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Severe stenosis of the left main coronary artery (LMCA) is a coronary artery-disease
manifestation of critical prognostic importance. As a consequence of the survival ad-
vantage conferred by coronary artery bypass grafting (CABG) over medical therapy,
lesions in the LMCA have been considered a standard indication for CABG for nearly
3 decades. Initial attempts to treat LMCA disease percutaneously by balloon angio-
plasty resulted in poor clinical outcomes, leading many to regard significant LMCA
disease as a contraindication for percutaneous coronary intervention (PCI). However,
the development and refinement of coronary stenting over the last 15 years, followed
by the recent introduction of drug-eluting stents, has fueled renewed interest in
percutaneous treatment of LMCA disease. Outcomes of recent studies using sirolimus-
and/or paclitaxel-eluting stents for treatment of LMCA disease have yielded rates of
in-hospital and 1-year mortality that compare favorably with those of surgery. This
article will review the natural history of LMCA disease, the outcomes of CABG for
LMCA disease, and the history and recent developments regarding PCI for LMCA
disease.
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ease by James Herrick in 1912, many studies have shown that significant
stenosis of the LMCA is the most prognostically significant manifestation
of coronary disease.>® Clinical outcomes in medically treated patients with
LMCA disease are generally poor, with a 3-year mortality rate of around 50%.
As a consequence of the survival advantage conferred by coronary artery bypass
grafting (CABG) over medical therapy,* lesions in the LMCA have been

Ever since the first clinical report of left main coronary artery (LMCA) dis-
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Left Main Coronary Artery Disease continued

considered a standard indication for
CABG for nearly 3 decades. Initial at-
tempts to treat LMCA disease percu-
taneously, by balloon angioplasty, re-
sulted in poor clinical outcomes,
leading many to regard significant
LMCA disease as a contraindication
for percutaneous coronary interven-
tion (PCI). However, the develop-
ment and refinement of coronary
stenting over the last 15 years, fol-
lowed by the recent introduction of
drug-eluting stents (DES), has fueled
renewed interest in percutaneous
treatment of LMCA disease.

Prognosis

As significant LMCA disease has long
been considered an absolute indica-
tion for surgery, it is necessary to re-
view literature from nearly 3 decades
ago to learn about the prognosis of
nonsurgically treated patients with
this condition. In a study of 163
medically treated patients with
LMCA stenoses greater than 50%,
Conley and associates reported a 3-
year survival rate of 50%.° Survival of
patients with 50% to 70% stenosis
(1- and 3-year survival of 91% and
66%, respectively) was better than
for patients with a greater than 70%
stenosis (1- and 3-year survivals of
72% and 41%).2 In patients with
greater than 70% LMCA stenosis,
predictors of adverse outcome in-
cluded chest pain at rest, ST-T wave
changes on resting electrocardio-
gram, cardiomegaly on chest X-ray, a
history of congestive cardiac failure,
findings of left ventricular dysfunc-
tion at catheterization, and elevation
of the arterial-mixed venous oxygen
difference.

The Collaborative Study in Coro-
nary Artery Surgery (CASS), including
1484 patients with LMCA disease, re-
ported a 3-year survival of 69% for
medically treated patients.® Indepen-
dent predictors of mortality included
low left ventricular score, congestive
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heart failure, age, hypertension, per-
cent LMCA stenosis, and coronary
artery dominance. The importance of
left ventricular function in determin-
ing prognosis of LMCA disease is un-
derlined by 15-year follow-up data
from the CASS registry. Cumulative
15-year survival rates for patients
with normal, mildly impaired, and
severely impaired left ventricular sys-
tolic function were 51%, 38%, and
less than 3%, respectively.®

Owing to the superiority of coro-
nary artery bypass grafting over med-
ical therapy in the treatment of
LMCA disease in randomized trials
conducted nearly 3 decades ago,*’
little data exists regarding the sur-
vival of medically treated patients in

versus 60% for medical therapy alone
for LMCA disease, despite what
would now be considered an extraor-
dinarily high surgical mortality rate
of 12%.* The European Coronary Sur-
gical Study (ECSS) recruited lower risk
patients than those of the VA Coop-
erative trial, with all patients enrolled
being less than 65 years of age with
good left ventricular function.” Not
surprisingly, given a lower risk co-
hort, the 3-year survival benefit for
CABG in ECSS was less than that ob-
served for the VA study, at 91% for
CABG versus 82% for medical ther-
apy. Like the VA Cooperative trial,
the CASS registry, incorporating al-
most 1500 patients with LMCA dis-
ease with a heterogenous surgical risk

Little data exists regarding the survival of medically treated patients in the
current era, incorporating medications now considered standard of care for
many patients with advanced coronary disease.

the current era, incorporating medica-
tions now considered standard of
care for many patients with ad-
vanced coronary disease. These med-
ications include statins, angiotensin-
converting enzyme (ACE) inhibitors,
and B-blockers. Such data, if avail-
able, would likely demonstrate im-
proved survival for medically treated
patients and would serve to recali-
brate our understanding of the po-
tential benefits of revascularization
strategies in the current era.

Surgery

Observational studies and ran-
domized trials*"!*® have consis-
tently demonstrated a survival ad-
vantage for CABG over medical
therapy for significant (= 50% steno-
sis) LMCA disease. In 1976, the Veter-
ans Administration (VA) Cooperative
Randomized trial reported a 3-year
survival advantage of 82% for CABG
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profile, reported an improved 4-year
cumulative survival for CABG of
88%, versus 63% for medical ther-
apy.® Data from the CASS study
showed an overall 3.5% operative
mortality for patients with LMCA dis-
ease.>! In CASS, the CABG mortality
rate increased with greater stenosis
severity and with more myocardial
territory in jeopardy (balanced and
left dominant circulations).®
Long-term survival data (= 10
years) for LMCA disease patients in
the VA Cooperative, ECSS, and CASS
studies shed some light on the dura-
bility of benefit from CABG in LMCA
disease. The 11-year cumulative sur-
vival of the 48 LMCA disease pa-
tients treated with CABG in the VA
Cooperative trial was 59%.!! No real
comparison could be made with the
medical group in this study as only 4
out of 43 patients initially assigned
to medical treatment remained
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medically treated at 7 years—44% of
patients had died while 47% had un-
dergone CABG. In the ECSS ftrial, in-
volving patients with normal left
ventricular function, the 10-year sur-
vival of the 28 patients randomized
to CABG and 31 patients random-
ized to medical treatment for LMCA
disease was similar, at 64% and 61%,
respectively.’® Data from the CASS
registry demonstrate a 15-year cumu-
lative survival for patients initially
treated with CABG of 37% versus
27% for patients initially treated
medically (25% of all medically
treated patients received CABG dur-
ing follow-up).® Long-term survival
patterns among CASS registry pa-
tients with LMCA disease demon-
strated a convergence in surgical and
medical group survival curves after 8
years as the result of a disproportion-
ate increase in mortality in the surgi-
cal group. This late increase in mor-
tality in the CABG group compared
to medical treatment, a pattern also
noted in both the VA Cooperative
and ECSS studies, has been attrib-
uted to a combination of progression
of native coronary artery disease
and graft occlusion.'® Despite the
diminution of survival benefit in the
CABG group over time in the CASS
registry, the median survival of
LMCA disease patients in the surgical
group was 13.3 years compared with
only 6.6 years in the medical group.®
However CABG did not prolong the
survival of LMCA disease patients in
a number of subgroups, including
those with: 1) LMCA stenosis of less
than 60%; 2) normal left ventricular
function; or 3) a nonstenotic (< 70%)
right coronary artery.

Percutaneous Coronary
Intervention

Early Experience With Balloon
Angioplasty

In 1978, Andreas Gruentzig reported
balloon dilatation of the LMCA in 2

of the first 5 patients to undergo per-
cutaneous transluminal coronary an-
gioplasty (PTCA).Y” However, owing
to procedural difficulties and an early
cardiac death involving 1 of the 2
LMCA cases, Gruentzig concluded
that significant LMCA stenosis was a
contraindication for balloon PTCA.®
Over the following decade, further
early reports of PTCA for LMCA dis-
ease did little to dissuade clinicians
from Gruentzig’s conclusion. In the
largest series of PTCAs performed in
LMCA reported during this period,
O’Keefe and colleagues from the Mid-
America Heart Institute reported the
outcomes of 127 LMCA angioplasties
grouped into 3 categories: elective
protected cases (where a patent by-
pass graft to one or both major
branches of the left coronary artery is
present), elective unprotected cases
(without a patent bypass graft), and
acute patients (in the context of
acute myocardial infarction).*®
Whereas procedural and 3-year
mortalities were 2.4% and 10%, re-
spectively, in elective protected
cases, they were a sobering 9.1% and
64% in elective unprotected pa-
tients, and 50% and 70% in the
acute subgroup. These and other

proved outcomes against restenosis
compared to balloon PTCA,? led to a
reappraisal of the role of PCI for un-
protected LMCA disease. Further-
more, the development of debulking
techniques, such as directional and
rotational atherectomy, which were
also believed to potentially reduce
residual stenosis and subsequent
restenosis, also helped stimulate re-
newed interest in percutaneous treat-
ment of LMCA disease.??

Single- and multicenter case series
have shown that elective stenting,
with or without adjunctive debulk-
ing techniques, for unprotected
LMCA disease, is technically feasible
with very high rates (> 95%) of early
procedural success.???® However,
long-term follow-up of these patients
has revealed high rates of angio-
graphic restenosis and repeat revas-
cularization, with a relatively high
incidence of cardiac death in the first
6 months post-intervention, particu-
larly among patients at high surgical
risk.22728 As part of the ULTIMA
(Unprotected Left Main Trunk Inves-
tigation Multicenter Assessment)
registry, Ellis and coworkers reported
the outcomes of 91 patients who un-
derwent elective unprotected LMCA

During the 1990s, the rapid growth of coronary stenting, with its improved
outcomes against restenosis compared to balloon PTCA, led to a reappraisal
of the role of PCI for unprotected LMCA disease.

data?® led to the conclusion that al-
though elective PTCA of unprotected
LMCA was technically feasible, the
poor prognosis of these patients pre-
cluded its use, except as a “last re-
sort” for those in whom surgical
revascularization was not an option.

Bare Metal Stenting
During the 1990s, the rapid growth
of coronary stenting, with its im-

interventions.?® In-hospital out-
comes were strongly related to left
ventricular function: when left ven-
tricular ejection fraction (LVEF) was
= 40%, mortality was 1.7% but
when LVEF was < 30%, mortality
was 32%. Disturbingly, 10.6% of hos-
pital survivors died of a presumed
cardiac cause within the first 6
months. As the majority of these pa-
tients were treated with stents (in
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conjunction with dual antiplatelet
therapy), the authors postulated that
these deaths may have been due to
either stent thrombosis or severe
restenosis of the LMCA with conse-
quent heart failure or electrical insta-
bility.?® In an updated report from
the ULTIMA registry incorporating
279 elective and emergent LMCA
PCl cases, 1l-year rates of cardiac
death, myocardial infarction, and re-
peat revascularization were 20.2%,
9.8%, and 33.6%, respectively. Inde-
pendent predictors of mortality
included LVEF less than 30%, mitral
incompetence grades 3 or 4, presen-
tation with myocardial infarction
and shock, serum creatinine =2
mg/dL, and severe lesion calcifica-
tion. Among a low-risk subset of pa-
tients in the registry (age < 65 years
with LVEF > 30%), there was no
periprocedural mortality and 1-year
mortality was only 3.4%.

In a single-center study, Takagi
and colleagues reported the out-
comes in 67 patients who underwent
unprotected LMCA intervention
with a mean follow-up of 31
months.?” Although there was no in-
hospital mortality in this series, fol-
low-up angiography in 85% of pa-
tients revealed a 31% restenosis rate,
with 24% of patients undergoing re-
peat revascularization (7% by CABG)
during the follow-up period. No ben-
efit over stenting was observed in pa-
tients undergoing atherectomy. As
with the ULTIMA registry results,?®
there was a high incidence of cardiac
mortality in the first 6 months post-
procedure, with 6 of 8 cardiac deaths
during the entire follow-up period
occurring during this time,?” a pat-
tern once again suggestive of LMCA
stent thrombosis or fatal manifesta-
tion of restenosis.

As for the ULTIMA registry, out-
comes were favorable for a subset of
patients of low surgical risk (younger
age, normal left ventricular function,
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and isolated left main disease) who
had a 3-year mortality of only 4.2%.
Other single center case series from
Korean???* and European centers 2526
have also reported similarly favor-
able outcomes for LMCA PCI (= 4%
1-year mortality) among low-risk pa-
tient cohorts.

In summary, experience from case
series has shown that although
LMCA stenting is technically feasi-
ble, with high rates of early proce-
dural success, patients undergoing
unprotected LMCA PCI have high
event rates because of frequent seri-
ous comorbidities. In a select propor-
tion of low risk elective patients, bare
metal stent (BMS) implantation for
unprotected LMCA disease may pro-
vide outcomes that are comparable
to CABG. However, high rates of
restenosis with BMS, accompanied
by high rates of repeat revasculariza-
tion and cardiac events (including
death) are a major problem, which
precluded a more widespread adop-
tion of PCI for LMCA stenosis during
the BMS era.

Drug-Eluting Stents

Concerns about potentially fatal
manifestations of severe in-stent
restenosis involving the LMCAZ?’
have limited the more widespread
use of PCI for LMCA disease. The re-
cent introduction of drug-eluting

stents (DES), either as sirolimus-elut-
ing stent (SES) or paclitaxel-eluting
stent (PES) systems, has resulted in

dramatic reductions in in-stent
restenosis rates compared to
BMS.2%30  Therefore, with the

prospect of significantly lower rates
of in-stent restenosis, interventional
cardiologists have once again sought
to reappraise the role of PCI for
LMCA stenosis.

In a low surgical risk cohort with
preserved left ventricular function
(LVEF > 40%), Park and associates
compared the outcomes of 102 pa-
tients with de novo LMCA stenosis,
treated with SES implantation, to
outcomes of 121 historical controls,
treated by BMS implantation.®! At 6
months, angiographic restenosis rate
in the SES group was significantly
reduced to 7% compared to 30.3%
in the BMS group. The very low rate
of angiographic restenosis was ob-
served in the SES group despite
70.6% of cases involving the bifurca-
tion of the LMCA—an anatomic site
that is associated with higher rates of
restenosis. Figure 1 shows the 12-
month event-free survival curves in
the two groups. However, in keeping
with a lower rate of restenosis in the
SES group, the rate of target lesion
revascularization at 12 months was
much lower in the SES group (2%)
compared to the BMS group (17.4%).

Figure 1. Rates of survival, free from major
adverse coronary events (MACE), in
100 SES group sirolimus-eluting stent (SES)-treated patients
— '_._'—._o. with left main coronary artery stenosis and
X 90 - 98 + 1.4% preserved left ventricular function (LVEF
T—; BMS group > 40%) versus historical controls treated
> with bare-metal stent (BMS) implantation.
% 80 81.4 + 3.7% Reproduced with permission from Park et al.>
(%]
® 70 -
=
o
< 60
2 7 P < .001
0~ T T T T T
0 2 4 6 8 12
Time (mo)
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Figure 2. Imaging of a 52-year-old man with a his-
tory of hyperlipidemia but not of diabetes. He develops
angina on exertion and a stress test showed signifi-
cant ischemia in the anterior-lateral region. Coronary
angiography reveals a significant ostial and distal left
main stenosis (A and B).

Valgimigli and colleagues com-
pared the outcomes of 95 patients
with LMCA stenosis (19 protected
LMCAs) treated with DES (either SES
or PES) with the outcomes from 86
historical controls (15 protected
LMCA) in a single-center study.®? Un-
like the study by Park and associ-
ates,® this study incorporated pa-
tients at both Ilow and high
procedural risk—for example, 19% of
PCIs were undertaken in the context
of acute myocardial infarction. Ap-
proximately two thirds of PCls in
both DES and BMS groups involved
the LMCA bifurcation. After a median

QY

B)

Figure 3. The patient was seen by several cardiac sur-
geons and refused coronary artery bypass surgery. He
underwent left main stenting with a drug-eluting stent
from the ostial opening of the left main to the left an-
terior descending artery, covering the non-diseased os-
tial opening of the circumflex (A and B).

follow-up of 503 days, lower rates of
myocardial infarction (4% for DES vs.
12% for BMS) and target vessel revas-
cularization (6% for DES vs. 23%
for BMS) were observed in the DES
group. Mortality was similar between
DES (14%) and BMS (16%) groups.
Independent predictors of major ad-
verse cardiovascular events included
distal LMCA location of lesion, Par-
sonnet classification of surgical risk,
troponin level at entry, use of DES,
and reference vessel diameter.®?

In another single center study,
Chieffo and coworkers compared the
outcomes of 85 patients undergoing

(G

(®)

Figure 4. At 9-month follow-up, the patient remains
asymptomatic and has a normal stress test. Follow-up
angiography reveals a left main stent without resteno-
sis (A and B).

elective DES (either SES or PES) im-
plantation for de novo, unprotected
LMCA disease with 64 historical con-
trols treated with BMS.%® In compari-
son to patients receiving BMS, pa-
tients treated with DES had poorer
left ventricular function, a higher
incidence of diabetes mellitus, and
more frequent involvement of the
distal LMCA bifurcation. There was
no in-hospital mortality in either
group. Despite a higher preponder-
ance of high risk features, the inci-
dence of major adverse cardiac
events (cardiac death, myocardial in-
farction, or repeat revascularization)
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at 6-month follow-up was lower in
the DES group than in the BMS
group (20% vs. 35.9%, respectively).
Cardiac deaths occurred in 3 patients
(3.5%) in the DES group, as com-
pared with 6 (9.3%) in the BMS
group, a difference that was not sta-
tistically significant. Interestingly,
restenosis rates were also not signifi-
cantly different between DES (19%)
and BMS (31%) groups, although
restenoses in the DES group occurred
exclusively at the LMCA bifurcation
and were focal in nature.

In summary, DES left main stent-
ing has medium-term acceptable

artery. Patients with normal left ven-
tricular function constitute the lower
risk subset. Figures 2 through 4 show
imaging from a sample patient.

Percutaneous Coronary Inter-
vention Versus Surgery for Left
Main Coronary Disease—Time
for a Randomized Trial?

In an effort to establish a contempo-
rary benchmark for CABG outcomes
in the context of LMCA disease, Ellis
and colleagues described the surgical
outcomes of 1585 consecutively
treated LMCA disease patients at
the Cleveland Clinic Foundation.®*

DES left main stenting has medium-term acceptable outcome rates, espe-
cially if the left main stenosis does not include the bifurcation of the left an-
terior descending artery and circumflex artery.

outcome rates, especially if the left
main stenosis does not include the
bifurcation of the left anterior de-
scending artery and circumflex

Overall in-hospital mortality in this
study was 2.3%, with a 1-year mor-
tality of 11.3%. Independent predic-
tors of adverse outcome included

renal dysfunction, age, and New
York Heart Association (NYHA) Class
Il or IV heart failure. Among pa-
tients at low surgical risk (age < 65
years and NYHA Class = Il heart fail-
ure), 1-year mortality was 5.7%.283*

Recent outcomes for LMCA PCI in
the DES era compare favorably with
most surgical series,%3*%® particularly
with respect to in-hospital mortality,
which was 0% in the studies by Park
and coworkers®! and Chieffo and as-
sociates.>® Moreover, published out-
comes for DES out to 6 to 12 months
post-procedure, in both low-risk3!
and higher-risk® patients, appear to
be favorable compared to those re-
ported for CABG. In light of these
data, a randomized trial comparing
CABG with DES placement for un-
protected LMCA disease may now be
warranted.

Conclusions

Severe stenosis of the LMCA is a man-
ifestation of coronary artery disease
of critical prognostic importance. As

Main Points

< As significant left main coronary artery (LMCA) disease has long been considered an absolute indication for surgery,
it is necessary to review literature from nearly 3 decades ago to learn about the prognosis of nonsurgically treated
patients with this condition.

e Little data exists regarding the survival of medically treated patients in the current era, incorporating medications
now considered standard of care for many patients with advanced coronary disease, including statins, angiotensin-
converting enzyme inhibitors, and B-blockers. Data on the use of these agents would likely demonstrate improved
survival for medically treated patients and serve to recalibrate our understanding of the potential benefits of revascu-
larization strategies.

e Data from early studies of balloon angioplasty in LMCA led to the conclusion that although elective PTCA of unpro-
tected LMCA was technically feasible, the poor prognosis of these patients precluded its use, except as a “last resort”
for those in whom surgical revascularization was not an option.

« Experience from case series has shown that although LMCA stenting is technically feasible with bare metal stents
and provides high rates of early procedural success, patients undergoing unprotected LMCA PCI have high event rates
because of frequent serious comorbidities.

 Left main stenting utilizing currently available drug-eluting stents (DES) has shown acceptable medium-term outcome
rates, especially if the left main stenosis does not include the bifurcation of the left anterior descending artery and
circumflex artery.

< In light of these data regarding DES in left main disease, a randomized trial comparing coronary artery bypass graft-
ing with DES placement for unprotected LMCA disease may now be warranted.
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a consequence of the survival advan-
tage conferred by CABG over med-
ical therapy, lesions in the LMCA
have been considered a standard in-
dication for CABG for nearly 3
decades. Initial attempts to treat
LMCA disease percutaneously, by
balloon angioplasty, resulted in poor
clinical outcomes, leading many to
regard significant LMCA disease as a
contraindication for PCI. However,
the development and refinement of
coronary stenting over the last 15
years, followed by the recent intro-
duction of DES has fueled renewed
interest in percutaneous treatment of
LMCA disease. Outcomes of recent
studies using SES and/or PES for
treatment of LMCA disease have
yielded rates of in-hospital and 1-
year mortality that compare favor-
ably with most surgical series. These
data have established a context for
head-to-head comparisons between
CABG and DES approaches for the
treatment of LMCA disease. The re-
sults of such studies may ultimately
lead to a paradigm shift in the treat-
ment of LMCA disease. [ |
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