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The superiority of coronary stent implantation over percutaneous
transluminal balloon angioplasty in virtually all lesion subsets has
led to the wide use of stents for the percutaneous treatment of
coronary lesions 1,2. However, in-stent restenosis remains as a
major limitation 3,4.

Recent data suggest that neointimal proliferation, the corners-
tone of in-stent restenosis 5,6, is related to the presence of throm-
bus and degree of inflammation at the stent site7. A potential approach
for the prevention of neointimal proliferation is the use of amorphous
silicon-carbide (a-SiC), an inactive substance known to have
antithrombotic and anti-inflammatory properties 8,9. By coating stents
with a-SiC, hemo- and biocompatibility of stent prostheses is
enhanced, potentially reducing neointimal proliferation.

Therefore, the purpose of the CERAMIC trial (randomized
intravascular ultrasound Comparison between EndopRostheses with
and without AMorphous sIlicon-Carbide for the prevention of co-
ronary restenosis) was to determine whether a-SiC-coated stents
prevent intrastent neointimal proliferation in humans.

Methods

The study was performed according to the Declaration of Hel-
sinki. The study protocol was approved by the institutional ethical
committee. Informed consent was obtained from each patient
before enrollment.

The criteria for enrollment included the following: a single
symptomatic or ischemia-driven de novo coronary lesion suitable
for stent implantation in a native coronary artery. Exclusion criteria
included: 1) acute coronary event within 72 hours prior to the
intervention, 2) lesion located in the left main coronary artery, 3)
ostial, bifurcated, or totally occluded lesions, 4) target artery
< 3.0 mm or > 4.0 mm in size or > 15 mm in length.

Patients were randomized to either a-SiC-coated Teneo (Bio-
tronik, Germany, group A) or bare Bx Velocity (Cordis, United States
of America, group B) stent implantation. Teneo is a 316L stainless
steel balloon-expandable tubular-slotted stent with a strut thickness
of 0.08 mm and coated with a-SiC. The coating process with a-
SiC is carried out by a plasma-enhanced chemical vapor deposition
technique, which results in an a-SiC coating thickness of 0.08
mg. All Teneo stents were 15 or 20 mm in length and 3.0 or 3.5
mm in diameter, whereas all Bx Velocity stents used were 13 or
18 mm in length and 3.0 or 3.5 mm in diameter.

Instituto Dante Pazzanese de Cardiologia
Mailing address: Luiz Fernando Leite Tanajura - Rua Caiubi, 324/71
Cep 05010-000 – São Paulo - SP - Brazil - E-mail: lfleite@cardiol.br
Received for publication: 06/24/04
Accepted for publication: 09/15/04

Objective
In-stent restenosis remains a major limitation following coro-

nary stent implantation. Amorphous silicon-carbide (a-SiC) coa-
ting has been shown to improve stent biocompatibility, therefore,
reducing local inflammation and thrombus generation. Due to
the latter, a-SiC coating might have an impact on the prevention
of neointimal hyperplasia (NIH) and restenosis.

Methods
This prospective, randomized, open-label trial compared a-

SiC-coated (group A) versus uncoated (group B) stent implanta-
tion in de novo lesions. We included 100 patients (50 patients
in each group) and the primary end-point was in-stent volume
of NIH measured by intravascular ultrasound.

Results
All patients underwent successful stent deployment.

Although absolute NIH volume was greater in A (51.2 mm3 SD
18.8 mm3 versus 41.9 mm3 SD 16.4 mm3; P = 0.014), relative
(divided per mm of stent length) NIH volume was similar (2.9
mm3/mm stent SD 1.0 mm3/mm stent versus 2.5 mm3/mm stent
SD 0.9 mm3/mm stent; P = 0.108). Late loss, restenosis, and
major adverse cardiac events (MACE) were similar.

Conclusion
A-SiC-coated stents did not reduce either NIH or MACE at

long-term follow-up.
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Stent implantation was performed using the conventional
technique after balloon predilatation. Postdilatation was performed
if necessary. Periprocedural intravenous heparin was given to main-
tain an activated clotting time >250 seconds, and all patients
received aspirin (200 mg once daily) and clopidogrel (300 mg
loading dose followed by 75 mg once daily) or ticlopidine (250
mg twice daily) for one month.

Clinical information was collected 30 days, 3 months, and 6
months after the procedure. Angiographic and intravascular ultra-
sound (IVUS) follow-ups were performed at the 6-month visit.
Major adverse cardiac events (MACE) were defined as death, myo-
cardial infarction, target vessel repeat percutaneous coronary inter-
vention, or coronary artery bypass grafting.

Pre- and postprocedural as well as follow-up angiographic data
were analyzed offline using the Cardiovascular Angiographic Analysis
System (CASS II, Pie Medical Imaging, Maastricht, The Nether-
lands) as described elsewhere. Following an intracoronary nitrate
bolus, the angiographic view with the worst luminal diameter
was selected for the analysis. IVUS images were acquired using
motorized pull-back at a constant speed of 0.5 mm/s. Three seg-
ments were selected for angiographic and volumetric IVUS analysis:
the stented segment and 2 edge segments that were axially
5 mm proximal and distal to the stent margins. IVUS volumetric
analysis was performed with commercially available software
(Echoplaque, Indec Systems, USA)

In an attempt to correct for occasional differences in stent
length deployed between groups, not only absolute but also relative
(per millimeter stent length) neointimal hyperplasia (NIH) volume
was calculated. Volume obstruction was defined as the ratio of
the volume of NIH to the volume of the stent, multiplied by 100.

The primary end-point was neointimal proliferation assessed
by IVUS at 6-month follow-up catheterization. Secondary endpoints
were 1) binary restenosis rate; 2) minimal luminal diameter (MLD)
at 6-month follow-up angiography and late loss; 3) MACE at 6-
month follow-up.

The size of the patient group required to test the hypothesis
was calculated by the method already described by Armitage et
al 10. The expected NIH volume as measured by IVUS following
Bx Velocity is 40.0 mm3, with a standard deviation (SD) of 20.0
mm3, a value that was determined by previous observations at
six-month follow-up of patients who had received Bx-Velocity®

stents. To detect a 30% reduction in NIH volume with a-SiC-
coated stent treatment with 80% power at a 2-sided type I error
rate (alpha) of 0.05, it was calculated that at least 34 patients in
each group were necessary.

All statistical analyses were undertaken using SPSS (SPSS
UK Ltd, Surrey, UK). Continuous variables are expressed as mean
(SD) and were compared by the unpaired Student t test. Categorical
variables were represented by percentages and absolute frequencies
and compared by chi-square test with Fisher correction. P-value
< 0.05 was considered statistically significant. Analysis was per-
formed according to the intention to treat.

Results

As shown in table I, baseline clinical and angiographic cha-
racteristics were similar between groups.

All patients underwent successful stent implantation. No sig-
nificant differences in postprocedural MLD or acute gain were

found between groups. Stent size most commonly deployed was
3.5 mm (56% and 54%, for group A and B, respectively). Stent
length was similar between groups (17.7 mm SD 4.0 mm versus
16.7 mm SD 4.3 mm; P = 0.231). Only 2% of the patients from
the coated group, and 4% of the controls required additional stent
implantation. No major in-hospital complications occurred.

No events occurred at 30 days. All patients underwent clinical
follow-up at 6 months after catheterization. MACE rates were not
significantly different between groups (20% versus 16%; for group
A and B, respectively, P = 0.795). Target lesion revascularization
was also similar between groups (14% for both groups). In group
A, one patient suffered sudden death 3 months following stenting,
whereas one in group A and 2 patients in group B suffered an
acute myocardial infarction. Repeat target vessel revascularization
was necessary in 16% and 14% of the patients (group A and B,
respectively; P = 1.000). Only one patient (group A) required
surgical revascularization due to a long proliferative in-stent reste-
nosis of the left descending coronary artery.

At 6-month follow-up, 94% (n=47) of the cases in each group
underwent angiographic assessment. No significant differences
existed in in-stent restenosis rates [9 (19.1%) versus 8 (17.0%),
for group A and B, respectively; P = 1.000]. In addition, the
restenosis pattern was also similar: focal (44.4% group A versus
50.0% in group B; P = 1.000) and diffuse (56.6% group A versus
50.0% in group B; P = 1.000).

As table II shows, the in-stent follow-up MLD, late loss, loss
index, net gain as well as follow-up MLD, and late loss values at
both the proximal and the distal edges were not different between
groups.

A total of 92% (n=46 and 45 for group A and B, respectively)
of the patients in each group underwent IVUS assessment at 6-
month follow-up.

Although absolute NIH volume was significantly higher in the
coated group (51.2 mm3 SD 18.8 mm3 versus 41.9 mm3 SD 16.4
mm3; P = 0.014), no differences existed in relative NIH volume
between the groups (2.9 mm3/mm stent SD 1.0 mm3/mm stent
versus 2.5 mm3/mm stent SD 0.9 mm3/mm stent, for group A
and B; P = 0.108). Volume obstruction was also similar between
groups (36.4% SD 11.1% in group A versus 37.9% SD 10.9% in
group B; P = 0.505). Moreover, proximal and distal edge volu-
mes were not different between groups (tab. III). Late incomplete
apposition was not observed in our study.

Discussion

The occurrence of in-stent restenosis limits long-term results
following percutaneous interventions 3,4,11. In the ARTS trial,11

which compared surgical versus percutaneous revascularization
in a multivessel diseased population, no significant differences in
death, stroke, or myocardial infarction were found at long-term
follow-up. However, one-year repeat revascularization rates were
much higher in the nonsurgical group (21% versus 4%; P <
0.001), mostly due to in-stent restenosis. In addition, despite the
economical advantage observed in that study by selecting a
percutaneous approach, this advantage narrowed down conside-
rably at long-term follow-up when compared with that in the in-
hospital phase.

Recent data suggest that neointimal proliferation is strongly
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related to the degree of inflammation and thrombus generated at
the stent site 12,13. In a clinical study utilizing the immunofluores-
cence technique 9, local coronary artery wall changes were eva-
luated following balloon and stent implantation. In that study, late
loss and restenosis rates were associated with thrombus formation
and inflammation, only after stent implantation. In addition, several
studies have reported that organized thrombus serves as a nidus
for cytokine and growth factor release, which contribute to the
process of neointimal formation 12-14.

 So far, the use systemic antithrombotic or antiproliferative
drugs has not consistently been shown to be efficacious in preventing
neointimal proliferation 15,16. Due to the latter, a new alternative
therapeutic approach has emerged, the utilization of inert subs-
tances like a-SiC, an amorphous ceramic semiconductor material
as stent coating, in an attempt to reduce the stent metallic throm-
bogenic predisposition 16. This material prevents electron transfer
usually taking place from the stainless steel to circulating peptides,
especially fibrinogen 8,9. When electron transfer occurs, fibrinogen
changes its tertiary structure, which accelerates thrombus
formation. Indeed, in vitro data have confirmed this hypothesis 9.
Moreover, immunofluorescence studies have also established its
anti-inflammatory potential. Thus, by improving stent bio- and
hemocompatibility, a-SiC coating could interfere with the organic
reaction cascade that leads to NIH 8,9,16. In the present study, the
use of a-SiC-coated stents did not reduce either neointimal growth
or revascularization rates at 6-month follow-up. In addition, IVUS
analysis at the edges was also similar between groups. Up until
now, scant data were available regarding a-SiC-coated stents.
Although single center experience with a-SiC-coated stents has
been reported, the lack of angiographic follow-up in those reports
precludes any definitive conclusion 16-19. In the TRUST study 20,
patients with unstable angina were randomized to a-SiC-coated
or uncoated stent implantation, showing a reduction in target
vessel revascularization at 6-month follow-up only in patients with

unstable angina class IIIB (4.7% versus 15.3%). In our study,
where the predominant clinical presentation was stable angina,
the latter results were not reproduced.

Regarding the control group, late loss (about 1.0 mm) and NIH
(about 40.0 mm3) values were similar to those of the RAVEL bare
stent group 21. However, higher binary restenosis (26.6% versus
17.0%) and target-vessel revascularization (22.8% versus 14.0%)
rates were found in the RAVEL control group when compared with
ours. The latter might be due to a greater proportion of patients
with diabetes (22.0% versus 14.0%) and lower preprocedural
reference diameter values (2.6mm versus 2.8 mm) in RAVEL, which
increase the risk for development of in-stent restenosis 15,22.

Another significant difference between the 2 groups was the
degree of strut thickness, which is higher in the Bx Velocity®

group. A recent study 23 comparing stents with different strut
thicknesses showed that higher strut thickness, using as a model
the Bx Velocity® stent, was associated with greater restenosis
and revascularization rates when compared with thinner strut
stents. The latter might be due to greater endothelial damage.

Limitations - As mentioned above, a major difference between
the 2 stent groups besides the a-SiC coating was the strut thickness.
Nevertheless, in spite of the latter, no differences in NIH occurred. In
addition, because patients with complex lesions were excluded, no

Table I – Baseline clinical and angiographic characteristics

 a-SiC-coated Standard stent P valuep
stent  (N = 50 P) (N = 50 P)

Age (years) 56.7 SD 10.2a 57.8 SD 9.7a 0.569
Male 37 (74%) 27 (54%) 0.061
Ever smoked 26 (52%) 29 (58%) 0.688
Diabetes mellitus 4 (8%) 7 (14%) 0.523
Hypertension 29 (58%) 26 (52%) 0.688
Hyperlipidemia 35 (70%) 37 (74%) 0.824
Previous MI 9 (18%) 11 (22%) 0.803
Clinical presentation 0.981
Stable angina 20 (40%) 21 (42%)
Unstable angina 16 (32%) 14 (28%)
Recent MI 10 (20%) 10 (20%)
Silent ischemia 4 (8%) 5 (10%)
Target-vessel 0.185
LAD (%) 16 (32%) 24 (48%)
RCA (%) 22 (44%) 24 (48%)
Circumflex 12 (24%) 6 (12%)
ACC/AHA lesion class 0.686
A / B1 23 (46%) 27 (54%)
B2 / C 27 (54%) 23 (46%)
Reference diameter (mm) 2.8 DP 0.3 2.8 DP 0.4 0.870
Diameter stenosis (%) 71.0 DP 6.0 68.2 DP 9.7 0.085

SD- standard deviation; MI- myocardial infarction; LAD- left anterior
descending; RCA- right coronary artery; ACC/AHA- American College of
Cardiology/American Heart Association.

Table II – Quantitative coronary angiography results.

a-SiC- Standard stent P value
coated stent (N = 50 P)
(N = 50 P) mean (SD)
mean (SD)

In-stent segment
Preprocedure MLD (mm) 0.8 (0.2) 0.9 (0.4) 0.085
Postprocedure MLD (mm) 2.8 (0.3) 2.8 (0.3) 0.366
Early lumen gain (mm) 2.0 (0.3) 1.9 (0.3) 0.319
Follow-up MLD (mm) 1.9 (0.7) 1.8 (0.6) 0.552
Late loss (mm) 0.9 (0.6) 1.0 (0.6) 0.567
Loss index 0.5 (0.3) 0.5 (0.4) 0.340
Net gain (mm) 1.1 (0.7) 0.9 (0.6) 0.184
Proximal edge
- Postprocedure MLD (mm) 2.9 (0.4) 2.9 (0.4) 0.998
- Follow-up MLD (mm) 2.3 (0.8) 2.6 (0.4) 0.507
- Late loss (mm) 0.6 (0.8) 2.3 (0.6) 0.279
Distal edge
- Postprocedure MLD (mm) 2.6 (0.4) 2.4 (0.6) 0.666
- Follow-up MLD (mm) 2.2 (0.7) 0.5 (0.5) 0.786
- Late loss (mm) 0.4 (0.7) 0.3 (0.3) 0.172

a-SiC- amorphous silicon-carbide; SD- standard deviation; MLD- minimal
luminal diameter.

Table III - Edge IVUS measurements at 6-month follow-up.

a-SiC-coated Standard stent P value
stent (N = 46 P) (N = 45 P)

mean (SD) mean (SD)

Proximal edge
Vessel volume (mm3) 84.6 (40.5) 82.4 (41.5) 0.799
Plaque volume (mm3) 38.1 (17.4) 40.4 (26.0) 0.620
Lumen volume (mm3) 46.6 (38.7) 41.7 (23.3) 0.467
Distal edge
Vessel volume (mm3) 68.5 (22.6) 61.7 (23.3) 0.161
Plaque volume (mm3) 35.1 (19.1) 32.0 (21.8) 0.472
Lumen volume (mm3) 33.4 (12.2) 29.5 (13.4) 0.150

IVUS- intravascular ultrasound; SD- standard deviation.
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conclusions could be drawn regarding the performance of the a-SiC-
coated stent in that patient subgroup. Although MACE rates were
similar between the 2 groups, we can not conclude that these 2
stents are clinically similar due to the size of the study population.

In conclusion, the results of the CERAMIC trial indicate that
the a-SiC-coated stent in this broad, comprehensive population
was not superior to the bare stent as far as the long-term clinical,
angiographic, and IVUS findings are concerned.


