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Background—Sirolimus-eluting stents markedly reduce the risk of restenosis compared with bare metal stents. However,
it is not known whether there are differences in effectiveness between bare metal and sirolimus-eluting stents in patients

with total coronary occlusions.

Methods and Results—In a prospective, randomized, single-blind, 2-center trial, we enrolled 200 patients with total
coronary occlusions: Half (n=100) were randomly assigned to receive bare metal BxVelocity stents and half (n=100)
to receive sirolimus-eluting Cypher stents. The primary end point was angiographic binary in-segment restenosis rate
at 6-month follow-up. Secondary end points were a composite of major adverse cardiac events, target vessel failure,
binary in-stent restenosis rate, in-stent and in-segment minimal lumen diameter, percent diameter stenosis, and late
luminal loss at 6-month follow-up. The sirolimus stent group showed a significantly lower in-stent binary restenosis rate
of 7% compared with 36% in the bare metal stent group (P<<0.001). The in-segment binary restenosis rate was 11% in
the group receiving a sirolimus stent versus 41% in the bare metal stent group (P<<0.0001), resulting in a target lesion
revascularization rate of 4% in the sirolimus group versus 19% in the bare metal group (P<<0.001). Patients who
received the drug-eluting stent also had significantly lower rates of target vessel revascularization, target vessel failure,

and all major adverse cardiac events.

Conclusions—1In patients with total coronary occlusions, use of the sirolimus-eluting stents are superior to the bare metal
stents with significant reduction in angiographic binary restenosis, resulting in significantly less need for target lesion
and target vessel revascularization. (Circulation. 2006;114:921-928.)
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S ince data from the 2 landmark studies, the Belgium Neth-
erlands Stent (BENESTENT) study and the Stent Resteno-
sis Study (STRESS), showed that coronary stenting significantly
decreases restenosis compared with conventional balloon angio-
plasty, this treatment modality has been shown to be superior in
an increasing number of indications.'> This included percutane-
ous coronary intervention (PCI) of chronic total occlusions,
although restenosis rates remained relatively high (32% to
55%).3-% In 200 patients with total coronary occlusions random-
ized in the Primary Stenting of Totally Occluded Native Coro-
nary Arteries I (PRISON ) study, we demonstrated a restenosis
rate of 22% after bare metal stent implantation compared with

33% after conventional balloon angioplasty.® During the past
few years, sirolimus (rapamycin), a cytostatic macrocyclic lac-
tone with antiinflammatory and antiproliferative properties,'-12
delivered from a polymer-encapsulated stent was shown to
markedly reduce the risk of restenosis in selected groups of
patients in several randomized trials.!3-'® However, no random-
ized data are available on the efficacy of sirolimus-eluting stent
implantation in patients with totally occluded coronary arteries.
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We therefore conducted a prospective, randomized trial
comparing the immediate and long-term angiographic and
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clinical results of bare metal stent implantation with
sirolimus-eluting stent implantation in patients with total
coronary occlusions.

Methods

Patients

The Primary Stenting of Totally Occluded Native Coronary Arteries
II (PRISON II) study is a prospective, randomized, single-blind,
2-center trial in which 200 patients with total coronary occlusions
were included. Enrollment of study patients began in January 2003
and was completed in September 2004. Patients were considered
eligible if they had an estimated duration of the total coronary
occlusion of at least 2 weeks with evidence of ischemia related to the
target vessel (signs of ischemia during an abnormal exercise test,
defined as ST depression of =1.0 mm that is horizontal or downslop-
ing or upsloping ST depression of =2.0 mm or signs of ischemia
found during nuclear imaging with exercise, dobutamine, or adeno-
sine). Patients were excluded if the lesion could not be crossed, if the
use of heparin, aspirin, and clopidogrel was prohibited, in case of
severe renal failure (creatinine >250 wmol/L), or if patients were
unwilling or unable to complete follow-up.

The study was conducted according to the principles of the
Declaration of Helsinki and was approved by the institutional ethics
committees at the St Antonius Hospital Nieuwegein and Onze Lieve
Vrouwe Gasthuis Amsterdam, both in the Netherlands. All patients
gave written informed consent before they underwent the procedure.
There was no industry involvement in the study design, conduct, or
analysis of the trial. The authors had full access to the data and take
full responsibility for its integrity. All authors have read and agree to
the manuscript as written.

Randomization, Stent implantation, and Adjunct
Drug Therapy

Before or at the time of the procedure, all patients were treated with
a loading dose of =300 mg of clopidogrel and 80 mg of aspirin. At
the start of the procedure, patients received a single dose of
unfractionated heparin (80 to 120 U/kg body wt). After the occluded
lesion was crossed with a guidewire and before initial dilatation with
a balloon, patients were randomly assigned to receive either a
conventional bare metal stent (BxVelocity, Cordis, a Johnson &
Johnson company) or a sirolimus-eluting stent (Cypher, Cordis, a
Johnson & Johnson company, Miami Lakes, Fla) with variable
lengths (13, 18, 23, 28, and 33 mm) and diameters (2.5 to 3.5 mm).
In case of additional stents, only the assigned stent type was used per
lesion and/or vessel. Patients were randomized by a telephone
allocation service; randomization was stratified by center in undis-
closed permuted blocks of 6. Standard recanalization and stent
implantation techniques were used from either the radial or femoral
artery. The major goal was to achieve a residual lumen diameter
stenosis <30% on visual assessment. Patients and referring physi-
cians were blinded for stent allocation. Poststent dilatation was
performed with high inflation pressures in all patients. After the
intervention, the antiplatelet therapy was continued and consisted of
=80 mg of aspirin once daily indefinitely and 75 mg clopidogrel
daily for at least 6 months.

Follow-Up Protocol

After the index procedure, all patients remained in the hospital for at
least 24 hours. A 12-lead ECG was obtained before the procedure,
after the procedure, and before discharge. Blood samples were taken
for the measurement of creatine kinase and its MB isoenzyme before
stenting, at 8 to 16 hours after the procedure, and again at 18 to 24
hours after the procedure and continued if needed daily thereafter
during longer hospitalization. Adverse events were assessed in the
hospital, at 30 days, and at 6 and 12 months. At 30 days, a telephone
interview was done to assess the patient’s clinical status. All patients
were asked to return for both clinical and angiographic follow-up at
6 months after the procedure or earlier if anginal symptoms occurred.
An independent clinical event committee, members of which were

unaware of the patient’s treatment assignment, reviewed all clinical
end points during follow-up.

Clinical long-term follow-up was performed at 6 months preced-
ing the angiography and at 12 months. Recurrent angina, a positive
exercise test, or abnormal nuclear imaging was considered a clinical
sign of restenosis. Follow-up angiography was performed earlier if
there were clinical signs of restenosis and, if indicated, was followed
by (ischemia-driven) revascularization. Death, myocardial infarc-
tion, and target lesion revascularization (defined as ischemia-driven
percutaneous or surgical revascularization of the target lesion due to
restenosis within the stent or within 5 mm distal or proximal to the
stent after the initial procedure) were recorded as major adverse
cardiac events. Revascularization of the target lesion and vessel was
considered to be driven by ischemia if the diameter stenosis was
=50% as estimated by quantitative coronary angiography in the
presence of ischemic signs or symptoms. In addition, occurrences of
angina (Canadian Cardiovascular Society), target vessel revascular-
ization (defined as repeat revascularization within the treated vessel),
and target vessel failure (defined as a composite of death from
cardiac causes, myocardial infarction, and ischemia-driven target
vessel revascularization) were recorded.

Study End Points and Clinical and

Angiographic Definitions

The primary end point was defined as the binary in-segment
restenosis rate (defined as restenosis >50% on follow-up angiogra-
phy) at 6-month angiography. Secondary end points included the
following: a composite of major adverse cardiac events at 6 and 12
months, target vessel failure at 6 and 12 months, binary in-stent
restenosis rate, in-stent and in-segment minimal lumen diameter,
percent in-stent and in-segment diameter stenosis, and in-stent and
in-segment late luminal loss at 6-month follow-up.

The diagnosis of Q-wave myocardial infarction during follow-up
was based on the presence of new Q waves on the ECG and an
elevated creatine kinase to at least 2 times the upper limit of the
normal range with an elevated level of MB isoenzyme. In the
absence of pathological Q waves, the diagnosis of non-Q-wave
myocardial infarction was based on the increase of creatine kinase
level to more than twice the upper limit of the normal range with an
elevated level of MB isoenzyme. Total coronary artery occlusion
was defined by the absence of antegrade flow of contrast distal to the
occlusion (Thrombolysis in Myocardial Infarction [TIMI] flow 0
according to the TIMI score) or only minimal flow of contrast distal
to the occluded vessel (TIMI flow I).!7” The duration of the total
coronary artery occlusion had to be at least 2 weeks and was
estimated by clinical information, sequential angiographic informa-
tion, or both. Chronic total coronary artery occlusion was defined
with a duration >3 months according to the American College of
Cardiology/American Heart Association lesion classification. The
estimated length of the occlusion was measured from the point of the
total occlusion to the most proximal point of the distal vessel, which
was visualized by collateral filling with contrast.

Quantitative Coronary Angiography

Coronary angiograms were digitally recorded at baseline, immedi-
ately after the procedure, and at 6-month follow-up and were
assessed offline at the quantitative angiographic core laboratory of
the St Antonius Hospital Nieuwegein with an automatic edge-
detection system (CMS version 5.3, Medis Medical Imaging Sys-
tems, Leiden, the Netherlands) by experienced personnel who were
not provided with any clinical information on type of stent used.
Before angiography, 300 to 500 ug nitroglycerin was given (intra-
coronary). The nontapered tip of the catheter was used as the
calibration standard. All lesions were assessed in at least 2 orthog-
onal views; the projection showing the smallest diameter (worst
view) was used for quantitative coronary angiography analysis, and
views with the least foreshortening were used for measuring the
length of the occlusion. In disease-free proximal segments, the
reference diameter was measured. Cineangiograms were obtained
before, immediately after, and at 6 months, with the same views used
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at all times. Any coronary angiography performed within 3 months
after the initial procedure was considered unscheduled. When an
unscheduled angiography was followed by target lesion or target
vessel revascularization, no further angiograms were needed. If no
revascularization took place, repeat angiography at 6 months was
still required. If the angiography took place after 3 months, 6-month
angiographic assessment was not mandatory.

Quantitative measurement included the reference diameter of the
vessel, the minimal lumen diameter, percent diameter stenosis, acute
gain, late luminal loss, net luminal gain, and late-loss index (late loss
divided by the acute gain). Quantitative coronary analysis was used
to evaluate the stented area (in stent) and the area that included the
stented segment as well as well as the 5-mm margins proximal and
distal to the stent (in segment). Angiographic binary in-stent reste-
nosis was defined as =50% residual diameter stenosis within the
stent. In-segment binary restenosis was defined as =50% residual
diameter stenosis located in the stent and/or at the 5-mm proximal or
5-mm distal edge. Reocclusion was defined as a recurrent total
occlusion at the previous angioplasty site.

Stent thrombosis was defined as an acute coronary syndrome with
angiographic documentation of either occlusion of the target lesion
or thrombus within the previously stented segment.

Statistical Analysis

With the assumption that the restenosis rate in the conventional stent
group was 22% (as found in the PRISON I study?®), the PRISON 1I
study was designed to find a rate difference of =15% with =80%
power at a 2-sided « level of 5% and would therefore require 93
patients in both study groups. With allowance for a low dropout rate,
comparable to the PRISON I study,® the target sample size was 100
patients in each group.

The primary end point was the angiographic binary restenosis rate
at 6-month follow-up. The comparison between the 2 groups was
assessed by means of Fisher exact test for a 2X2 table, and relative
risks (RRs) were computed with 95% Cls. The in-stent and in-
segment percent diameter stenosis, minimal lumen diameter, and late
luminal loss were compared by means of the Student 7 test.

All randomized patients were included in the clinical end point
analyses according to the intention-to-treat principle. Analysis of
angiographic end points was restricted to patients with follow-up
angiography; myocardial infarctions were imputed with 100% diam-
eter stenosis. The analysis of the primary end point of binary
restenosis was performed on all patients with angiographic follow-up
supplemented with patients fulfilling 1 of 2 situations: (1) being a
patient without anginal complaints, with no intercurrent event, and
refusing the follow-up angiogram on non-study-related grounds (ie,
groin discomfort); and (2) being a patient suffering myocardial
infarction during the first 6-month follow-up. The first situation was
imputed with “no restenosis,” the second with “restenosis.” These
decisions were made by the clinical event committee without
knowledge of the type of stent used. An analysis without imputation
gave similar results.

All data were collected, held, and analyzed by the trial coordina-
tion center at the St Antonius Hospital, without any involvement of
the sponsor. Analyses were performed with the use of SAS version
8.2 software (SAS Corp, Cary, NC).

Results
Enrollment of patients started in January 2003 and was
completed in September 2004. A total of 528 patients were
screened for the study. Of these, 62 patients were excluded
because the lesion could not be crossed, 14 patients because
of spontaneous reperfusion to TIMI flow =II in the time
between the diagnostic angiogram and the actual procedure,
and 252 patients for other reasons (refusal to participate or
according to the exclusion criteria). A total of 200 patients
were enrolled in the study and randomly assigned to receive
either a bare metal stent or a sirolimus-eluting stent. The
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TABLE 1. Baseline Clinical Characteristics

BMS Group SES Group
(n=100) (n=100)

Age, y 59.3+10.2 59.6+10.6
Women, % 24 17
CCS angina class, %

Il 30 29

1l 38 42

v 21 23
Risk factors, %

Smoking 40 34

Diabetes mellitus

Not insulin requiring 12 10
Insulin requiring 4 0

Hyperlipidemia 90 90

Hypertension 46 45
Previous MI, % 51 47
Previous intervention, %

PCI 16 18

CABG 2 3
Previous stroke 3 1

BMS indicates bare metal stent; SES, sirolimus-eluting stent; CCS, Canadian
Cardiovascular Society; and MI, myocardial infarction.

median duration of the total coronary occlusion was 2.8
months. Baseline clinical characteristics are shown in Table
1. Severity of angina and cardiovascular risk profile were
similar in both groups. In 1 patient of the sirolimus group, the
procedure was complicated by a type C dissection with flow
impairment. This resulted in a non—Q-wave myocardial
infarction. Minor groin bleeding occurred in 1 patient in the
bare metal group. The baseline angiographic characteristics
are shown in Table 2. Stent implantation resulted in a similar
postprocedural minimal lumen diameter in both groups
(P=0.48). The maximal balloon size was slightly larger in the
bare metal stent group than in the sirolimus stent group
(P=0.006), and this resulted in a lower in-stent diameter
stenosis (14.5% versus 19.3%) immediately after the index
procedure (P=0.0013). One patient in the sirolimus group
suffered from target vessel thrombosis due to local dissection
directly distal from the study stent 1 week after inclusion,
leading to a non—Q-wave myocardial infarction.

Angiographic Results

Angiographic follow-up was obtained in 94 patients (94%) of
the bare metal stent group and 94 patients (94%) of the
sirolimus stent group. Patients who refused follow-up angiog-
raphy were free of symptoms, and no adverse events were
observed among these patients. Table 3 shows the results of
the quantitative analysis of follow-up angiograms. Follow-up
angiograms obtained at 6 months demonstrated that patients
assigned to sirolimus stent implantation had a larger in-
segment minimal lumen diameter (difference, 0.77 mm; 95%
CI, 0.55 to 0.97) with less residual stenosis (difference,
21.0%; 95% CI, 14.9 to 27.0) compared with bare metal stent
implantation (Figure). As a result of these differences, the
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TABLE 2. Baseline Angiographic Characteristics

BMS Group SES Group
(n=100) (n=100)
Duration of occlusion >3 mo, % 44 46
Coronary artery disease, %
1 Vessel 51 47
2 Vessels 39 45
3 Vessels 10 8
LVEF, %
>50 82 76
20-50 18 24
<20 0 0
Occluded vessel, %
LAD 36 33
LCX 22 25
RCA 42 42
Collateral filling, %
Bridge collaterals 17 24
Retrograde filling 75 72
TIMI flow, %
0 64 69
| 36 31
Calcified lesion, % 21 27
Reference diameter, mm 2.60=0.65 2.53+0.67
Occlusion length, mm 16.3+9.3 (3-60) 16.09.3 (3-54)
Maximal balloon size, mm 3.32+0.39 3.18+0.32*
Maximal balloon pressure, atm 151+29 14.5+27
Total stent length, mm 28.9+13.7 (8-69) 31.9%15.3 (13-87)
No. of stents 1.4+1.2 1.4+0.7

Values are mean=SD unless indicated otherwise. LVEF indicates left
ventricular ejection fraction; LAD, left anterior descending coronary artery; LCX,
left circumflex coronary artery; and RCA, right coronary artery. Other abbrevi-
ations are as defined in Table 1.

*P=0.006.

rate of binary in-segment restenosis in the sirolimus stent
group was lower than that in the bare metal stent group (RR,
0.27; 95% CI, 0.15 to 0.49). Table 4 depicts the subgroup
analysis of in-segment and in-stent restenosis rate at 6 months
in patients with a chronic total coronary occlusion with
duration of >3 months. The outcome of binary in-segment
restenosis in the sirolimus stent group was also lower than
that in the bare metal stent group in patients with a chronic
total occlusion of >3 months (RR, 0.16; 95% CI, 0.04 to
0.52).

Clinical Outcome

All patients completed the 6-month clinical follow-up. The
clinical events during 6-month follow-up are shown in Table
5. None of the patients died during this follow-up period.
Myocardial infarction was present in 3 patients (3%) in the
bare metal stent group and 2 patients (2%) in the sirolimus
stent group. At follow-up, the rate of major adverse cardiac
events in the bare metal stent group was higher than in the
sirolimus stent group (RR, 5.0; 95% CI, 1.77 to 14.11) as a

result of a higher target lesion and target vessel revascular-
ization rates. In the bare metal stent group, 19% needed target
lesion revascularization versus 4% in the sirolimus stent
group (RR, 4.75; 95% CI, 1.68 to 13.47). Target vessel
revascularization was performed in 22% of the bare metal
stent group compared with 8% in the sirolimus stent group
(RR, 2.75; 95% CI, 1.29 to 5.88). Clinical signs of restenosis
drove all revascularizations. In the bare metal stent group,
there was no stent thrombosis of the study stent, and 1 patient
suffered from late stent thrombosis in a nontarget vessel 6
months after inclusion. In the sirolimus stent group, 1 patient
developed a late stent thrombosis 3 months after inclusion,
leading to a Q-wave myocardial infarction. The clinical
events between 6 and 12 months of follow-up are depicted in
Table 6. One patient in the bare metal stent group died
suddenly. At 12-month clinical follow-up, the rate of major
adverse cardiac events in the bare metal stent group was
higher than in the sirolimus stent group (RR, 2.67; 95% CI,
1.31 to 5.45) as a result of a higher target lesion and target
vessel revascularization rates.

Discussion
This is the first randomized trial to compare the immediate
and long-term angiographic and clinical results of bare metal
stents versus sirolimus-eluting stents in patients with total
coronary occlusions.

Since data from the beginning of this decade showed that
drug-eluting stents significantly decrease coronary restenosis
rates compared with bare metal stent implantation,'3-'6-18 this
treatment modality has been suggested to be superior in
an increasing number of clinical and angiographic
indications.!9-22

Despite the relatively low initial success rates and high
rates of restenosis, it is suggested that opening of total
coronary occlusions can be of benefit by restoring blood flow
to a hibernating myocardium and thus improving symptoms
and left ventricular function.?3->* Successfully revascularized
chronic total occlusions confer a survival advantage com-
pared with failed revascularization.?> In 1991, Meier?° stated
that compared with other lesion types, total coronary occlu-
sions, albeit a “different animal,” are of the same species and
deserve improved percutaneous revascularization techniques.

Indeed, nonrandomized studies are suggesting a benefit of
drug-eluting stent implantation over bare metal stent implan-
tation in total coronary occlusions, more often referring
patients with totally occluded coronary arteries to PClIs
instead of coronary artery bypass graft surgery. Werner et al?’
investigated the effect of paclitaxel-eluting stents in chronic
total occlusions in 48 patients and compared them with 48
matched patients with chronic total occlusions treated with a
bare metal stent. The angiographic restenosis rate in this
study was 8.3% with paclitaxel versus 51.1% with bare metal
stents (P<<0.001), with a higher survival free of major
adverse cardiac events in the paclitaxel group due to a
reduced target lesion revascularization rate (12.4% versus
47.9%; P<0.001). In a nonrandomized trial, Nakamura et al28
found lower rates of restenosis, showing 2% in 60 patients
who underwent sirolimus stent implantation versus 32% in
120 patients who received a bare metal stent (P=0.001), with
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TABLE 3. Quantitative Coronary Angiographic Data

BMS Group SES Group
(n=100) (n=100) P
After procedure
Reference diameter, mm 3.26+0.52 3.38+0.55 0.12
In-segment MLD, mm 1.96+0.47 2.01=0.51 0.48
In-segment DS, % 30.14x11.44 32.60+12.01 0.14
In-segment acute gain, mm 1.80+0.59 1.87=0.59 0.44
Proximal margin MLD, mm 2.61+0.67 2.79x0.73 0.07
In-stent MLD, mm 2.55+0.53 2.53%0.56 0.76
Distal margin MLD, mm 2.08+0.57 2.16+0.60 0.33
Proximal margin DS, % 19.4+139 17.7+13.8 0.39
In-stent DS, % 14.5+8.7 19.3+12.0 0.001
Distal margin DS, % 24.0=12.2 24.7+13.0 0.71
In-stent acute gain, mm 2.39+0.55 2.38+0.61 0.92
At 6-month follow-up
Reference diameter, mm 3.01+0.85 3.44+0.54 <0.0001
In-segment MLD, mm 1.32+0.73 2.09+0.73 <0.0001
In-segment DS, % 53.32+23.14 31.85+19.02 <0.0001
In-segment late loss, mm 0.64+0.82 —0.07=0.72 <0.0001
In-segment net gain, mm 1.16=0.81 1.95+0.76 <0.0001
In-segment loss index 0.248+0.908 —0.096+0.440 0.0011
Proximal margin MLD, mm 2.42+0.97 2.68+0.86 0.06
In-segment MLD, mm 1.47+0.83 2.48+0.80 <0.0001
Distal margin MLD, mm 1.93+0.82 2.33%0.75 0.001
Proximal margin DS, % 21.2+27.5 21.8+19.8 0.89
In-stent DS, % 48.8+26.5 22.0+21.0 <0.0001
Distal margin DS, % 26.7+25.2 20.7+19.2 0.08
Proximal margin late loss, mm 0.24+0.98 0.13+0.91 0.45
In-stent late loss, mm 1.090.91 0.05+0.81 <0.0001
Distal margin late loss, mm 0.11+0.74 —0.13+0.79 0.04
In-stent net gain, mm 1.30+0.88 2.33+0.85 <0.0001
In-stent loss index 0.453+0.365 —0.0200.406 <0.0001
Restenosis length, mm 14.0x£7.2 12244 0.46
Restenosis rate, % of patients*
In segmentt 4 11 <0.0001
In stent 36 7 <0.0001
Reocclusions 13 4 0.04

Values are mean+SD. MLD indicates minimal lumen diameter; DS, diameter stenosis. Other

abbreviations are as defined in Table 1.
*Including reocclusion.

tStented segment including proximal and distal 5 mm.

a target lesion revascularization rate of 2% versus 23%
(P=0.001) and a target vessel revascularization rate of 3%
versus 30% (P=0.001), respectively. In another nonrandomized
study, Ge et al*® found restenosis rates of 9.2% after sirolimus
stent implantation and 33.3% after bare metal stent implantation
(P<<0.001), with a target lesion revascularization rate of 7.4%
versus 26.3% (<0.001) and a target vessel revascularization rate
0f 9.0% versus 29.0% (P<<0.001), respectively. In the Sirolimus-

Eluting Stent in Chronic Total Occlusion (SICTO) study, an
in-lesion late luminal loss of —0.15%0.39 mm was found in 25
patients with chronic total occlusions >3 months old treated
with a sirolimus-eluting stent and showed a target lesion revas-
cularization rate of 4% and a target vessel revascularization rate
of 12% at 12-month follow-up.3®

In the present randomized study, we showed that the
sirolimus-eluting stent is superior to the bare metal stent in
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treating patients with total coronary artery occlusions. Pa-
tients who received the drug-eluting stent had significantly
lower rates of target lesion revascularization, target vessel
revascularization, target vessel failure, and all major adverse
cardiac events at 6 and 12 months of follow-up. Although the
restenosis rate in our bare metal stent group is comparable to
the restenosis rate of 32% to 55% in other studies using bare
metal stents for chronic total occlusions,> 8 it is higher than
the 22% restenosis rate found in the PRISON I study.’
Several reasons could account for this difference. In the
PRISON I study, the diameter of the coronary arteries was
larger, with a preprocedural reference diameter of 3.11£0.61
versus 2.60+0.65 mm in the present study. Accordingly, the
postprocedural minimal lumen diameter was 2.90+0.41 ver-
sus 1.96£0.47 mm, respectively. The rate of diabetes was
slightly lower in the PRISON I study (13% versus 16%), and
fewer patients had an occlusion duration >3 months (38%
versus 44% in this study). Furthermore, in the PRISON I
study the NIR stent (Boston Scientific, Natick, Mass) with a
different stent design was used compared with the BxVeloc-
ity stent in the present study. We noted a 2% stent thrombosis
rate in the sirolimus stent group and no stent thrombosis in
the bare metal stent group, although in 1 sirolimus-treated
patient this was explained as due to an untreated distal
dissection. The consequences of stent thrombosis in these

TABLE 4. Restenosis Rate at 6-Month Follow-Up for Patients
With Chronic Total Coronary Occlusion >3 Months

Restenosis Rate, %*

BMS Group SES Group
(n=44) (n=46) P
In segmentf 46 12 <0.001
In stent 39 7 <0.001
Reocclusions 15 5 0.16

Abbreviations are as defined in Table 1.
*Including reocclusion.
tStented segment including proximal and distal 5 mm.

patients may not be as dire because collateral vessels also
supply most of these territories.

The results of the present study show that the first-choice
treatment for total coronary artery occlusions is PCI with the
use of a sirolimus-eluting stent. Compared with these ran-
domized data with the sirolimus-eluting stent, the evidence
for the benefit of paclitaxel stents is based on a smaller
number of nonrandomized trial patients. Without direct head-
to-head testing, it is not currently possible to say if one or the
other drug-eluting stent platform might be more effective for
this specific indication.

TABLE 5. Clinical Events During 6-Month Follow-Up

BMS Group  SES Group
(n=100) (n=100) P

Recurrent angina CCS class, % 0.52

1l 10 9

v 4 2
Death, % 0 0 NS
Myocardial infarction, % 1.000

Target lesion related 1 2

Not target lesion related 2 0
MACE, % 20 4 <0.001
Target lesion revascularization, % 0.001

Repeat angioplasty 18 3

Coronary bypass surgery 1 1
Target vessel revascularization, %* 22 8 0.009
Non-target vessel PCl, % 11 4 0.06
Stroke, % 0 0 NS
Target vessel failure, % 24 8 0.003
Stent thrombosis, % 0 2 0.497

MACE indicates major adverse cardiac events (cardiac death, myocardial
infarction, and ischemia-driven target lesion revascularization). Other abbrevi-
ations are as defined in Table 1.

*Including target lesion revascularizations.
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TABLE 6. Clinical Events During 6- to 12-Month Follow-Up

BMS Group SES Group
(n=100) (n=100) P

Recurrent angina CCS class, %

Il 4 9 0.1515

v 2 4 0.6827
Death, % 1 0 1.0000
Myocardial infarction, %

Target lesion related 0 0 NS

Not target lesion related 1 0 1.0000
MACE, % 4 1 0.3687
Target lesion revascularization, %

Repeat angioplasty 1 1 NS

Coronary bypass surgery 1 0 1.0000
Target vessel revascularization, %* 2 1 1.0000
Non-target vessel PCI, % 1 4 0.3687
Stroke, % 1 0 1.0000
Target vessel failure, % 4 1 0.3687

MACE indicates major adverse cardiac events (cardiac death, myocardial
infarction, and ischemia-driven target lesion revascularization). Other abbrevi-

ations are as defined in Table 1.

*Including target lesion revascularizations.

In conclusion, the sirolimus-eluting stent is superior to the
bare metal stent in treating patients with total coronary
occlusions with significant reduction in angiographic binary
in-stent and in-segment restenosis, resulting in significantly
less need for target lesion and target vessel revascularization.
Furthermore, we also showed a significantly lower rate of
target vessel failure and major adverse cardiac events in
patients treated with the sirolimus-eluting stent compared
with bare metal stent implantation.

Disclosures

None.

References
1. Serruys PW, De Jaegere P, Kiemeneij F, Macaya C, Rutsch W, Heyn-
drickx GR, Emanuelsson H, Marco J, Legrand V, Materne P, Belardi J,
Sigwart U, Colombo A, Goy JJ, van den Heuvel P, Delcan J, Morel MA.
A comparison of balloon-expandable-stent implantation with balloon
angioplasty in patients with coronary artery disease. N Engl J Med.
1994:331:489-495.

2. Fischman DL, Leon MB, Baim DS, Schatz RA, Savage MP, Penn I, Detre

K, Veltri L, Ricci D, Nobuyoshi M, Cleman M, Heuser R, Almond D,
Teirstein PS, Fish RD, Colombo A, Brinker J, Moses J, Shaknovich A,
Hirshfeld J, Bailey S, Ellis S, Rake R, Goldberg S. A randomized
comparison of coronary-stent placement and balloon angioplasty in the
treatment of coronary artery disease. N Engl J Med. 1994;331:496-501.

3. Sirnes PA, Golf S, Myreng Y, Mglstad P, Emanuelsson H, Albertsson P,

Brekke M, Mangschau A, Endresen K, Kjekshus J. Stenting in Chronic
Coronary Occlusion (SICCO): randomized, controlled trial of adding
stent implantation after successful angioplasty. J Am Coll Cardiol. 1996;
28:1444-1451.

4. Rubartelli P, Niccoli L, Verna E, Giachero C, Zimarino M, Fomntanelli

A, Vasanelli C, Campolo L, Martuscelli E, Tommasini E. Stent implan-
tation versus balloon angioplasty in chronic coronary occlusions: results
from the GISSOC trial. J Am Coll Cardiol. 1998;32:90-96.

20.

21.

22.

Drug-Eluting Stents for Total Coronary Occlusions 927

. Buller CE, Dzavik V, Carere RG, Mancini GBJ, Barbeau G, Lazzam C,

Anderson TJ, Knudtson ML, Marquis JF, Suzuki T, Cohen EA, Fox RS,
Teo KK. Primary stenting versus balloon angioplasty in occluded
coronary arteries: the Total Occlusion Study of Canada (TOSCA). Cir-
culation. 1999;100:236-242.

. Lotan C, Rozenman Y, Hendler A, Turgeman Y, Ayzenberg O, Beyar R,

Krakover R, Rosenfeld T, Gotsman MS. Stents in total occlusion for
restenosis prevention: the multicenter randomized STOP study. Eur
Heart J. 2000;21:1960-1966.

. Hoher M, Wohrle J, Grebe OC, Kochs M, Osterhues HH, Hombach V,

Buchwald AB. A randomized trial of elective stenting after balloon
recanalization of chronic total occlusions. J Am Coll Cardiol. 1999;34:
722-729.

. Suttorp MJ, Mast EG, Plokker HWM, Kelder JC, Ernst JMPG, Bal ET.

Primary coronary stenting after successful balloon angioplasty of chronic
total occlusions: a single-center experience. Am Heart J. 1998;135:
318-322.

. Rahel BM, Suttorp MJ, Laarman GJ, Kiemeneij F, Bal ET, Mast EG,

Ernst IMPG, ten Berg JM, Kelder JC, Plokker HWM. Primary Stenting of
Occluded Native Coronary Arteries: final results of the PRISON Study.
Am Heart J. 2004;147:e22.

. Gallo R, Padurean A, Jayaraman T, Marx S, Roque M, Adelman S,

Chesebro J, Fallon J, Fuster V, Marks A, Badimon JJ. Inhibition of
intimal thickening after balloon angioplasty in porcine coronary arteries
by targeting regulators of the cell cycle. Circulation. 1999;99:
2164-2170.

. Marx SO, Marks AR. Bench to bedside: the development of rapamycin

and its application to stent restenosis. Circulation. 2001;104:852—855.

. Suzuki T, Kopia G, Hayashi S, Bailey LR, Llanos G, Wilensky R,

Klugherz BD, Papandreou G, Narayan P, Leon MB, Yeung AC, Tio F,
Tsao PS, Falotico R, Carter AJ. Stent-based delivery of sirolimus reduces
neointimal formation in a porcine coronary model. Circulation. 2001;
104:1188-1193.

. Rensing BJ, Vos J, Smits PC, Foley DP, van den Brand MJ, van der

Giessen W1J, de Feijter PJ, Serruys PW. Coronary restenosis elimination
with a sirolimus eluting stent: first European human experience with
6-months angiographic and intravascular ultrasonic follow-up. Eur
Heart J. 2001;22:2125-2130.

. Sousa JE, Costa MA, Abizaid AC, Abizaid AC, Rensing BJ, Abizaid AS,

Tanajura LF, Kozuma K, van Langenhove G, Sousa AG, Falotico R,
Jaeger J, Popma JJ, Serruys PW. Sustained suppression of neointimal
proliferation by sirolimus-eluting stents: one-year angiographic and intra-
vascular ultrasound follow-up. Circulation. 2001;104:2007-2011.

. Morice MC, Serruys PW, Sousa JE, Fajadet J, Hayashi EB, Pwein M,

Colombo A, Schuler G, Barragan P, Guagliumi G, Molar F, Falotico R,
for the RAVEL Study Group. A randomized comparison of a sirolimus-
eluting stent with a standard stent for coronary revascularization. N Engl
J Med. 2002;346:1773-1780.

. Moses JW, Leon MB, Popma JJ, Fitzgerald PJ, Holmes DR,

O’Shaughnessy C, Caputo RP, Kereiakes DJ, Williams DO, Terstein PS,
Jaeger JL, Kuntz RE. Sirolimus-eluting stents versus standard stents in
patients with stenosis in a native coronary artery. N Engl J Med. 2003;
349:1315-1323.

. TIMI Study Group. The Thrombolysis in Myocardial Infarction (TIMI)

trial: phase I findings. N Engl J Med. 1988;318:265-270.

. Grube E, Silber S, Hauptman KE, Mueller R, Beullesfeld, Gerckens U,

Russel ME. TAXUS I: six- and twelve-month results from a randomized,
double-blind trial on a slow-release paclitaxel-eluting stent for de novo
coronary lesions. Circulation. 2003;107:38—42.

. Schampaert E, Cohen EA, Schliiter M, Reeves F, Traboulsi M, Title LM,

Kuntz RE, Popma JJ. The Canadian study of the sirolimus-eluting stent in
the treatment of patients with long de novo lesions in small native
coronary arteries (C-SIRIUS). J Am Coll Cardiol. 2004;43:1110-1115.
Schofer J, Schliiter M, Gershlick AH, Wijns W, Garcia E, Schampaert E,
Breithardt G. Sirolimus-eluting stents for treatment of patients with long
atherosclerotic lesions in small coronary arteries: double-blind, ran-
domized controlled trial (E-SIRIUS). Lancet. 2003;362:1093-1099.
Moussa I, Leon MB, Baim DS, O’Neill WW, Popma JJ, Buchbinder MB,
Widwall J, Simonton CA, Keim E, Wang P, Kuntz RE, Moses JW.
Impact of sirolimus-eluting stents on outcome in diabetic patients: a
Sirius substudy. Circulation. 2004;109:2273-2278.

Neumann F-J, Desmet W, Grube E, Brachmann J, Presbitero P, Rubartelli
P, Miigge A, Di Pede F, Fiillgraf D, Aengevaeren W, Spedicato L, Popma
JJ. Effectiveness and safety of sirolimus-eluting stents in the treatment
after coronary stent placement. Circulation. 2005;111:2107-2111.



2202 ‘6 Yo N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

928

23.

24.

25.

26.

Circulation August 29, 2006

Sirnes PA, Myreng Y, Mglstad P. Improvement in left ventricular ejection
fraction and wall motion after successful recanalization of chronic
coronary occlusions. Eur Heart J. 1998;19:273-281.

Rambaldi R, Hamburger JN, Geleijnse ML. Early recovery of wall
motion abnormalities after recanalization of chronic totally occluded
coronary arteries: a dobutamine echocardiographic, prospective, single-
center experience. Am Heart J. 1998;136:831-836.

Suero JA, Marso SP, Jones PG, Laster SB, Huber KC, Giorgi LV,
Johnson WL, Rutherford BD. Procedural outcomes and long-term
survival among patients undergoing percutaneous coronary intervention
of a chronic total occlusion in native coronary arteries: a 20-year expe-
rience. J Am Coll Cardiol. 2001;38:409-414.

Meier B. Total coronary occlusion: a different animal? J Am Coll Cardiol.
1991;17(suppl B):50B-57B.

27.

28.

29.

30.

Werner GS, Krack A, Schwarz G, Prochnau D, Betge S, Figulla HR.
Prevention of lesion recurrence in chronic total coronary occlusions by
paclitaxel-eluting stents. J Am Coll Cardiol. 2004;44:2301-2306.
Nakamura S, Muthusamy TS, Bae J-H, Cahyadi YH, Udayachalerm W,
Tresukosol D. Impact of sirolimus-eluting stent on the outcome of
patients with chronic total occlusions. Am J Cardiol. 2005;95:161-166.
Ge L, Takovou I, Cosgrave J, Chieffo A, Montorfano M, Michev I, Airoldi
F, Carlino M, Melzi G, Sangiorgi GM, Corvaja N, Colombo A.
Immediate and mid-term outcomes of sirolimus-eluting stent implantation
for chronic total occlusions. Eur Heart J. 2005;26:1056-1062.

Lotan C, Almagor Y, Kuiper K, Suttorp MJ, Wijns W. Sirolimus-eluting
stent in chronic total occlusion: the SICTO study. J Interv Cardiol.
2006;19:307-312.

CLINICAL PERSPECTIVE

The Primary Stenting of Totally Occluded Native Coronary Arteries I (PRISON II) study evaluated the potential benefits
of drug-eluting stents compared with bare metal stents for the treatment of total coronary occlusions. In this prospective,
randomized, 2-center trial, we enrolled 200 patients with total coronary occlusions, and they were randomly assigned to
receive either sirolimus drug-eluting Cypher stents or bare metal BxVelocity stents. The primary end point was
angiographic binary in-segment restenosis rate at 6-month follow-up. The sirolimus stent group showed a significantly
lower in-stent binary restenosis rate of 7% compared with 36% in the bare metal stent group (P<<0.001). The in-segment
binary restenosis rate was 11% in the group receiving a sirolimus stent versus 41% in the bare metal stent group
(P<<0.0001), resulting in a target lesion revascularization rate of 4% in the sirolimus stent group versus 19% in the bare
metal stent group (P<<0.001). Patients who received the drug-eluting stent had significantly lower rates of target vessel
revascularization, target vessel failure, and all major adverse cardiac events. Thus, in patients with total coronary
occlusions, the use of sirolimus-eluting stents is superior to the use of bare metal stents, with significant reductions in
angiographic and clinical restenosis.




