
Background Stenting reduces both acute complications of
coronary angioplasty and restenosis rates but increases subacute
thrombosis rates and hemorrhagic complications when used with
coumadin anticoagulation.

Methods and Results To simplify postcoronary stenting
treatment and to reduce these drawbacks. we evaluated the 1-
month outcome of a prospective registry of 2900 patients in
whom successful coronary artery stenting was perlomed without
coumadin anticoagulation. Patients received 

.100 
mg/d aspirin

and 250 mg/d ticlopidine for I month. Low-molecular-weight
heparin (LMWH) ffeâtment was progressively reduced in four
consecutive stages, from 1-month ffeâtment to none. Event-free
outcome ât 1 month was achieved in 2816 patients (97 .171. Ma-
jor stent-related cardiac events were subacute closure in 5l pa-
tients (1.87o), including death in 12 (0.5Eo), acute myocardial
infarction in 17 (0.67o'), and coronary artery bypass graft surgery
in 9 (0.3Vo). Stent thrombosis was more frequent with balloon
size of <3.0 mm (<2.5 mm, 10Vo:3.0 mm, 2.3Vo; >J.5 

^ ,

1.ÙVo; P<.001), bail-out situations (.6.677o versts 1.38Vo,
P<.001), and patients with unstable angina or acute myocardial
infarction (2.2Vo versts 7.127o, P:.02). Bleeding complications

ercutaneous transluminal coronary angioplasty is a
widely used revasculaizatiort technique in pa-
tients with coronary artery disease, but this tech-

nique is limited by its rate of restenosis, frequent unsat-
isfactory results, cardiac complications such as acute and
subacute closure, and local bleeding complications.
Stents have been developed to improve the acute and
long-term results of coronary angioplasty. Compared
with conventional balloon angioplasty, stents have dem-
onstrated their ability to prevent abrupt closure of the
artery in bail-out situationsr 3 and to reduce restenosis.4s
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that required transfusion, surgical repair, or both occurred in 55
patients (1.9%). Bleeding complications were related to female
gender (4.0o/o versus 1.51%, P<.001), duration of LMWHtreat-
ment (3.831o in phase IIIIII versus 0.691o in phase IV/V,
P<.001), sheath size (6F, 0.527o; 7F, 1.047o; -8F, 4.23a/o;
P<.001), bail-out situations (4.767o versts 1.617o. P<.01), and
saphenous graft stenting (4.38% versus 1.757o, P-.04:).

Conclusions These results suggest that poststenting treat-
ment by ticlopidine/aspirin is an effective alternative to coumadin
anticoagulation, achieving low rates of subacute closure and
bleeding complications. LMWH treâtment does not improve sub-
acute reocclusion rates but increases bleeding complications. Fur-
thermore, as bleeding complications were independently related
to sheath size, we suggest that stenting with 6F guiding catheters
may prevent local complications. Furthermore, the ticlopidine/
aspirin combination allows a low-cost stenting strategy without
ultrasound assessment of stent deployment and permits short in-
hospital stay.(Circ ulatio n. 1996;94:1519 -1527 .)
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However, early experience with coronary stenting has
been characterized by a marked increase in bleeding com-
plications as a result of aggressive anticoagulation pro-
tocols based on coumadin administration, whereas acute
and subacute thrombosis rates of the stented artery re-
mained high.2'3'6 In the phase I study,T which was de-
signed to reduce subacute occlusion after stenting
LMWH was used instead of coumadin in 237 consecutive
patients. Despite this therapeutic change, subacute occlu-
sion occurred in 70.3Vo of patients, suggesting that both
coumadin and LMWH were ineffective in preventing
thrombus formation at the site of stent implantation. Cu-
riously, the peak of subocclusion was located between
days 5 and 8, which cor:responds to platelet half-life, and
was not influenced by heparin treatment. Therefore, we
hypothesized that subacute occlusion after stenting was
more likely to be initiated by platelet aggregation than by
contact activation of blood coagulation factors on foreign
material. Because we suspected that there was an additive
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Selected Abbreviations and Acronyms

CABG : coronary artery bypass graft surgery
LMWH - low-molecular-weight heparin

MI : myocardial infarction
PTCA - percutaneous transluminal coronary

angioplasty

inhibitory effect of aspirin and ticlopidine on platelet ag-
gregation,s it appeared that the combination of these two
treatments could reduce subacute closure of the stented
arlery in association with LMV/H. The investigation on
the benef,cial efTects of the ticlopidine/aspirin combina-
tion was conducted in four phases in which the LMWH
treatment duration could be progressively reduced from
4 weeks to complete suppression.

The present study had three major pulposes: to ex-
amine the clinical outcome of stented patients with a 1-

month aspirin/ticlopidine treatment, to evaluate the risk-
to-benefit prolile of LMWH treatment, and to determine
the clinical and procedural variables leading to subacute
closure of the stented artery and to local bleeding
complications.

Methods
Patients

From December 1992 to March 1995, 2900 consecutive pa-

tients were included in a prospective, nonrandomized, multicen-
ter registry. At 25 participating centers, the l-month results were
evaluated of a new medication protocol after coronary artery
stenting procedure. Advanced age, unstable angina, acute MI,
low ejection fraction, or previous MI, CABG, or PTCA was not
considered to be an exclusion criterion. AII patients who had been

successfully implanted with stents in the 25 parlicipating centers

were consecutively included in the registry. No other therapeutic
approach was performed; in particular, at no participating center
was coumadin administered to any of the stented patients, and no
patient received intravascular ultrasound guidance for stent
implantation.

Patients with contraindications to aggressive anticoagulation
treatment, such as uncontrolled hypertension, peptic ulcer, or pre-
vious major bleeding events, were excluded from stenting and

therefore from the study. Patients with contraindications or pre-

viously known side effects for ticlopidine or aspirin treatment
were also excluded. Oral informed consent was obtained from all
patients before any procedure.

Arteries
This study included planned stenting procedures (de novo le-

sion, restenosis, and vein graft stenosis) as well as unplanned
procedures (dissection, elastic recoii, bail-out procedures). No
selection was made on artery type or stenosis morphology or
location, and the decision to stent was entirely le11 to the opera-
tor's judgment. Because high rates of afiery occlusion had been

observed after stent placement into small coronary arteries,e'ro

operators tried to avoid stenting of small afteries.

Measurement of Coronary Arteries
In the present study, we repofi the results of a multicenter

national registry without the use of a core laboratory, which rep-
resents a major limitation. However, the majority of the centers

involved in this study were equipped with on-line quantitative
coronary angiography, which enabled the physicians to measure

the arteries, select the appropriate balloon size, measure the ar-

tery-to-balloon ratio, and assess residual stenosis. Because the
equipment varied from center to center and the measurements
were performed by the operators, no absolute value of artery
diameter, stenosis diameter, or poststent residual stenosis could

be accurately reported. The fact that no objective methodology
was used to evaluate reference vessels diameter. lesion minimal
lumen diameter, and results represents a major limitation of this
study.

Definitions
Successful stenting was def,ned by correct placement of the

stent, TIMI 3 flow, and residual stenosis of 1l0a/o, with no distal
embolism and no major side-branch occlusion.

Nonocclusive dissections were defined as types A, B, C, and
D1 of the National Heart, Lung, and Blood Institute classification,
and bail-out situations as clinical and/or ECG ischemia associated
with type D2, E, and F dissections and TIMI grade -2 flow.

Major complications during the 1-month follow-up period in-
cluded death, Q- or non-Q-wave MI with CK elevation of more
than twice the normal value, CABG, or repeat PTCA at the same
site.

In complicated cases of patients in whom angiographic control
of the stented artery could not be performed, subacute occlusion
was def,ned as sudden death; clinical symptoms of prolonged
chest pain with ST elevation; new Q waves, with or without CK
elevation; or an isolated CK raise occuring during the first
month.

Severe local complications were def,ned as iocal swelling, he-
matoma, pseudoaneurysm, arteriovenous fistula, or retroperito-
neal hematoma requiring surgical repair or blood transfusion.

For the pulpose of this study and in an attempt to show a

correlation between the operator's experience in stenting and the
complication rate, the investigating centers were arbitrarily di-
vided into two groups: investigators reporting < 100 stenting pro-
cedures to the regisüy (low-volume centers) and investigators
reporting > 100 stenting procedures (high-volume centers).

PTCA and Stenting Routines

PTCA was perlbrmed using stândard techniques. During cath-
eterization, a l0 000 to 15 000 IU IV bolus ofheparin was given
immediately before the PTCA procedure and 250 mg aspirin IV
was administered when the patient had not been pretreated with
aspirin. In most cases, PTCA was performed via the femoral ap-
proach with a 6F to 9F guiding catheter. ln2.67o ofpatients, the
radial approach with a 6F guiding catheter was used. Intracoro-
nary vasodilators (molsidomine, isosorbide dinitrate, or nitro-
glycerin) were routinely administered before and after angio-
plasty to allow assessment of the maximal lumen. Indication and
technical method for stent implantation were left to the operator's
judgment. However, it was recommended that the size of the
balloon be selected carefully, on the basis of an artery-to-balioon
ratio of I : I to I :1 .2; that poststent inflation pressures of > l0 atm
be used: and that a residual stenosis of =107o be obtained after
stenting. In 80.07o of procedures, manually crimped stents were
used. The mterial sheath was removed 4 to 24 hours after angio-
plasty, according to activâted coagulation time leveis, and com-
pression was carried out either manually or mechanically. As
investigators became more confident in the patients' clinical out-
come during the study, patients were progressively discharged
earlier.

Drug Management
No particular preffeatment was recommended before the pro-

cedure. When the patients were not receiving aspirin, they re-
ce:ived a bolus of 250 mg aspirin IV during the procedure, which
was reduced to 100 mg/d for 1 month afler stent placement. Ti-
clopidine therapy (250 mg/d for <85 kg body wt and 500 mg/d
for >85 kg body wt PO for I month) was initiated immediately
after the stenting procedure. After withdrawal ofthe sheath, con-
tinuous heparin was administered for 48 hours, followed by sub-
cutaneous LMWH (100 IU/kg BID) for 1 month in phase II and
for 2 weeks in phase IlI. ln phase IV, the patients did not receive
postprocedural continuous IV heparin; however, subcutaneous
LMWH was initiated after sheath removal. They received
LMWH only for 1 week. No postprocedural heparin and no



LMWH were administered in phase V. Patients with acute MI as

well as the majority of bail-out patients were excluded from phase
V and included in phase IV. Blood analysis included anti-factor
Xa activity at the peak of activity at day 3 and once a week
afterward, as weli as platelet count, hematocrit, librinogen, and
liver enzymes once a week for 1 month.

Data Collection and Statistical Analysis
A case report was completed at 1 month for each patient and

included patient baseline data, indication for PTCA, procedural
information, and in-hospital follow-up. Because this multicenter
study was conducted without a core laboratory and because the
quantitative coronary angiography analysis differed throughout
the 25 centers, we chose to use maximal bailoon diameter as

reference instead of measured arterial diameter. One-month fol-
low-up included clinical data, ECG recordings, and biological
measurements. All major and minor events were precisely
recorded.

Statisticâl analysis was performed on a personal computer with
SAS 6.08 software. Data were summarized as mean and SD val-
ues as continuous variables and frequencies for the categorical
variables. The association measures between complication su-
pervention and relevant factors were evaluated through the logit
estimates of the odds ratios and their associated 95ÿo Cls. The
likelihood ratio y2 statistic was used to test the univariate hy-
potheses for categorized data even though the Kruskal-Wallis test
was used for continuous data. All the univariate tests were con-
sidered to be statisticaily signif,cant for a value of P<.05. The
multivadate analysis with a stepwise logistic regression was per-
formed to identify the independent predictors for general and
loca1 complications. Backward elimination and maximum like-
lihood estimations were used for the selection of factors in the
model that was determined by a probability value of P<.15. Any
selected factor was considered to be an independent predictor.
For factors with three modalities, adjusted odds ratios and P val-
ues were provided for the 1 d/comparisons between the first two
modalities and between the last two modalities. The SAS Proc
Catmod did not permit analysis of patients with missing data.

Results
Baseline Patient Characteristics

In this study,2900 consecutive patients underwent suc-
cessful stenting procedures. Most of the patients were men
(84.57o; mean age,61.1+10.6 years). Patients enrolled in
the study exhibited unstable angina (1129:38.9Vo), stress-
induced angina (97 I ; 33.1 7o), asymptomatic restenosis af-
ter PTCA (195;6.77o), postinfarction documented ische-
mia (431; 15.L%), and post-CABG ischemia (76;2.6Vo).
Eighty-six patients (3.0E;) were enrolled with evolving
MI. Indications for stenting were planned stenting (1034;
35.17o), restenosis (439; 15.l7o), suboptimal balloon an-
gioplasty result(570; 19.77o), nonocclusive dissection
(6 47 ; 22.3 Vo), and occlusive dissection (2lO ; 7 .24/o). B ase-
line clinical and procedural characteristics of the study
population are detailed on a phase-by-phase in Table 1.

The dilated lesions were located in the left anterior de-
scending coronary artery (1248;' 43.0Vo), right coronary
artery (998; 34.4%),left circumflex artery (450; 15.5ÿo),
saphenous vein graft (160 5.5%), protected left main cor-
onary afiery (25 0.97o), or in another artery (ie, lateral or
obtuse marginal branches) (19; 0.1Vo). The most fre-
quently implanted stent was a Palmaz-Schatz stent (John-
son and Johnson) (2361;81.37o); others included micro-
stent (AVE) (312; l0.8%o), Wiktor (Medtronic) (106;
3.7Vo), Giarturco-Roubin (Cook) (103; 3.6V"), Strecker
(Boston Scientific) (1), and multiple various types (17;
0.67o). Maximal balloon size used as an approximation to
normal artery size was assessed for each angioplasty pro-
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cedure. Results showed a slight decrease in maximal bal-
loon size, which may reflect the confidence that operators
progressively gained in stenting smaller arteries. Maximal
balloon inflation pressure was recorded only in the two
last phases of the study (mean, 12.4'13.5 atm). Because
stenting arteries of <3.25 mm had been reported to be a
high-risk procedure and because of the BENESTENTS and
STRESS4 protocols, as a rule operators did not try to stent
arteries of <3.0 mm, except for bail-out procedures. Data
regarding the size of the femoral sheath were collected
from phases III through V but not in phase IL Table 1

provides a summary of the dramatic reduction in sheath
size across the different phases of the study, probably re-
flecting the technical improvements in guiding catheters,
balloons, and stenting procedures. The effects of this re-
duction in sheath size are discussed later. Finally, during
the different phases of the study, we observed a significant
regular decrease in global and poststent in-hospital stay
(P<.001) (Table 1).

One-Month Clinical Outcome
Postprocedural success without major complications at

1-month follow-up was obtained in 2816 patients (97.l7o).
Eighty-four (2.9Eo) showed major cardiac events either
during the in-hospital stay or 1-month follow-up. At 1

month, 17 patients (0.67o) had died, 44 (l.sEa) had expe-
rienced Q-wave or non-Q-wave MI, l3 (0.5Vo) had repeat
PTCA at the same site, and l0 (0.3Vo) had emergency or
elective CABG. ln 33 patients (l.lTo)with complications,
stent patency could be proved: among these 33 patients,5
(0.2Va) died, I had CABG, and 27 (0.97o) had acute MI,
which was caused by a side-branch occlusion during stent-
ing or, more frequently, by the transient artery occlusion
before stenting in bail-out procedures.

Proven or Suspected Stent Occlusion
Fifty-one patients (1.87o) had suspected or proven stent

thrombosis. Among these patients, 12 (O.57o) died, 17
(0.6Vo) had nonfatal Q-wave or non*Q-wave acute MI, 9
(0.37o) had emergency or elective CABG, and 13 (0.4Eo)
underwent repeat PTCA at the same site. There was no
statistical difference in cardiac complication rates through-
out the four phases, during which LMWH treatment vÿas
progressively reduced.

Because patency of the stented artery could be proved
in 33 of the 84 patients with complications, statistical anal-
ysis was performed in the remaining 51 patients with
proven or suspected stented artery closure.

A slightly higher rate of complications (3.137o versus
1.597o, P:NS) was observed at low-volume centers
(<100 stenting procedures). Age of >75 years was asso-
ciated with a nonsigniflcant higher rate of subacute closure
of the stented artery (3.387o versus 1.637a, P:NS). Some
clinical characteristics of the patient increased the rate of
subacute closure; there was a twofold increase in compli-
cation rates in patients dilated for unstable angina or acute
MI compared with patients showing stable angina (2.24Ea
versus 1.127o, P:.02).

Among procedural characteristics, two variables were
found to be highly signif,cant for major complications (Ta-
ble 2): stenting with a balloon size of =2.5 mm was as-
sociated with a l}Vo rate of major complication, whereas
with a 3.0-mm balloon, the risk decreased to 2.37o, arrd
with balloons of >3.5 mm, the risk decreased to only l.}Vo
(P<.001). Concerning angiographic indication for stent-
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TaeLp 1. Clinical and Procedural Characteristics of the Patients Detailed by Phases

Phase ll Phase lll Phase lV Phase V Total

Patients, n

Age+SD, y

ln-hospital stay, d
From admission

After stenting

Clinical indication for angioplasty, n

Unstable angina

Restenosis

Postinfârction

Post-CABG angina

Stress-induced angina

Acute Ml

Indication for stenting, n

Planned

Occlusive dissection
Nonocclusive dissection
Angiographic restenosis

Suboptimal result

Site of angioplasty, n

LAD

LCx

RCA

SVG

Left main

Other
Balloon size, mm

2

J

J.C

4

4.5

5

Mean balloon size, mm

Maximal final inflation pressure, atm

Sheath size

6F

7F
>8F

Missing data
Local bleeding complications, n

Need for surgical repair

Blood transfusion

Blood transfusion and surgical repair

Total

LAD indicates left anterior descending coronary artery; LCx, left circumflex artery; RCA, right coronary artery; and SGV,

saphenous vein graft.
The shodening of in-hospital stay after stenting procedure through the different phases was statistically significant

(P<.001).
*During phase V of the study, patients with acute Ml were preferentially moved to phase IV protocol.
NA indicates that data are not available for the early phases of the study.

59.8+9.2

10.1 +5.5

7.4+4.2

85 (35.e%)

27 (11.4%)

36 (15.2%)

25 (10.5%)

63 (26.6%)

1 (0.4%)

80 (33.8%)

20 (8.4o/o\

68 Q8.7o/"\

3e (16.5%)

30 (12.7o/o)

75 (31.6%)

42 (17.7%)

80 (33.8%)

s6 (15.2%\

4 (1.7%)

2 (0.8%)

47 (19.8o/o)

140 (59.1o/o)

44 (18-60/o)

3 (1.3o/o)

1(0.4%)

3.50

NA

NA

NA

NA

NA

s Q.j%)
4 (1.7%)

e (3.8%)

520

60.7+10

8.2+4-2
6.4+4.4

180 (34.6%)

5e (11.3%)

65 (12.5%\

1e (3.7%)

185 (35.6%)

12 (2.3%)

125 (24.8%)

65 (12.5o/o)

136 (26.20/o)

e8 (18.8%)

92 (17.7%)

206 (39.6%)

78 (15o/o)

187 (360/o)

45 (8.7%)

4 (0.8%l

s (1.7%)

135 (260/o)

273 (52.5%)

93 (17.9%)

5 (1o/o)

5 (1o/o)

NA

108 (20.8%)

81 (15.6%)

323 (62.1%)

I (1.5%l

12 (2.3%)

6 (1.2o/o)

2 (0.4o/o)

20 (3.8%)

986

61 .'1 +10.5

7+3.7
5.4+3.1

399 (40.5%)

47 (4.8%)

152 (15.4%)

15 (1 .5o/o)

301 (30.s%)

72- (7.3%l

281 (285%l
8e (e%)

234 (2s.7%)

166 (16.8%)

216 (21.9%)

425 (43.1o/o)

138 (14%)

358 (36.3%)

4e g.e%)

e (0.e%)

I (0.8%)

38 (3.9%)

362 (36.70/o\

430 (43.6%l

142 (14.4o/o)

e (0.e%)

4 (0.4%)

1 (0.1o/o)

J.JO

12.4+3.11

493 (50.0%)

242 (24.5o/o\

248 (25.2%)

3 (0.3%)

12 (1 -2o/o)

2 (0.2%)

3 (0.3%)

17 (1.7%\

tt5/
61.5+11.1

5.2+3.1

3.7+2.4

465 (40.2%)

62 (5.4o/o)

184 (15.8%)

17 (1.5%)

428 (37%)

1" (0.1o/ù

544 (47.0o/o)

36 (3.1%)

209 (18.1%)

136 (11.8%)

232 QO.1o/o)

542 (46.8%)

192 (16.60/o)

373 (32.2%)

31 (2.7%)

8 (o.7%)

11 (1o/o)

5 (0.4%\

46 (4.0%)

468 (40.4%l

492 (42.5o/o)

126 (10.9%)

15 (1.3%)

5 (0.4o/o)

12.4+3.0

548 (47 .4o/o)

442 (38.2%)

162 (14o/o\

5 (O.4o/o)

4 (0.3o/o)

5 (0.4o/ù

e (0.8%)

2900

61 .1 + 10.6

6.8+4.1

5.1+3.5

112e (38.9%)

195 (6.70/o)

437 (15.1%l
76 (2.6%)

977 (33.7%l

86 (3%)

1034 (s5.7%\

21O (7.2%\

647 (22.3o/o)

439 (15.1o/o)

570 (19.7o/o)

1248 (43.0o/o)

450 (15.5%)

998 (34.4%)

160 (5.5%)

25 (o.s%)

19 (0.7%)

510.2%)

e5 (3.3%)

1012 (34.5o/o\

1334 (46%)

405 (14%)

32 (1 .1 o/o\

15 (0.5%)

1 (0.03%)

J.OO

12.4+3.05

1149 (43.1%l

765 128.8o/o\

733 (27.5o/o)

16 (0.6%)

33 (1.1%)

17 (0.60/o\

5 (0.2o/o)

55 (1.9%\

ing, patients stented for occlusive dissection had a sub-
acute occlusion rate of 6.67Vo, which compared unfavor-
ably with the 1.387o subacute occlusion rate in patients
stented for other reasons (P<.001).

Sex, type of stent, number of stents implanted in the
same patient, sheath size, type of artery, and phase of the
study were not discriminants for general complication
rates (Table 2).In the 17 patients with multiple stent im-
plantations, no cardiac event and no subacute stent throm-
bosis were observed.

The following variables were entered in the multivariate
model: low- or high-volume centers, age, sex, type of

stent, balloon size, number of stents per patient, sheath
size, clinical presentation, indication for stenting, type of
artery, and duration of LMV/H therapy. For general vari-
ables, the independent predictors for subacute closure of
the stented artery were unstable angina or acute MI
(P:.02) and the volume of the centers (P:.04). For pro-
cedural variables, the independent predictors for poorer
outcome were bail-out procedures (P<.001) and the use
of a balloon of <3.0 mm for stenting (P<.001).

As we initially did not know the importance of this cri-
terion, maximal flnal inflation pressure was reported only
in phases IV and V of the study. Noteworthy, this proce-
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Tasle 2. Clinical and Procedural Univariate and Multivariate Predictors of Subacute Stented Artery Occlusion at 1
Month Follow-up

Subacute Closure
Univariate Analysis

Percentage of Complication
Patients (n:2900) Bate, % Univariate p Odds Ratio (Cl)

Multivariate Analysis

Adjusted Odds
Multivariate P Ratio (Cl)

Participating centers

Nonexperiment

Experiment

>75
<75

Sex

Female

Male

Type of stent
Palmaz-Schatz

Other

Balloon size, mm

=2.5
3.0

=3.5
No. of stents/patient.

One

Multiple

Sheath sizet
6F

7F

=8F
Maximal final inflation
pressure, atm

<8
8-1 5

>15
Clinical presentation

Unstable angina/
acute lvll

Stable angina/
elective/restenosis

Reason for stenting

Occlusive dissection
Other

Vessel type
Native artery

Graft

Duration of LMWH
therapy (phase)

il-il 1

11.0

89.0

92.9

84.5

81 .9

18.1

34.9

bt.b

82.1

17.9

+o.J

29.0

25.2

4

70.8

25.2

57.0

43.0

7.2

92.8

94.5

5.5

26.1

73.9

3.13

1.59

o-Jo

1.63

2.22

1.67

1.81

1.34

10.0

2.3

1.0

1.72
'1.93

1.48

2.21

1.99

4.92

2.03

1.30

2.24

1.12

6.67

1.38

1.79

1.25

I .5t

1.91

.40

<"001

.02

<.001

.60

.27

14

<.001+
<.01§

.32§

.04

<.001

o4.07

.10

.43

2.01 (0.99-4.04)

2.11 (0.94-4.74)

1.33 (0.32-1 .59)

1 .40 (0.63-3.12)

10.30 (4.67-22.73]|

2.16 (1.17-4.OOl

0.89 (0.44-1.79)

0.77 (0.38-1.56)

1 .16 (0.57-2.38)

2.02 (1.09-3.75)

5.12 (2.72-9.63\

1.4 (0.35-5.97)

0.68 (0.34-1 .37)

1.46 (1.03-2.08)

1.36 (0.90-2"06)

3.22 (1.92-5.26)

1 .22 (0.83-1 .81)

1.39 (1.02-1.90)

1.82 (1 .02-2.54)

.85

49

Factors not included in the multivariate model analysis (P>.15).
*For methodological reasons, patients with multiple various stent implantation procedures were excluded from this analysis
TData were not available for phase ll.
+Compared with the third level.

§Overall comparison.

dural variable had no signif,cant effect on subacute throm-
bosis rates.

Local Yascular Complications
An overall incidence of l.9Vo (55 patients) of local com-

plications occurred during the l-month follow-up. A de-
tailed distribution of these complications is given in Table
l; there is a progressive decrease in local complication
rates through the different phases of the study (Figure).
We studied the effects of the following va.riâbles on local
bleeding complications. Clinical variables were high- or
low-volume centers, age and gender of the patients, clin-
ical presentation, and duration of LMWH therapy. Proce-
dural variables were stenting indication, size of the balloon

used for stenting, type of stent, number of stents implanted
per patient, vessel type, and sheath size.

Female gender was signif,cantly associated with an in-
crease in local bleeding complications (4.07o versus
l.51Vo, P:.001). There was no increase in local bleeding
rate in elderly patients. Sheath size and LMWH therapy
duration were the strongest predictors of bleeding compli-
cations (both P<.001). The rate of bleeding increased ex-
ponentially with sheath size'. 0.52Vo for 6F, I .047o for 1F ,

and4.237o for =8F (P<.001). Conversely, bleeding com-
plications decreased linearly with the shortening of
LMWH therapy duration: 3.837o for 4 or 2 weeks of
LMWH treatment, 1.72ÿo for 1 week of treatment, and
0.697c when no LMWH treatment was administered after
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ln-hospital
stay (days)
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Stage ll Stage lll Staqe lV

ln-hospital stay after stenting procedure, stent-related cardiac
events, and local bleeding complication rates during the different
phases of the study.

the stenting procedure (P<.001). Bail-out procedures for
occlusive dissection or saphenous vein graft stenting were
associated with a higher rate of bleeding complications
(P:.002 and P:.04, respectively). Conversely. experi-
ence of the participating center, clinical presentation, type
of stents, and number of stents implanted had no effect on
bleeding complication rates (Table 3).

Gender, sheath size, stenting indication, saphenous vein
graft stenting, and duration of LMWH were found to be

independent predictors of bleeding complications in the
multivariate analysis, whereas age of patient and type and
number of stents implanted were not selected in the mul-
tivariate model as signif,cant predictors (Table 3).

Hematological Side Effects

Investigators were not asked to report results of blood
analyses. However, 23 cases (0.87o) of reversible leuko-
penia were reported. No major hematological complica-
tion was reported in this series.

Discussion
Study Design and Limitations

We report the 1-month results of the multicenter registry
with a new poststenting antiplatelet therapy in which the
combination of ticlopidine and aspirin is associated with
decreasing duration of LMWH treatment. Because the ex-
clusion criteria for stenting were very limited, the study
population was representative of routine interventional
practice in France. Although 49.2Vc of patients had an un-
planned procedure, complication rates remained low (1-
month mortality, 0.6Vo; overall major complications,
2.9Vo; proven or suspected stent thrombosis, 1.87o; severe
groin bleeding complications, l.9Vo).

This study has major limitations: it presents the results
of a volunteer, consecutive, nonrandomized, multicenter
registry, which cannot be compared with a randomized
trial. However, the size of the study population and the
absence of exclusion criteria underline the consistency of
the statistical results.

Because the lack of an independent central core labo-
ratory and the various angiographic equipment of the dif-
ferent investigating centers did not allow reproducible
quantitative coronary angiography analysis, we chose to

use maximal balloon size as an approximation of mean
luminal artery size. Consequently, the study design did not
permit the analysis of the effects of preprocedural and
postprocedural angiographic characteristics in the occur-
rence of subacute closure and clinical outcome. We are
aware that if balloon size allows an approximation of the
artery size, the real artery-to-balloon ratio cannot be ac-
curately determined. Nevertheless, a balloon-to-artery ra-
tio of 1:l to l:1.2 was recommended in an attempt to re-
duce discrepancies between balloon and artery sizes.

It is important to emphasize that there was some degree
of overlap between phases IV and V, whereas the previous
phases were strictly consecutive. Thus, in patients admit-
ted for acute MI and bail-out procedures, investigators
were able to choose between phase IV and phase V strat-
egy. Almost all of these patients were switched to receive
phase IV strategy with a l-week LMWH treatment. This
could account for the trend toward higher rates of systemic
and local complications in the phase IV group. Finally, the
recruitment of the patients did not al1ow 6-month follow-
up, and therefore, data for restenosis are not available in
this study.

Subacute Closure and Cardiac Complications
The benef,cial effects of stenting in reducing acute com-

plications and restenosis rates compared with conventional
PTCA have been reported by the BENESTENTS and
STRESS4 studies. The main limitations of coronary stent-
ing that have been reported in the literature are the high
rate of subacute closure and the signif,cant rate of bleeding
complication when associated with an aggressive couma-
din-based anticoagulation protocol.2'3'6'1r'12 Predictors of
subacute occlusion have been reported to be multiple
stents, bail-out implantation, aftery diameter of <3.25
mm, and impaired left ventricular ejection fraction.e''0'r3
Furthermore, coumadin treatment requires a prolonged
hospital stay, which dramatically increases the cost of the
procedure. Recently, Colombo et alra hypothesized that
subacute thrombosis was more likely to be caused by in-
complete deployment of the stent and impaired rheologic
conditions in the stented artery than by the thrombogenic
properties of the stent. Therefore, this group proposed a

stenting strategy based on endo/echographic assessment of
the stent deployment without anticoagulation.ra A previ-
ous studyT carried out by our group replaced coumadin
with LMWH in an attempt to reduce the subacute occlu-
sion rates after stenting. Unfortunately, this protocol
failed, and subacute closure rates remained as high as with
coumadin. Because the peak of subacute closure at 5 to 8

days was the same, we were able to eliminate the heparin/
coumadin switch as the mechanism of stent thrombosis.
The major role of platelet aggregation in stenting despite
heparin treatment has been well documented in experi-
mental modelsrs as well as in clinical situations.l6 Re-
cently, Barragan et al17 reported a low subacute occlusion
rate after stenting with the use of a new combination of
ticlopidine and subcutaneous heparin. Ticlopidine is a po-
tent inhibitor of ADP-induced platelet aggregation,l8're
whereas inhibitory effects of acetylsalicylic acid are di-
rected against thromboxane Az. Therefore, we assumed
that an aggressive antiplatelet treatment based on ticlopi-
dine/aspirin could be an effective alternative to anticoag-
ulation with coumadin. This treatment was instituted for 1

month, which is the time needed to ensure a complete cov-
ering of the stent by endothelial cells. In association with

Complication
rate (%)

'10

)

Stage

1z

lo
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TreLe 3. Clinical and Procedural Univariate and Multivariate Predictors of Local Bleeding Complications at 1-Month
Follow-up

Local Bleeding Complications

Percentage of Complication
Patients (n:2900) Rate, %

Univariate Analysis

Univariate P Odds Ratio (Cl)

Multivariate Analysis

Adjusted Odds
Multivariate P Ratio (Gl)

Participating centers

Experiment

Nonexperiment

Age, y

>75

=75
Sex

Female

Male

Type of stent
Palmaz-Schatz

Other

No. of stents/patient
One

Multiple-
Sheath sizeT

=8F
7F

6F

Clinical presentation

Stable angina,/elective/
restenosis

Unstable angina./acute Ml

Reason for stenting

Occlusive dissection
Other

Vessel type
Graft

Native artery

Duration of LMWH therapy
(phase)

il-ilt
IV

89.0

1 1.0

7.1

92.9

15.5

84.5

81.9

18.1

82.1

17.9

27.7

29.0

43.3

43"0

57.0

92.8

94.5

26.1

34.0

39.9

2.01

0.94

2.90

| .éz

4.00

t.3 I

'1.95

1.53

1 .81

2.31

4.23

1.04

0.52

1.92

1.88

4.76

1.67

4.38

1.75

aaa

1.72

0.69

.46

<.001

<.001

.15

.tl

<.001+
<.01§

.e0§

.04

<.001

2.17 (0.67-7.14\

1.61 (0.68-3.81)

2.70 (1.53-4.76)

1.28 (0.6-2.72)

0.78 (0.41-1.47)

8.4s (3.49-20.26)

2.00 (0.69-5.80)

1.02 (0.60-1.75)

2.94 (1.46-5.92)

2.56 (1.14-5.88)

5.08 (2.39-10.75)

2.23 (1.00-5.05)

1.96 (1.40-2.72)

1 .39 (0.89-2.18)

1.ss (0.92-1 .94)

3.13 (1.61-6.09)

1.03 (0.58-1 .87)

1.72 (1.18-2.49)

1.55 (0.97-2.50)

1.12 (0.71-1-75)

.12+

.ub§

.62§

Factors not included in the multivariate model analysis (P>.15).
.For methodological reasons, patients with multiple various stent implantation were excluded from this analysis.

TData were not available for phase ll.
+Overall comparison.
§Compared with the third level.

subcutaneous treatment, this protocol was previously tried
out by our group in phase II of the study and gave en-
couraging results, v/ith lower subacute closure rates and
lower bleeding events than occurred with the usual cou-
madin-based protocols.2o Because we assumed that these
good results were due to the ticlopidine/aspirin combina-
tion, we progressively reduced the LMWH therapy dura-
tion to complete suppression, as planned in the beginning
of the study. In addition, this strategy allowed earlier dis-
charge of the patients, which led to a progressive signif,-
cant decrease in in-hospital stay after the stenting proce-
dure (Figure).

In this study, the overall mortality (0.67o) as well as the
rate of major cardiac events (2.9Vo) remained low com-
pared with rates of other series of stented patients.ll'12 In
all cases, in the absence of angiographically proven sub-
acute closure of the stented artery, the occurrence of a

systemic event was, by convention, assumed to be due to
subacute thrombosis of the stent.

Predictors of major complications were the same as

those described in the literature. Analysis exhibited a

higher risk of subacute thrombosis in stenting small ar-

teries of (3.0 mm. Due to the design of the study, which
assimilates the size of the artery to the size of the balloon,
we cannot determine whether the higher incidence of sub-
acute closure is caused by the artery diameter rather than
by an inadequate undersizing of the balloon. Neverthe-
less, our data are consistent with previous studies exhib-
iting higher complication rates in small arteries. Stenting
for unstable angina or acute MI also appeared to be at
higher risk. The instability of the atheromatous plaque,
as encountered in the subset of unstable angina, as well
as bail-out situations seemed to be associated with an
increasing rate of subacute thrombosis. The presence of
thrombus at the angioplasty site linked to an unstable and
more complex plaque could account for the increased rate
of complications in these situations. Bail-out circum-
stances were also associated with a higher risk of sub-
acute closure. The occurrence of balloon angioplasty
complications is usually due to more complex lesions or
is associated with high-risk clinical presentation (ie,
women or elderly patients). This could explain why, in
this subset, stenting leads to worse angiographic results
and to higher rates of subacute closure.
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Surprisingly, maximal f,nal inflation pressure was not
a predictor of subacute stent thrombosis, but this result
remains questionable due to missing data in phases II
and III.

Finally, a volume-related effect appeared to be statisti-
cally signilicant (P:.04; odds ratio, 1.46). High-volume
centers reporled a lower rate of major complications, sug-
gesting a learning curve effect.

Predisposing factors for local vascular complications
were identifled in previous studies. These factors include
age of >75 years, female gender, sheath size of >8F, du-
ration of sheath i.nsertion, duration of PTCA procedure,
and periprocedural use of heparin.2l-'a In our study, a
higher rate of local complications was associated with fe-
male gender (P:.001), saphenous vein graft stenting
(.P:.04), bail-out procedures (P:.002), subcutaneous
LMWH therapy duration (P<.001), and sheath size
(P<.001). The relation between local bleeding complica-
tions and saphenous vein graft stenting or bail-out situa-
tions was not clear. We suggest that in these more complex
or complicated procedures, we observed a higher rate of
local bleeding complications because the need for intra-
aortic counterpulsation or intracoronary thrombolysis, and
therefore intraprocedural administered doses of IV hepa-
rin, was higher, sheath size was larger, and duration of
sheath insertion was longer. In our study, the two strongest
univariate and multivariate predictors of bleeding compli-
cations were the increase in LMWH therapy duration and
sheath size. Concerning the duration of postprocedural
anticoagulation, our study led to the same conclusions as

those of other series. In observation of a signilicant reduc-
tion in the rate of local complications from phase II to
phase III without a rise in subacute thrombosis rates, we
were tempted to pursue the shortening of postprocedural
anticoagulation to reduce local complications further. This
strategy resulted in complete suppression of heparin ther-
apy in phase V, which did not increase subacute throm-
bosis rates of the stented arteries. Concerning factors de-
termining femoral complications, Popma et al2s suggested
that there was no relation between sheath size and the oc-
cur:rence of local bleeding. Our results led to the opposite
conclusion, as we found a proportional decrease in local
bleeding complications with the downsizing of the sheath
diameter. Nevertheless, the range of sheath sizes used in
the series of the Washington group was 8F to 1 1F, whereas
in our study sheath sizes were commonly 6F to 8F and

exceptionally over 8F. Because there was no overlap in
sheath sizes in these two studies, it cannot be excluded
that an inflection point in local complication rates exists
around the 8/9F sheath size. An almost constant rate of
complications for large sheath size and a regular decrease
in this rate in sheath sizes of <8F could be evoked. In
addition, stringent anticoagulation protocols were used by
Popma et al that could in part account for their high rates

of local bleeding complications, thus minimizing the
proper effects of sheath size. Nevertheless, on the basis of
our results, we plead for the routine use of 6F guiding
catheters, even for stenting, whereas larger sheath sizes
should be reserved for new PTCA devices or for particular
stents. Conversely, the experience of the center in stenting,
age of patients, clinical indication for PTCA, and proce-
dural characteristics such as maximal balloon size, type of
stent, and number of stents per patient did not influence
the local complication rates in our series.

Incomplete apposition or inadequate sizing of the stent
has been described as a major determinant of restenosis
and subacute thrombosis. Therefore, Colombo et alla pro-
posed optimization of the stent delivery through the use of
high-pressure inflations and systematic intracoronary ul-
trasound imaging without coumadin. Nevertheless, some
issues of this study remain unclear; the respective effects
of high-pressure inflation and ultrasound imaging of the
correct embedding of the stent in the arterial wall in re-
ducing subacute thrombosis were not evaluated separately.
In addition, intracoronary ultrasound is a time-consuming
and costly investigation that is not affordable for a wide
range of interventional catheter laboratories. Finally, this
technique requires the use of accurate, highly experienced
operators, since intravascular ultrasound images are not as

self-explanatory as quantitative coronary angioplasty on-
line measurements of residual stenosis. Thus, our ap-
proach, which favors relatively high-pressure inflations
and angiographic assessment of the deployment of the
stent associated with ticlopidine/aspirin antiaggregation,
al1ows a low-cost, rapid, effective stenting procedure. In
addition, the avoidance of ultrasound imaging allows
widespread use of 6F guiding catheters, which appear to
reduce local bleeding complications without increasing
subacute thrombosis rates. Nevertheless, the effects of this
strategy compared with ultrasound assessment of the stent
deployment on restenosis rates should be assessed through
additional randomized studies.

Conclusions and Future Directions
On the basis of these results, we suggest that intracor-

onary stenting can be performed without coumadin treat-
ment with a sole antiaggregating treatment with the com-
bination of aspirin and ticlopidine. Stent-related cardiac
events remain very low; our results compare favorably
with other studies. Adiunctive LMWH treatment does not
appear to be useful because its progressive reduction did
not increase stent thrombosis but rather significantly re-
duced local bleeding complications. Major factors asso-
ciated with an increase of subacute thrombosis in the
stented artery were small balloon size, used as an approx-
imation to the artery reference diameter, and clinical sub-
set of unstable angina or acute MI. Major factors associ-
ated with an increase of local bleeding complications were
female gender, large sheath size, bail-out situations, and
additional treatment with subcutaneous LMWH. We con-
clude that a strategy based on ticlopidine/aspirin treatment
alone in association with small guiding catheters appears
to be safe, allowing increased use of stenting to provide
the beneflt of decreased PTCA complications and, proba-
bly, decreased restenosis rates. In addition, this strategy is
easy to perform, with no need for intracoronary ultrasound
assessment of the stent deployment, thus reducing patient
hospital stay and procedural costs.

Further randomized studies should investigate the ef-
fects of this strategy on restenosis rates and on the long-
term outcome of the patients. Local drug delivery (ie, hep-
arin) via coated stents could be another promising way of
reducing subacute stent closure without increasing bleed-
ing complications.

Participating Centers and Principal
Investigators (France)

Clinique Bois de Verrières, Antony: Marie Claude Mor-
ice, MDI Pierre Dumas, MD; Centre Cardiologique du



Nord, Saint Denis: Bernard Chevalier, MD; Thierry
Royer, MD; Bernard Glatt, MD; Clinique Volney, Rennes:
Claude Bourdonnec, MD; Yves Biron, MD; Christian Des-
caves, MD; Philippe Druelles, ldD;' Clinique Pasteur, Tou-
louse: Jeat Marco, MD; Jean Fajadet, MD GCV, Lyon:
Philippe Gaspard, MD; Yves Lienhart, MD; Edgar Ben-
veniste, lvID; UCV, Marseille: Bernard Valeix, MD; Pierre
Labrunie, li{D; Clinique Saint Vincent, Besançon: Fierré
Faivre, MD; Pierre-Yves Petiteau, MD; Résidence du
Parc, Marseille: Patrick Joly, MD; Jacques Bille, MD;
Yves Chabrillat, MD; Hôpital Charles Nicolle, Rouen:
Alain Cribier, Pr; Hélène Eltchaninoff, MD; Hôpital
Cochin, Paris: Christian Spaulding, }i4D; Clinique de la
Roseraie, Aubervilliers.' Yves Louvard, MD; Clinique
Saint-Gatien, Tours: Didier Blanchard, ilr4D1' Centre Marie
l,annelongue, Le Plessis Robinson: Bemard Lancelin,
}MD; Polyclinique d'Essey Les Nancy, Nancy: Michel
Henry, MD; Christian Breton, MD; Max Amor,MD; Hop-
italAndré Migno4 Le Chesnay: BernardLivarek, MD; C/l-
nique Saint Martin, Caen: Phllippe Commeau, MD Hôp-
ital Bicha4 Paris: Pierre Aubry, MD; Jean Michel Juliard,
MD; Gaëtan J. Karrillon, l|dD; Hôpital du Hasenrain, Mul-
house: Jean-Pierre Monassier, MD; Hopital Broussais,
Paris: J. Léon Guermonprez, MD; Serge Makowski, MD;
Hôpital Lariboisière, Paris: Christiane Masquet, MD;
Charles Eiferman, lldD1' Clinique des Franciscaines,
Nimes: Philippe Rioux, MD1' Clinique Hartmann, Neuilly-
sur-Seine: Thierry Lefevre, }dD; Clinique Les Alpilles,
Marseille: Paul Barragan, MD; Polyclinique de Bois Ber-
nard, Bois Bernard: Antoine Gommeaux, MD; CMC
Parly II, Le Chesnay: Yves Guerin, MD; Thierry Corcos,
MD; Xavier Favereau, MD; Hôpitctl Valère Lefevre, Le
Raincy: Simon Cattan, MD, G. Zemour, MD; Rémy Pil-
liere, MD; Centre Hospitalier, Caen: Gllles Grollier, MD;
Benoît Valette, MD.
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