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In the past decade, remarkable advances have been
made in the treatment of coronary artery disease. The
approval of the first drug-eluting stent (DES) in 2002
ushered in an era where millions of patients became
better candidates for minimally invasive percutane-
ous coronary intervention (PCI), which could be per-
formed with low rates of subsequent revascularization
procedures. Through this advance, in conjunction with
other iterative improvements in PCI-related technolo-
gies (such as further refinements in device design, mod-
ifications of access techniques and PCI pharmacology,
and the more defined use of adjunctive ischemic testing
such as fractional flow reserve (FFR)), PCI has become

safer than ever, with some of the lowest rates of adverse
events that have ever been observed following an inva-
sive cardiac procedure.

However, in part due to concerns about the ris-
ing costs of healthcare, there has been a recent move
to scrutinize the overall utility of PCI, particularly for
the treatment of stable ischemic heart disease (SIHD).
Since the publication of the COURAGE trial, in 2007,
PCI has since been repeatedly - and in our opinion, of-
ten unfairly - stereotypically portrayed as a procedure
that is overused, with benefits that are limited to a mod-
est and transient relief of symptoms. Indeed, the find-
ing of no significant difference in death or myocardial
infarction (MI) with PCI over optimal medical therapy
in the COURAGE population has oft been used by
detractors of PCI as superficial evidence that PCI has
marginal overall benefit compared to medical therapy.
One recent editorial stated that PCI “performed in pa-
tients with stable disease is probably widely used as an
expensive placebo for pain control”(1) In addition to
a potential cost harm of PCI, others have linked the
performance of PCI to other patient-related deleteri-
ous effects, stating that up-front PCI for SIHD has “no
known benefit [and] definite harms”(2)

These provocative editorial comments disregard a
large body of research showing that even for patients
without severe proximal disease, PCI has been shown
to be a highly effective therapy for reducing the fre-
quency and severity of anginal symptoms (Blankenship
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et al, in press). Independent of effects upon death or
MI, the demonstrable effectiveness of PCI in improving
quality of life is clearly meaningful for our patients and
is an important and relevant stand-alone clinical out-
come. Detractors of PCI are also quick to point out that
while PCI performed for patients with acute coronary
syndromes (ACS) has been demonstrated to reduce
the occurrence of death and MI, there are at present
limited prospective randomized data showing that PCI
can provide prognostic benefits for patients with STHD.
However, the absence of adequately powered prospec-
tive randomized data does not necessarily equal ab-
sence of effect.

In fact, there are several sources of data supporting
the prognostic benefits of revascularization in SIHD, in
particular, revascularization of vessels that have been
shown to subtend ischemic myocardium. In observa-
tional data from the Cedars Sinai nuclear database,
patients with moderate-to-severe ischemia who un-
derwent subsequent revascularization had lower rates
of cardiac death within 2 years compared to those who
did not undergo revascularization(3). Corroborative
prospective findings using the same imaging protocols
were observed in the nuclear sub-study of the COUR-
AGE trial, a trial that included lower-risk patients (only
1/3 of patients with moderate-to-severe ischemia) and
notably included a randomized study design. In this
analysis, patients treated with PCI had a greater reduc-
tion in ischemia compared to optimal medical therapy
(which in fact did not reduce ischemia at all), and re-
ductions in ischemia were associated with lower rates
of death or MI over the follow-up period(4). That these
findings were observed among patients in COURAGE
is notable, particularly given both the strict inclusion/
exclusion criteria (<10% of screened patients were en-
rolled) and the high rate of crossover from medical
therapy to PCI within the trial.

There have been two additional recent randomized
trials assessing the prognostic role of PCI-based revas-
cularization for patients with SIHD. A modest-sized
384 patient trial that received very little attention in
the post-COURAGE era was the JSAP trial, a random-
ized multicenter study conducted in Japan, enrolling
low-risk patients with single and double-vessel disease
with lesions that were eligible for PCI(5). Patients were
randomized to PCI plus medical therapy vs. medical
therapy alone, and while the overall rates of death or
MI were similar with both treatments, the rate of subse-
quent ACS over the 3.3-year follow-up period was lower
with the PCI-based strategy (11.7% vs. 5.0%, p=0.012).

While these effects were modest, JSAP did nonetheless
demonstrate that even among a low-risk population of
patients with SIHD, a higher rate of subsequent ACS
events was observed among patients for whom PCI was
deferred. These findings are remarkably similar to the
results of the FAME 2 trial, published online today in
the NEJM(6).

FAME 2 was a randomized trial initially designed to
enroll a total of 1,632 patients with ischemia-producing
stenoses (as defined by FFR<0.80), with randomization
to either PCI or medical therapy. The primary hypoth-
esis of the trial was that, compared to medical therapy
alone, PCI of an FFR-positive lesion would reduce the
incidence of death, MI, or unplanned hospitalization
leading to an urgent revascularization procedure. The
trial was stopped early after randomization of 888 pa-
tients, due to a “highly significant difference in the in-
cidence rates of the primary endpoint between the PCI
and medical therapy groups” (favoring PCI). In other
words, the independent data safety and monitoring
board determined it to be unsafe and/or unethical to
continue randomizing patients in the trial given the
observed benefit of PCI in patients with FFR-positive
lesions. The specific finding that led to the early cessa-
tion of FAME 2 related to the marked reduction of un-
planned hospitalizations leading to urgent revascular-
ization observed among patients randomized to PCI.
This endpoint occurred in 7 patients in the PCI arm
compared with 49 patients in the medical therapy arm
at a median follow-up of 7 months, a highly significant
difference in an important patient-oriented outcome
(hazard ratio of 0.13, 95% confidence interval 0.06-
0.30, p<0.001).

While longer-term data is at present incomplete, by
examining the cumulative incidence curves shown in
figure 1 of the published manuscript, the absolute dif-
ference in event rates at one year was even more pro-
nounced (approximately 15%) for both the primary
study endpoint as well as for the specific component
of unplanned hospitalization leading to urgent revas-
cularization. If this effect size is maintained with longer
follow-up, this would equate to 1 resultant unplanned
hospitalization leading to urgent revascularization for
approximately every 7 patients treated with medical
therapy that could have been entirely prevented with
upfront PCI at the time of the initial diagnostic proce-
dure. Unfortunately, because FAME 2 was terminated
early, it is difficult to assess whether upfront PCI of
FFR-positive lesions could lead to other benefits such
as prevention of MI events or deaths. The ongoing



NIH-funded ISCHEMIA trial specifically testing this
hypothesis will provide further clarity when its results
are eventually available (approximately 2018-9).

What is clear from FAME 2, however, is that in addition
to the observed benefits of PCI in reducing unplanned
hospitalizations, there was no harm observed with a strat-
egy of upfront PCI compared to medical therapy, a find-
ing that is often underemphasized but mirrored in the
COURAGE trial. Moreover, in FAME 2, patients treated
with PCI were treated less frequently with anti-anginal
medications; despite this reduction in anti-anginal medi-
cations, PCI-treated patients had significantly less angina
compared to patients randomized to medical therapy. The
improvement in symptom status afforded by PCI, in addi-
tion to the reduction in unplanned hospitalizations lead-
ing to subsequent revascularization, further supports the
quality of life benefits of PCI for ischemia-producing ste-
noses over medical therapy alone.

Notwithstanding the early cessation of the trial, the
findings from FAME 2 represent a further critical piece
of evidence in favor of the ischemia hypothesis in STHD;
namely, that the safe and effective revascularization of
ischemia-producing lesions can lead to improved pa-
tient outcomes and quality of life metrics above and
beyond symptom relief. It is now 5 years since the ini-
tial publication of COURAGE, and the practice of PCI
has changed dramatically since that time. As interven-
tionalists in an increasingly cost-conscious time, we are
continually charged with demonstrating improvements
in patient outcomes. It is our belief that FAME 2 offers
the best data currently available to guide the treatment
of patients with SIHD and ischemia-producing ste-
noses. The study reflects the most cutting-edge use of
evidence-based ischemic testing (including FFR) and
in-lab treatment options (97% DES use, the vast major-
ity with second-generation stents), and examined their
combined ability to improve patient outcomes over
medical therapy alone. The FAME 2 trial demonstrates
that PCI of appropriately selected patients and lesions
can indeed safely provide that benefit within a very
short timeframe (<1 year). The reduction in unplanned
admissions in this “all comers” trial is yet another rea-
son to consider PCI plus medical therapy as an initial
strategy in these economically challenging times. We
thus eagerly await the ascertainment of longer-term fol-
low-up to determine the ongoing and enduring results
of this important trial.

Neither author reports any conflicts of interest rel-
evant to this article.

SCAI President’s Page 3

References

1.

Prasad V, Cifu A, Ioannidis JA. Reversals of established
medical practices: Evidence to abandon ship. JAMA:
The Journal of the American Medical Association
2012;307:37-38.

. Redberg RE Informed strategies for treating coronary

disease: Comment on “initial coronary stent implan-
tation with medical therapy vs medical therapy alone
for stable coronary artery disease”. Archives of Internal
Medicine 2012;172:321-321.

. Hachamovitch R, Hayes SW, Friedman JD, Cohen I,

Berman DS. Comparison of the short-term survival
benefit associated with revascularization compared
with medical therapy in patients with no prior coronary
artery disease undergoing stress myocardial perfusion
single photon emission computed tomography. Circula-
tion 2003;107:2900-7.

. Shaw L], Berman DS, Maron DJ et al. Optimal medi-

cal therapy with or without percutaneous coronary
intervention to reduce ischemic burden: results from
the Clinical Outcomes Utilizing Revascularization and
Aggressive Drug Evaluation (COURAGE) trial nuclear
substudy. Circulation 2008;117:1283-91.

. Nishigaki K, Yamazaki T, Kitabatake A et al. Percutane-

ous Coronary Intervention Plus Medical Therapy Re-
duces the Incidence of Acute Coronary Syndrome More
Effectively Than Initial Medical Therapy Only Among
Patients With Low-Risk Coronary Artery Disease: A
Randomized, Comparative, Multicenter Study. ] Am
Coll Cardiol Intv 2008;1:469-479.

. De Bruyne B, Pijls N, Kalesan B et al. Fractional Flow

Reserve-Guided PCI versus Medical Therapy in Stable
Coronary Disease. N Engl ] Med 2012;online.



