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Objectives A study was set up to validate the safety and
feasibility of intravascular ultrasound-guided stenting
without subsequent anticoagulation, and its impact on the
6 months restenosis rate.

Methods The study was designed to be multicentred,
prospective, and observational.

Results One hundred and sixty-one patients with stable
angina and a de novo coronary artery lesion were enrolled.
In four patients, the implantation of a Palmaz–Schatz (with
spiral bridge) stent had failed. One of these four patients
died 3 days following bypass surgery. In two other patients,
intravascular ultrasound assessment was not performed.
One hundred and twenty-five of the remaining 155 patients
(81%) were treated with aspirin (100 mg . day"1), because
all three criteria for optimized stent expansion were met.
Twenty-two of the remaining 38 patients (25%), in whom at
least one criterion was not met were treated with aspirin
and acenocoumarol (3 months, INR 2·5–3·5), while 16
patients only received aspirin. Stent thrombosis was docu-
mented in two patients (1·3%) for which repeat angioplasty
was performed. During the hospital stay, there were no
deaths or Q-wave myocardial infarctions. Five patients
(3·2%) sustained a non-Q-wave myocardial infarction.

During the follow-up period (198&38 days, complete for
all patients, except one), one patient (0·6%) sustained a
Q-wave myocardial infarction, one (0·6%) underwent
bypass surgery, and repeat angioplasty was performed in
nine patients (5·7%). In two of the nine patients, repeat
angioplasty involved another lesion. Therefore, the target
lesion revascularization rate during follow-up was 4·5%
(seven patients).

At quantitative coronary angiography, the minimal
lumen diameter (mean&SD) increased from 1·12&
0·34 mm before to 2·89&0·35 mm after stenting. Repeat
angiography at 6 months was performed in 144 patients
(92%). The minimal lumen diameter at follow-up was
2·12&0·67 mm. Restenosis (diameter stenosis of 50% or
more) was documented in 12 patients or 8·3%. When the
two patients with documented stent thrombosis are
included, the restenosis rate amounts to 9·7%.

Conclusions These data confirm that, in selected patients,
stents can safely be implanted without the use of systemic
anticoagulation, provided optimal stent expansion is
achieved. The exact role of intravascular ultrasound in the
achievement of these results needs to be established by
appropriately designed studies. In the meantime, intra-
vascular ultrasound coupled with the Palmaz–Schatz stent
incorporating a spiral bridge, may have contributed consid-
erably to the immediate angiographic outcome, which in
turn may explain the favourable clinical and angiographic
outcome at 6 months.
(Eur Heart J 1998; 19: 1214–1223)
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Introduction

Three randomized clinical trials have shown that in
selected patients, intracoronary stent implantation re-
sults in a significant reduction of restenosis at 6 months,
and a superior clinical outcome at 6 months and 1 year,
in comparison with balloon angioplasty[1–4]. However,
these beneficial results were offset by an unacceptably
high incidence of bleeding, vascular complications and
long hospital stay, as a result of vigorous antiplatelet–
anticoagulent drug therapy following stent implanta-
tion. Intensive research has been (and still is) directed at
improving the composition and surface characteristics of
the stents to reduce their intrinsic thrombogenicity; the
efficacy of post-stent adjunctive pharmacological treat-
ment also needs attention[5–7]. So far this research has
resulted in the introduction of the heparin coated
Palmaz–Schatz stent and the routine administration of
aspirin and ticlopidine after stenting[6,7]. However,
another strand of enquiry by Colombo et al. has shown
that when using intravascular ultrasound, the majority
of stents are not adequately deployed, despite a success-
ful angiographic result[8]. It was therefore hypothesized
that the major cause of stent thrombosis was incomplete
expansion rather than intrinsic thrombogenic properties
of the device. As a corollary, it was hypothesized that
where stent deployment is optimal aspirin may suffice[8].

An international group of investigators was set
up to test and validate the safety and feasibility of
intravascular ultrasound-guided stent implantation, by
means of an open, multicentre, prospective registry.
Aspirin was used as monotherapy in cases of optimal
stent deployment and expansion. Patients in whom
optimal stent deployment was not fulfilled were treated
with aspirin and acenocoumarol. In addition to safety
and feasibility, the impact of intravascular ultrasound
guidance during stenting on clinical and angiographic
outcome at 6 months was also studied. The study was
approved by the institutional review committees of the
participating centres. Informed consent was obtained
from all patients.

Methods

Patients

Patients with stable angina due to a single de novo lesion
in a coronary artery and scheduled to undergo coronary
angioplasty were eligible if they had no intolerance or
contraindication to aspirin or anticoagulant drug
therapy (acenocoumarol, heparin). The target lesion had
to be less than 15 mm long and located in a vessel
supplying a normally functioning myocardium and able
to receive a 3·0 mm diameter Palmaz–Schatz stent.
Patients with unstable angina pectoris (chest pain at rest
associated with documented reversible ST segment
changes in hospital despite medical treatment) and
evolving myocardial infarction were excluded. The

angiographic criteria for exclusion were evidence of
thrombus, the presence of multiple focal lesions or
diffuse disease, left main stem stenosis, ostial and bifur-
cated lesions and severe vessel tortuosity. The study was
carried out according to the principles of the Declara-
tion of Helsinki. The protocol was approved by the
Ethical Committees of the participating centres. Written
informed consent was obtained for every patient. Base-
line characteristics of the study population are shown
in Table 1.

Stents and implantation technique

The 14 mm long tubular slotted Palmaz–Schatz stent
incorporating a spiral bridge was used. The femoral
approach was used for stent implantation. Following
pre-dilatation, the stent was manually crimped on the
balloon catheter and expanded. Additional balloon dila-
tation(s) were performed with the original balloon,
customized high pressure balloon(s) or larger balloon(s)
until an acceptable angiographic result was obtained (i.e.
visual diameter stenosis <10–20%). Intravascular ultra-
sound was then performed and all subsequent treatment
decisions were based on intravascular ultrasound
results. If intravascular ultrasound criteria of optimal
stent deployment (see Appendix 1) were not met,

Table 1 Baseline demographic characteristics

Number of patients 161 (100%)
Age, years 60&10
Male 132 (82%)
History of

AMI 41 (26%)
PTCA 14 (9%)
CABG 4 (3%)

Risk factors
smoking 97 (60%)
hypocholesterolaemia 68 (42%)
hypertension 70 (44%)
diabetes 17 (11%)

Functional class (CCS)
I 15 (9%)
II 70 (43%)
III 60 (37%)
IV 5 (3%)

Silent ischaemia 11 (7%)
Extent of vessel disease

1 vessel disease 102 (63%)
2 vessel disease 46 (29%)
3 vessel disease 13 (8%)

Medication at admission
Aspirin 157 (98%)
Beta-blocker 82 (51%)
Calcium antagonist 90 (56%)
Nitrates 95 (59%)

Target vessel
LAD 95 (59%)
RCA 46 (29%)
LCX 20 (12%)

CCS=Canadian Cardiovascular Society.
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additional in-stent balloon dilatation(s) were repeated, if
deemed safe and feasible. This was followed by further,
intravascular ultrasound.

Intravascular ultrasound assessment

Intravascular ultrasound studies were performed in 155
of the 161 patients (96%). In the majority of patients
(148, 96%) a 2·9 F monorail system with a 25 or 30 MHz
transducer-tipped catheter (Cardiovascular Imaging
Systems Inc, CVIS Sunnyvale, CA, U.S.A.) was used.
Six patients (4%) were studied with a 3·5 F catheter
operating on a frequency of 20 MHz (Endosonics Corp).
The patient was given an intracoronary injection of
0·25 mg nitroglycerin, following which the intravascular
ultrasound catheter was introduced into the coronary
artery distal to the stented segment. Under continuous
video registration (S-VHS) a slow manual pull-back
(102 patients) or motorized pull-back at a speed of
0·5 mm . s"1 (52 patients) was performed from a distinct
landmark, through the entire stented lesion, back to the
guiding catheter. The reproducibility of intravascular
ultrasound measurements within coronary stents has
previously been described for electronic and recently for
mechanical systems. However, all imaging catheters
used in this study were tested after every procedure
for correct distance calibration by imaging cylindrical
phantoms with an internal diameter of 2·0 to
5·0 mm[9,10].

For the purpose of the study, intravascular ultra-
sound was performed after stent implantation to judge
adequate stent expansion. The lumen–plaque border was
manually traced in order to calculate the lumen area.
Similarly the media–adventitia border was manually
traced at the external elastic membrane to calculate the
vessel area. Both these manoeuvres were performed in
the catheterization laboratory at the end of every intra-
vascular ultrasound pull-back by an experienced opera-
tor. The reference segments of the stented coronary
artery were defined in close spatial relation to the lesion
or stent site. Reference artery measurements were made
1–5 mm on either side of the stented segment. An
optimal cross-section of both the proximal and distal
reference segments was chosen to trace and calculate the
mean of the lumen area and vessel area (average of
proximal and distal value) by use of the software incor-
porated within the intravascular ultrasound system. If
proximal or distal segments were not suitable (e.g.
side-branches directly proximal or distal to the stented
segment or poor image quality), only one of the refer-
ences was used for further analysis. The complete pull-
back within the stented segment was carefully reviewed
for identification and calculation of the tightest in-stent
site. In addition to on-line assessment of stent expansion
by the investigator at the end of the procedures, all
intravascular ultrasound tapes were sent to the Core
Laboratory (Cardialysis, Rotterdam, The Netherlands)
for further quantitative analysis of vessel and lumen area
and diameter.

Adjunctive therapy

The majority of patients were on aspirin before the
procedure or received a bolus of 250 mg i.v. (half-life
of&2–3 h) at the start of the procedure. Low-dose
aspirin (100 mg . day"1) was administered to patients in
whom the intravascular ultrasound criteria of optimal
stent deployment were met. A combination of aspirin
(100 mg . day"1), a continuous infusion of heparin
(titrated according the activated partial thromboplastin
time) until a therapeutic level of acenocoumarol was
obtained, was administered to patients in whom the
intravascular ultrasound criteria of optimal stent
deployment were not met. In these patients, oral antico-
agulation was continued for 3 months. As mentioned
above, the investigator in the catheterization laboratory
judged at the end of the procedure whether the pre-
defined intravascular ultrasound criteria of optimal stent
deployment and expansion had been met.

Follow-up

Patients were required to have clinical follow-up studies
after 1, 3 and 6 months. Coronary angiography was
required at 6 months. If a revascularization procedure
involving the treated segment had been performed
before the 6 months angiogram, the most recent angi-
ogram obtained before this intervention, if available,
was used as the follow-up angiogram, regardless of the
timing of the second intervention. If the time to
follow-up angiography was less than 3 months and no
second intervention was performed, the patient was
asked to undergo angiography again at 6 months.

Three angiograms were obtained for each
patient, one just before stent implantation, one immedi-
ately after, and one at follow-up. All angiograms were
analysed by the Cardiovascular Angiography Analysis
System and sent to the core laboratory (Cardialysis,
Rotterdam, The Netherlands). To standardize the
method of data acquisition and to ensure the exact
reproducibility of the angiograms performed after the
intervention and at follow-up, measurements were made
as described earlier

[11]
.

Objectives and end-points

The primary objective was to test the safety and feasi-
bility of intravascular ultrasound-guided optimized stent
implantation, alleviating the need for systemic antico-
agulation, in a patient population comparable with that
enrolled in the BENESTENT I and pilot phase of the
BENESTENT II Studies. For this purpose, the follow-
ing end-points were selected: death, myocardial infarc-
tion, coronary artery bypass surgery (CABG) and repeat
percutaneous intervention (re PTCA) of the previously
treated lesion, and clinically and/or angiographically
documented (sub)acute thrombotic stent occlusion 30
days after stent implantation.
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The secondary objective was to assess the efficacy
of intravascular ultrasound-guided stent implantation in
terms of clinical and angiographic outcome at 6 months.
For this purpose, the 30 day evaluation end-points were
used. In addition, the incidence of restenosis at repeat
angiography at 6 months (50% diameter stenosis or
more) and changes in stenosis geometry were determined
by quantitative coronary angiography. The region of
interest encompassed the stented coronary segment.
Therefore, measurements were made within the stent
and in the segments immediately adjacent to the stent,
proximally and distally.

Death was defined to include all deaths, regard-
less of cause. Myocardial infarction was diagnosed if
there were new pathological Q waves, that is, not present
on the baseline ECG, according to the Minnesota Code,
or if there was an increase in creatine kinase to more
than twice the normal value, together with a pathologi-
cal increase in myocardial isoenzymes[12]. ECG and
enzyme measurements were made routinely in all
patients according to a scheme outlined in the protocol.
Bypass surgery was defined to include emergency or
elective bypass surgery involving the previously stented
segment, between the completion of the initial procedure
and repeat angiography at 6 months. Repeat interven-
tions were those involving the previously stented lesion
and that followed the index procedure, which was
considered completed when the guiding catheter was
removed from the arterial sheath.

Statistical analysis

The main clinical analysis consisted of the determination
of the primary and secondary clinical end-points in the
period between stent implantation and 30 days after
implantation and between stent implantation and 6
months after, respectively. This analysis included all
patients except those in whom no stent was implanted. A
total of all clinical events (non-mutually exclusive) was
ranked according to the highest category on a scale
ranging from (1) death, (2) acute myocardial infarction,
(3) CABG, (4) repeat PTCA.

The main angiographic analysis consisted of the
determination of the minimal lumen diameter at
follow-up of all patients who received a stent and whose
angiogram was suitable for quantitative coronary
angiography.

Continuous variables are expressed as means&
SD and were compared by the unpaired Student’s
t-test. Discrete variables are expressed as counts and
percentages.

Results

Clinical events by first month

Between February and September 1995, 161 patients
were enrolled. In four patients (2·5%) a stent could not
be implanted. Stent implantation failed because of cal-

cification of the target vessel in one patient and tortu-
osity of the proximal segment in two other patients. In
one patient the reason could not be established. In all
four patients, the in-hospital clinical outcome was un-
eventful, except in one in whom balloon angiplasty was
complicated by a non-Q-wave acute myocardial infarc-
tion (creatine kinase (CPK) 319 IU . l"1, myocardial
band (MB) 30 IU . l"1) due to coronary dissection. This
patient was referred for CABG but died 3 days after
surgery. In the remaining 157 patients, a total of 186
stents were implanted (one stent in 134 patients (85%),
two stents in 19 (12%), three stents in two (1·3%) and
four stents in two other patients).

During the hospital stay, clinically or angi-
ographically documented stent thrombosis occurred in
two patients (1·3%) at days 4 and 5 after implantation
(Table 2). Both patients underwent repeat angioplasty of
whom one was also referred for bypass surgery. Stent
thrombosis was complicated by a non-Q-wave acute
myocardial infarction in one patient (CPK 159 IU . l"1,
MB 11 IU . l"1).

In total, five patients (3·2%) sustained a non-
fatal, non-Q-wave myocardial infarction (CPK
537&331 IU . l"1, MB 26&31 IU . l"1). Myocardial
infarction was due to stent thrombosis (one patient),
side branch occlusion (one patient) and coronary dissec-
tion induced during intravascular ultrasound interroga-
tion after stent implantation (one patient). In one
patient, the baseline creatine kinase was elevated before
the intervention and in the remaining patient the exact
cause was not established. One patient (0·6%) assigned
to oral anticoagulation following stent implantation,
suffered access site bleeding for which surgery was
performed. Procedural details and angiographic
measurements before and after stenting are depicted
in Table 3.

Intravascular ultrasound assessment

In six patients (3·7%) no intravascular ultrasound study
was performed; in two patients, it was not possible to
cross the target lesion with the intravascular ultrasound
catheter due to vessel tortuosity, in four because no stent
was implanted. Therefore, the technical intravascular
ultrasound success rate was 99%. There was no
complication-related intravascular ultrasound imaging,
except in one patient who sustained a non-Q-wave
acute myocardial infarction due to intravascular
ultrasound-induced coronary dissection.

Off-line analysis of the intravascular ultrasound
tapes in the Core Lab disclosed that one of the three
criteria for optimal stent expansion was not reached in
32 patients (20·4%). The investigators reported that
during the on-line analysis of 38 patients (24·6%) com-
plete apposition (criterion 1) had occurred in four,
optimal stent expansion (criterion 2) in 35 and sym-
metric expansion (criterion 3) in one. Of these 38
patients, 22 were treated with aspirin and systemic
anticoagulation according to the regulations of the
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protocol, while 16 received only aspirin. In most of the
22 patients aspirin was given since the investigator felt
the criteria were too stringent and that the stent was
sufficiently expanded. Stent thrombosis was only ob-
served in two patients. In both patients, the second
criterion was not reached. One patient was treated with
aspirin and systemic anticoagulant drug therapy, the
other only received aspirin.

Of the 155 intravascular ultrasound tapes re-
ceived by the Core Laboratory, 151 (97%) were suitable
for off-line quantitative analysis. The measurements
within the reference segments and stented segment after
stent optimization are shown in Table 4.

Clinical events at 1–6 months

Clinical follow-up (198&38 days) was complete for
all patients except one who was lost to follow-up.

One patient (0·6%), treated with a single 3·5 mm
Palmaz–Schatz sustained a non-fatal Q wave acute
myocardial infarction (CPK/MB: 1628/143 IU . l"1)
1 month after stent implantation. Although all three
criteria for optimal stent expansion had been met, the
patient nevertheless, received aspirin and acenocou-
marol because of a small residual dissection after stent-
ing. Although the exact cause was not established,
late stent thrombosis cannot be excluded. Another
patient (0·6%), in whom the intravascular ultrasound
study was complicated by a coronary dissection, was
referred for elective bypass surgery 1 month after the
intervention.

A total of nine patients (5·7%) underwent repeat
angioplasty between 1 and 6 months after stent implan-
tation. Target lesion revacularization was performed in
seven patients (4·5%), and another lesion was dilated in
two other patients. All seven patients who underwent
target lesion revascularization had recurrent angina. An

Table 2 Frequency of major adverse events during hospital stay and after discharge
(n=157)*

Event
Until 1 month At 1–6 months At 6 months

Total Ranking Total Ranking Total Ranking

Death 0 0 0 0 0 0
Q wave AMI 0 0 1 (0·6%) 1 (0·6%) 1 (0·6%) 1 (0·6%)
Non-Q wave AMI 5 (3·2%) 5 (3·2%) 0 0 5 (3·2%) 5 (3·2%)
CABG 1 (0·6%) 1 (0·6%) 1 (0·6%) 1 (0·6%) 2 (1·3%) 1 (0·6%)
rePTCA 2 (1·3%) 1 (0·6%) 9 (5·7%)† 9 (5·7%) 11 (7·0%)a 10 (6·3%)a

(sub)Acute thrombotic
stent thrombosis 2 (1·3%) 0 — — 2 (1·3%) 0

*Stent implantation failed in four out of the 161 patients enrolled. One out of these four patients
underwent bypass surgery and died in the perioperative period (see text).
†In two out of these nine patients, another lesion was treated. Therefore the target lesion
revascularization rate for restenosis is 4·5%.
aIncluding two patients who underwent repeat PTCA because of subacute stent thrombosis and
two patients who underwent repeat PTCA during the follow-up period of another lesion.
Total: count of all major adverse cardiac events (non-mutually exclusive analysis). Ranking:
frequency of events in descending order of severity (death worst outcome, followed in order of rank
by acute myocardial infarction, CABG, repeat PTCA, (sub)acute thrombotic stent thrombosis.

Table 3 Angiographic measurements: matched views of 144 patients who completed
follow-up angiography

Before stenting Immediate after stenting At 6 months

Reference diameter (mm) 3·09&0·49 3·40&0·54 3·04&0·51
Minimal lumen diameter (mm) 1·13&0·34 2·90&0·36 2·12&0·67
Diameter stenosis (%) 63&10 15&6 30&17
Acute gain (mm) — 1·79&0·39† —
Loss (mm) — — 0·78&0·56*
Net gain (mm) — — 1·04&0·61
Loss index — — 0·45&0·33
Nominal balloon/artery ratio 1·20&0·15 —
Final balloon size (mm) 3·65&0·37 —
Maximal inflation pressure 15·8&3·33 —

Values are mean&SD.
†P<0·0001 vs before stenting.
*P<0·001 vs after stenting.
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ECG stress test was performed in four patients and was
positive for ischaemia.

At last follow-up visit, 145 patients (92%) were
being treated with aspirin, 51 (32%) received a beta-
blocker, 56 (36%) a calcium antagonist and 39 (25%)
nitrates. One hundred and twenty patients (76%) were
free of angina (76%), 14 patients (8·9%) were in class I,
18 (11%) in class II, three (1·9%) in class III and
two (1·3%) in class IV according to the Canadian
Cardiovascular Society.

Angiographic outcome at 6 months

Of the 157 patients who received a stent, repeat angiog-
raphy was performed in 144 (92%) at a mean time
interval of 6·6&1·2 months. In 13 patients, no follow-up
angiogram was available: 9 patients with on uneventful
clinical course refused repeat angiography, another
patient who sustained a myocardial infarction 1 month
after stenting also refused repeat catherization; in one
patient the treating physician decided not to perform
repeat angiography because of hyperthyroidism: one
patient was lost to follow-up; the angiogram was missing
in one other patient (who underwent CABG).

The results of quantitative coronary angiography
are shown in Table 3. Restenosis (diameter stenosis of
50% or more at follow-up) was documented in 12
patients (8·3%). However, when the two patients with
subacute stent thrombosis are included, the restenosis
rate amounts to 9·7%.

Discussion

Intravascular ultrasound imaging after stent implanta-
tion has demonstrated that the majority of stents were
not fully expanded despite an acceptable angiographic

result[8,13]. As a result, additional balloon inflation(s) in
the stent using balloons equal in size to the target vessel
at high pressure became customary[14]. The clinical
benefit in terms of reducing acute complications and the
withholding of systemic anticoagulation was docu-
mented by Colombo et al.[8]. The present observational
study evaluated this strategy in a multicentre approach,
with data collection and analysis in a central Core
Laboratory.

Clinical outcome at 30 days

The incidence of stent occlusion in the present study
(1·3%) confirms the observations of Colombo et al. who
reported an incidence of 1·5%[8]. These data compare
favourably with those during the initial period of stent-
ing when an incidence (expressed as weighted average)
of 8·2% was observed and with those of the recently
conducted BENESTENT and Stress Study in which
an incidence of 3·5 and 3·4%, respectively, were
reported[1,2,15]. In these studies, however, stent implan-
tation was performed without intravascular ultrasound
or the routine use of high pressure balloon dilatations
following stenting and, above all, without unequivocally
predefined criteria for optimized stent expansion. Of all
variables predictive of stent thrombosis, the final angi-
ographic result reflecting the degree of stent expansion
has consistently been shown to be one of the most
important predictors[16–20]. This raises the question as to
whether intravascular ultrasound is mandatory or
whether other types of guidance such, as on-line quan-
titative coronary angiography, can be used, or whether
the routine use of in-stent high pressure balloon dilata-
tions without intravascular ultrasound guidance will
suffice. This is currently being investigated by a number
of ongoing randomized trials such as the AVID and
Opticus study.

Table 4 Intravascular ultrasound measurements after stenting

Proximal reference site
(n=130)

Stent site
(n=151)

Distal reference site
(n=135)

Vessel
area mean (mm2) 17·5&4·5 17·7&4·4 15·1&4·8

min 16·9&4·3 16·8&4·0 14·5&4·8
max 18·1&4·7 18·7&5·2 15·7&4·9

diameter mean (mm) 4·7&0·6 4·7&0·6 4·3&0·7
min 4·6&0·6 4·6&0·5 4·2&0·7
max 4·8&0·6 4·8&0·7 4·4&0·7

Lumen
area mean (mm2) 9·9&2·7 9·5&2·4 9·0&2·9

min 9·4&2·6 7·9&2·0 8·5&2·8
max 10·4&2·8 11·7&3·0 9·6&3·0

diameter mean (mm) 3·5&0·5 3·4&0·4 3·3&0·5
min 3·4&0·5 3·1&0·4 3·2&0·5
mac 3·6&0·5 3·8&0·5 3·5&0·5

A total of 151 tapes out of the 155 patients in whom intravascular ultrasound was performed were
suitable for analysis.
Values are mean&SD.
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Clinical experience in a vast number of patients
with stable and unstable angina (including acute cor-
onary syndromes) in whom stent implantation was
performed electively and in emergency situations suggest
that the routine use of high pressure balloon dilatations
will suffice. In all these studies, the incidence of (sub)-
acute stent thrombosis was less than 1·8%, except in one
in which stent occlusion occurred in 3·2% of the
patients[18–24]. At variance with the present study, in
which patients only received aspirin in cases of optimal
stent expansion, all patients were treated with aspirin
and ticlopidine. The potential value of the synergistic
effect of aspirin and ticlopidine was recently demon-
strated in the Isar study[6,25]. In this study, stent throm-
bosis occurred in 2·9% of the patients treated with
aspirin, but was 0·8% in the patients treated with aspirin
plus ticlopidine[6]. These data were not available when
the present study was designed. Stent thrombosis,
however, is a complex process in which many factors
interact. Optimal implantation and adjunctive pharma-
cological treatment still needs to be established. The
risks from aggressive stent expansion are coronary rup-
ture extensive vessel wall injury which in turn may
provoke a severe vessel wall response and thus
restenosis[26–29]. This can be avoided by appropriately
sized balloons based on intravascular ultrasound
measurements. This may, in part, explain the low
restenosis rate observed in this study.

Clinical and angiographic outcome at
6 months

To our knowledge, an incidence of 6·3% for repeat
PTCA and 9·7% for documented angiographic resteno-
sis after stent implantation has never been reported
before. In the original study of Colombo et al. 47
(13·1%) out of the 359 patients underwent repeat PTCA
at 6 months[8]. The results of the BENESTENT I and

pilot phase of the BENESTENT II studies, in which
patients with similar baseline characteristics and
indications for stenting were enrolled and of whom
the data were processed and analysed by the same
Data Coordinating Center and Angiographic Core
Laboratory, are depicted in Table 5. These data cor-
roborate previous studies in which it was found that the
lumen diameter immediately after the procedure was one
of the most powerful independent predictors of coronary
patency at 6 months[30–32]. When incorporating the
vessel size (reference diameter=3·11 mm) of the present
study together with the minimal lumen diameter post-
procedure (2·92 mm) and the treated vessel (left anterior
descending 59%) in the multivariate model derived from
the BENESTENT I study (minimal lumen diameter
at follow-up= "0·26+0·47#minimal lumen diameter
post+0·35#reference diameter pre"0·11#left an-
terior descending), it is found that the predicted minimal
lumen diameter at follow-up (2·14 mm) is almost identi-
cal to the minimal lumen diameter at follow-up observed
in the present study (2·16 mm).

Obviously, the biology of the restenosis process
and thus the angiographic outcome is complex and
multifactorial. In addition to procedural factors, other
factors may play a role. In the present study, the
Palmaz–Schatz stent incorporating a spiral bridge was
used. It has been shown that when using the Palmaz–
Schatz stent composed of two rigid 7-mm slotted tubes
connected by a 1-mm central bridging strut, the largest
amount of neointimal formation was located at the
articulation site[33]. However, this needs to be investi-
gated further since a recent study found that the largest
lumen loss was located in the midportion of the stent
regardless of stent type[10].

The relationship between the immediate and
long-term angiographic outcome appears to be estab-
lished. Intuitively, such a relationship must also exist
between the long-term clinical and angiographic out-
come. In a number of studies, no such relationship was

Table 5 Acute and long-term angiographic outcome

BENESTENT I
(n=225)*

Pilot Phase
BENESTENT II

(n=192)

MUSIC study
(n=144)†

Reference diameter (mm) 3·00&0·44 3·16&0·41 3·09&0·49
Minimal lumen diameter pre (mm) 1·07&0·33 1·10&0·31 1·13&0·34
Minimal lumen diameter post (mm) 2·51&0·36 2·77&0·37 2·90&0·36
Minimal lumen diameter follow-up (mm) 1·85&0·64 2·08&0·59 2·12&0·67
Diameter stenosis pre (%) 64&10 65&9 63&10
Diameter stenosis post (%) 21&19 18&6 15&6
Diameter stenosis follow-up (%) 38&19 34&15 31&17
Restenosis (%) 20 13 9·7
Gain (mm) 1·44&0·42 1·67&0·38 1·78&0·39
Loss (mm) 0·66&0·58 0·68&0·50 0·78&0·56
Net gain (mm) 0·78&0·66 0·97&0·59 1·00&0·64
Loss index 0·46&1·39 0·41&1·18 0·45&0·33

Values are mean&SD.
*Per protocol analysis of the BENESTENT I Study (references[6] and [32]).
†Matched views of the 144 patients who completed follow-up angiography.
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observed[34]. This may be explained by the fact that
clinical outcome, and repeat PTCA in particular, is
affected by variables other than coronary lumen diam-
eter or restenosis at follow-up angiography, by the
disparity between angiographic lesion severity and
haemodynamic effects on the coronary circulation and
by the limitations of contrast angiography in defining a
complex disease process. The data of the present study
and those of the BENESTENT studies, however, reveal
a parallel in the improvements of the clinical and
angiographic outcome. A relationship between the clini-
cal and angiographic outcome was also observed in the
BENESTENT I study[32].

Limitations of the study and conclusions

In the present study, only patients with stable angina
and a single de novo lesion in a relatively large coronary
artery were enrolled. These low risk patients were
treated by investigators who experienced in both intra-
coronary stenting and intravascular ultrasound. The
results, therefore, may be difficult to generalize or to
apply to less selected patients treated in different
settings.

By nature of design, this study does not provide
a pathophysiological explanation for the findings. The

role of intravascular ultrasound and criteria may be
questioned. Also, the low risk nature of the patients may
have contributed to the favourable results. However, the
results of the present study indicate that implantation of
the Palmaz–Schatz stent incorporating a spiral bridge
followed by aspirin as monotherapy in cases of optimal
expansion is safe and feasible. The data of this study
may affect the way coronary angioplasty is being
performed.
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Appendix 1

Intravascular ultrasound criteria of optimal
stent expansion

1. Complete apposition of the stent over its entire length
against the vessel wall.

2. In-stent minimal lumen area §90% of the average
reference lumen area or §100% of lumen area of the
reference segment with the lowest lumen area.
In-stent lumen area of proximal stent entrance §90%
of proximal reference lumen area.
In case the in-stent luminal area >9·0 mm2.
In-stent minimal lumen area §80% of the average
reference lumen area or §90% of lumen area of the
reference segment with the lowest lumen area.
In-stent lumen area of proximal stent entrance §90%
of proximal reference lumen area.

3. Symmetric stent expansion defined by LDmin/
LDmax §0·7.

In the first 38 patients, the second criterion
consisted only of the following: In-stent minimal lumen
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area §90% of the average reference lumen area and
¢100% of luman area of the reference segment with the
lowest lumen area.

Appendix 2

The following institutions and investigators participated
in the MUSIC Study. The number of patients enrolled at
each centre is given in parentheses.
Klinikum Innenstadt der Ludwigs-Maximilians
Universität, Munich, Germany (21): H. Mudra;
Klinikum der Universität Göttingen, Germany (18): H.
Figulla; Shaare Zedek Medical Center, Jerusalem, Israel
(18): Y. Almagor; Institut de Cardiologie de Montreal,
Canada (15): S. Doucet, L. Bilodeau; Vancouver
General Hospital, Canada (15): I. Penn; Casa di Cura
Columbus, Milano, Italy (13): A. Colombo; Universität-
skrankenhaus Eppendorf, Hamburg, Germany (10): Ch.
Hamm: Institute of Cardiology of the University of
Milan, Italy (10): A. Bartorelli; London Chest Hospital,
United Kingdom (10): M. Rothman; Kokura Memorial

Hospital, Kitakyushu, Japan (7): Y. Nobuyoshi, T.
Kimura; Ohashi Hospital, Tokyo, Japan (7): T.
Yamaguchi, S. Nakamura; Onasis Cardiac Surgery
Center, Athens, Greece (6): V. Voudris; Thoraxcenter,
Rotterdam, The Netherlands (5): C. DiMario, P. de
Jaegere; Hôpital Broussais, Paris, France (3): S.
Makovski; Medizinische Hochschule, Hannover,
Germany 92): D. Hausmann.
Steering Committee: Peter de Jaegere (chairman),
Harald Mudra, Hans Figulla, Martin Rothman, Stan
Rabinovich, Gerrit Anne van Es. Data Monitoring
Committe: Patrick W. Serruys (chairman) Freek
Verheugt, Jan Tijssen. IVUS Committee: Harald
Mudra (chairman), Carlo di Mario, Martin Rothman.
Coordinating Center, Cardialysis BV, Rotterdam, The
Netherlands: Madoka Sunamura, Taco Baardman,
Willemijn Groothuis, Irene Keulen, Jim Wirzman,
Clemens Disco, Rein Melkert, Gerrit Anne van Es.
Angiographic Core Laboratory, Cardialysis BV,
Rotterdam, The Netherlands: Diny Amo, David Foley.
IVUS Core Laboratory, Cardialysis BV, Rotterdam,
The Netherlands: Clemens von Birgelen, Harald Mudra.
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