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Original Studies 

Elective I m p Ian tat io n of I n t racoronary S ten ts 
Without lntravascular Ultrasound Guidance or 

Subsequent Warfarin 

Mullasari Ajit Sankardas, MD, Paul Timothy McEniery, MBBS, FSCAI, 
Constantine Nicholas Aroney, MD, and John Hugh Nicholas Bett, MBBS 

Two hundred forty-three stents (203 Palmaz-Schatz, 40 Gianturco-Roubin) were electively 
implanted in 188 lesions in 168 patients (mean age 58 2 10 years, 77% males) using 
angiographic but not ultrasound guidance. Patients were treated subsequently with as- 
pirin and observed in hospital for up to 7 days. Those with acute myocardial infarction, 
radiolucent defects in coronary arteries suggestive of thrombus, and results that were 
not optimal after stent implantation were anticoagulated with warfarin and not included in 
the study. 

Two had subacute stent thrombosis and two patients non-Q-wave myocardial infarc- 
tion in-hospital. At follow-up (median 149 days) none had had subacute stent thrombosis, 
one suffered non-Q-wave myocardial infarction, none had died, and none had developed 
major complications at the vascular access site. Fourteen (8%) had undergone further 
revascularisation procedures. 

This initial experience suggests that aspirin is sufficient to prevent subacute stent 
thrombosis after elective high pressure assisted coronary stent implantation without 
intravascular ultrasound guidance if the angiographic appearance after stent deployment 
is optimal. 

Key words: stents, intravascular ultrasound, aspirin 

c 1996 Wiley-Liss, Inc. 

INTRODUCTION 

The use of balloon-expandable intracoronary stents 
has been shown to reduce restenosis that otherwise oc- 
curs in about 30-50% of patients after percutaneous 
transluminal coronary angioplasty (PTCA) [ 1-31. The 
authors of STRESS [4] concluded that placement of in- 
tracoronary stents results in a higher procedural success 
rate and less angiographic restenosis and need for revas- 
cularisation of the index lesion within 6 months. The 
BENESTENT study [5]  also showed that clinical and 
angiographic results were improved 7 months after elec- 
tive stent implantation, but that these were obtained at 
the cost of a significantly higher risk of vascular com- 
plications at the access site and a longer period in-hos- 
pital. These were a consequence of prolonged anticoag- 
ulation with warfarin given to reduce the incidence of 
subacute thrombosis. 

Intravascular ultrasound (IVUS) guidance has been 
used to optimise stent expansion [6-101 and has been 
shown to permit the deployment of stents without sub- 

sequent anticoagulation [ 1 1 ]. Nevertheless, the value of 
IVUS is limited by its cost [12]. When an optimal angi- 
ographic appearance is achieved after high-pressure as- 
sisted intracoronary stent implantation without IVUS 
guidance subsequent antiplatelet therapy with ticlopidine 
and aspirin [ 13 -1 51 and dextran [ 16,171 or heparin [ 181 
has been found to be safe. 

We describe our initial experience with aspirin therapy 
after elective intracoronary stent implantation without 
IVUS guidance. 

From the  Department of Cardiology, Prince Charles Hospital, 
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METHODS 

We report the results of elective stent deployment in 
188 lesions in 168 patients between August 1995 and 
June 1995. All had symptomatic coronary artery disease, 
and stents were implanted to limit restenosis. They had 
lesions greater than 70% in arteries at least 2.5 mm in 
diameter. Informed written consent was obtained prior to 
the procedure. 

Angiograms were performed on a Philips DCI biplane 
system or Siemens Hicor single-plane digital system. ln- 
tracoronary nitroglycerin or sublingual isosorbide dini- 
trate was given before all baseline angiograms and intra- 
coronary nitroglycerin before final angiograms . The 
position of the tube gantry was similar at baseline and 
final angiograms, and the lesions were evaluated in the 
single worst view. Measurements of minimal luminal 
diameter and reference vessel diameter followed by cal- 
culation of percentage diameter stenosis were performed 
with a hand-held calliper technique, using the contrast- 
filled 8 French guiding catheter as the calibration object. 
The angiographic measurements were performed by one 
investigator (MAS) who was not blinded. Lesion calci- 
fication was defined as radiodensities noted with fluo- 
roscopy within the vessel wall at the site of the target 
lesion [19]. Lesions were classified according to the 
American College of Cardiology [20], and length was 
defined as the length of the segment of the lesion with 
encroachment of 50% or more of the lumen. Dissection 
was defined as a linear intralumunal filling defect, ex- 
traluminal opacity, or spiral dissection. No attempt was 
made to classify the types of dissection [21]. 

Patients were treated with aspirin 300 mg bid for at 
least 48 hr before the procedure. After placement of the 
femoral arterial sheath, a bolus of 10,000-15,000 units 
of heparin was given to maintain the activated clotting 
time (ACT) at 350-400 sec. Dipyridamole or dextran 
were not used before the procedure. The lesion was 
crossed primarily with a 0.014- or 0.018-inch Extra Sup- 
port (Advanced Catheter Systems, Santa Clara, CA) wire 
and predilated at low pressure (<6 atm) with a noncom- 
pliant or semicompliant balloon equal in diameter to the 
reference vessel, which was then used for high-pressure 
dilation (12-20 atm) after the stent was implanted. Both 
Palmaz-Schatz (Johnson and Johnson Interventional Sys- 
tems Warren NJ) and Gianturco-Roubin (Cook, Bloom- 
ington, IN) stents were used. The type and number of 
stents selected depended on the length and site of the 
lesion and the presence of major side branches. Giant- 
urco-Roubin stents were preferred for lesions longer than 
15 mm but less than 20 mm, for lesions at a bend and 
when major side branches arose at the lesion. A 5 French 
sheath delivery system was used for Palmaz-Schatz 
stents. Heparin was ceased immediately after the proce- 

TABLE 1. Clinical Characteristics of 
Patients (n = 168) 

% 

Risk factors 
Hyperlipidzmia 32 

Hypertension 15 
Diabetes 11 

Myocardial infarction 28 
Coronary artery surgery 12 
PTCA 33 

Stable angina 60 
Unstable angina 40 

History of smoking 43 

Past history 

Presentation 

dure and sheaths were removed when the ACT was less 
than 165 sec. 

All patients included in this study had nearly optimal 
results after stent placement, i.e., no residual stenosis, 
no dissection proximal or distal to the stent, no haziness 
or flap within the stent, adequate coverage of the entire 
lesion with one or more stents, and the lumen at the site 
of implantation exceeding that of the distal vessel. Those 
in whom stents were deployed for acute or threatened 
occlusion after PTCA, those in whom the post-stent an- 
giogram was not optimal, including those with radiolu- 
cent defects suggestive of intracoronary thrombus, and 
those who had presented with acute myocardial infarc- 
tion were anticoagulated with heparin and warfarin and 
were not included in the study. 

Those included in the study were given aspirin (300 
mg bid) and observed in-hospital for up to 7 days. 
Twelve patients were also given ticlopidine for 1 month. 
They had electrocardiograms and estimations of CKMB 
performed immediately and successively for 24 hr after 
the procedure. After discharge, all were followed for the 
occurrence of death, myocardial infarction, and the need 
for further revascularisation with PTCA or surgery. 

Statistical Methods 

Survival plots and box-and-whisker plots were gener- 
ated with S-PLUS (S-PLUS for Windows 1994 Math- 
Soft). 

RESULTS 
Patients 

One hundred sixty-eight patients (77% male, mean 
age 58 * 10 years) had stents implanted electively with- 
out IVUS guidance or subsequent warfarin (Table I). 
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TABLE 111. Quantitative Coronary Angiography 
Results In = 188) 

TABLE II. Lesion Characteristics (n = 188) 

% 

Vessel 
Native 94 

Left anterior descending 50 
Left circumflex I 2  
Right coronary 38 

Saphenous vein graft 6 

Proximal 44 
Mid 46 
Distal 8 

A 26 

Site 

ACCiAHA type 1201 

B ,  44 
B2 22 
C 6 

Calcification 7 
Total occlusions 5 
Restenotic lesions 5 

Lesions 

stents (Table IT). 

Stents 

Two hundred forty-three stents (202 Palmaz-Schatz, 2 
X 1/2 Palmaz-Schatz, and 40 Gianturco-Roubin) were 
deployed. One hundred forty-seven lesions were treated 
with single stents. The peak inflation pressure for high- 
pressure balloon dilation within the stent was 15.6 ? 1.9 
atm (range 12-20 atm), and the inflation time was 1 15 & 
42 sec. The quantitative angiographic measurements are 
described in Table 111. Although the reference vessel di- 
ameter of the vessels in which stents were implanted was 
3.4 ? 0.8 mm, it was less than 3 mm for 18 (10%) of the 
lesions. 

One hundred eighty-eight lesions were treated with 

Outcome In-hospital 

There were no deaths, and no patient had emergency 
coronary artery bypass surgery. Two ( I  %) had non-Q- 
wave myocardial infarction, with CKMB values exceed- 
ing twice the upper limit of the normal range and two 
(1%) subacute stent occlusions (days 5 and 8). Thus, the 
procedural success rate was 98%. Five (3%) developed 
haematomas at the vascular access site, but none re- 
quired surgery or transfusion. The period spent in hos- 
pital after the procedure was reduced progressively as 
our experience grew (Fig. 1 ) . 

Outcome After Discharge From Hospital 

Follow-up was carried out by telephone in all patients 
(median 149 days). None died, one had myocardial in- 
farction at 78 days after PTCA, 13 (8%) required further 
PTCA, and two underwent bypass surgery, one of whom 

Baseline Final 

Reference vessel diameter (mmj 3.4 t 0.8 3.4 2 0.7 
Diameter stenosis (96) 84.4 i 10.5 4.6 2 6.9 
Minimal luminal diameter (mm) 0.5 i- 0.4 3.2 2 0.8 
Acute gain (mmj 2.1 t 0.7 
Lesion length (mm) 
Final balloon (mmj  3.4 ? 0.5 
Balloonivessel ratio 1.0 5 0.1 

9.2 t 1.7 

lo! 

0 

Fig. 

, 

wa rfa ri n 
u 

1 

Box-and-whit er plots c 

3 4 

time spen in-hospital (days 
on y-axis) after stent implantation by (1) patients treated with 
warfarin (median 7 days) compared with those given only aspi- 
rin, (1) within the first 90 days of our experience (median 6 
days), (2) between 90 and 180 days (median 4 days), (3) between 
180 and 240 days (median 3 days), and (4) our most recent 
experience, after 240 days (median 1 day). 

had had a second PTCA; thus, in all, 14 patients had 
further revascularisation procedures (Fig. 2). 

Patients Given Warfarin 

During the period these patients were treated, another 
60 in whom stents were deployed were given warfarin 
because ( I )  they had presented with acute myocardial 
infarction, (2) stents were implanted for acute or threat- 
ened occlusion, or (3) the results were not acceptable. 
Gianturco-Roubin stents were used in 29 cases. In this 
group, sequelae included groin haematomas in five (8%), 
subacute occlusion in four (7%), Q-wave infarction in 
two, non-Q infarction in two, and further revascularisa- 
tion in four (7%). They remained in hospital for longer 
than those treated without warfarin (Fig. 1). 

DISCUSSION 

Intracoronary stents are being used increasingly to pre- 
vent restenosis despite a subacute thrombosis rate of 
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1 

0 100 200 

0 1 ,  , , , , , , , , , , 

Fig. 2. Kaplan-Meier plots of freedom from revascularisation 
(continuous line) and from myocardial infarction (broken-line 
y-axis) during first 200 days. 

4-5% [22,23] after elective use, while “bail-out’’ im- 
plantation is associated with an incidence of 10-30% 
[24-261. Other factors which predict this complication 
include unstable angina, long and complex (Type C (201) 
lesions with large plaques, incomplete cover of a dissec- 
tion, irregularities of the vessel beyond the segment in 
which a stent has been implanted [27], and arteries less 
than 3 mm in diameter [28]. Meticulous anticoagulation 
with intravenous heparin and overlapping warfarin and 
aspirin has not reduced this risk significantly [25]. It 
occurs typically within 2-14 (mean 6) days [4] and may 
result in Q-wave myocardial infarction or death [4,27]. 

Anticoagulation has also been associated with a high 
incidence of vascular complications at the access site. In 
the BENESTENT study [ 5 ] ,  this was 13.5% in those 
who received stents but only 3.1% in those treated with 
PTCA alone. 

Imaging with IVUS has been used to achieve better 
expansion of stents and a greater acute gain [6-11,291. 
No subacute thrombosis was reported in a series when 
this was followed by the use of ticlopidine and/or aspirin 
alone [30]. IVUS, however, is costly [12]. A trial con- 
ducted in 21 French institutions [31] reported an inci- 
dence of subacute thrombosis of only 1.5% using low- 
molecular-weight heparin (0.1 m1/10 kg bid) with aspirin 
100 mg daily for 2 weeks and 250 mg of ticlopidine for 
1 month. Another study [16] reported no subacute stent 
thrombosis using only aspirin and ticlopidine if the an- 
giographic results were optimal after high-pressure stent 
implantation (without IVUS guidance). 

The group in Milan [6-13,301 proposed that high- 
pressure balloon inflation of intracoronary stents pro- 
vides a larger vessel lumen and better application of the 
stent to the vessel wall. We believe that the use of this 
technique is more important than the choice of antiplate- 
let agents or the use of anticoagulants and that greater 
luminal gain might also reduce the restenosis rate. In- 
deed, aspirin alone appears to provide sufficient protec- 

tion against subacute occlusion. Avoiding anticoagulants 
will reduce time in hospital, the risk of local vascular 
complications, and perhaps the effects of “paradoxical 
thrombosis” [32]. 

The use of ticlopidine is associated with more side 
effects than aspirin [33], including serious neutropenia, 
diarrhea, and skin rashes [34]. We therefore chose to use 
aspirin alone in almost all our patients, who were care- 
fully selected for an optimal angiographic appearance 
after stents were deployed electively, but in whom IVUS 
guidance was not used. Our results, although prelimi- 
nary, tend to confirm that this strategy is safe and 
cheaper than the standard anticoagulant regimen. 

Limitations 

Although those treated with anticoagulants during the 
period of the study suffered more frequent complications 
they cannot be regarded as a comparable group, as they 
were given warfarin because the results of intervention 
were judged to be less satisfactory. In short, this was a 
nonrandomised study of carefully chosen patients in 
whom the results of elective stent implantation were op- 
timal. To determine whether this protocol could be ex- 
tended to others or which “high-risk’’ patients need anti- 
coagulation would require randomised trials. 

CONCLUSIONS 

Elective intracoronary stent implantation can be per- 
formed without IVUS guidance and, when optimal an- 
giographic results are obtained, aspirin appears to be 
sufficient prevent subacute stent thrombosis. 
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