STEVEN P. MARSO, MD STEPHEN G. ELLIS, MD RUSSELL RAYMOND, DO

Department of Cardiology, Cleveland Clinic Department of Cardiology, Cleveland Clinic Department of Cardiology, Cleveland Clinic

Intracoronary stenting:
An overview for the clinician

434

ABSTRACT

Intracoronary stenting reduces restenosis rates and
effectively treats abrupt vessel closure, two frequent
complications following percutaneous coronary angioplasty
(PTCA). But it has drawbacks, such as in-stent restenosis,
high cost, and lack of long-term follow-up data. This paper

discusses current indications and the future role of stenting.

KEY POINTS

Stents provide scaffolding for the vessel wall to prevent
abrupt vessel closure and early elastic recoil after PTCA.

Data from smaII randomlzed trlals and prellmlnary data
from Iarge -scale multicenter trials suggest that primary
stentlng is efficacious dunng acute myocard|a| infarction.

The broad use of stents in a less- select patient cohort—le
patients with long, complex, or ostial lesions or lesions
involving a bifurcation—is not likely to result in such good
outcomes as in the original stent trials.

m RIGINALLY DEVELOPED to prevent or treat
two major complications (abrupt clo-
sure and restenosis) of percutaneous translu-
minal coronary angioplasty (PTCA), intra-
coronary stent implantation has come to be
employed in over 60% of PTCA procedures
performed in more than 700,000 US patients
each year. The development of new stent
types is a booming business.

Randomized clinical trials show that
intracoronary stent implantation is an effec-
tive means of preventing and treating abrupt
vessel closure and restenosis following balloon
angioplasty.1.2 But as the use of stents contin-
ues to increase and clinical experience with
intracoronary stent implantation accumulates,
key questions remain:

e Does the risk of complications from
intracoronary stenting outweigh the
benefits?

e Are the high medical costs of intra-
coronary stent implantation justified?

In this article we discuss intracoronary
stent implantation with respect to complica-
tions and issues of concern to primary care
clinicians, who are involved in the routine fol-
low-up care of patients who have undergone
PTCA procedures, including stent implanta-
tion. AGURE 1 summarizes the rationale for stent
implantation and the current management of
its complications.

& IMPETUS FOR DEVELOPMENT
OF INTRACORONARY STENTS

During percutaneous revascularization with
balloon angioplasty, intraluminal balloon

inflation causes dissection of the vessel wall.
This leads to restenosis in 30% to 50% of
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TENTS PROVIDE SCAFFOLDING for the vessel

wall to prevent abrupt vessel closure and
early elastic recoil after PTCA. Stents are either
balloon-delivered or self-expanding and are com-
monly composed of stainless steel, tantalum, or
nitinol (a shape-memory alloy of nickel and titani-
um). Metals used to make stents are not ferromag-
netic and therefore do not interfere with magnetic
resonance imaging.

Common stent types include coil, slotted tube,
mesh, and ring.

Coil stents are made from a single strand of
wire formed into a repeating pattern. These stents
are highly flexible, thus improving “trackability”
(maneuvering the stent within coronary arteries).
Unfortunately, coil stents do not expand uniformly
in areas of increased resistance. Therefore, attain-
ing a smooth arterial lumen by predilating with
PTCA or debulking with atherectomy devices is
important prior to placing a coil stent.
Furthermore, the flexibility of coil stents make
them more prone to recoil after they are deployed.

Slotted-tube stents such as the Palmaz-Schatz
are cut from a single piece of metal and are less flex-
ible than coil stents. As a result, they are less likely
to recoil, but they are also less trackable, making
them difficult to deploy in a tortuous vessel.

Stainless steel self-expanding mesh stents
were among the first stents to undergo clinical eval-
uation. Mesh stents are made from overlapping
wire. They are designed to shorten considerably,
and they make access to side branches difficult.

New stents. Development of new stents is
evolving rapidly. Currently, the US Food and Drug
Administration has approved 10 stents for routine
use (GRI, GRII, Palmaz-Schatz, Crown, Multi-link,
AVE M2, AVE GEX, Duett, Radius, and Wiktor),
and 28 companies manufacture more than 55 stent
types (including custom designs). Many more stent
types are available for clinical use in Europe than in
the United States. Custom-designed stents allow
access to lesions that are difficult to treat, such as
lesions at a vessel bifurcation and lesions adjacent to
a significant side branch artery. Stents with autolo-
gous (usually venous) vascular coatings present a
novel approach for treating vessel rupture that pro-
motes vessel wall healing.

Researchers are currently exploring the use of
stents as a method of local and sustained drug deliv-
ery, primarily via other stent coatings such as
heparin, fibrin, and biodegradable gel polymers.
Although investigation is at an early stage, local
drug delivery via endovascular stents appears to be
a promising technique.

patients. The mechanism for restenosis is
multifactorial and likely results from a com-
bination of elastic recoil of the vessel wall,
platelet-mediated thrombus formation, pro-
liferation of smooth muscle cells, and late
remodeling. Restenosis following PTCA
with balloon angioplasty is frequently associ-
ated with myocardial ischemia requiring hos-
pital admission and subsequent revasculariza-
tion procedures. Abrupt vessel closure occurs
in 4% to 10% of patients who undergo
PTCA.

Intracoronary stent implantation appears
to limit abrupt vessel closure, initial elastic
recoil, and late remodeling, leading to
improved short-term and long-term vessel
patency. On the other hand, stenting does not
limit and likely stimulates smooth muscle cell
proliferation, leading to vessel renarrowing.

# CURRENT APPLICATIONS
FOR INTRACORONARY STENTING

As is often the case with new interventions,
randomized controlled trials of intracoronary
stenting have lagged behind clinical applica-
tions. But recent data from the Evaluation of
Platelet IIb/Illa Inhibitor for Stenting (EPI-
STENT) trial3 narrow this information gap,
providing a firmer basis for clinical indications
for placing a coronary stent. Current indica-
tions and applications for intracoronary stent-
ing include the following:
e Abrupt vessel closure after PTCA

(“bailout” stenting)

De novo lesions in native arteries

Saphenous vein graft disease

Prevention of restenotic lesions after

PTCA
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¢ Chronic total occlusion
® Acute myocardial infarction.

Abrupt vessel closure: bailout stenting

Abrupt vessel closure, resulting from vessel
dissection or early vessel recoil immediately
after PTCA, is a catastrophic event that often
leads to myocardial infarction and death and
requires urgent coronary artery bypass surgery
in 30% to 40% of cases.4 Now, sufficient data
demonstrate that “tacking up” the dissected
vessel wall and reestablishing coronary flow by
deploying an intracoronary stent in these
patients improves outcome compared with

PTCA alone.5

De novo lesions in native arteries

Four large randomized trials involving more
than 3,800 patients have compared elective
stenting with PTCA for the primary pre-
vention of restenosis: the Belgian
Netherlands Stent Study I (BENESTENT
[),! the Stent Restenosis Study (STRESS |
and II),6 Stent vs Angioplasty Restenosis
Trial (START),7 and Evaluation of Platelet
[Ib/IlIa Inhibitor for Stenting (EPISTENT)
trial.3 The BENESTENT, STRESS, and
START trials demonstrated the superiority
of stenting in new, short lesions in large (>
3.0-mm) native vessels compared with con-
ventional balloon angioplasty.l.3.7 EPIS-
TENT had broader inclusion criteria and
represents a more “real world” patient popu-
lation. Stenting decreased the need for addi-
tional revascularization procedures at 6
months in these trials, and a 30% reduction
in the angiographic restenosis rate was seen,
which translated into a nearly 50% relative
reduction in the need for target-vessel
revascularization for the group undergoing
intracoronary stenting.

Saphenous vein graft disease

Recurrent ischemia following coronary artery
bypass grafting is common and poses a difficult
treatment problem. The attrition rate for
saphenous vein grafts during the first year after
bypass surgery is 15%, and by 10 years 50% of
vein grafts are occluded. Repeat bypass surgery
is technically more difficult and results in a
higher perioperative mortality and myocardial
infarction rate. Unfortunately, although
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PTCA is often initially successful, long-term
restenosis and event-free survival rates have
been disappointing.$

The Saphenous Vein De Novo (SAVED)
trial,” a multicenter randomized comparison of
Palmaz-Schatz stent placement with balloon
angioplasty in vein graft stenosis, demonstrat-
ed an improved 6-month event-free survival
rate (ie, freedom from myocardial infarction,
need for revascularization, or death) for the
stent group vs the PTCA group. The com-
bined event rates in the stent and PTCA
groups were 24% vs 36%, respectively. The
difference in the composite endpoint favoring
the stent group was primarily driven by an
increased need for repeat revascularization
procedures in the PTCA group.

Preventing restenosis after PTCA

Restenosis is a significant shortcoming of
PTCA, occurring in 30% to 50% of patients
who undergo PTCA.10,11 Given the improved
outcome of stenting for de novo lesions, the
Restenosis Stent trial (REST)!! compared
stenting with PTCA in restenotic lesions.
Stenting was associated with a decrease in the
need for target-vessel revascularization (10%
in the stent group vs 27% in the PTCA group)
and in the occurrence of angiographic
restenosis (18% in the stent group vs 32% in

the PTCA group).

Chronic total occlusions

Treatment of chronically occluded vessels
with conventional balloon angioplasty is
technically difficult: 30% to 50% of block-
ages cannot be opened initially, and the late
failure rate is high due to restenosis. The
Stenting in Chronic Coronary Occlusion
(SICCO) trial demonstrated an improved
event rate for stenting vs PTCA.1Z The
improved outcome for stenting was primarily
noted in the decreased rate of target-vessel
revascularization (22.4% vs 42.4%, respec-
tively).

Acute myocardial infarction

Reperfusion therapy after myocardial infarc-
tion, whether by fibrinolysis or balloon angio-
plasty, has been extensively evaluated in ran-
domized controlled trials. Experts were initial-
ly concerned about the thrombogenicity of
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B Rationale for intracoronary stent implantation
and management of in-stent restenosis
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EARLY ELASTIC RECOIL. Immediately after balloon angioplasty (left), the Endothelial intima
plaque is cracked and irregular, and the intima is damaged. Within hours or damaged

days, the artery wall recoils (right), significantly narrowing the lumen. Smooth
muscle cells proliferate. The endothelial intima is damaged and incomplete.
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LATE REMODELING AND RESTENOSIS. (Left) Later, blood cells and platelets collect
at the site of intimal damage. (Right) Smooth muscle cells migrate in, proliferate,
and form the neointima.
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IN-STENT RESTENOSIS. (Left) Stenting may result in a larger vessel diameter compared
with balloon angioplasty alone and may prevent early elastic recoil and late remodeling.
But it also causes vessel wall injury, which in turn leads to a proliferation of the neointima
at the stenting site. (Right) The ideal revascularization strategy has yet to be determined,
but emerging data suggest that radiation therapy involving delivery of iridium-192 directly
to the stenting site may reduce in-stent restenosis.

FIGURE 1
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stents and the risk of acute coronary syn-
dromes. Recently, however, data from small
randomized trials and preliminary data from
large-scale multicenter trials suggest that pri-
mary stenting is efficacious during acute
myocardial infarction.

The Primary Angioplasty in Myocardial
Infarction (PAMI) stent trial!3 randomized
900 patients either to intracoronary stenting
with a heparin-coated stent or to primary
PTCA within 12 hours of acute myocardial
infarction. At 6 months, the stent group had
a 20.3% incidence of death, recurrent
myocardial infarction, stroke, or target-vessel
revascularization vs 32.5% for the PTCA
group.!3

B SHORTCOMINGS OF STENTING

Although stent implantation has been
shown to reduce clinical and angiograph-
ic restenosis rates, it has several draw-
backs:

* Uncertainty about long-term results

e Subacute thrombosis

® Restenosis within the stent

e High costs.

Other complications are seen with intra-
coronary stenting, and questions regarding
the efficacy of stenting in the “real world”
remain unanswered.

Uncertainty about long-term results
Although more than 1 million stents have
been placed in patients worldwide, long-term
follow-up data are available for only 0.5% of
cases. Lesions in STRESS and BENESTENT
patients were ideal lesions for stent place-
ment but, unfortunately, account for only 7%
to 27% of coronary lesions currently treat-
ed.! Randomized trials have not yet demon-
strated a benefit from stenting in the types of
lesions not treated in STRESS or BENES-
TENT—ie, long, complex, ostial, or involv-
ing a bifurcation. Observational data suggest
that treating the types of lesions excluded in
the original stenting trials would result in
nearly a threefold higher need for target-ves-
sel revascularization. Thus, the broad use of
stents in a less select patient cohort is not
likely to result in similar outcomes as in the
original trials.

VOLUME 66 « NUMBER 7

Subacute thrombosis

With the improvement in stent technology,
deployment techniques, and aggressive
antiplatelet therapy, acute stent thrombosis is
uncommon (< 0.5%). However, subacute
thrombosis is more common (0.5%—-1.5%).
The etiology is as yet undetermined.

Risk factors for subacute thrombosis
include residual dissection, failure to take
ticlopidine or clopidogrel, complex lesion
morphology, overlapping stents, decreased left
ventricular ejection fraction, and placement
of multiple stents.

Although subacute thrombosis can occur
up to 30 days after stent deployment, the
majority of events occur within the first 2
weeks. Patients with stent thrombosis often
present with recurrent anginal symptoms and
dynamic ST segment changes.

Subacute thrombosis after stent place-
ment requires prompt recognition and imme-
diate restoration of coronary flow, ideally via a
direct percutaneous technique. Fibrinolytic
therapy has not been shown to be of any ben-
efit in subacute thrombosis. Thus, patients
with suspected stent thrombosis require
urgent angiography and percutaneous restora-
tion of coronary artery patency.

In-stent restenosis

Restenosis within the stent is a problem

unique to intracoronary stenting and contin-

ues to be very difficult to manage. The

restenosis rates in BENESTENT and STRESS

were 22% and 31.6% respectively. In-stent

restenosis is affected by the following factors:
e History of restenosis

Presence of multiple stents

Longer lesion length

Extensive residual stenosis after stenting

History of total occlusion

Diabetes mellitus

Vessel size less than 3.0 mm.
Assuming stents prevent early elastic

recoil and late remodeling effects, neointimal

hyperplasia has been implicated as the cause

of in-stent restenosis. Stenting results in a

larger vessel diameter compared with PTCA.

This is at the expense of increased vessel wall

injury. It has been postulated that the degree

of vessel wall injury correlates with the neoin-

timal response, such that there seems to be
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exaggerated proliferation of the neointima
after stenting.

Although it occurs less frequently than
after PTCA, restenosis after stenting is diffi-
cult to treat. The ideal revascularization strat-
egy has yet to be determined, but emerging
data suggest that radiation therapy at the site
of intracoronary stenting may improve in-
stent restenosis rates. The Scripps Coronary
Radiation to Inhibit Proliferation Post
Stenting (SCRIPPS) trial'4 randomized 55
patients who had a restenosis after a coronary
intervention to either local iridium-192 deliv-
ery or placebo. At 6-month follow-up, the
radiation group had significantly larger arteri-
al lumen diameters, which resulted in a signif-
icant reduction in angiographic restenosis
(17% in the iridium-192 group vs 54% in the
placebo group).'4

Data from the Washington Radiation for
In-Stent Restenosis Trial (WRIST)!5 also sup-
port the efficacy of local delivery of low-dose
gamma radiation. WRIST demonstrated a sig-
nificant 78% reduction in the target-vessel
revascularization rate.

Although further research is needed into
local radiation therapy for the prevention of
in-stent restenosis, these initial data are
promising. Unfortunately, second-generation
stents to date have not been shown to
improve the restenosis rates when compared
with the reference Palmaz-Schatz stent.

High costs

An important drawback to intracoronary stent
implantation is the cost. The average unit price
in the United States is over $1,500. With more
than 800,000 stents estimated to have been
placed in the US in 1998, this is a $1.2 billion
dollar industry.1¢ Although patients undergoing
intracoronary stenting in the STRESS trial had
lower follow-up medical costs, the medical cost
at 1 year for these patients was $800 dollars
greater than for patients who underwent PTCA
without stents.

The length of hospital stay after PTCA
has shortened, the anticoagulation regimen
has been refined, and the efficacy of stent
placement has improved. Nevertheless, stent
placement today is likely associated with
increased cost and utilization of medical
resources.
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Additional complications

Other complications associated with intra-
coronary stent placement include major
bleeding, vascular injury requiring surgery,
embolization, side branch occlusion, perfora-
tion of the coronary artery, and (very rarely)
infection of the stent.

Bleeding and vascular complication rates
have declined with the use of adjuvant thera-
py- Major bleeding and vascular injury requir-
ing surgery occur in less than 1% of patients
not taking warfarin. Identified risk factors for
bleeding following percutancous intervention
are age greater than 75 years, female sex,
greater than 8F sheath size, duration of proce-
dure, use of heparin following procedure,
saphenous vein graft intervention, hyperten-
sion, and bailout stenting.!7-19

Embolization of the stent to native coro-
nary arteries can occur if the stent is dislodged
from the delivery system, but this is rare.
Embolization to the aorta and the iliac and
femoral arteries has also been reported.

Side branch occlusion occurs in about
10% of cases when the stent is placed across
the ostium of a side branch. The clinical
sequelae depend on the amount of myocardi-
um supplied by the branch vessel.

Perforation of the coronary artery is rare
(< 1% of patients) but often results in death,
myocardial infarction, or emergent cardiac
surgery.

Infection associated with placement of a
coronary stent is possible but rare. Whether
antibiotic prophylaxis should be given follow-
ing placement of an intracoronary stent is
unknown. It seems reasonable that elective
surgical procedures (eg, dental, genitourinary)
which can cause transient bacteremia should
be postponed for 2 to 4 weeks following stent
placement.

B OTHER ISSUES

Interestingly, at the same time stenting has
been receiving so much attention for its abili-
ty to prevent or correct problems following
PTCA, the efficacy of stand-alone PTCA—ie,
PTCA without adjunctive stent placement—
has been improving.!

Before stenting was widely available, the
tenet that a larger post-PTCA vessel diame-
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ter is associated with a lower restenosis rate
was tempered by fear of causing vessel dis-
section and its sequelae (ie, large myocardial
infarction, emergency surgery, death). The
availability of stenting as a safety net for
treating large intimal dissection (ie, bailout
stenting) provided the opportunity to
aggressively optimize lumen diameter with
PTCA. Furthermore, with the emergence of
the platelet glycoprotein Ilb/Illa inhibitor
abciximab, the safety and efficacy of stand-
alone PTCA have improved.

Substudy analysis from recent trials
suggests that aggressive angioplasty results
in larger lumen diameters and is associated
with improved clinical outcomes. The
BENESTENT I trial offered direct evi-
dence of the efficacy of stand-alone bal-
loon angioplasty when “stent-like” (resid-
ual stenosis of less than 30%) results are
achieved. If patients had stenosis of less
than 30% as determined by quantitative
angiography, they had a 17% restenosis
rate and a |-year survival rate of 77%, both
of which were similar to the outcome of
those randomized to the stent arm of this
trial.20

Preliminary data from the Optimal
Coronary Balloon Angioplasty vs Stent
(OCBAS) study involving 116 patients
found similar restenosis rates and 6-month
target-vessel revascularization rates for the
aggressive balloon angioplasty and stent
arms.

Given the explosive increase in stenting,
the difficult-to-manage problem of in-stent
restenosis, the high financial costs associated
with stenting, and the improved efficacy of
stand-alone PTCA, larger randomized trials
comparing stenting with aggressive balloon
angioplasty followed by provisional stenting
seem warranted.

# ADJUVANT THERAPY TO PREVENT
ACUTE STENT THROMBOSIS

Initial attempts at intracoronary stenting were
associated with an unacceptably high rate of
acute stent thrombosis: the rate of stent
thrombosis in both the BENESTENT and
STRESS trials was about 3.5%. Acute stent

thrombosis usually occurs within 1 to 2 days of
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intervention and often leads to myocardial
infarction (in 61% of cases) or death (in 12%
of cases).2!

Adjuvant antiplatelet therapy

Since the initial experience, two changes in
clinical practice have resulted in a dramatic
decrease in the thrombosis rate. First was the
realization that high-pressure balloon infla-
tion results in improved expansion and better
approximation of the stent to the arterial
wall.22

Second was the recognition of the impor-
tance of antiplatelet therapy following stent
deployment.23 Before this, adjuvant pharma-
cotherapy had included an aggressive antico-
agulation regimen, which resulted not only in
high periprocedural bleeding and vascular
complication rates, but also in unacceptably
high rates of acute thrombosis.

The Stent Anticoagulation Regimen
Study (STARS) was a multicenter trial com-
paring aspirin alone, aspirin and warfarin, and
aspirin and ticlopidine after successful place-
ment of a Palmaz-Schatz stent. The subacute
thrombosis rate was 3.6% in the aspirin group,
2.7% in the aspirin-warfarin group, and 0.5%
in the aspirin-ticlopidine group.24 These are
the first data to demonstrate a role for
antiplatelet therapy in the prevention of stent
thrombosis. Ticlopidine is now given routine-
ly for 2 weeks following stenting and then is
discontinued.

The search for the ideal oral antiplatelet
therapy for patients undergoing intracoronary
stent implantation continues. Ticlopidine was
once considered the ideal agent, based on data
from large randomized trials. It is efficacious
and easy to use. Unfortunately, it is associated
with important hematologic dyscrasias. There
is a 1.6% incidence of mild to moderate neu-
tropenia and a (.8% incidence of severe neu-
tropenia (absolute neutrophil count < 450/uL
or 0.45 x 109L). Ticlopidine has also been
associated with life-threatening thrombotic
thrombocytopenic purpura.

Newer antiplatelet agents are effective
and have an improved side-effect profile
compared with ticlopidine. Clopidogrel is
an antiplatelet agent that inhibits adeno-
sine diphosphate-mediated platelet aggrega-
tion. The multicenter Clopidogrel vs
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Aspirin in Patients at Risk of Ischemic
Events (CAPRIE) trial compared clopido-
grel vs aspirin in more than 19,000 patients
with atherosclerotic vascular disease.
Clopidogrel patients had a relative risk
reduction of 8.7% for clinical events com-
pared with the aspirin group. Further, there
was only a 0.1% incidence of significant
reduction in the neutrophil count for clopi-
dogrel patients.25

Whether clopidogrel will prove to be an
effective agent in the stent population
remains to be determined. However, it
appears to be a potent inhibitor of platelet
aggregation and has an improved side-effect
profile compared with ticlopidine. Although
there are trials underway to demonstrate the
efficacy of clopidogrel in patients with intra-
coronary stents, preliminary data have led
many experts to substitute clopidogrel, given
the adverse effects of ticlopidine.

Platelet glycoprotein IIb/llla inhibition
Although stents have decreased the need for
target-vessel revascularization after percuta-
neous revascularization, they have been asso-
ciated with higher, though not statistically
significant, rates of postprocedural myocardial
infarction and mortality compared with
PTCA in larger trials. In both the Evaluation
of 7E3 in Preventing Ischemic Complications
(EPIC) trial and the Evaluation of PTCA to
Improve Long-term Outcome by c7E3
GPIIb/IIa receptor blockade (EPILOG) trial,
the glycoprotein IIb/Illa receptor inhibitor
abciximab was shown to significantly reduce
the rate of events following conventional bal-
loon angioplasty.26.27

In the EPISTENT trial, nearly 2,400
patients were randomly assigned to stenting
plus placebo, stenting plus abciximab, or bal-
loon angioplasty plus abciximab. Results
demonstrated that abciximab improves the
short-term and long-term safety profile of
stenting.> The 30-day postinterventional
death and myocardial infarction rates were
10.8% for stent plus placebo, 6.9% for PTCA
plus abciximab, and 5.3% for stent plus abcix-
imab. At 6 months the rates were 11.4%,
7.8%, and 5.6%, respectively. As expected,
the need for target-vessel revascularization at
6 months was lower in stent patients, regard-
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less of the use of abciximab. The target-vessel
revascularization rates were 15.4%, 10.8%,
and 8.7% for the PTCA-abciximab, stent-
placebo, and stent-abciximab groups, respec-
tively.

Diabetes and restenosis after percuta-
neous intervention. At 6 months, diabetic
patients in the stent-abciximab group had
less need for target-vessel revascularization
than did diabetic patients in the stent-place-
bo group (8.1% vs 16.6%, respectively).
Diabetic patients have consistently been
shown to have higher restenosis rates follow-
ing PTCA compared with nondiabetic
patients. In EPISTENT the need for revascu-
larization at 6 months in diabetic patients in
the stent-abciximab group was similar to that
of nondiabetic patients (8.1% vs 8.8%,
respectively). For the first time, diabetic
patients had similar outcomes following per-
cutaneous coronary intervention compared
with nondiabetic patients.?8

Given the findings of EPISTENT, abcix-
imab administration will likely become the
standard of care for eligible diabetic patients
receiving a stent.

¥ FOLLOW-UP SCREENING
FOR RECURRENT ISCHEMIA

Whether patients who undergo stent implan-
tation should also undergo routine follow-up
noninvasive stress testing is controversial.
The rationale for routine assessment stems
from the uncoupling of symptoms and
restenosis seen in patients after PTCA. In
fact, 15% to 60% of patients who have angina
before undergoing PTCA tend to present with
asymptomatic but positive functional studies
and angiographic restenosis.

Assessment even in asymptomatic patients
The Coronary Artery Surgery Study (CASS)
demonstrated that patients with ischemia on
noninvasive stress testing had a less favor-
able outcome than patients without
ischemia.?? Asymptomatic ischemia did not
reduce the risk for the ischemic group.
Therefore, an argument can be made for
noninvasive risk assessment following stent
placement, even in asymptomatic patients.
A reasonable approach would be for high-
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risk patients to undergo routine noninvasive
risk assessment 6 months after percutaneous
revascularization. Unfortunately, as yet no
data demonstrate that revascularization of
asymptomatic ischemia improves outcome
compared with medical management. 4]
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