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SURGICAL REVIEW

Use of drug-eluting stents for patients
with coronary heart disease

Proper patient selection is important, but which patients are good candidates for drug-
eluting stents, and how do we ensure the best long-term outcome?

Jessica Justice, MHS, PA-C; Christian Yacono, MHS, PA-C

oronary atherosclerotic disease remains the
leading cause of mortality in the industrialized
world. One American dies from coronary
heart disease (CHD) every minute, with an
estimated 1.2 million MIs occurring annually
in the United States.! With the epidemic of obesity in this
country and Americans’ increasingly sedentary lifestyle,
more patients are at risk of developing CHD than ever be-
fore. Additionally, more patients are developing abnormal
lipid profiles at younger ages, including elevated LDL and
decreased HDL cholesterol levels. Abnormal lipid profiles
are a well-documented risk factor for the development of

FIGURE 1. A drug-eluting stent consists of a backbone, a drug,
and a polymer coating that controls the drug's release.
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atherosclerosis. The coupling of abnormal lipid profiles with
vascular injury promotes atherosclerosis, causing sympto-
matic CHD, including angina pectoris and MI. When
symptoms can no longer be medically managed, more inva-
sive options, including percutaneous intervention (PCI) and
coronary artery bypass grafting (CABG), may be advised.
This article reviews the factors leading to development of
CHD and the evolution of PCI technology, discusses how
to identify which patients are the best candidates for drug-
eluting stent (DES) implantation, and explains how to main-
tain patient safety after PCL

HOW ATHEROSCLEROSIS DEVELOPS

CHD results when neointimal injury occurs in one of the
coronary arteries. Increased blood flow to this area of injury
launches an inflammatory process, causing the migration of
lipid-laden macrophages. Those macrophages preferentially
incorporate LDL into their cells as they form a subendothe-
lial “fatty streak.” Macrophages work in a pro-inflammatory
manner by recruiting smooth-muscle cells from the tunica
media, thus attracting and stimulating more macrophages.
Numerous chemical mediators, including cytokines and
adhesion molecules, are produced, attracting smooth muscle,
connective tissue, and more lipids. The result of this inflam-
matory process is the formation of a fibrous plaque. This
lesion grows with time until the lumen narrows, producing
symptomatic GHD. When complete lumen occlusion occurs,
ischemia of the myocardium results. At this point in the
process, we, as practitioners, have failed to prevent morbidity
from our patients’ cardiovascular disease and must consider
more invasive options than medical management, including
PCI with stent (PCI-S) placement.

TREATMENT APPROACHES

Treatment of patients with CHD starts with risk factor iden-
tification and modification. Risk factors for CHD include
positive family history, male gender, blood lipid abnormali-
ties, diabetes mellitus, hypertension, physical inactivity, obe-
sity, and cigarette smoking. Most MIs are attributable to
eight modifiable risk factors: abnormal lipids, smoking, hy-
pertension, diabetes mellitus, abdominal obesity, psychoso-
cial factors, consumption of too few fruits and vegetables
and too much alcohol, and lack of regular physical activity.?



Reducing patient risk for CHD is a necessity in clinical prac-
tice, but despite our best efforts at lowering risk, some pa-
tients will require pharmacologic therapy, including met-
formin and sulfonylureas for improved glycemic control,
beta-blockers and calcium channel blockers for BP control,
and statins and fibrates for patients with abnormal lipid pro-
files. Even then, a number of patients will become the next
victims of CHD. Thus, PCI is still a much-needed and
much-valued therapeutic modality.

PERCUTANEOUS INTERVENTION

When pharmacologic measures fail to control patients’
CHD, PCl is the next treatment option. In the 1970s, per-
cutaneous coronary angioplasty (PTCA) with an inflatable
balloon became the newest modality for restoring luminal
diameter to stenotic coronary arteries. In 1986, PTCA
started losing popularity and bare-metal stent (BMS) use
exploded. Initially PCI-S was heralded because it reduced the
incidence of death and MI in patients presenting with acute
coronary syndromes.® BMS improved stenotic coronary ar-
tery diameter by more than 41% and routinely decreased
clinical angina.* This trend of using BMS to reduce stenosis
and restore coronary blood flow to ischemic areas continued
mto the 1990s. However, restenosis became the Achilles’” heel
of BMS, occurring in 15% to 50% of all cases.? Restenosis of
BMS, which results from vascular injury, underlying athero-
sclerosis, and inflammation, is furthered by neointimal hyper-
plasia after stent deployment. This can lead to acute or grad-
ual loss of lumen diameter. The addition of pharmacologic
antiplatelet and anti-inflammatory treatment after BMS
implantation reduced this side effect, but the cardiology com-
munity continued its investigation into other PCI modalities
with improved efficacy. As a result of BMS restenosis, target-
vessel and target-lesion revascularization became necessary in
30% to 50% of patients, dictating the need for a more effec-
tive intervention.’

The 1990s marked the arrival of the DES. The basic design
includes three principal components: a stent backbone, the
pharmacologic agent to reduce neointimal hyperplasia, and a
polymer responsible for the slow release of the pharmacologic
agent (Figure 1). As the metal stent itself 1s inherently thrombo-
genic, therapeutic agents have been investigated to limit this
particular property. Paclitaxel, a chemotherapeutic agent, and

KEY POINTS

M Proper patient selection decreases risk of in-stent thrombosis.

“The data indicate that the annual
incidence of stent thrombosis in
DES increases over time, reaching
a 2.9% incidence 1n 3 years.”

sirolimus, an immunosuppressant, are the leading pharmaco-
logic agents for DES. Paclitaxel and sirolimus have reduced
rates of restenosis to 2.1% and 7%, respectively.®” The use
of DES yields similar long-term survival benefits with less
morbidity in patients with severe left ventricular dysfunction
when compared with CABG.® Patients receiving DES also
have lower rates of subsequent revascularization and angina.?
In light of these dramatic improvements in patient out-
comes, DES became the default PCI of choice from the late
1990s into the 21st century—until a literal fatal flaw was dis-
covered. One of the main improvements of DES over BMS
was the addition of powerful antirestenotic agents that
decreased the hyperplasia seen with BMS. According to an
FDA Circulatory System Devices Advisory Panel meeting
in December 2006, on-label use of DES reduces the need
for repeated revascularizations for 3 or more years during
which time no increase in mortality rates or MIs was seen.®
However, thrombosis occurred more frequently in DES
patients compared with BMS patients, 1% to 2% versus
0.4%, respectively. Although rare, thrombosis is associated
with increased morbidity, including acute MI, and mortality.
Thrombosis occurs when the inherently thrombogenic
metal DES does not achieve full endothelialization. This fail-
ure results in vascular injury, which iitiates the clotting cas-
cade, platelet activation, and platelet aggregation and leads to
acute thrombosis of the entire lumen. The rate of thrombosis
occurrence is low in the first 6 weeks after DES implantation,
but an increasing number of studies document thrombus for-
mation as late as 24 months after the procedure.” In fact, data
indicate that the annual incidence of stent thrombosis in DES,
itially 0.6%, steadily increases over time, with a documented
2.9% incidence in 3 years.’ This trend has caused a decline in
DES use from 80% in 2004 to less than 50% at present.
Continued on page 32

W The most appropriate patients to receive a drug-eluting stent (DES) are those with symptomatic coronary heart disease who have de novo
coronary lesions of a relatively small size (shorter than 28 mm) in a coronary artery with a minimum diameter of 2.5 mm.

M To prevent restenosis after implantation of a drug-eluting stent, dual antiplatelet therapy (DAT), consisting of aspirin (ASA) and a thienopyri-
dine (clopidogrel or ticlopidine), is the standard of care. Such therapy may be required for life.

W DES patients who may be exempt from lifelong DAT include those at risk for Gl bleeding, those on oral anticoagulation regimens prior to

receiving a DES, and patients with prosthetic heart valves.

M Patients allergic to ASA or clopidogrel should be desensitized prior to DES implantation.
B Patients who are scheduled for surgery in the next 12 months should receive a bare-metal stent rather than a DES.
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WHO SHOULD RECEIVE A DES?

While the absolute percentage of persons affected by in-stent
thrombosis is small, increased risk in any patient mandates a
discussion on which patients should be selected for DES. The
CYPHER sirolimus-eluting stent is indicated for use in de
novo lesions 30 mm or shorter in native coronary arteries
2.50 to 3.50 mm in diameter.'* The TAXUS paclitaxel-eluting
stent is indicated for use in de novo lesions 28 mm or shorter
in native coronary arteries with a diameter of 2.25 to 4.00
mm.!! Thus the most appropriate patients to receive DES are
those with symptomatic CHD who have de novo coronary
lesions of a relatively small size (shorter than 28 mm) in a
coronary artery with a minimum diameter of 2.5 mm. Pa-
tients should not have undergone previous CABG or PCI-S
or have a bifurcation lesion or a lesion of the left anterior
descending artery.

Despite specific on-label indications, patients have received
DES for countless off-label indications, increasing the risk
for adverse outcomes.'? More than 60% of patients receive
their DES for an off-label indication, which increases their
risk of complications, including in-stent thrombosis.®”

Clearly, proper patient selection is essential in order to
decrease the risk of in-stent thrombosis. As the FDA Cir-
culatory System Devices Advisory Panel concluded in
2006, off-label use of DES is associated with an increased
risk of death and MI compared with on-label use.® Other
research has established hypertension and smoking as inde-
pendent predictors of early stent thrombosis.” Additionally,
lack of a high school education, being unmarried, avoid-

“Antiplatelet therapy, consisting
of aspirin and a thienopyridine,
has reduced 1n-stent thrombosis
to 0.5% to 0.9% of patients.”

ance of health care because of cost, preexisting cardiovascu-
lar disease (CVD), and anemia all correlated with an
increased risk of thrombosis.!® Other modifiable means of
preventing thrombosis include beta-blocker and statin thera-
py- The absence of these two drug classes correlated with
increased mortality in patients with DES.

THE ROLE OF DUAL ANTIPLATELET THERAPY
Pharmacologic agents have been routinely prescribed follow-
ing PCI for more than 20 years in an attempt to reduce the
risk of adverse cardiac events. Since the development of DES,
restenosis has dramatically decreased, but further pharmaco-
logic approaches to prevent restenosis and in-stent thrombosis
have been aggressively pursued. The resultant dual antiplatelet
therapy (DAT), consisting of aspirin (ASA) and a thienopyri-
dine (clopidogrel or ticlopidine), is the standard of care and
has reduced in-stent thrombosis to 0.5% to 0.9% of patients.!?
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The number of studies and trials dedicated to finding the
most efficacious and safe DAT regimen is extensive.!*1>
These studies have additionally investigated varying dura-
tions of treatment, the use of a third antiplatelet agent, and
the substitution of a glycoprotein (GP) IIb/IIIa inhibitor for a
thienopyridine. The variety of antiplatelet therapy regimens
may overwhelm and confuse practitioners who do not close-
ly follow the literature, so a brief review is in order.

Current recommendations The first month after PCI poses
the greatest risk for adverse cardiac events if patients are not
on DAT. Thus the mitiation and continued prescribing of
DAT is of the utmost importance. According to DES manu-
facturers, the DAT regimen should consist of 3 to 6 months
of a thienopyridine and 12 months or longer of ASA. How-
ever, this duration seems inadequate given results of more
recent studies documenting adverse cardiac events with such
short duration of DAT 1316 Rates of death and cardiac re-
hospitalizations are almost twice as high in the ensuing 11
months when patients discontinue thienopyridine therapy.'®

Numerous studies suggest that longer-term DAT, including
lifetime ASA and clopidogrel, may be beneficial, but no stud-
ies have found the most efficacious regimen to date. However,
the American College of Cardiology, the American Heart
Association, and the Society for Cardiovascular Angiography
and Interventions (ACG/AHA/SCAI) have provided recom-
mendations regarding DAT, including the utilization of a
325-mg dose of ASA at least 2 hours prior to DES deploy-
ment followed by 325 mg daily for a minimum of 12 months.
Lifetime ASA therapy is preferred, if tolerated, because such
therapy will prevent late stent thrombosis in both BMS and
DES patents.'® The ACC/AHA/SCAI recommendations pre-
fer clopidogrel to ticlopidine because clopidogrel has a lower
risk of side effects, including hematologic complications.
Clopidogrel 75 mg daily should be continued for 12 months
in patients with a low risk for bleeding and can be discontin-
ued after 12 months if cost or adverse events are prohibitive.
Factors that put patients at higher risk for bleeding include
advanced age, history of peptic ulcer disease (PUD), concur-
rent use of an NSAID, underlying liver disease, and the pres-
ence of thrombocytopenia.

A number of studies have established that DAT is more
efficacious than a thienopyridine alone and that DAT is vital
in improving outcomes for both BMS and DES patients.5%1>
Specifically, a Washington Hospital Center registry of 2,769
DES patients who received clopidogrel monotherapy after
stent implantation were found to have an incidence of defi-
nite/probable stent thrombosis of 6.8% at 2-year follow-up.
Reportedly 78.7% of the patients on the registry were still
taking clopidogrel.® This finding suggests that clopidogrel
alone is insufficient to prevent in-stent thrombosis. Despite
other studies that have delved into the utilization of GP
IIb/IIIa inhibitors in lieu of a thienopyridine or in conjunc-
tion with DAT; there is insufficient evidence to support the
routine use of GP IIb/IIIa inhibitors.

The case for continuing DAT Compelling evidence abounds
for the continuation of DAT after DES placement. Several



studies have identified premature discontinuation of DAT as
the most potent predictor of stent thrombosis.*1315 Stent
thrombosis occurs more frequently in patients who discontin-
ue DAT sooner than 6 months post implantation compared
with patients who continue DAT for a longer duration. This
underscores the need for patients to have a firm understand-
ing of the importance of long-term and uninterrupted DAT
prior to DES implantation.

Many patients undergo DES implantation on an elective
basis, and much of the research has been directed toward this
cohort. However, patients who receive emergent revasculariza-
tion via DES (an off-label indication) are at increased risk of
thrombosis because they have not been educated about the
need for lifelong DAT or screened for willingness or ability to
comply with the necessary regimen. Studies show that those
who do not take DAT as recommended suffer serious conse-
quences. In one study, patients who discontinued thienopyri-
dine therapy within 30 days of their MI had a significantly
higher likelihood of dying in the first year.!* The same study
also showed that by 12 months after MI, all-cause mortality
was 7.5% for patients who discontinued DAT within 30 days
compared with 0.7% for those who continued DAT:*® Cardiac
rehospitalization rates between 30 days and 1 year were also
higher in the noncompliant group. Despite the well-established
importance of thienopyridine therapy after DES implantation,
approximately one in seven DES-treated patients was noncom-
pliant with DAT 30 days after an MI and DES implantation.
This 1s an important factor to consider when recommending
DES in an emergent setting, as patients may be unwilling or
unable to adhere to DAT. As previously noted, patient educa-
tion level, marital status, avoidance of health care because of
cost, preexisting CVD, and anemia all tend to be associated
with premature discontinuation of DAT.®

SPECIAL CONSIDERATIONS

Risk of Gl bleeding Patients who may be considered for
shorter durations of DAT include those with a history of GI
bleeding. Aggressive antithrombotic therapy can lead to
rebleeding of the GI tract. GI bleeds occur in up to 2.3% of
DAT patients. Risk factors include age older than 70 years,
history of PUD, concurrent use of an NSAID, underlying
liver disease, thrombocytopenia, or need for prolonged criti-
cal care due to MI complications. The occurrence of GI
bleeds in DES patients increases length of hospital stay, in-
hospital mortality, and 6-month mortality.” Unless bleeding
becomes life-threatening, every effort should be made to con-
tinue DAT in DES patients.” When hemodynamic instability
does occur, urgent GI consultation with potential therapeutic
mtervention is recommended. Patients with a known history
of PUD or gastroesophageal reflux and those deemed to be
at high risk for GI bleeds should receive prophylaxis utilizing
a proton pump inhibitor.

Pre-DES oral anticoagulation Other patients worthy of spe-
cial consideration are those who are on an oral anticoagula-
tion (OAC) regimen prior to DES implantation. The typical
OAC regimen is daily warfarin, although heparin is often

used until therapeutic levels of warfarin are achieved. Pa-
tients receive OAC most commonly for venous thrombo-
embolism, cerebrovascular accident (CVA), prosthetic valve
replacement, and atrial fibrillation. OAC decreases those
patients’ risk for everyday thrombotic events, including tran-
sient ischemic attack, CVA, and ML

Previously, OAC and ASA were utilized as the post-PCI-S
antithrombotic regimen of choice. However, numerous stud-
ies established the increased efficacy and safety of DAT over
OAC and ASA,*¥¥ even in patients with a prior indication
for OAC. The Stent Antithrombotic Regimen Study in 1998
established that patients receiving DAT after DES had signifi-
cantly fewer events that correlate with thrombosis (death,
emergency CABG, Q-wave MI, angiographically evident
thrombosis) versus patients receiving only ASA or ASA and

“After a stent, patients who have
mechanical prosthetic heart valves
are urged to continue with oral
anticoagulation rather than DAT.”

warfarin. A more recent meta-analysis established the in-
creased safety and efficacy of DAT over OAC and ASA with
regard to adverse cardiac events and hemorrhagic/vascular
complications after PCI-S.!® Investigators reported a 50%
decrease in nonfatal MI and a 71% reduction in need for
repeat revascularization in the DAT patients. Cardiac death
was also decreased by 27% in DAT patients.

Patients receiving OAC for reasons other than valve replace-
ment should receive DAT in the post-stent implantation period
to avoid an increased risk of nonfatal MI and need for repeat
revascularization.'® Note that continuation of OAG in the post-
stent implantation period is efficacious, but patients may expe-
rience increased cardiac outcomes, including in-stent thrombo-
sis. If you, as the treating PA prefer, OAC may be restarted
with ASA, but the patient’s international normalized ratio
should be kept at the lower end of the therapeutic range.

Prosthetic heart valves Patients with mechanical prosthetic
heart valves are the only subset of patients previously on
OAC who are urged to continue this treatment regimen
rather than DAT, as these patients were not adequately pro-
tected by antiplatelet agents alone.

Surgical candidates In patients who are scheduled for inva-
sive procedures or surgeries in the next 12 months, BMS is
recommended over DES per ACC/AHA/SCAI recommen-
dations.'® Use of a BMS may avoid the need for antithrom-
botic therapy altogether.

Drug hypersensitivity Be aware that patients with a hyper-
sensitivity to ASA or clopidogrel should undergo desensiti-
zation therapy prior to PCI, as no other agents have been
deemed as efficacious and safe as this combination.

Continued on page 34
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“Patients receiving triple therapy
had less restenosis, reduced target-
lesion revascularization, and fewer
major adverse cardiac events.”

Third antiplatelet agent Additional studies have focused on
use of a third antiplatelet agent following DES implantation.
Patients receiving triple therapy have demonstrated a 33.2%
decrease in late luminal loss at 6-month angiographic follow-
up.? These patients had less restenosis, reduced target-lesion
revascularization, and fewer major adverse cardiac events.
However, at present, the addition of a third agent is not rou-
tinely recommended.

SUMMARY

Although DES effectively reduces restenosis, a small but sig-
nificant number of patients suffer complications of in-stent
thrombosis. Thus, each patient’s health history should be
determined before recommending DES. Patients must under-
stand the importance of post-implantation DAT and the need
for continued DAT, potentially for life, in order to reduce
complications. Current recommendations advocate at least
12 months of uninterrupted clopidogrel and ASA (lifelong
ASA 1f tolerated). With each new generation of stents,
patients experience fewer adverse outcomes and improved
quality of life. For the present, DES remains a strong thera-
peutic option for patients with symptomatic CHD. saapa
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DRUGS MENTIONED

Aspirin Paclitaxel

Clopidogrel (Plavix) Sirolimus

Heparin Ticlopidine (Ticlid, generics)
Metformin Warfarin (Coumadin, generics)
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