviation asin Table 1.
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Table 40 Procedural results

TLRgroup Non-TLRgroup pvaue
OnO240 0OnO 3010

2.0+ 0.6 NS
25+ 05 0Jo0.01

MLDI insegmentd mm( 1.8+ 0.4
Fina MLDJ instentd mmOJ2.2+ 0.5

Stent%DS finald %0 219 133 0.002
%DS finall %0 26.7 24.2 0o.01
%DS proximal edgél %0  17.1 14.9 NS
%DS distal edgél %0 204 18.7 NS
Stent lengthl mmQO 30.8+ 154 24.0+ 10.0 0.012
Stent/lesion ratio 13+ 04 16+ 0.7 NS

Balloon/artery ratio 156+ 0.38 149+ 0.51 NS

Continuous values are meant SD.
Abbreviationsasin Tables 1, 3.

Table5 Multivariate predictorsof target lesion revas-

cularization
Odds ratil 95% CI0 p value
Prior Ml 3.611.309.10 00.01
Hemodialysis 2.911.008.30 0 0.05
Prior CABG 2.811.107.50 00.05
Ostial location 2.611.106.30 0 0.05
Final %DS§l in stent 3.0 1.208.20 0 0.05

CIO confidence interval. Other abbreviationsasin Tables 1, 3.

Procedural results Table 40J

Stent length was greater in the TLR group than
in the non-TLR group) 30.8+ 15.4 vs 24.0%
10.0mm, pO 0.0120] whereas the stent / lesion
length ratio was not significantly different between
the two groups. After the procedure, in-stent %DS
in the TLR group was higher than that in the non-
TLR groupl 21.9% vs 13.3%, p] 0.002L1 Among 8
TLR lesions with ostial lesion treatment, the ostium
was fully covered by DES in 7 lesions. Eighteen
TLR lesions in Japanese patients were completely
followed by angiographic analysis, which showed
restenosis in 8 focal body lesions, 8 marginal
lesions and 2 multifocal lesions. One of these
patients suffered stent fracture.

Predictorsof TLRI Table 500

Stepwise multiple regression analysis indicated
that hemodialysis, prior MI, prior CABG, ostial
lesion, and post-procedural %DS were independent
predictors of TLR, and these variables were inter-
dependent by multivariate logistic regression analy-
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sis. As shown in Table 5, patients with prior Ml
were associated with about a 3.5-fold higher risk of
TLR compared to those without prior MI.
Hemodiaysis was associated with about a 2.9-fold
higher relativerisk of TLR.

DISCUSSION

Both SES and PES have been shown to drastical-
ly reduce restenosis and TLR after PCI. The extent
of neointimal hyperplasia after SES or PES implan-
tation is known to be different between the two
types of DESs because of the different types of
drugs and polymers. However, the mechanism by
which restenosis is reduced is smilar between the
two DES methods; negative remodeling is prevent-
ed by the metal stent and neointimal hyperplasiais
suppressed by the anti-proliferative agents. Thus,
we anayzed combined SES and PES data to deter-
mine the predictors of TLR. The TLR rate for SES
9 months after PCl was 4.1% in the SIRIUS trial*"
and that for PES was 3.0% in the TAXUS-O trial.*”
In the present study, the TLR rate at 6 months after
DES implantation was 7.4%, which was higher
than in the SIRIUS and TAXUS-O trials. However,
complex clinical and lesion characteristics such as
renal failure, left ventricular dysfunction, small
vessel or long lesions were excluded in both SIR-
IUSand TAXUSIV trias. In contrast, in this study,
we enrolled most patients except those with acute
MI. Thus, the possible reason of higher incidence
of TLR in this study is that patients with complex
clinical and lesion characteristics were included.

Although some factors such as diabetes mellitus,
long lesion, small reference vessel, ostial lesion
location or small final minimum lumen diameter
have been reported to be predictors of TLR after
BMS implantation,*®™ it is unclear whether these
factors can also predict TLR after DES implanta-
tion. In the present study, hemodialysis was identi-
fied as one of the predictors. Stent under-expansion
seems to be more frequent in hemodiaysis than in
non-hemodialysis patients because of the more
intense coronary artery calcification in hemodialy-
sis patients.®*” Two of 14 TLR lesions in patients
with prior CABG were in saphenous vein grafts.
Although it is not clear why restenosis is frequent
in patients with prior CABG or prior MI, one of the
possible reasons is that these patients had more

severe atherosclerosis compared to those without
such conditions. Meanwhile, diabetes mellitus was
not a predictor of TLR which showed intensely
suppressed neointimal hyperplasia with DES. Thus,
a possible mechanism of restenosis may be unfa
vorable stent expansion rather than neointimal
hyperplasia. In fact, smaller final %DS was also a
possible predictor of TLR in our study.

One of the Japanese TLR cases showed stent
fracture at follow-up coronary angiography. Ostial
lesions are known to have high rates of restenosis
after bare metal stent implantation because of the
technical difficulty of accurate stent positioning and
the high elasticity of the ostium: *77 of 8 ostial
lesions with TLR were completely covered by
DES. Stent under-expansion just after the proce-
dure was seen in one patient. Mechanical problems
such as chronic recail rather than neointimal hyper-
plasia might be important in ostial restenosis. DES
with higher radial force might be effective for the
treatment of ostial lesions.

Study limitations

The most important limitation of this study is the
number of patients. Since the incidence of TLR
after DES implantation is low, there is a limitation
with the number of patientsin this study to statisti-
cally identify predictors of TLR after DES implan-
tation. Instead, we observed each patient with TLR
in detail. Another limitation of this study is the
difference in the follow-up methodology :
angiographic follow-up was performed in most
patients in Japan whereas only clinical follow-up
was performed in Brazil. However, the determina-
tion of TLR was also clinically driven in Japan.
The difference in race between the two countries
does not seem to be a big issue for identifying pre-
dictors of TLR because the two groups are thought
to have a similar mechanism of restenosis after
DES implantation.

CONCLUSIONS

Hemodialysis, prior MI, prior CABG, ostial
lesion location and small in-stent%DS are possible
predictors of TLR after DES implantation. A possi-
ble mechanism of restenosis could be unfavorable
stent expansion.
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