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Percutaneous coronary intervention in the
management of coronary artery disease

BY FAYEZ BOKHARI, MD AND WAYNE BATCHELOR, MD

Modern invasive cardiology stems from a legacy dating back more than a century and a
half (Table 1). Cardiac catheterization was first performed in a horse by the French physiologist
Claude Bernard in 1844.' Human cardiac catheterization did not occur until 1929, when
Dr. Waner Forssmann (a surgical intern at a small German hospital) passed a catheter through
his antecubital vein and, guided by fluoroscopy, entered the right atrium.? This landmark
discovery, which at the time was seen more as an act of youthful belligerence, carved a path
for future discoveries. Selective coronary angiography was later performed by Dr. Mason Sones
in 1958 and modified by Judkins in 19672 Initially, cardiac catheters were used only to
measure pressures within cardiac chambers, thereby remaining solely diagnostic tools until
Dr. Gruentzig launched the field of percutaneous transluminal angioplasty in 1977." In the
ensuing years, this new technique was widely adopted. In the United States alone, over
1 million diagnostic catheterizations and more than 300,000 balloon angioplasties are
performed annually.® Progressive advances in equipment, in techniques, along with adjunctive
technologies (such as stents and antiplatelet therapy), have led to the modern era of safe and

effective therapeutic percutaneous coronary intervention (PCI).

Stents

In 1996, The American College of Cardiology published a consensus document on coronary
artery stenting, based on two randomized controlled trials (RCTs) that compared stent implan-
tation to conventional balloon angioplasty.*® Shortly thereafter, the FDA in the US approved
coronary stent implantation for elective coronary procedures.® There have been more than 12
RCTs comparing stents with balloon angioplasty in more than 6300 patients. The results have
consistently demonstrated a 30%-50% reduction in repeat revascularization with stents, a bene-
fit that persists over time.® There are now numerous stents available to interventional cardiolo-
gists, ranging in length from 8 to 38 mm, and in diameter from 2.0 to 5.0 mm. By preventing
early recoil” and late vessel constriction (negative remodeling), stents optimize the initial vessel
diameter that can be achieved and reduce the likelihood of subsequent restenosis, as well as the

need for repeat revascularization (Table 2).

Indications for stenting

Original registry studies confirmed that stents were the most effective treatment for acute or
impending closure or dissection after balloon angioplasty.® Currently, coronary stents are

deployed in over 85%-90% of coronary interventions and have rapidly become a routine part of

volume VI, issue 7

AS PRESENTED IN THE ROUNDS OF

THE DIVISION OF CARDIOLOGY,

ST. MICHAEL'S HOSPITAL,

UNIVERSITY OF TORONTO

Division of Cardiology

Beth L. Abramson, MD
Wayne Batchelor, MD
Warren Cantor, MD
Luigi Casella, MD
Robert J. Chisholm, MD
Chi-Ming Chow, MD
Paul Dorian, MD

David Fitchett, MD
Michael R. Freeman, MD
Shaun Goodman, MD
Anthony E Graham, MD
Robert J. Howard, MD
Stuart J. Hutchison, MD
Victoria Korley, MD
Anatoly Langer, MD (Editor)
Gordon W. Moe, MD
Juan Carlos Monge, MD
David Newman, MD
Trevor I. Robinson, MD
Duncan J. Stewart, MD (Head)
Bradley H. Strauss, MD

St. Michael's Hospital
30 Bond St.,

Room 9-004, Queen Wing
Toronto, Ont. M5B 1W8
Fax: (416) 864-5330

The opinions expressed are only those of
the Divisional members. This publication is
made possible through unrestricted grants

S¥MH

ST. MICHAEL'S HOSPITAL

UNIVERSITY
OF TORONTO K



Table 1: Milestones in the development of PCI

Table 2: The advent of stents

e Cardiac catheterization first performed in
a horse in 1844

® First human attempt at cardiac catheterization
in 1929

e Selective coronary angiography performed as
diagnostic tool in 1958 and modified in 1967

® Percutaneous transluminal angioplasty
launched in 1977

¢ Advances in equipment, techniques, and
adjunctive technologies (ie, stents in 1996)
in modern era

® >300,000 balloon angioplasties and 1 million
diagnostic catheterizations performed annually
in the US alone

elective percutaneous coronary interventions (PCI). Data
from numerous RCTs suggest improved long-term clinical
outcomes associated with elective routine stenting of sev-
eral lesion types, including discrete native artery lesions,
restenotic lesions, saphenous venous graft lesions,
infarct—related arterial occlusions, and chronic total occlu-
sions.® In the REST trial,® stenting of restenotic lesions was
associated with improved technical success, reduced
restenosis rates (18% vs 32%, P=0.03) and fewer repeat
revascularization procedures (10% vs 27%, P=0.001). Two
RCTs have evaluated the role of stenting in vein graft
lesions. The SAVED® and VENESTENT' trials confirmed
that routine elective stenting of vein graft lesions resulted
in better initial outcome and a reduction in the combined
long-term end-point of death, MI, or target vessel revascu-
larization. In total, at least 9 RCTs® have shown that stent
placement is associated with less restenosis and better
immediate angiographic outcomes compared with angio-
plasty alone. Stenting has a particular role in addressing
chronic total occlusions, where success rates after balloon
angioplasty alone have been lower than in non-occluded
arteries and restenosis more likely.!"'? Based on the recent-
ly reported Stent-PAMI,'* CADILLAC,'"* and STOP-
AMI" trials, primary stenting has also proven to be
associated with more optimal long-term outcomes in the
setting of acute myocardial infarction (MI) when per-
formed by experienced operators within a few hours of the
onset MI. PCI now remains the gold standard for acute
reperfusion therapy. The initial benefit of primary angio-
plasty reported in PAMI-1 persisted at the 2-year follow-

Advantages

® Prevent early recoil and late vessel constriction
in a variety of lesion types

® 30%-50% reduction in repeat revascularization
compared with balloon angioplasty

* Large variety of styles, lengths, and diameters
available

® Currently used in 85%-90% of coronary
interventions

® Optimal long-term outcomes in the setting of
acute Ml

® Coated stents facilitate local drug delivery to
vessel wall (ie, sirolimus, an immunosuppressive
agent; taxol to inhibit restenosis)

Disadvantages
e Unproven benefit in small lesions (<2.5-3 mm)

e Lesion length (>20 mm), multiple stents,
bifurcation and anastomatic lesions increase risk
of early and late complications

e Increased risk of neointimal hyperplasia and
stent thrombosis and reocclusion

up, including a decreased rate of reintervention and
improved infarct free survival.'*

Despite the demonstrated efficacy and safety of coro-
nary stenting, there are still lesions for which stenting is of
unproven benefit,® such as small vessels (<2.5-3.0 mm).
Lesion length ( >20 mm ), the use of multiple stents, bifur-
cation and anastomotic lesions, all increase the risk of early

and late complications after coronary stenting.

Antiplatelet therapy

Five randomized trials®'® (MATTIS , ISAR , STARS,
FANTASTIC and Hall's study), have shown that the com-
bination of ASA and a thienopyridine (ticlopidine or clopi-
dogrel) significantly reduces the rate of cardiac events after
coronary artery stent implantation and is superior to ASA
plus oral anticoagulation (Table 3). The CLASSICS!” study
has shown that the combination of clopidogrel (for 28
days) plus ASA was associated with fewer adverse events
compared with ticlopidine and ASA. This study and other
observational studies have confirmed the efficacy of the
clopidogrel/ASA combination, rendering them routine as a
post-stenting regimen. Although current practice is to dis-

continue the clopidogrel after 1 month, results from two



Table 3: Therapies to reduce cardiac events after
stent implantation

¢ Antiplatelet therapy with a combination of ASA
plus a thienopyridine (ticlopidine or clopidogrel)

* Platelet GP lIb/IlIA antagonists (ie, abciximab,
eptifibatide or tirofiban) block the final
common pathway to platelet aggregation

* “Facilitated PCI"” (combination of reduced-dose
fibrinolytic + full dose IV GP llb/llla antagonist +
PCI) shown in some trials to improve patency

e Intravascular ultrasound (IVUS) can provide
accurate vessel sizing, define plaque morphology
and ensure optimal stent deployment

® Gamma and beta catheter-based intracoronary
brachytherapy for in-stent restenosis

18,19

recently completed RCTs may force cardiologists to

consider longer-term clopidogrel administration.

Platelet glycoprotein IIb/IIla receptor inhibition

Platelet receptor glycoprotein (GP) Ilb/Illa antago-
nists block the final common pathway to platelet
aggregation. Several RCTs with over 40,000 patients, have
confirmed that potent platelet inhibition with a parenteral
GP IIb/Illa antagonist is associated with a significant
reduction in the risk of major adverse cardiac events after
coronary artery stenting. Current regimens of intravenous
abciximab, eptifibatide or tirofiban appear to be safe, with

little effect on bleeding risk when heparin dosing is reduced.

Facilitated PCI for acute MI

Recent advances in our understanding of the patho-
physiology of acute MI have led to the new concept of
facilitated PCI. Platelets play a major role in the patho-
genesis of an acute coronary syndrome. An intracoronary
thrombus is rich in platelets, not simply fibrin, and there-
fore will sometimes resist fibrinolysis. Although fibrinolytic
therapy can restore patency in 81% of patients by 90 min-
utes, failure to achieve TIMI 3 flow, which may occur in
45%-70% of patients, is associated with reduced survival®
and even after successful reperfusion, reocclusion occurs in
up to 20% of patients.?! In contrast, primary PCI has a
higher patency rate, greater TIMI 3 flow, and fewer com-
plications. The triple combination of reduced-dose fibri-

nolytic therapy, full dose intravenous GP IIb/Illa receptor

inhibitors, and PCI has been evaluated in several recent
RCTs (TIMI 14 and SPEED)?*2?3 and was termed " facilitat-
ed PCL." However, the mortality benefits and safety of this
approach must be investigated in larger RCTs before any

final recommendations .

Intravascular ultrasound (IVUS)

Since Colombo's seminal observation that the majority
of stents are not fully expanded with routine inflation
despite favorable angiographic results, IVUS has been
used to ensure optimal stent deployment.2* Although the
exact indications for [IVUS are controversial, the technique
is particularly helpful in providing accurate vessel sizing,
defining plaque morphology (thrombus, dissection, or cal-
cification), and ensuring optimal stent expansion. RCTs
evaluating the incremental clinical benefits of IVUS, in
addition to angiography, have shown conflicting results.
The MUSIC? and CRUISE? studies showed that stent
deployment guided by IVUS resulted in improved clinical
and angiographic outcomes. However, the OPTICUS?
study failed to show a reduction in restenosis with the use
of IVUS. The RESIST?® study recently reported a non-
significant 6.3% decrease in the restenosis rate in patients
receiving [VUS-guided stenting. The AVID? study, while
showing improved stent expansion with IVUS, failed to
demonstrate a significant difference in 30-day adverse
events. Although these results fail to justify the routine use
of IVUS, it remains an invaluable tool when a clearer

definition of vessel architecture is required.

In-stent restenosis

Since stents minimize elastic recoil and negative
geometric remodeling, the predominant mechanism of
in-stent restenosis is intimal hyperplasia. Incomplete stent
expansion may also contribute to restenosis. When
restenosis is confined to a discrete, short length within the
stent (focal restenosis), simple balloon redilation is quite
effective, with recurrent restenosis occurring in 25%-30%.
However, when there is a diffuse pattern of in-stent
restenosis, the treatment is challenging and the restenosis
recurrence rate is high (60%-80%). Debulking strategies
using atherectomy catheters or the excimer laser have not
been shown to reduce recurrent restenosis within stents.
Thus far, the only proven effective treatment for in-stent

restenosis is brachytherapy.



Brachytherapy (local intracoronary

radiation)

The U.S. FDA recently approved both gamma
and beta catheter-based intracoronary brachytherapy
for the treatment of in-stent restenosis. Encouraged
by animal studies, Teirstein et al were the first to
prove the clinical efficacy of this approach in
humans.3® Teirstein randomized 55 patients with
in-stent restenosis to receive either intracoronary
y-radiotherapy or placebo. They reported a dramatic
73% reduction in repeat revascularization at
6 months, and a 48% reduction at 3 years.3*3' No
perforations, aneurysms, pseudoaneurysms, or other
long-term safety concerns have been observed in this
cohort after more than 3 years of follow-up.?' Several
other RCTs3*% followed, confirming that significant
reductions in clinical and angiographic restenosis
could be safely achieved in both long and short
lesions, including vein graft lesions, with the use
of intracoronary radiation. The enthusiasm for
brachytherapy has been somewhat tempered by a
higher rate of subacute stent thrombosis (~8%), like-
ly resulting from radiation-induced endothelial dys-
function. This has led to the use of prolonged (6-9
months) clopidogrel and ASA therapy, and the avoid-
ance of recurrent stent implantation during the
brachytherapy procedure. Such strategies appear to
reduce stent thrombosis to levels that are comparable
to routine stenting.’*

As the routine use of brachytherapy for de novo
lesions has yet to be proven, this technique is only an
option for treating in-stent restenosis. Despite their
conceptual appeal, radioactive stents have not been
approved in humans due to their tendency to induce
stenosis at the stent edges (“candy-wrapper” or “edge

effects”).?®

Coated stents

Stents have always been an attractive platform for
facilitating local drug delivery to the vessel wall.
Sirolimus, a potent immunosuppressive agent used for
preventing renal transplant rejection, can now be
delivered locally on a stent platform to prevent inti-

1,36 recently demonstrated

mal hyperplasia. Sousa et a
the feasibility and safety of implanting sirolimus-

coated stents. Preliminary results with this and other

coated stents (ie, taxol) suggest that restenosis may be
substantially inhibited. If proven efficacious and safe
in larger, ongoing clinical trials, coated stent technol-
ogy could be the next revolution to have a favorable
impact on interventional cardiology. The results of

these ongoing studies are eagerly awaited.

Has contemporary PCI fulfilled its
potential?

The technique of PCI has undergone tremendous
improvements in the last 15 years. Despite its wide-
spread use and documented efficacy, it has some limi-
tations. Coronary stenting prevents early recoil and
late remodeling at the cost of increased neointimal
hyperplasia, stent thrombosis, and reocclusion. In
view of these limitations, the search for more effective
and safe alternatives continues. Dual antiplatelet ther-
apy has been found useful in preventing stent throm-
bosis and reocclusion. The potential of brachytherapy
and coated stents has enormous appeal for fulfilling
the original mission of PCI. The radioisotope stents
resulted in increased neointimal hyperplasia at the
edges. However, catheter-based intravascular brachy-
therapy has shown its efficacy and safety. The future
looks even more promising after the encouraging
results reported from drug-coated stents, and this

option may become the newest treatment of choice.

Summary

The forefathers of interventional cardiology had
no way of predicting how their contributions would
redefine the treatment of coronary artery disease. In
the last 20 years alone, PCI has risen from a cumber-
some and risky procedure limited to carefully select-
ed patients, to a routine, safe procedure with success
rates in excess of 95%. Despite these advances,
restenosis continues to prevent PCI from achieving
its fullest potential. With recent developments to
minimize restenosis, particularly in the area of stent-
based local drug delivery and brachytherapy, the
future of this truly minimally-invasive intervention

remains bright.
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Abstract of Interest

One year follow-up after PCI of chronic total
occlusions: results from a multicentre
prospective study (TOAST)

Z. OLIVARI', P. RUBARTELLI?, C. GIACHERO?, ET AL, ITALY.

The effectiveness of PTCA in chronic total occlusions (CTO) is
limited by low success rate and high incidence of restenosis. The
availability of new specific guide wires and stents may have a
favourable impact in this setting.

TOAST (Total Occlusion Angioplasty Study) is a multicenter
prospective observational study, enrolling consecutive patients with
at least one CTO (TIMI flow 01, estimated time from occlusion > 30
days) on native vessels treated with PCI in 30 Italian centers.

AIM OF THE STUDY is to establish immediate and late outcome of
PClI in these patients in an era in which specific guide wires and stents
are available. Angiographic analysis of all the procedures is ongoing
in a central core lab and all patients will be followed for 5 years.
OBJECTIVE of this report is to focus on one year clinical outcome
after PCl in patients with successful or unsuccessful procedures.

RESULTS: 458 CTO were attempted in 432 pts; 87,3% had angina
symptoms and 65,3% had a previous MI; successful PCI (final TIMI 3
flow and < 50% residual stenosis, no MACE) was obtained in 334 pts
(77,3%); 14 pts (3,2%) had in-hospital MACE (1 death, 7 non-Q
wave MI, 3 emergent CABG, 3 repeat PTCA) and were excluded from
further analysis. One year clinical follow-up is complete for 369/418
pts (88,3%) and results are summarized in the table.

Successful PCI (286) Failed PCI (83) p

Death 4(1.4%) 2(2.4%) ns
MI (Q and non Q) 3 (1.0%) 4(4.8%) < 0.05
RePTCA (TLR) 33 (11.5%) 4(4.8%) ns

CABG 10 (3.5%)
236 (82.5%)
Angina free 206/236 (87.3%)
Negative stress test  137/159 (86.2%)

16 (19.3%) < 0.01
57 (68.7%) < 0.01
40/57 (70.2%) < 0.01
23/36 (63.9%) < 0.01

Event free

TLR= target lesion revascularization
Europ Heart J 2001,22:348 (Abstract Suppl.)
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