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Comparison of Initial Efficacy and Long-term
Follow-up of Heparin-coated Jostent With
Conventional NIR Stent

Ender SEmiz,! MD, Cengiz ERMiS,2 MD, Selim YALCINKAYA,2 MD,
Oktay SANCAKTAR,2 MD, and Necmi DEGER,> MD

SUMMARY

The implantation of heparin-coated stents was reported to be well tolerated, but there
are conflicting results about acute in-hospital complications, (sub)acute thrombosis rates,
and long-term follow-up compared to uncoated stents. We compared the angiographic and
clinical results after coronary placement of two stent models: the heparin-coated pre-
mounted Jostent and the uncoated premounted NIR stent. Of 710 patients revascularized,
atotal of 426 patients received Jostent (n = 230) or NIR stent (N = 196) implantation. The
primary end points were acute or subacute thrombosis, urgent CABG, AMI or death,
while the secondary end points were the comparison of the restenosis rates of the stents
at the 6™ month and of the functional angina classification of the stent groups at the 1%,
6" and 12" months. There were no significant differences between the Jostent and NIR
stent groups regarding angiographic and procedural success. Acute thrombosis ratesin the
Jostent and NIR stent groups were similar while no subacute thrombosis was observed in
either group. The major adverse cardiac event rates of the groups also did not differ.
Angiographic restenosis occurred in 17% of the Jostent group and 16% of the NIR stent
group (NS). The combined clinical and angiographic restenosis rate was also similar
between the Jo and NIR groups (19% and 18%, respectively). Comparison of functional
angina classes at the 1%, 6" and 12" months revealed no significant difference between the
study groups.

In conclusion, when compared with implantation of an uncoated premounted NIR
stent, implantation of a heparin-coated premounted Jostent does not provide any more
benefit with respect to initial efficacy, sub(acute) thrombosis and 6-month restenosis rates
and 12-month clinical outcomes. (Jpn Heart J 2003; 44: 889-898)
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| n an animal mode it has been suggested that stent surface material and geomet-
ric configuration may be more important than operator-dependent variables in
determining the degree of neointimal hyperplasia and thrombosis.Y Data from
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animal studies indicate that heparin-coated stents were shown to be effective in
reducing thrombosis in porcine coronary arteries.? Heparin coating of metallic
coronary stents decreases their thrombogenicity but does not improve late vessel
patency and neointimal hyperplasia at follow-up in a porcine coronary model.®
Animal studies using high-activity heparin-coated stents have shown that up to
80% of the antithrombin 111 binding activity is lost 4 weeks after stent implanta-
tion.? Nevertheless, reductions in the rates of stent thrombosisin animal studies
led to the evaluation of high-activity end-point-attached heparin-coated stentsin
the Benestent |1 pilot study® and the Benestent Il randomized trial.® The purpose
of this study was to investigate and compare the acute and subacute thrombosis
and restenosis rates of a heparin-coated Jostent and a conventional NIR stent, a
novel second generation tubular stent that was designed to overcome some of the
limitations of the earlier Palmaz-Schatz (PC) stent design.

MATERIALS AND METHODS

We performed an analysis of the cardiac catheterization database from Jan-
uary 1998 through May 1999 and found data on all patients who underwent cor-
onary revascularization in which a premounted Jostent or NIR stent was
attempted in all treated segments. Of the 710 patients who were revascularized
during this period, atotal of 426 patients received Jostent or NIR stent implanta-
tion. At the beginning of the study, the patients in both groups were evaluated in
terms of clinical and demographic properties. The patients were informed about
the procedure and gave their written informed consent. Coronary angiography
was performed according to conventional techniques through the femoral route.
All of the subjects revascularized had a > 70% diameter stenosis in their native
vessels. Percent diameter stenosis was assessed during diastole using the most
severe stenosisin at least two angiographic views. The proximal and distal refer-
ence vessel diameters were averaged to obtain a mean reference vessel diameter.
The same measurements were used in the same views during follow-up angio-
grams. A 7-Fr. guiding catheter and a 0.014 inch coronary guidewire were used
asthe delivery system. During the procedure, atotal of 10,000 to 15,000 units of
heparin were given as a bolus injection. Choice of predilatation with balloon
catheters or of stent type was at the discretion of the operator. Stents were sized
according to a stent-to-artery ratio of 1.1 to 1.0. Procedural success was defined
as successful deployment of the stent in the absence of a major cardiac event
[MACE - Death, acute myocardial infarction (AMI), coronary artery bypass
grafting (CABG)]. High-pressure inflations (> 12 atm.) were used to optimize
stent expansion after initial deployment of the stent. A < 10% residual diameter
stenosis following final deployment of the stent was used to define angiographic
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success for stent implantation. Patients were given ticlopidine and aspirin for 1
month and indefinitely, respectively, following successful stent implantation.
Complete blood count was performed on all patients who received ticlopidine at
2 and 4 weeks.

Control coronary angiography was performed in available patients in both
groups following a 6 month follow-up. Repeat percutaneous translumina coro-
nary angioplasty (PTCA) was attempted in patients with restenosis who accepted
reintervention. Other patients in both groups were assessed by clinical informa-
tion obtained through an interview during outpatient clinic visits or from the
patient or family by telephone.

The primary clinical end points of the study were acute (occurring in the
interventional site while the guiding catheter was till in place or in the first day
following stent implantation) or subacute (occurring after removal of the guiding
catheter following stent implantation or outside the interventional site) thrombo-
sis, urgent CABG, AMI or death, while the secondary end points were the com-
parison of functional angina classes of patients in both groups, according to the
Canadian Cardiovascular Society (CCS) classification, at the 1%, 6", and 12"
month and of the restenosis rates of the stents at the 6" month. Clinical restenosis
for both stent groups was defined as having symptoms or signs of ischemia at the
6" month follow-up. Angiographic restenosis was defined as a diameter stenosis
of > 50% at 6-month reangiography measured at any point within the stented seg-
ment.

Continuous variables are expressed as the mean + SD. Absolute numbers
(%) were used for categorical variables. Statistical analysis was performed using
Student's t-tests for continuous data and chi-square analysis for categorical data.
Statistical significance was assumed at the 5% level.

RESULTS

Thebaseline clinical characteristicsare shownin Table|. Therewere no sig-
nificant differencesin age, sex, diagnosis, risk factors, or other patient character-
istics. Angiographic data for both stent groups are outlined in Table Il. Lesion
characteristics in both groups, according to the American College of Cardiology/
American Heart Association Task Force criteria, were identical. The diameter
stenosis before stenting did not differ significantly among the groups. The differ-
ence between the number of diseased vessels in the groups was not significant.
Table Il shows the procedural and postprocedura characteristics of the groups.
With respect to indications for revascularization, the differences between the
groups were not significant. Angiographic success and procedural success were
similar in the 2 groups. The number of MACE in the Jo and NIR groups did not
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Jo Group (n=230)

NIR Group (n=196)

P Vaue

Male (%)
Age (years)
Stable angina pectoris (%)
Unstabl e angina pectoris (%)
Acute myocardial infarction (%)
Recent AMI (%)
Prior AMI (%)
Prior streptokinase (%)
Prior PTCA (%)
Prior CABG (%)
Coronary risk factors (%)
Smoking history
Diabetes
Cholesterol = 200 mg/dL
Hypertension
Family history

184 (80)
57+ 10
81 (35)
83 (36)
37 (16)
60 (26)
30 (13)
0
14 (13)
4(2)

104 (45)
25 (11)
41 (18)
81 (35)
41 (18)

165 (84)
56+ 9
43 (22)
94 (48)
24.(12)
43 (22)
35 (18)

2(1)
10 (5)
4(2)

76 (39)
27 (14)
38 (20)
65 (33)
31 (16)

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

NS
NS
NS
NS
NS

Data presented are the mean + SD or number (%) of patients. AMI= acute myocardial
infarction; PTCA= percutaneous transluminal coronary angioplasty; CABG= coronary
artery bypass grafting; NS= nonsignificant.

Tablell. Angiographica Data

Jo Group (n=230)

NIR Group (n=196)

P Vaue

Number of lesions (%)
L AD
CX
RCA
ACC/AHA lesion type (%)

B1
B2
C
% diameter stenosis
Reference vessel diameter (%)
<3mm
>3 mm
Number of diseased vessels (%)
1 vessel disease
2 vessel disease
3 vessel disease

254
129 (51)
53 (21)
72 (28)

31(12)
53 (21)
134 (53)
36 (14)
88+ 12

177 (70)
77 (30)

119 (52)
86 (37)
25 (11)

224
114 (51)
34 (15)
76 (34)

22 (10)
52 (23)
121 (54)
29 (13)
89+ 12

134 (60)
90 (40)

82 (42)
84 (43)
30 (15)

NS
NS
NS
NS

NS
NS
NS
NS
NS

NS
NS

NS
NS
NS

Data presented are the mean + SD or number (%) of patients or lesions. LAD=left
anterior descending artery; CX=circumflex artery; RCA=right coronary artery; ACC/
AHA=American College of Cardiology / American Heart Association; NS= nonsig-

nificant.
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differ significantly. Subacute thrombosis was not observed in either group. The
difference between the number of stents per patient did not reach statistical sig-
nificance. Bleeding complications requiring blood transfusion or surgical repair
were not encountered in either group. The patients in both groups were dis-
charged home after a mean period of 1.5 days.

The clinical end points at the 6™ month are outlined in Table IV. The angio-
graphic restenosisrate did not differ significantly between the Jo and NIR groups.
The combined clinical and angiographic restenosis rate also did not reach statis-
tical significance between the groups. Repeat PTCA of the restenotic segments
was successful without any complications. The differences between the rates of
any event at 6" month follow-up were not significant. There were no significant
differences between the study groups with respect to the functional angina classes
according to the CCS classification of the patients at the 1%, 6" and 12" month.
The angina classification of the patientsin the two groupsis summarized in Table
V.

Tablelll. Procedura and Postprocedural Characteristics

Jo Group (n=230) NIR Group (n=196) P Vdue

Indication for revascularization (%)

Planned 158/254 (62) 146/224 (65) NS
Unplanned

Suboptimal result 58/254 (23) 42/224 (19) NS

Acute closure 20/254 (8) 25/224 (11) NS

Restenosis following prior PTCA 18/254 (7) 11/224 (5) NS

Angiographic success (%) 100 100 NS

Major cardiac event (%) 2(1) 7(4) NS

Death 1 4 NS

AMI 1 1 NS

Urgent CABG 0 2 NS

Procedural success (%) 252/254 (99) 2171224 (97) NS

Acute thrombosis (%) 4(2) 2(1) NS

Subacute thrombosis (%) 0 0 NS
Number of stents/ patient (%)

Single stent 205 (89) 151 (77) NS

2 stents 21 (9) 33(17) NS

3 stents and over 4(2) 12 (6) NS

Maximum atmosphere 128+ 2 13.0+2 NS

Predilatation (%) 221/ 254 (87) 188/ 224 (84) NS

Blood transfusion (%) 0 0 NS

Surgical repair (%) 0 0 NS

Data presented are the mean + SD or number (%) of patients or lesions. PTCA= percuta-
neous transluminal coronary angioplasty; AMI= acute myocardial infarction; CABG=
coronary artery bypass grafting; NS= nonsignificant.
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TablelV. Clinical End Points at 6 Months

Jo Group (n=230) NIR Group (n=196) P Value

Control angiography (%) 100 (43) 68 (35) NS
Combined clinical and angiographic 441230 (19) 36/ 196 (18) NS
restenosis rate (%)

Angiographic restenosis rate (%) 17/100 (17) 11/ 68 (16) NS
TVR (%) 10/ 100 (10) 7/68(10) NS
AMI (%) 2(1 2(1 NS
CABG (%) 2(1) 4(2) NS
Death (%) 5(2) 8(4) NS
CVA (%) 0 0 NS
Any event at 6 month follow-up 19/ 230 (8) 21/196 (11) NS

Data presented are number (%) of patients; TVR: target vessel revascularization;
AMI=acute myocardial infarction; CABG=coronary artery bypass grafting; CVA=cere-
brovascular accident; any event=TVR, AMI, CABG, death or CVA; NS=nonsignificant.

TableV. Angina Classification of Patientsin Jo Stent and NIR Groups (*)

Noangina(%) Classl (%) Classll (%) Classlll (%) ClasslV (%)

Jo NR J NR J NR J NR J NR
1% month 89 835 18 72 92 82 0 1 0 0

6 month 89 8 18 43 46 32 37 32 09 32
12hmonth 863 851 27 64 27 21 27 43 55 21

(*) Comparison of functional angina classes of patients according to Canadian Cardio-
vascular Society classification revealed no significant difference.

DiscussioN

Stents have been shown to successfully treat acute or threatened vessel clo-
sure after failed PTCA® and to significantly reduce restenosis.”® Adjunctive use
of potent antiplatelet agents such as ticlopidine or clopidogrd markedly
decreased theincidence of stent thrombosis and bleeding complications.® To fur-
ther improve the clinical results of coronary stenting, attention was directed to
coating the stent with material that would reduce their inherent thrombogenicity
and decrease the incidence of in-stent restenosis.?*>11-29 Most coatings tested are
placed mainly to provide abiologically inert barrier between the stent surface and
the circulating blood. In contrast to these, immobilized-heparin surface coatings
have been studied as means of providing a biologically active exterior that inter-
acts with the circulating blood.*® Some of the heparin-coated stents available for
clinical use include the heparin-coated PS stent, on which heparin is end-linked
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to the stent surface with a patented Carmeda coating technol ogy, the Wiktor hep-
arin-coated stent (Hepamed coating),? and the Jostent (Corline heparin coating),
on which heparin is randomly attached.*® The heparin-coated Wiktor stent
appeared to be an efficacious device to treat Benestent-like lesions, yielding
angiographic and clinical results comparable to a heparin-coated PS stent.? A
stent coated with rel easable heparin has been reported to be beneficial in reducing
neointimal formation and subsequent in-stent restenosis in porcine coronary
arteries.® The implantation of stents coated with polyamine and end-point-
attached heparin in stable patients with one significant de novo coronary lesionis
well tolerated, is associated with no (sub)acute stent thrombosis, and resultsin a
favorable event-free survival after 6 months. Meanwhile, there was no compel-
ling evidence indicating that heparin coating is actively affecting the negintimal
hyperplasia within the stent.¥ Over a 12-month follow-up, a strategy of elective
stenting with the heparin-coated PS stents has been reported to be more effective
but also more costly than balloon angioplasty.®? A randomized study with blind
angioscopic assessment for heparin-coated versus uncoated PS stent in  native
coronary circulation reported that the implantation of heparin-coated stentsin a
nonselected population was well tolerated and associated with no clinical or
angioscopic evidence of new thrombus formation, resulting in favorable long-
term clinical and angiographic outcomes.® Some of the limitations of the earlier
PS stent design led to the development of a novel second generation tubular NIR
stent. The NIR stent showed excellent deliverability with dightly better acute
angiographic results and an equivaent or better 9-month target vessel failurerate
when compared with the PS stent.3 Our study shows that the NIR stent is as
favorable as the heparin-coated Jostent with regard to early and late clinical and
angiographic outcomes. Our findingsthat both M ACE and acute thrombosisrates
were similar in the heparin-coated Jostent and the NIR stent groups could be
explained by the state that procedural failure is mainly due to dissection or inad-
equate expansion of the stent and is independent from the stent structure or stent
coating. Absence of subacute thrombosis and major bleeding complications in
both the Jo and NIR groups in our study is in accordance with the findings that
careful and intensive monitorization of heparin administration during the proce-
dures until the removal of femoral sheaths and that use of the potent antiplatel et
agent ticlopidine for 1 month have been shown to prevent subacute thrombosis
rates and bleeding complications due to anticoagulant medication.

It has been reported that controversy exists about the usefulness of heparin
coating.® Although the incidence of subacute stent thrombosis was extremely
low in the Benestent |1 trial (0.2% compared with 3.5% in Benestent | using a
noncoated stent), the trials may not be comparable concerning this particular
complication because the Benestent | trial was conducted in an era of different
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stenting protocols. Otherwise, angiographic restenosis rates were similar (22%
and 18% for Benestent | and Il studies, respectively)®" When compared with
the uncoated Jostent, the Corline heparin coating of the Jostent had no impact on
the in-hospital complication rate, stent thrombosis, or restenosis.®® The similar
effects for heparin coated Jostent and NIR stent implantation on restenosis rates
and CCS angina classification in our study support the knowledge that, in addi-
tion to thrombus formation at the site of intervention, smooth muscle cell prolif-
eration, arterial remodeling, and vascular recoil are also responsible for the
development of restenosis®®; however, the relative importance of each remains to
be determined. Although the same data confirm the influence of the coronary
stent design, especially of the strut thickness of the stents, on restenosis rate and
cardiac events,***? the strut thickness of the Jostent and NIR stent is somewhat
similar (90 tm and 100 pm, respectively). All of the results above indicate that
the role of heparin coating remains an open question.*

Heparins are glycosaminoglycans that, in addition to their anticoagulant
activity, have interactions with growth factors and other glycoproteins. These
interactions may stimulate neointimal hyperplasia when heparin is delivered
locally on stents and stent-grafts. Modifying the structure of heparin to retain its
anticoagulant activity while minimizing these stimulatory effects on the vascular
endothelium is desirable and may be achieved by understanding the relationships
between the structure and functions of the various parts of the heparin mole-
cule.®® The devel opment of the end-point attached heparin-coated stent should be
regarded against the early unfavorable results with uncoated stents in the pre-
IVUS and pre-ticlopidine era. Considering the quite low incidence of early com-
plications of noncoated second generation stents, it may require very large trials
to test the clinical efficacy of the heparin-coating against noncoated devices.
However, even if the 'added value' of the heparin-coating will never be clinically
proven, it has helped to enhance the penetration of stent therapy in interventional
cardiology.*?

In conclusion, the heparin-coated Jostent and the uncoated conventional

NIR stent enable favorable procedural success, (sub)acute thrombosis, and 6-
month restenosis rates and have similar 12-month clinical outcomes.
Limitations of the study: Severa limitations can be observed in the current
study. Because this study had a retrospective design, a prospective, randomized
study is mandatory to validate our findings. Another limitation is that computer-
ized quantitative coronary angiography was not available in our laboratory. The
fact the study was performed in asingle center is the third limitation. Our timing
for follow-up coronary angiography at 6 months may be too short to evaluate the
restenosis rates of the stents.



Vol 44
No 6

10.

12.

13.

14.

15.

16.

17.

18.

10.

20.

21

JOSTENT AND NIR STENT IMPLANTATION 897

REFERENCES

Rogers C, Edelman ER. Endovascular stent design dictates experimental restenosis and thrombosis. Circula
tion 1995; 91: 2995-3001.

Hérdhammar PA, van Beuseskom HMM, Emanue sson HU, et al. Reduction in thrombotic eventswith heparin-
coated P maz-Schatz stentsin normal porcine coronary arteries. Circulation 1996; 93: 423-30.

De Scheerder |, Wang K, Wilczek K, et al. Experimenta study of thrombogenicity and foreign body reaction
induced by heparin-coated coronary stents. Circulation 1997; 95: 1549-53.

Serruys PW, Emanuelsson H, van der Giessen W, et al. on behdf of the BENESTENT || Sudy Group. Hep-
arin-coated Palmaz-Schatz stents in human coronary arteries. early outcome of the BENESTENT Il Filot
Study. Circulation 1996; 93: 412-22.

Serruys PW, van Hout B, Bonnier H, et al. Randomised comparison of implantation of heparin-coated sents
with baloon angioplasty in sdected patients with coronary artery disease (Benestent I1). Lancet 1998; 352:
673-81.

Roubin GS, Cannon AD, Agrawd S, et al. Intracoronary stenting for acute and threatened closure complicating
PTCA. Circulation 1992; 85: 916-27.

Fischman DL, Leon MB, Baim DS, et al. A randomized comparison of coronary stent placement and baloon
angioplagty in the treatment of coronary artery disease. N Engl JMed 1994; 331: 496-501.

Serruys PW, de Jaegere P, Kiemeneij F, et al. A comparison of ball oon-expandable-stent implantation with bal-
loon angioplasty in patients with coronary artery disease. N Engl JMed 1994; 331: 489-95.

Rodriguez AE, Santaera O, Larribau M, et al. Coronary stenting decreases restenosisin lesions with early loss
of lumina diameter 24 hours after successful PTCA. Circulation 1995; 91: 1397-402.

Leon MB, Bam DS, PopmaJJ, et al. A clinical trial comparing three antithrombotic-drug regimens after coro-
nary artery stenting: Stent Anti-coagulation Restenosis Study Investigators. N Engl JMed 1998; 339: 1665-71.
Holmes DR, Camrud AR, Jorgenson MA, Edwards WD, Schwartz RS. Polymeric stenting in the porcine coro-
nary artery model: differentid outcome of exogenous fibrin deeves versus polyurethane-coated stents. J Am
Coll Cardiol 1994; 24: 525-31.

Kuiper KK, Robinson KA, Chronos NA, et al. Phosphoryl choline-coated metallic stentsin rabbit iliac and por-
cine coronary arteries. Scand Cardiovasc J1998; 32: 261-8.

Whelan DM, van der Giessen WJ, Krabbendam SC, et al. Biocompatibility of phosphorylcholine coated stents
in normal porcine coronary arteries. Heart 2000; 83: 338-45.

De Scheerder IK, Wilczek K, Verbeken E, et al. Biocompatibility of biodegradable and nonbiodegradable poly-
mer-coated stents implanted in porcine peripherd arteries. Cardiovasc Intervent Radiol 1995; 18: 227-32.
RechaviaE, Litvack F, Fishbein MC, Nakamura M, Eigler N. Biocompatibility of polyurethane coated stents:
tissue and vascular aspects. Cathet Cardiovasc Diagn 1998; 45: 202-7.

Malik N, Gunn J, Shepherd L, Crossman DC, Cumberland DC, Holt CM. Phosphorylcholine-coated stentsin
porcine coronary arteries: in vivo assessment of biocompatibility. JInvasive Cardiol 2001; 13: 193-201.

Staab ME, Holmes DR Jr, Schwartz RS. Polymers. In: Sigwart U, ed. Endoluminal Senting. London, UK: WB
Saunders; 1996; 34-44.

Cox DA, Anderson PG Roubin GS, Chou CY, Agrawa SK, Cavender JB. Effects of locd delivery of heparin
and methotrexate on neointima proliferation in stented porcine coronary arteries. Coron Artery Dis 1992; 3:
237-48.

Slepian MJ. Polymeric endolumind gdl paving: thergpeutic hydrogel barriers and sustained drug delivery
depotsfor local arterid wall biomanipulation. Semin Interv Cardiol 1996; 1: 103-16.

Schwartz RS, Murphy JG Edwards WD, Holmes DR. Bioabsorbable, drug eluting, intracoronary stents:
design and future gpplications. In: Sigwart U, Frank Gl eds. Coronary Sents. Berlin, Germany: Springer-Ver-
lag; 1992: 135-54.

New G Moses W, Roubin GS, et al. Estrogen-eluting, phosphorylcholine-coated stent implantation is associ-
ated with reduced neointima formation but no delay in vascular repair in a porcine coronary model. Catheter
Cardiovasc Interv 2002; 57: 266-71.

Gdli M, Sommarival, Prati F, et al. Acute and mid-term results of phogphorylcholine-coated stentsin primary
coronary stenting for acute myocardia infarction. Catheter Cardiovasc Interv 2001; 53: 182-7.



898
23,
24,
25.
26.
2r.
28,
29,
30.

3L

32.

37.

39.

41.

42.

Jpn Heart J
SEMIZ, ET AL November 2003

Byer A, Peters S, Settepani F, Pagliaro M, Galletti G Fibrin sealant coated stents compared with non-coated
gentsin aporcine carotid artery model. Preliminary study report. J Cardiovasc Surg (Torino) 2001; 42: 543-9.
Baker JE, Horn JB, Nikolaychik V, Kipshidze NN. Fibrin stent coatings. In: Sigwart U ed. Endoluminal Sent-
ing. London, UK: WB Saunders; 1996: 84-9.

Grenadier E, Roguin A, Hertz |, et al. Stenting very small coronary narrowings (< 2 mm) using the biocompat-
ible phosphorylcholine-coated coronary stent. Catheter Cardiovasc Interv 2002; 55: 303-8.

Aggarwa RK, Ireland DC, Azrin MA, Ezekowitz MD, de Bono DP, Gershlick AH. Antithrombotic potentia
of polymer-coated stents eluting platelet glycoprotein | 1b/111areceptor antibody. Circulation 1996; 94: 3311-7.
Bar FW, van der Veen FH, Benzina A, Habets J, Koole LH. New biocompetible polymer surface coating for
gents resultsin alow neointimal response. J Biomed Mater Res 2000; 52: 193-8.

Larm O, Larsson R, Olsson P. A new non-thrombogenic surface prepared by sdlective covalent binding of hep-
arin viaareducing termina residue. Biomater Med Devices Artif Organs 1983; 11: 161-74.

Vrolix MC, Legrand VM, Reiber JH, et al. Heparin-coated Wiktor stents in human coronary arteries (MEN-
TORtria). MENTOR Trid Investigators. Am J Cardiol 2000; 86: 385-9.

Topol EJ, Serruys PW. Frontiersin interventiona cardiology. Circulation 1998; 98: 1802-20.

Matsumoto Y, ShimokawaH, Morishige K, Eto'Y, TakeshitaA. Reduction in neointima formation with astent
coated with multiple layers of releasable heparin in porcine coronary arteries. J Cardiovasc Pharmacol 2002;
39: 513-22.

Serruys PW, van Hout B, Bonnier H, et al. Randomised comparison of implantation of heparin-coated stents
with baloon angioplasty in selected patients with coronary artery disease (Benestent 11). Lancet 1998; 352:
673-81.

Kedev S, Guagliumi G Vasechi O, Tespili M. Heparin-coated versus uncoated Palmaz-Schatz stent in native
coronary circulation. A randomized study with blind angioscopic assessment. Int JArtif Organs 2002; 25: 461-
9.

Baim DS, Cutlip DE, O'Shaughnessy CD, et al.; NIRVANA Investigators (NIR Vascular Advanced North
American Trid). Fina results of arandomized trial comparing the NIR stent to the Palmaz-Schatz stent for nar-
rowingsin native coronary arteries. Am JCardiol 2001; 87: 152-6.

Eeckhout E, Wijns W, Meier B, Goy J1J, on behaf of the members of the Working Group on Coronary Circula:
tion of the European Society of Cardiology. Indications for intracoronary stent placement: the European view.
Eur Heart J1999; 20: 1014-9.

de Jaegere PPF, Eefting FD, Popma 1J, Serruys PW. Clinical trids on intracoronary stenting. Semin Intervent
Cardiol 1996; 1: 233-45.

Serruys P, Grines C, Stone G et al. Stent implantation in acute myocardia infarction using a heparin-coated
gent: a pilot sudy as a preamble to a randomized trial comparing balloon angioplasty and stenting. Int J Car-
diovasc Intervent 1998; 1: 19-27.

Wohrle J, Al-Khayer E, Grotzinger U, et al. Comparison of the heparin coated vs the uncoated Jostent - no
influence on restenosis or clinical outcome. Eur Heart J2001; 22: 1808-16.

Forrester JS, Fishbein M, Helfent R, Fagin J. A paradigm for restenosi's based on cell biology: Clues for the
development of new preventive therapies. JAm Coll Cardiol 1991; 17: 758-69.

Kadtrati A, Dirschinger J, Boekstegers P, et al. Influence of stent design on 1-year outcome after coronary stent
placement: a randomized comparison of five stent types in 1,147 unselected patients. Catheter Cardiovasc
Interv 2000; 50: 290-7.

Mehilli J, Kestrati A, Dirschinger J, et al. A randomized tria comparing the hand-mounted Jostent with the pre-
mounted Multi-Link Duet stent in patients with coronary artery disease. Catheter Cardiovasc Interv 2001; 54:
414-9.

Kastrati A, Mehilli J, Dirschinger J, et al. Intracoronary stenting and angiographic results. Strut Thickness
Effect on Restenosis Outcome (ISAR-STEREO) Trid. Circulation 2001; 103: 2816-21.

Nelson SR, deSouza NM, Allison DJ. Endovascular stents and stent-grafts: is heparin coating desirable? Car-
diovasc Intervent Radiol 2000; 23: 252-5.

van Der Giessen WJ, van Beusskom HM, Larsson R, Serruys P. Heparin-coated coronary stents. Curr Interv
Cardiol Rep 1999; 1. 234-40.



