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andomized comparison of debulking followed by
tenting versus stenting alone for ostial left anterior
escending artery stenosis: Intravascular
ltrasound guidance

oung-Hak Kim, MD,a Myeong-Ki Hong, MD, PhD,a Seung-Whan Lee, MD,a Cheol Whan Lee, MD, PhD,a

i Hoon Han, MD, PhD,a Jae-Joong Kim, MD, PhD,a Seung-Wook Park, MD, PhD, FACC,a

ary S. Mintz, MD, FACC,b and Seung-Jung Park, MD, PhD, FACCa Seoul, Korea, and New York, NY

ackground Although directional coronary atherectomy (DCA) before stenting has the advantage of combining
ubstantial removal of atheromatous plaque and prevention of elastic recoil, there has been no randomized study to inves-
igate its efficacy in ostial left anterior descending artery (LAD) lesions. This study was aimed to evaluate the effect of DCA
ollowed by stenting on ostial LAD stenosis under the guidance of intravascular ultrasound (IVUS).

ethods Eighty-six patients with ostial LAD stenoses were randomly assigned to DCA followed by stenting (group I)
r stenting alone (group II). Aggressive DCA or optimal stenting was performed in both groups under the guidance of

VUS. The primary end point was angiographic restenosis at 6 months.

esults Baseline clinical and angiographic characteristics were similar between the 2 groups. The postprocedural
inimal lumen diameter was larger in group I than group II (4.0 � 0.4 mm vs. 3.5 � 0.5 mm, P � .001). However, the
ngiographic restenosis rates were not significantly different between the 2 groups (9/32 [28.1%] in group I vs. 11/30
36.7%] in group II, P � .472). The postprocedural IVUS stent area was the only independent determinant of restenosis
y multivariate analysis (odds ratio .61, 95% CI 0.41–0.92, P � .018).

onclusions DCA followed by stenting achieved greater lumen gain than stenting alone for ostial LAD stenosis.

owever, DCA did not improve angiographic restenosis. (Am Heart J 2004;148:663–9.)
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Ostial left anterior descending artery (LAD) lesions
ose a special problem for percutaneous coronary in-
ervention since treating ostial LAD lesions can com-
romise the left circumflex (because of plaque shift-

ng), and suboptimal results are common due to lesion
igidity and elastic recoil.1,2 Directional coronary
therectomy (DCA) has unique advantages in treating
stial coronary lesions because it removes atheroma-
ous plaque, limiting both elastic recoil and plaque
hifting. Previous trials suggested that aggressive
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laque removal by sequential DCA might lead to fur-
her reduction of restenosis rate.3–7 In addition, DCA
ollowed by coronary stenting has been regarded as
aving a synergistic benefit combining removal of ath-
romatous plaque and prevention of elastic recoil and
emodeling.8–10 Recently, 1 observational study
howed the safety and efficacy of DCA followed by
tenting for ostial LAD stenoses.11 However, there has
een no randomized comparison of the effect of de-
ulking and stenting versus stenting alone for ostial
AD stenosis.
Intravascular ultrasound (IVUS) may result in more

ggressive and effective debulking because IVUS is the
nly currently available in vivo method to evaluate
laque distribution and the extent of the disease.6,7,10

oreover, coronary imaging by IVUS allows measure-
ent of true vessel size and vascular remodeling and
ight provide data predicting long-term outcome.12–20

his prospective randomized study used quantitative
oronary angiography (QCA) and IVUS to evaluate the
ffect of IVUS-guided DCA followed by stenting on

stial LAD stenosis.
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ethods
tudy design
This was a randomized study conducted in a single

enter between March 2000 and March 2003. The
opulation consisted of 86 patients with angina pecto-
is, objective evidence of anterior myocardial ischemia,
nd de novo atherosclerotic ostial LAD lesions that
ere suitable for stenting and DCA. All of the patients
ith lesions located within 3 mm of the LAD ostium
ith diameter stenosis �75%, length �15mm, and ref-

rence vessel diameter �2.5mm were included. Exclu-
ion criteria were contraindication to antiplatelet
gents, acute myocardial infarction, stroke within the
revious 3 months, peripheral vascular disease pre-
luding use of a 10F femoral sheath, left ventricular
ysfunction (ejection fraction �40%), previous percu-
aneous or surgical myocardial revascularization proce-
ures, heavily calcified lesions, involvement of the left
ain coronary artery or the ostium of the left circum-

ex artery, or chronic total occlusion. After online
CA, patients were randomly assigned either to DCA

ollowed by stenting (group I) or stenting alone (group
I). All participants gave informed consent, and the
tudy protocol was approved by the institutional re-
iew board.

CA or stenting procedures
In group I, DCA was performed using the 7F-compat-

ble Atherocath GTO system (Guidant, Temecula, Calif)
n a standard clinical manner. Preprocedural IVUS in-
ormation was used for window orientation. Multiple
uts were obtained using gradually increasing balloon
ressures to achieve optimal DCA. The goal of angio-
raphic optimal DCA was �20% angiographic residual
tenosis by visual estimation.3,5,10 After achievement of
ptimal DCA, IVUS was repeated to evaluate the resid-
al plaque burden. If the residual plaque burden was
50% as assessed by IVUS, DCA was repeated in a
ore aggressive manner based on IVUS information.
hen the residual plaque burden reached �50% or

he operator felt that further debulking could not be
one despite significant residual plaque, the DCA pro-
edure was stopped.
After predilation or DCA (determined by randomiza-

ion), slotted-tube stents were implanted in the stan-
ard manner as previously described.21 Various types
f stents were used at the operator’s discretion. High-
ressure balloon dilatation was routinely used to
chieve a residual stenosis �20% by visual estimation.
VUS was also performed after stenting to evaluate the
tent optimization in both groups.
During the procedure, patients received a 10,000 U

olus of heparin with a repeat bolus of 5000 U to
aintain the activated clotting time �250 seconds.

fter stenting, patients were treated with aspirin (200 t
g once a day, indefinitely) and ticlopidine (250 mg
wice a day for 1 month) or clopidogrel (75 mg once a
ay for 1 month). Abciximab was not routinely used.

VUS imaging protocol
A postintervention IVUS study was performed after

ntracoronary administration of 0.2 mg nitroglycerin.
he ultrasound catheter was advanced approximately
0 mm beyond the target lesion, and an imaging run
as performed from beyond the target lesion to the

orto-ostial junction. Studies were performed with a
ommercially available system (Boston Scientific Cor-
oration/Cardiovascular Imaging System Inc, San Jose,
alif) that used a 30-MHz transducer within a 3.2F
hort monorail imaging sheath with automatic pull-
ack device (0.5mm/s). Ultrasound studies were re-
orded on 1/2-inch high-resolution S-VHS tape for off-
ine analysis.

CA analysis
Coronary angiography was performed after the ad-
inistration of 0.2 mg intracoronary nitroglycerin. Cor-

nary angiographic results were analyzed by 2 experi-
nced angiographers not involved in the stenting
rocedure. Using the guiding catheter for magnifica-
ion calibration and an on-line QCA system (ANCOR
2.0, Siemens, Solna, Sweden), minimal lumen diame-

er and reference vessel diameter were measured be-
ore and after intervention and at follow-up from dia-
tolic frames in single, matched views showing the
mallest lumen diameter. Significant stent jail of the
eft circumflex artery ostium was defined as stent cov-
rage �50%. Angiographic restenosis was defined as a
iameter stenosis of �50% at follow-up.

uantitative IVUS analysis
Quantitative IVUS analysis was performed in lesions

or which adequate serial images were obtained before
rocedure, after DCA, and after stenting. Validation of
ross-sectional area (CSA) measurements of external
lastic membrane (EEM), lumen, and plaque and media
P&M) by IVUS have been reported previously.12,13

he EEM CSA (representing total arterial CSA) and lu-
en CSA were measured by tracing the leading edge

f the adventitia and the intima/plaque, respectively.
he P&M CSA was calculated as EEM � lumen CSA.
he plaque burden (%) was measured as 100 � (P&M

EEM CSA). The target lesion and distal reference
egment were assessed quantitatively. The preinterven-
ion lesion site was the image slice with the smallest
umen CSA. Among image slices with the same mini-

um lumen CSA, the one with the largest plaque bur-
en was measured. The distal reference segment was
he most normal-looking segment within 5 mm distal

o the lesion. The EEM, stent, and lumen CSA were
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easured with a commercially available program for
omputerized planimetry.

linical and angiographic follow-up
All patients were evaluated clinically by office visit

r telephone interview at 1, 3, and 6 months and then
very 4 months after stenting. Repeat coronary angiog-
aphy was performed at 6 months after stenting or
arlier if clinically indicated. Inhospital events includ-
ng death, myocardial infarction, and repeat revascular-
zation of the target lesion were evaluated. The pri-

ary end point was angiographic evidence of
estenosis. Secondary end points were the occurrence
f any major cardiac event (death, myocardial infarc-
ion, and target lesion revascularization) during the
ollow-up period.

tatistical analysis
The study was powered to detect a 25% difference

n the angiographic restenosis rate (� of .05 and 	 of
80), with a minimum of 86 patients (angiographic fol-
ow-up rate 80%). Analysis was made on an intention-
o-treat basis. Data are expressed as a mean � SD for
ontinuous variables and as frequencies for categorical
ariables. Differences between groups were assessed
y 
2 statistics for categorical variables and Student t
est for continuous variables. Logistic multivariate re-
ression analysis was performed to identify indepen-
ent determinants of angiographic restenosis. The mul-
ivariate analysis included age, sex, and the variables
hat had a P value �.10 by the univariate analysis. A P
alue �.05 was considered statistically significant.

esults
aseline patient and lesion characteristics
Baseline patient demographic and clinical data are

hown in Table I. No significant differences between
he 2 groups with regard to patient characteristics
ere observed. Lesion length, reference vessel dimen-

ion, and preintervention minimal lumen diameter
ere similar between the 2 groups (Table II).

rocedural data and inhospital clinical outcomes
There was no significant difference in procedural

ata between the 2 groups (Table II). Glycoprotein
Ib/IIIa inhibitor was not used in any patient. The max-
mal pressure used in the balloon dilatation of the DCA
atheter in group I was 3.4 � 0.7 atm (range, 2–6).
rocedural success rates were 100% in both groups.
ostprocedural CK-MB elevation �3 times normal oc-
urred in 3 patients (7.1%) in group I and 2 patients
4.5%) in group II (P � .607). Inhospital events includ-
ng stent thrombosis, Q-wave myocardial infarction,
mergency bypass surgery, or death did not occur in

ny patient. o
CA and IVUS data
Quantitative angiographic data are listed in Table II

nd cumulative frequency distribution curves of the
inimal lumen diameter in Figure 1. The postproce-

ural minimal lumen diameter was larger in group I
han group II (4.0 � 0.4mm vs 3.5 � 0.5mm, P �
001), and acute lumen gain was also greater in group
than group II (2.8 � 0.5 mm vs 2.5 � 0.7mm, P �

007). Significant stent jail of the left circumflex artery

Table I. Baseline clinical characteristics

Group I
(n � 44)

Group II
(n � 42)

P
value

ge (y) 59 � 7 57 � 9 .305
en/women 36/8 33/9 .705
urrent smoker 18 (41%) 23 (55%) .199
iabetes mellitus 7 (16%) 9 (21%) .511
ypercholesterolemia (�200
mg/dL)

12 (27%) 14 (33%) .541

ystemic hypertension 12 (27%) 15 (36%) .399
revious myocardial
infarction

2 (5%) 2 (5%) .962

eft ventricular ejection
fraction (%)

65 � 8 61 � 11 .143

nstable angina pectoris 33 (75%) 28 (67%) .395
ultivessel coronary
disease (�2)

5 (11%) 7 (17%) .478

Table II. QCA findings

Group I
(n � 44)

Group II
(n � 42)

P
value

esion length (mm) 11.9 � 3.9 12.0 � 5.2 .912
tent length (mm) 15.0 � 3.5 15.9 � 6.2 .402
alloon-to-artery ratio 1.1 � 0.2 1.1 � 0.2 .798
aximal inflation
pressure (atm)

14.8 � 2.6 14.5 � 2.9 .543

eference vessel
diameter (mm)

3.6 � 0.5 3.6 � 0.6 .435

inimal lumen
diameter (mm)
Baseline 1.1 � 0.4 1.0 � 0.5 .168
Final 4.0 � 0.4 3.5 � 0.5 �.001
Follow-up 2.3 � 0.9 2.0 � 0.9 .187

iameter stenosis (%)
Baseline 68.6 � 10.4 71.9 � 14.2 .217
Final �10.0 � 13.4 1.5 � 12.2 �.001
Follow-up 37.3 � 28.5 44.8 � 21.8 .250

cute gain (mm) 2.8 � 0.5 2.5 � 0.7 .007
ate loss (mm) 1.7 � 0.9 1.5 � 0.7 .242
oss index* 0.63 � 0.35 0.69 � 0.46 .576
ignificant stent-jail of
LCX ostium

4 (9.1%) 4 (9.5%) .945

estenosis rate 9/32 (28%) 11/30 (37%) .711

CX, left circumflex artery.
Late loss/acute gain.
stium was observed in 8 of 86 lesions (9.1% in group
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and 9.5% in group II, P � .945). All cases of stent jail
ere mainly developed by stent protrusion into the

ircumflex artery by IVUS analysis.
Complete adequate serial IVUS studies (baseline,
ost-DCA, and post-stenting) were obtained in 67 pa-
ients (78%) from a total of 86 patients. Optimal de-
ulking (residual plaque burden �50% after DCA) was
btained in 46% of patients. Quantitative IVUS analysis

s shown in Table III. Quantitative IVUS characteristics
efore and after the procedure were not statistically
ifferent between group I and group II except residual
laque burden after stenting. Residual plaque burden
fter stenting was smaller in group I than group II
45.2 � 5.1% vs 50.4 � 7.0%, P � .004). The lesion
umen CSA after stenting was increased from 1.9 � 0.3

m2 to 10.0 � 1.5 mm2 in group I and from 1.9 �
.3 mm2 to 9.0 � 2.4 mm2 in group II. A stent CSA

arger than the distal reference lumen CSA after the
rocedure was achieved more commonly in group I,
ith 22 of 37 lesions (68.8%), than in group II, with

0 of 30 lesions (31.3%) (P � .033).

ngiographic and clinical follow-up
Of a total 86 patients, 9 patients did not reach the

ligible period of 6 months, and angiographic fol-
ow-up was performed for 62 of the 77 eligible pa-
ients (follow-up rate, 81%) including 32 patients in

Figure 1

omparison of the cumulative distribution of the minimal lumen
iameter for group I (DCA and stenting), or group II (stenting
lone) before procedure (Pre-intervention), immediately after pro-
edure (Post-intervention), and at follow-up (Follow-up). The acute
ain was greater in group I than group II (P � .05). However, the
inimal lumen diameter at follow-up was not statistically different
ue to the tendency for greater late loss in group I than group II.
roup I and 30 patients in group II. The rate of angio- 9
raphic restenosis was not significantly different be-
ween the 2 groups (9/32 [28%] in group I vs 11/30
37%] in group II, P � .472). Because of the tendency
or a greater late loss in group I than group II (1.7 �
.9mm vs 1.5 � 0.7 mm, P � .242), the minimal lu-
en diameter at follow-up was not significantly differ-

nt between the 2 groups (2.3 � 0.9mm vs 2.0 �
.9mm, P � .187, Table II).
In 67 patients who underwent adequate serial IVUS

xaminations, angiographic follow-up was performed
n 26 patients of group I and in 22 patients of group
I. Optimal debulking defined as a residual plaque bur-
en �50% was not associated with angiographic reste-
osis, compared to suboptimal debulking or stenting
lone under the guidance of IVUS (Figure 2). On the
ontrary, postprocedural stent CSA were greater in the
roup without restenosis than in the group with reste-
osis (9.9 � 1.7mm2 vs 8.4 � 1.9mm2, P � .011). The
ultivariate analysis included the following 8 variables:

ge, sex, 2 preprocedural variables including reference
EM CSA and plaque burden, and 4 postprocedural
ariables including minimal lumen diameter, reference
EM CSA, reference lumen CSA, and lesion lumen CSA.
n the multivariate analysis, the postprocedural IVUS
esion lumen CSA (representing stent CSA) was the
nly independent IVUS determinant of angiographic
estenosis by multivariate analysis (odds ratio 0.61,

Table III. Quantitative IVUS characteristics

Group I
(n � 35)

Group II
(n � 32)

P
value

istal reference EEM CSA (mm2)
Preintervention 15.0 � 3.0 14.9 � 3.7 .920
Post-DCA 15.3 � 3.2
Postintervention 15.5 � 2.8 15.3 � 3.6 .851

istal reference lumen CSA (mm2)
Preintervention 9.5 � 2.1 9.7 � 2.7 .840
Post-DCA 10.0 � 2.4
Postintervention 10.3 � 2.0 9.1 � 2.4 .783

esion EEM CSA (mm2)
Preintervention 14.2 � 3.7 13.7 � 3.9 .576
Post-DCA 16.1 � 3.9
Postintervention 18.3 � 3.2 18.2 � 3.6 .897

esion lumen CSA (mm2)
Preintervention 1.9 � 0.3 1.9 � 0.3 .952
Post-DCA 7.8 � 1.7
Postintervention* 10.0 � 1.5 9.0 � 2.4 .075

laque burden (%)
Preintervention 85.8 � 3.4 85.3 � 3.1 .632
Post-DCA 50.7 � 9.4
Postintervention 45.1 � 5.1 50.4 � 7.0 .004

EM, external elastic membrane; CSA, cross-sectional area; DCA, directional cor-
nary atherectomy.
Postinterventional lesion lumen CSA represents stent CSA.
5% CI 0.41–0.92, P � .018).
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Mean duration of clinical follow-up was 18.6 � 8.9
onths (range 0.6 to 34.2). Death or myocardial in-

arction did not occur during follow-up. Target lesion
evascularization was performed in 5 patients (11%) of
roup I and in 5 patients (12%) of group II (P � .94).
vent-free survival rate at 18 months was 89% � 5% in
roup I and 89% � 5% in group II (P � .98).

iscussion
This study demonstrated that stenting with or with-

ut debulking for ostial LAD stenosis may be per-
ormed safely with a high procedural success rate and
avorable long-term clinical and angiographic out-
omes. Procedural success rate was 100% and the rate
f significant stent jail occurrence �10% in the 2
roups. Overall angiographic restenosis rate and target
esion revascularization rate were 32% and 12%, re-
pectively. This result is similar to recent studies evalu-
ting the procedural safety and feasibility of stenting
ith or without debulking for ostial LAD steno-

is.11,21,22 In this study, IVUS guidance was used in
oth groups to optimize final stent dimensions, which
ight lead to very good results. It has been shown in
revious studies that IVUS-guided stenting leads to im-
roved results compared to stenting with angiographic
uidance alone.16,17 However, the present study did
ot demonstrate a reduction of restenosis by aggres-

Figure 2

omparison of the restenosis rate between the optimal DCA group
residual plaque burden �50%) and the suboptimal DCA group,*
etween the optimal DCA group and the stent alone group,† and
etween the DCA followed by stent group and the stent alone
roup‡ under the guidance of IVUS.
ive debulking before stenting for ostial LAD stenosis. c
DCA has unique advantages in treating ostial lesions
ecause it removes atheromatous plaque, limiting both
lastic recoil and plaque shifting. However, DCA alone
oes not eliminate arterial remodeling after interven-
ion and may not reduce late restenosis.1,6 Coronary
tents reduce angiographic restenosis by inhibiting
cute recoil and chronic arterial remodeling.23 There-
ore, debulking followed by coronary stenting has
een suggested to overcome the limitations of each
evice.24 In addition, Prati et al demonstrated with
VUS analysis that late in-stent neointimal proliferation
ad a direct correlation with the amount of residual
laque burden after coronary stent implantation, sug-
esting that plaque removal before stent implantation
ight reduce restenosis.18 Bramucci E et al recently

eported excellent initial and long-term outcomes of
ngiography-guided DCA with stenting.11

This is the first report specifically addressing the use
f DCA and stenting, versus stenting alone, for ostial
AD stenosis with IVUS guidance. In the present
tudy, DCA prior to stenting provided greater acute
umen gain and resulted in increased postprocedural

inimal lumen diameter. However, the greater lumen
ain with DCA was not converted to a reduction of
he restenosis rate because of the tendency for greater
ate loss. This finding was also observed in the Stent-
ng after Optimal Lesion Debulking (SOLD) registry, in

hich the amount of acute lumen gain obtained after
CA and stenting was associated with a similar pro-
ortional late lumen loss.10 The unpublished data of
he AMIGO trial, a large multicenter randomized trial
stimating the efficacy of DCA prior to stenting for
omplex coronary lesions, presented a similar ten-
ency to this study. It showed a similar restenosis rate
etween the 2 groups (24.1% in DCA and stenting vs
9.6% in stenting alone, P � .22) due to larger late

oss of DCA and stent in spite of greater acute gain.
he mechanism of the greater late loss might be partly
xplained by the additional stimulus to hyperplasia
hat DCA may promote. Otherwise, this suggests that
he amount of plaque reduction with DCA prior to
tenting might be insufficient in this study or that the
esidual plaque burden might not be associated with
ngiographic restenosis.19

In the group with DCA followed by stenting, the
esidual plaque burden after DCA was 50.7%, similar to
revious studies designed to evaluate the effect of ag-
ressive DCA.6,7 The residual plaque burden after DCA
as 45.6% in the Adjunctive Balloon Angioplasty After
oronary Atherectomy Study (ABACAS) trial6 and
2.4% in the Stent versus Directional Coronary
therectomy Randomized Trial (START) trial.7 Given

he fact that ostial lesions impose technical difficulties
o optimal plaque reduction with DCA, the results in
ur study might be the best that can be achieved with

onventional DCA devices in the real world. This study
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howed that the optimal debulking (residual plaque
urden �50% after DCA) obtained in 46% of patients
id not have a lower restenosis rate than suboptimal
CA or stent alone under the guidance of IVUS. How-
ver, a final plaque burden �40% after the procedure
btained in 27.0% (10/37) of group I and in 6.7% (2/
0) of group II (P � .052) was more likely to be asso-
iated with a lower restenosis rate than a final plaque
urden �40% after the procedure (0% vs. 32%, P �

081). This might support the postulate that the old
ersion of the DCA device (Atherocath GTO system)
ight not be optimal for debulking ostial lesions. This

uggests further studies using the next generation of
therectomy device, such as the Flexicut atherectomy
atheter (Guidant) or the Fox Hollow atherectomy de-
ice (Fox Hollow, Calif). Recent published data indi-
ated that optimal debulking was obtained more com-
only with Flexicut DCA device than with Atherocath
TO system (77% [n�143] vs 45% [n�277], P �

001).25

From these data, we conclude that DCA prior to
tenting does not improve the angiographic outcome
fter percutaneous coronary intervention for ostial
AD stenosis because of the tendency for greater late
oss. With IVUS analysis, this negative result might be
xplained in part by the insufficient reduction of ather-
matous plaque with conventional DCA devices. More-
ver, IVUS analysis of this study suggests that the
chievement of a large stent area after stenting with or
ithout DCA might be most important to reduce an-

iographic restenosis rate.

tudy limitation
Patients with previous percutaneous or surgical re-

ascularization procedures, involvement in the left
ain coronary artery, or involvement of the ostium of

he left circumflex artery were excluded from the
tudy. Thus, our findings cannot be generalized to
hese patient populations. The most important limita-
ion of our study is the small sample size. This study
ay not have enough power to clarify the efficacy of

ebulking prior to stenting for ostial LAD stenosis. Al-
hough we showed that DCA prior to stenting did not
roduce a significant reduction in the angiographic
estenosis rate, there was a tendency for a lower reste-
osis rate and larger minimal lumen diameter at fol-

ow-up in the group with DCA and stenting compared
o the group with stenting alone. In addition, IVUS
as used to optimize the final stent CSA in both

roups; there was a trend to a larger final stent CSA
nly in patients treated with debulking followed by
tenting, and the final stent CSA was the only indepen-
ent determinant of restenosis.
In this study, bare metal stents were used, and our

esults may not be applicable to patients treated with

rug-eluting stents. Further studies may be needed to
larify the role of debulking strategy in the drug-elut-
ng stent era.
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