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Decisions regarding the initial management of a patient with
coronary artery disease are influenced by the clinical presentation,
extent and severity of coronary artery disease, left ventricular
function, and the associated co-morbid conditions. In 1964, Garrett
et al. [1] first used coronary artery bypass grafting to treat coronary
artery disease. Subsequently, the indications for coronary revascu-
larization — CABG versus medical therapy — were the major focus of
investigation in the 1970s [2-6]. These data enabled the develop-
ment of comprehensive guidelines on the indications for coronary
revascularization (7). Percutaneous transluminal coronary angio-
plasty was introduced by Dr. Andreas Gruentzig in 1977 as a
technique to treat proximal, non-calcified, simple, concentric
lesions involving a single coronary artery [8]. With improvement
in angioplasty equipment and technique, the use of PTCA was
expanded to more complex lesions and for treatment of multivessel
disease. In the mid-1980s and 1990s, the focus of investigation
shifted toward the preferred method of revascularization — CABG
versus percutaneous coronary interventions [9-13]. New tools were
developed and new data were gathered for both technologies.
Among the most significant developments in the last decade for PCI
were stents and adjunctive therapy with anti-platelet agents; and
for bypass surgery, the development of less invasive surgical
techniques and the recognition that arterial grafts have tremendous
long-term clinical benefits.

The Arterial Revascularization Therapies Study (ARTS) was a
randomized, multicenter trial designed to compare the clinical
outcomes between CABG and PCI with stenting in 1,205 patients
[14). The primary endpoints were freedom from major adverse
cardiac and cerebrovascular events (death, stroke, transient
ischemic attacks, non-fatal myocardial infarction, and revascular-
ization procedures) at one year after the procedure. Patients with
silent ischemia, stable or unstable angina with at least two lesions
in different vessels that were potentially amenable to stent

CABG = coronary artery bypass grafting
PTCA = percutaneous transluminal coronary angioplasty
PCI = percutaneous coronary interventions

implantation or bypass surgery were included. Worldwide, 600

patients underwent stenting and 605 patients had bypass surgery.
A total of 53 patients at four medical centers in Israel were

randomly assigned to undergo stenting (n=27) or CABG (n=26).

In the study reported in this issue of IMAJ, Eckstein et al. [15]
followed the patients at the Hadassah Medical Center who met the
inclusion criteria of the ARTS trial but refused to participate in the
study, and compared the surgical (n=46) to the PCI (n=50) arm. At 6
months follow-up the incidence of major cardiac and cerebral
events was not statistically different between both groups (11% in
the stent group and 4% in the surgery group). Repeat revasculariza-
tion was required in 36% in the PCI group as compared to 7% in the
surgery group. However, despite the higher rate of repeat
procedures in the PCI group, the quality of life was better, the
total hospitalization shorter and the cost lower during the first 6
months as compared to the surgical group.

The findings reported in this article show a pattern that is similar
to the ARTS trial, with similar rates of mortality and major coronary
and cerebral events in both arms, and a higher rate of repeat
revascularization in the PCI arm. Yet, in spite of the higher repeat
revascularization rates, the overall hospitalization duration, costs,
and quality of life favored PCI. While its inherent selection bias,
non-randomized design and small numbers are real limitations of
the study, the findings reflect the common perception of today's
clinical dilemma. PCI can be performed safely in multivessel
disease, but this will be offset by the higher rate of repeat
revascularization procedures. The current article also claims that
quality of life remains higher following PCI despite the high rate of
repeat PCl. Quality of life was not different between the different
arms in the ARTS trial [18].

The rate of repeat procedures in the PCI arm is relatively high in
this study (37%) when compared to the ARTS data (21%). This can
be explained in part by the markedly higher rate of diabetes
mellitus in the current study (48%) as compared to the ARTS study
(19% in the stent group). In addition, there is a major quantitative
difference in the patients’ angiographic characteristics and the type
of revascularization between arms. In Eckstein’s study, the patients
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in the PCI arm had a relatively large number of lesions (5.7 + 0.8
lesions per patient) that were treated with a relatively small number
of stent (1.3 4 0.5 per patient). In the ARTS study, in the stent group
the patients’ average was 2.8 lesions that were treated with 2.6 stents.

The rate of arterial conduits for revascularization in the surgical
group was high, with an average of 2.0 grafts per patient, almost
twice the number of venous grafts (1.15 per patient). In comparison,
an opposite ratio existed in the ARTS study, with only 1.1 arterial
conduits per patient out of a total of 2.7 anastomoses per patient.

Therefore, to summarize, results in the PCI arm in the current
study were closer to those of multivessel angioplasty studies in the
late 1990s, since less than 25% of the lesions were treated with
stents, whereas the surgical arm enjoyed the benefit of an
aggressive arterial revascularization approach. These differences —
more extensive disease, a high rate of diabetes mellitus and a low
use of stents in the PCI group — explain the relatively high repeat
revascularization procedures in the PCI group in the current study.

A special subgroup that may have a different course and should
be addressed separately is the group of diabetic patients with
multivessel diseases. Previous studies with either balloon angio-
plasty [16] or stents [17] have shown an improved outcome of
surgery. Therefore, selection of the most adequate revascularization
procedure should take into account that diabetic patients have
higher rates of stent restenosis, and this may translate into different
overall results as compared to non-diabetic patients. Completeness
of revascularization may also be related to outcome, particularly in
patients with diabetes mellitus. Nikolsky et al. [18] found that
complete myocardial revascularization is associated with improved
long-term (3 year) prognosis in diabetic patients with multivessel
coronary artery disease treated with PCI. In the current study, the
revascularization was complete in almost all patients in both arms
(90% in PCI and 96% in the surgery group). In the ARTS study [19],
complete revascularization was achieved in 84.1% in the surgical
arm and in only 70.5% in the stent arm. At 1 year follow-up, there
was no significant differences in event-free survival in surgical
patients with complete vs. incomplete revascularization, however
patients randomized to stents with incomplete revascularization
had a lower event-free survival (69.4 vs. 76.6%) and a greater need
for bypass surgery (10 vs. 2%).

Typically, the rate of progress in the field of revascularization is
so fast that by the time the study is completed, including an
adequate follow-up period, new methods are introduced and
obviate the need for a new evaluation of more recent strategies
within the different disciplines.

What has happened in the PCI discipline?

Two major developments that were not accounted for in ARTS and
were not used in the current study should be considered:

o [ib/llla inhibitors: 1t has clearly been shown that the peri-
procedural use of anti-platelet drugs increases the safety of the
procedure and leads to better long-term results. This benefit was
found irrespective of whether balloon PTCA [20] or stents [21] were
used, and was also found in the group of diabetic patients [22].
There is little doubt today that PCI results are improved by the use
of modern adjuvant pharmacotherapy.

o Drug-eluting stents: Drug-eluting antiproliferative stents are just
around the corner. With a 6 month restenosis rate in single digit
numbers (0% in RAVEL and 9% in SIRIUS, just reported at the most
recent Paris Coronary Revascularization meeting in May 2002) with
the rapamycin-coated stent [23], the clinical course of treated
multivessel diseases will be limited mostly by the natural history of
coronary artery disease. This in itself will be determined by the
efficacy of both our medical therapy and the reduction of risk
factors. This new approach, which will have to be carefully assessed
by adequate large clinical trials, will also have to consider cost-
effectiveness aspects.

What changes are expected in bypass surgery?
Bypass surgery is also in a phase of rapid transition. With the
recognition that the internal mammary artery has long-term benefit,
more arterial conduits are being implemented, as reflected in the
current study. The arterial to venous graft ratio of 2:1 exceeds that of
the ARTS trial but it is certainly the global trend today. Methods to
limit myocardial and brain injury to the patient and shorten
hospitalization time are being developed. Off-pump coronary artery
bypass (OP-CAB), minimal invasive (MID-CAB) and percutaneous in
situ coronary artery bypass (PI-CAB) techniques may be a way to
achieve such a goal. The field of robotics is seeking its real use and
dealing with learning curves and the quality of the coronary
anastomosis, and new anastomosis devices are being developed to
offer the surgeon better and more reliable tools.

Cost issues

With the increased awareness of treatment costs worldwide and
with the growing cost of medical care, economics will play a
significant role in the future. Current price levels are still in favor of
PCl, according to the current study and to the cost analysis of the
ARTS trial, which showed that bypass surgery exceeds stent-
assisted PCI by USS 3,000 at one year. This cost advantage in favor
of stenting is present, despite additional events in the stent arm as
restenosis continues to present up to 9 months after implantation.
Expected additional events in the PCI arm in the current study may
increase the cost of the PCI arm above the reported levels, but not
the CABG arm.

The major question that needs to be answered is: how will the
introduction of drug-eluting stents affect the economic balance
between PCl and surgery? It is difficult to predict the cost-
effectiveness of the new drug-eluting stents without adequate
long-term data in patients with multivessel disease. A rough
analysis shows that the acute cost will be higher with the drug-
eluting stents (for a typical ARTS patient receiving three stents an
incremental cost of $4,000 will occur immediately), but long-term
savings due to fewer repeat procedures, which are typically required
in up to 30% of patients with multivessel disease undergoing
stenting, may lead to a significant reduction in the long-term cost of
PCL

There is little doubt that with the introduction of more effective
devices and the reduction in price of drug-eluting stents in the next
few years, a shift from metal towards drug-eluting stents will be
seen worldwide for the endovascular treatment of multivessel
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diseases. In the meantime, we will continue to struggle between PCI
and CABG, using our best clinical judgment based on available
studies conducted with older technologies. In parallel, the major
frontier will be shifted to the aggressive competition between drug-
eluting stents and reliable and less invasive complete arterial
conduit bypass revascularization techniques.
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