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Patients with diabetes have worse clinical outcomes following both surgical revascu-
larization and percutaneous coronary intervention (PCI). Although coronary stenting has
improved late outcomes (versus balloon angioplasty) following PCI, both angiographic
restenosis and the requirement for repeat revascularization are increased in diabetics 
versus nondiabetics and limit the durability of PCI compared with surgery. Polymer-
based drug-eluting stents (DES) have markedly reduced late coronary lumen loss and
angiographic restenosis as well as the need for repeat revascularization when compared
with conventional (non–drug-eluting) coronary stent deployment. Specifically, the
CYPHER® sirolimus-eluting stent (Cordis Cardiology, Miami Lakes, FL) has demon-
strated durable clinical and angiographic benefit for diabetic patients in both random-
ized clinical trials and postmarket surveillance registries. Data on the more recently
approved paclitaxel-eluting TAXUSTM (Boston Scientific, Natick, MA) stent suggest similar
efficacy for the treatment of diabetic patients. By markedly reducing restenosis, DES 
significantly improve or eliminate the major limitation of conventional stenting/PCI
in diabetic patients. The advent of DES promises a paradigm shift from surgical
revascularization in diabetic patients (especially those with multivessel disease) to
PCI. Nevertheless, continued improvement in DES delivery as well as optimal adjunctive
pharmacotherapy and control of hyperglycemia will be required to achieve the best
clinical outcomes following PCI with DES in patients with diabetes.
[Rev Cardiovasc Med. 2005;6(suppl 1):S48-S58]
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Since the advent of percutaneous coronary intervention (PCI), restenosis has
been considered the “Achilles’ heel” and diabetes the “problem child” for
the procedure. The presence of diabetes predicts adverse clinical outcomes

following both percutaneous and surgical revascularization. The propensity of
diabetic patients to experience adverse outcomes following revascularization
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has been ascribed to smaller-caliber
target vessels, a greater degree of
underlying vascular inflammation,
a prothrombotic state, and more fre-
quent associated risk factors. Further-
more, both the prevalence and extent
of vascular disease are increased in
patients with diabetes. Unfortunately,
the prevalence of diabetes, obesity,
and the associated metabolic syn-
drome has reached epidemic propor-
tions in the United States.1 Recent
data suggest that immunity, inflam-
mation, and heredity are related
central pathogenic mechanisms in
the development of insulin resistance,
which characterizes the metabolic
syndrome.2,3 Insulin resistance may
be further involved in the develop-
ment of atherothrombotic disease
through stimulation of plasminogen
activator inhibitor-1 and alteration
of endothelial function as well as
through a direct mitogenic/growth
factor–like effect of insulin on both

vascular smooth muscle and neoin-
timal cells.4 In addition, maladap-
tive arterial remodeling (transmural

vessel scarring or shrinkage) may
contribute to more frequent resteno-
sis following balloon angioplasty in
diabetic patients.5

Although coronary stent deploy-
ment was observed to improve both
angiographic and clinical late out-
comes in diabetic cohorts when com-
pared with standard balloon
angioplasty, late restenosis and the
requirement for revascularization fol-
lowing coronary stent deployment
remains significantly more common
in diabetics versus nondiabetics.6-13

Early randomized comparative stud-
ies of percutaneous transluminal
coronary (balloon) angioplasty
(PTCA) and coronary artery bypass
grafting (CABG) demonstrated an
increased morbidity and mortality
among diabetics compared with their
nondiabetic counterparts.14-19 Further-
more, the mode of revascularization
appears to influence late survival
(Figure 1). In the Bypass Angioplasty
Revascularization (BARI) trial, sur-
vival to 7 years post revascularization
was greater in diabetics randomly
assigned to CABG (versus PTCA), par-
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Figure 1. Late survival in patients with treated diabetes in the Bypass Angioplasty Revascularization Investigation
(BARI) trial. Late survival following multivessel revascularization was significantly increased by coronary artery
bypass grafting (CABG) versus percutaneous transluminal coronary (balloon) angioplasty (PTCA). Reproduced
with permission from the BARI Investigators.20
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Figure 2. Survival following revascularization in diabetics versus nondiabetics from multiple trials. In general, surgical
revascularization has been associated with a trend toward improved late survival. MAHI, Mid America Heart Institute;
BARI, Bypass Angioplasty Revascularization Investigation; NNE, Northern New England database; 3VD, triple-vessel
disease; CABG, coronary artery bypass graft; DM, diabetes mellitus; PCI, percutaneous coronary intervention.
Reproduced with permission from Niles et al.21
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ticularly diabetics treated with
insulin.20 This observation was sup-
ported by the results of the Coronary
Angioplasty Versus Bypass Revascu-
larization Investigation (CABRI).19 In
CABRI, the mortality of diabetic
patients was twice that of nondiabet-
ics and a trend for higher mortality to
4 years was observed in diabetics ran-
domly assigned to treatment with
PTCA versus CABG. Conversely, the
Emory Angioplasty Versus Surgery
Trial (EAST) did not demonstrate a
survival advantage for diabetic
patients randomly assigned to CABG
versus PTCA revascularization for the
numbers of patients evaluated.17 Of
note, however, at 8-year follow-up,
death was observed in 7.3% of the
CABG- and 10.7% of the PTCA-treat-
ed diabetic patients (P = .73). In gen-
eral, late survival trends following
multivessel revascularization in dia-
betics are less favorable for the percu-
taneous versus the surgical approach

(Figure 2).21

More recently, stents have been
demonstrated to improve midterm
and late outcomes in diabetic

patients by decreasing the frequency
of restenosis.6,11,22-26 In addition, stent
deployment (versus PTCA) also
reduced the frequency of total target
vessel occlusion at the revasculariza-
tion site by angiography performed
at 6 months following treatment.22

Indeed, the development of target
vessel occlusion as the manifestation
of restenosis following coronary stent
deployment is more prevalent in
diabetic versus nondiabetic patients
and appears to adversely influence
late survival (Figure 3).22,27 Both the
requirement for repeat revascular-
ization and the composite clinical
occurrence of cardiovascular death or
myocardial infarction were reduced
by stenting (compared with PTCA)
in diabetic patients.6,11,23,28,29 Despite
the salutary effects of stent deploy-
ment, the recently available 2-year
follow-up results in the diabetic
cohort of the Arterial Revascular-
ization Therapy Study (ARTS), which
randomly assigned eligible patients
with multivessel disease to treatment
with either stents or CABG, demon-
strated an increased requirement for
repeat revascularization in patients
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Figure 3. Survival at late follow-up (mean 6.5 ± 2.4 yrs [SD]) by vessel patency following percutaneous coronary
intervention. Survival is reduced in patients who have occlusive restenosis, which was observed in 15% of the total
population. Both restenosis and occlusive restenosis were increased in diabetic patients. SD, standard deviation.
Reproduced with permission from Van Belle et al.22
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Figure 4. Mortality to 1 year in diabetic and nondiabetic patients enrolled in the EPISTENT and ESPRIT placebo-con-
trolled randomized trials of platelet glycoprotein (GP) IIb/IIIa blockade administration for percutaneous coronary
intervention. The increased mortality in diabetics (vs nondiabetics) appears to be normalized by adjunctive platelet
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treated percutaneously.30,31 Of note,
the composite occurrence of death,
myocardial infarction, and stroke to
2 years was similar for both stenting
and CABG (16.1% vs 14.6%, respec-
tively). Furthermore, recent registry
analyses suggest that ischemic event-
free survival and even survival alone
(single endpoint) are decreased fol-
lowing multivessel coronary stenting
in diabetics compared with nondia-
betic patients but are similar in dia-
betics treated with either oral agents
or insulin.29,32,33 

The presence of diabetes is a signif-
icant predictor of death to 6-month
follow-up after PCI for acute myocar-
dial infarction.34 Interestingly, the
mortality “hazard” conferred by dia-
betes to 1 year following coronary
stenting may be “normalized” to that
observed in nondiabetics through 
the use of periprocedural adjunctive
platelet glycoprotein (GP) IIb/IIIa
receptor blockade (Figure 4).35,36

Because diabetics have higher
ischemic event rates to 30 days, 
6 months, and 1 year following
coronary stent deployment (vs non-
diabetics), periprocedural platelet GP
IIb/IIIa blockade appears to provide
preferential benefit, particularly fol-
lowing multivessel stenting in this
population (Figure 5).37,38 The late
quantitative angiographic and clini-
cal follow-up of the diabetic cohort
in the Evaluation of IIb/IIIa Platelet
Inhibitor for Stenting (EPISTENT)
trial suggested that there was a
reduction in target vessel revascular-
ization and an increase in net coro-
nary lumen gain associated with
periprocedural abciximab adminis-
tration.39 This observation height-
ened interest and investigation into
differences among diabetics (versus
nondiabetics) in platelet vitronectin
(�vß3) receptor function and regula-
tion. It was hypothesized that non-
GP IIb/IIIa (nonplatelet) effects of
abciximab on the inflammatory

response to vessel injury and/or
smooth muscle cell migration/prolif-
eration might be etiologic in provid-
ing this apparent selective benefit.40-42

Unfortunately, subsequent random-
ized clinical trial evaluations of
abciximab for coronary stenting did
not demonstrate a reduction in the
neointimal proliferative response or
angiographic restenosis in diabetic

patients.43-45 Indeed, subsequent stud-
ies utilizing quantitative coronary
angiography demonstrated a relation-
ship between both the presence and
type of diabetes and binary (> 50%)
late angiographic restenosis follow-
ing stenting.46,47 Both diabetes (vs
nondiabetes) and insulin requirement
(vs non–insulin requirement) were
associated with an increased inci-
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Figure 5. (A) Mortality to 1 year following percutaneous coronary intervention (PCI) by diabetic status and abcix-
imab (vs placebo) treatment in the pooled analysis of the EPIC, EPILOG, and EPISTENT trials. (B) Mortality to 1 year
is significantly less in diabetic patients who received periprocedural abciximab (vs placebo), particularly those
undergoing multivessel PCI. Data from Bhatt et al.37
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dence of restenosis. The relatively
high frequency of clinical and
angiographic restenosis prompting
repeat revascularization has marred
the comparative late benefit of con-
ventional coronary stent deployment
compared with CABG. 

Myriad attempts to reduce in-stent
restenosis through systemically
administered pharmacotherapy have
met with modest, if any, success.
Most recently, cilostazol administered
orally for 6 months (vs placebo) 
was associated with reduction in
late binary angiographic restenosis
in diabetics for both in-stent (15.25%
vs 35.25%, respectively; P ≤ .0131)
and in-segment (in-stent plus 5 mm
margins) analyses (16.95% vs 36.99%,
respectively; P = .0108).48 Never-
theless, the concept of providing
high local tissue concentrations of 
a therapeutic agent while minimiz-
ing/eliminating systemic toxicity is
intuitively attractive. The advent of
polymer-based, drug-eluting coronary
stent devices represents a major
advance in catheter-based revascu-
larization for all patients, including
diabetics. Drug-eluting stents (DES)
offer a potential solution to the high-
er rates of repeat revascularization

and restenosis observed following
conventional stent deployment in
diabetics. Furthermore, any preferen-
tial benefit of surgical revasculariza-
tion over stenting could be eliminated
by targeted pharmacotherapy to
reduce the inflammatory-neointi-
mal proliferative response to stent-
vessel injury.  

The recent availability of polymer-
based DES may provide preferential

clinical benefit for patients with dia-
betes mellitus because of the higher
rates of repeat revascularization 
that follow PCI in this population.
In the initial experience from 
the Randomized Study with the
Sirolimus Eluting Bx-Velocity
Balloon Expandable Stent (RAVEL)
trial with the sirolimus-eluting

CYPHER® stent (Cordis Cardiology,
Miami Lakes, FL), preferential bene-
fit for reduction in binary (> 50%)
angiographic restenosis was observed
in the diabetic cohort (0% vs 41.7%,
respectively; P = .002) for the CYPHER
versus the Bx Velocity® stent (Cordis
Cardiology).49 These salutary results
were confirmed in the diabetic cohort
(n = 279) of the Sirolimus Coated 
Bx Velocity Stent in Treatment of

Patients with De Novo Coronary
Artery Lesions (SIRIUS) trial, which
demonstrated a reduction in binary
angiographic restenosis (in-lesion) for
the CYPHER versus the Bx Velocity
stent (17.6% vs 50.5%, respectively;
P < .001). Similarly, target lesion revas-
cularization (TLR) at 1-year follow-
up was reduced by the CYPHER versus
the Bx Velocity stent (8.4% vs 26.5%,
respectively; P = .0002).50 Indeed,
CYPHER stent deployment (versus Bx
Velocity) was associated with a similar
magnitude of reduction in 12-month
TLR (70%-80%) irrespective of lesion
length, reference vessel size, or dia-
betic status (Table 1).50 Presently, a
wealth of clinical and angiographic
data from randomized clinical trials
as well as postmarket surveillance
registries offer support for these ini-
tial observations of durable benefit
following CYPHER stent deployment
in diabetic patients.

Diabetic patients enrolled in the
SIRIUS trial demonstrated significant
reductions in both angiographic
(binary restenosis, late coronary

Table 1
Percent Reduction in 12-Month Target Lesion Revascularization 

with Sirolimus-Eluting Versus Bx Velocity Stent by Lesion Length, 
Vessel Size, and Diabetic Status

Lesion Length

Diabetic ≥ 12 mm but
Status/Vessel Size < 12 mm, % ≤ 15 mm, % > 15 mm, %

Nondiabetics
RVD > 3.0 mm 78.5 78.1 77.5

2.5 mm ≤ RVD < 3.0 mm 77.6 77.1 76.2

RVD < 2.5 mm 76.6 76.0 74.7

Diabetics
RVD > 3.0 mm 77.2 76.7 75.6

2.5 mm ≤ RVD < 3.0 mm 75.8 75.0 73.4

RVD < 2.5 mm 74.1 73.1 71.0

RVD, reference-vessel diameter.  
Reprinted with permission from Holmes et al.50

Presently, a wealth of clinical and angiographic data from randomized
clinical trials as well as postmarket surveillance registries offer support
for the initial observations of durable benefit following CYPHER stent
deployment in diabetic patients.
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lumen loss) and clinical (TLR)
restenosis at late follow-up in favor
of the CYPHER versus the Bx Velocity
stent (Figure 6).51 In the SIRIUS trial,
although diabetics had a higher
incidence of adverse outcomes fol-
lowing coronary stent deployment
versus nondiabetics, substantial ben-
efit was observed in diabetic patients
treated with the CYPHER compared
with the Bx Velocity stent. Indeed, no
difference in major adverse cardiovas-
cular event (MACE)-free survival to
9 months was observed by diabetic
status (P = .30) in patients treated
with the CYPHER stent (Figure 7).
Conversely, in patients who were
treated with the Bx Velocity (non–
drug-eluting) stent, the presence 
of diabetes was associated with a 
significant (P = .018) reduction in
MACE-free survival. As noted previ-
ously, the magnitude of reduction
in clinical coronary restenosis (TLR)
by the CYPHER stent was not influ-
enced by lesion length, reference
vessel diameter, or diabetic status.50

This salutary effect of the CYPHER
stent on clinical restenosis in diabet-
ic patients has been consistent across
clinical trials as well as postmarket

surveillance registries (Figure 8). In
the cumulative clinical experience
involving diabetic patients treated
with the CYPHER stent, TLR was
observed in only 0%-7.0% and the
reduction in TLR conferred by
CYPHER (versus Bx Velocity) ranged
from 70%-100% (Figure 8). 

These observations are supported
by more recent data from the Direct
Stenting Using the Sirolimus-Eluting
Stent (DIRECT) trial, in which the

strategy of direct stenting (versus
predilatation) with the CYPHER stent
was employed.52 Patients enrolled
into the DIRECT trial were com-
pared with the historical cohort of
patients treated with the CYPHER
stent from the SIRIUS trial. Quanti-
tative coronary angiography was
performed at 8 months following
stent deployment in both the
DIRECT and SIRIUS trials. The strate-
gy of direct stenting versus predilata-
tion was associated with lower rates
of binary (in-lesion) restenosis in
nondiabetics (5.3% vs 6.0%; P = 1.00),
non–insulin-dependent diabetics
(10.3% vs 13.8%; P = .76), and, par-
ticularly, insulin-dependent diabetics
(0% vs 35.0%, P = .03). The DIRECT
trial suggests the importance of oper-
ator technique for deploying the
CYPHER stent, especially in diabetic
patients. These data support the
concept that minimizing the extent
of endoluminal injury beyond the
confines of the drug-delivery plat-
form by eliminating the predilata-
tion process (when possible) has
clinical/angiographic benefit. 

The “real-world” clinical practice
experience with CYPHER coronary
stenting from the e-CYPHER registry
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Figure 6. Late clinical and angiographic outcomes by diabetic status and randomly assigned treatment strategy
(Bx vs CYPHER stent) in the SIRIUS trial. Diabetics demonstrated an increased incidence of adverse clinical and
angiographic outcomes, which was significantly reduced by treatment with the CYPHER stent. DM, diabetes mellitus;
NDM, non–diabetes mellitus. Data from Moussa et al.51

A B



S54 VOL. 6 SUPPL. 1  2005    REVIEWS IN CARDIOVASCULAR MEDICINE

Diabetic Patients and Drug-Eluting Stents continued

has recently been updated in 3438
patients.53 Despite the fact that dia-
betics were older and had more
associated risk factors, including
multivessel disease and number of
stents deployed per patient as well
as smaller reference vessel diameters
and longer lesion lengths versus
nondiabetic patients enrolled in this
registry (Table 2), clinical TLR to 
6 months follow-up was observed 
in only 1.4% of diabetics and 0.9%
of nondiabetics (P = not significant).
Total MACE to 6 months were
observed in only 4.2% of 2716 
diabetic patients followed up for 
6 months post CYPHER stent deploy-
ment (Figure 9). These data are similar
to the preliminary real-world experi-
ence from the BRIDGE registry of
CYPHER stenting in diabetic patients.
In BRIDGE, 6-month clinical follow-
up in 547 diabetic patients with
average reference vessel diameter 
of 2.80 mm and lesion length of
18.4 mm demonstrated TLR in 3.5%
and MACE in 5.9%.54 The expand-
ing database for CYPHER stent use 
in diabetics suggests safe and
durable clinical benefit in the form
of low MACE and TLR rates as well
as minimal late coronary lumen loss

(0.20-0.30 mm) by quantitative
coronary angiography.

The more recently Food and 
Drug Administration–approved and
–released polymer-based slow-release
paclitaxel-eluting TAXUSTM stent
(Boston Scientific, Natick, MA) has

also demonstrated efficacy for the
treatment of diabetic patients. Late
(9-month) quantitative angiographic
follow-up in the TAXUS IV trial, in
which patients were treated with
either the TAXUS paclitaxel-eluting
stent or the bare metal ExpressTM stent
(Boston Scientific), demonstrated a
significant reduction in binary
restenosis in the analysis segment
from 34.5% to 6.4% (P = .0001) in all
medically treated diabetic patients
and from 42.9% to 7.7% (P = .0065) in
insulin-requiring diabetics.55 Further-
more, clinical restenosis as reflected
by the requirement for target vessel
revascularization to 1-year follow-up
was reduced in both insulin-requiring
(from 19.4% to 6.2%; P = .07) and
oral medication–treated (21.6% to
7.9%; P = .005) diabetic patients fol-
lowing treatment with the Express
versus the TAXUS stent, respective-
ly. Indeed, the presence of diabetes
mellitus was not an independent
predictor for late TLR by multivari-

Table 2
Selected Baseline Clinical and Procedural Characteristics in 

Diabetic and Nondiabetic Patients Enrolled in the e-CYPHER
Postmarket Surveillance Registry for Use of the CYPHER Stent

Diabetics Nondiabetics
Characteristic (n = 3438) (n = 8670) P Value

Age 62.2 ± 10.4 60.6 ± 11.7 < .0001

Female gender 28.9% 19.4% < .0001

History of hypertension 70.9% 58.1% < .0001

Body mass index > 30 17.7% 11.1% < .0001

Prior CVA/TIA 3.7% 2.7% < .005

Multivessel disease 59.7% 54.8% < .001

No. of stents/patient 1.4 ± 0.7 1.3 ± 0.7 < .0001

Multilesion procedure 18.8% 16% = .0002

LMS lesion 1.6% 2.4% < .005

Estimated reference diameter (mm) 28 ± 0.4 29 ± 0.4 < .0001

Estimated lesion length (mm) 17.8 ± 9.3 17.0 ± 8.7 < .0001

CVA, cerebrovascular accident; LMS, left main stem; TIA, transient ischemic attack. 
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able analysis following TAXUS stent
deployment.55,56 The reduction in
angiographic and clinical restenosis
in TAXUS-treated patients was asso-
ciated with a lower incidence of late
(not periprocedural) myocardial
infarction as well.

DES in Diabetic Patients:
General Measures
The use of DES in diabetic patients
does not negate the potential bene-

fits to be derived by periprocedural
adjunctive therapy with platelet GP
IIb/IIIa blockade. These powerful
treatments (DES and GP IIb/IIIa
receptor inhibition) should be con-
sidered complementary in their
salutary effects. Platelet GP IIb/IIIa
inhibitor therapy reduces periproce-
dural myocardial infarction and the
need for urgent repeat revasculariza-
tion. Conversely, the benefits pro-
vided by DES are manifest late, and

include reductions in angiographic
as well as clinical coronary restenosis.
Furthermore, recent data from meta-
analyses of randomized, placebo-
controlled clinical trials have
demonstrated a survival advantage at
30 days and 6 months following PCI
performed with adjunctive GP
IIb/IIIa inhibitor therapy.57,58 The
survival benefit associated with 
GP IIb/IIIa blockade is particularly
evident in high-risk patient subsets
(including diabetics) and following
abciximab (versus small-molecule
GP IIb/IIIa receptor antagonist)
administration.59,60 No survival advan-
tage has yet been observed following
DES versus conventional stent
deployment.49,50,55 For these reasons,
adjunctive therapy with GP IIb/IIIa
inhibition should be administered
based on periprocedural risk assess-
ment during PCI with DES. Similarly,
extended (≥ 1 year) oral therapy with
combination aspirin and a thienopy-
ridine may be especially beneficial
in diabetic patients following 
DES deployment.61,62 Concomitant
therapy with a 3-hydroxy-3-methyl-
glutaryl coenzyme A reductase
inhibitor (statin), angiotensin-con-
verting enzyme inhibitor, or angio-

Main Points
• Early randomized comparative studies of percutaneous transluminal coronary (balloon) angioplasty (PTCA) and coro-

nary artery bypass grafting demonstrated an increased morbidity and mortality among diabetics compared with their
nondiabetic counterparts.

• Both the requirement for repeat revascularization and the composite clinical occurrence of cardiovascular death or
myocardial infarction were reduced by stenting, compared with PTCA, in diabetic patients.

• Drug-eluting stents offer a potential solution to the higher rates of repeat revascularization and restenosis observed
following conventional stent deployment in diabetics.

• In the cumulative clinical experience involving diabetic patients treated with the CYPHER stent, target lesion revas-
cularization (TLR) was observed in only 0%-7.0% and the reduction in TLR conferred by CYPHER (versus Bx Velocity)
ranged from 70%-100%.

• Drug-eluting stents and glycoprotein IIb/IIIa receptor inhibition should be considered complementary treatments.

• Modifications in the CYPHER stent delivery system designed to enhance stent delivery are in progress and will be
available in the near future. Similarly, the availability of smaller-diameter CYPHER stents, which have demonstrated
low levels of late lumen loss and binary restenosis, may be particularly applicable to the diabetic patient population.
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Figure 9. Clinical outcomes to 6 months follow-up in the e-CYPHER registry. Despite the presence of more complex
clinical and procedural demographics in diabetic (vs nondiabetic) patients (Table 2), cumulative target vessel revas-
cularization was observed in only 1.4% of diabetics versus 0.9% of nondiabetics (P = not significant). CEC, clinical
events committee; QAMI, Q-wave acute myocardial infarction; NQAMI, non–Q-wave acute myocardial infarction;
TLR, target lesion revascularization; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft;
MACE, major adverse cardiovascular events (death, acute myocardial infarction, PCI, or CABG).
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tensin receptor blocker should also
be mandated in diabetic patients if
clinically tolerated. 

Last, but certainly not least, close
control of diabetes can improve
clinical outcomes. If possible, con-
trol of diabetes should optimally be
achieved prior to PCI. Recent data
suggest that both fasting blood glu-
cose (> 110 mg/dL) and levels of 

glycosylated hemoglobin (HgA1C) 
> 7.0% are associated with an
increase in both late mortality and
the requirement for repeat revascu-
larization following PCI.63-65 These
data suggest that closer control 
of blood glucose (HgA1C < 7.0%)
may improve clinical outcomes in 
follow-up post PCI. Most recently, 
it has been suggested that insulin-
sensitizing medications may have
more salutary effects on late clini-
cal outcomes than insulin-provid-
ing medications among diabetic
patients who do not require exoge-
nous insulin therapy.66,67 This novel
class of agents—thiazolidinediones
(TZDs), which are peroxisome prolif-
erator-activated receptor-� and/or -�
agonists—has demonstrated anti-
inflammatory actions in both dia-
betic and nondiabetic patients.68,69

Suppression of inflammatory cytokine
production (sCD40L, C-reactive pro-
tein, E-selectin, von Willebrand 
factor) has been demonstrated fol-
lowing TZD administration and
may specifically address the height-
ened levels of vascular inflamma-
tion central to the pathobiology of
diabetic patients. More recently, the

insulin sensitizer metformin was
associated with improved event-free
survival compared with nonsensi-
tizer therapies in diabetic patients
treated with oral medications who
had undergone coronary stenting.70

Furthermore, the TZD rosiglitazone
has demonstrated antiplatelet effects,
which may contribute to the clinical
benefit observed following treatment

with this agent and which were not
correlated with the known effects of
rosiglitazone on insulin resistance.71

Conclusions
Drug-eluting stents offer a major
advance in the percutaneous
catheter–based coronary revascular-
ization of diabetic patients. Late fol-
low-up of the diabetic patients treated
with the CYPHER sirolimus-eluting
stent demonstrates safety as well as
durable clinical benefit. Both target
vessel revascularization and angio-
graphic restenosis are markedly
reduced following CYPHER stent
deployment when compared with
the results of conventional stenting.
The CYPHER stent design and ethyl-
ene-vinyl acetate–butyl methacrylate
polymer provide predictable sirolimus
elution and reliable dose distribution
irrespective of target vessel diameter.
The durable benefit of CYPHER stent
deployment in diabetic patients
appears comparable to that provided
by CABG, but definitive comparisons
await the results of a randomized,
controlled trial. The initial results of
TAXUS stent deployment in diabet-
ics demonstrate clinical and angio-

graphic benefit (versus conventional
stenting), and late clinical follow-up
evaluation is forthcoming. The reli-
ability of paclitaxel dose distribution
and elution from TransluteTM polymer
(Boston Scientific) for target vessels
> 3.0 mm remains to be determined
in the diabetic patient population.
Modifications in the CYPHER stent
delivery system designed to enhance
stent delivery are in progress and
will be available in the near future.
Similarly, the availability of smaller-
diameter CYPHER stents (2.25 mm),
which have demonstrated low levels
of late lumen loss and binary resteno-
sis, may be particularly applicable to
the diabetic patient population.  In
addition, careful attention must be
paid to optimal periprocedural and
late adjunctive pharmacotherapy
including the use of platelet GP
IIb/IIIa inhibition with abciximab as
well as the concomitant and extended
administration of statins, clopidogrel,
and angiotensin-converting enzyme
inhibitors, which all have demon-
strated salutary effects on periproce-
dural and late clinical outcomes 
following coronary stent deploy-
ment. Thus, the optimal strategy 
for percutaneous revascularization
in diabetic patients must include
DES in combination with adjunc-
tive pharmacotherapies.               
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