
Leading off this comprehensive
review of the 2002 Scientific
Session of the American

College of Cardiology (ACC) is a
report on a day-long symposium on
the drug-eluting stent “revolution.”
Following this, our Medical and
Contributing Editors report on many
of the late-breaking trials and other
presentations of interest from this
year’s meeting.

Symposium Review: Enter the
Drug-Eluting Stent Revolution:
A Critical Appraisal
A full-day symposium, “Enter the
Drug-Eluting Stent Revolution: A

Critical Appraisal,” was directed by
Gregg W. Stone, MD and Martin B.
Leon, MD of the Cardiovascular
Research Foundation. This event pro-
vided a comprehensive review of the
state of the art of drug-eluting stents.

Dr. Robert Schwartz of the Mayo
Clinic evaluated the potential cellular
and molecular targets within the coro-
nary artery for anti-restenosis therapy.
These potential sites include the endo-
thelium, media, adventitia, plaque, and
inflammatory cells. Brachytherapy, by
virtue of the penetration of the
radioactive energy, treats the entire
vessel thickness, whereas drug therapy
can be targeted to specific zones, such

as the intima, thereby maximizing the
benefit and minimizing long-term,
adverse events. Brachytherapy is associ-
ated with neointimal thickness reduc-
tion, inhibition of smooth muscle cell
proliferation, reduced re-endothelial-
ization, prominent fibrin deposition,
and increased inflammation relative to
“plain old stents.” Drug-eluting stents
seem to be associated with better re-
endothelialization (dose dependent),
less fibrin deposition, less inflammation,
and more prevention of smooth muscle
cell proliferation than brachytherapy.

A variety of compounds are being
assessed for their abilities to prevent
restenosis. This list includes sirolimus,
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paclitaxel, tacrolimus, taxol/taxanes,
actinomycin D, antisense compounds,
tranilast, angiopeptin, dexamethasone,
batimastat, and halofuginone.

Stent Design, Delivery Vehicles, and
Drug Selection
Dr. Campbell Rogers of the Brigham
& Women’s Hospital gave a presen-
tation on the impact of stent design,
delivery vehicles, and drug selection
on the safety and efficacy of drug-
eluting stents. There are many issues
that need to be taken into account
when attempting to develop the ulti-
mate stent. One must ensure that a
therapeutic level is delivered, avoid-
ing subtherapeutic and toxic levels.
Stent design, delivery vehicle, and
drug selection play important roles
in the efficacy and safety of drug-
delivery systems. The dose, duration
of action, mechanism of action, and
physiochemical properties of the
drug to be delivered will determine
its effectiveness. Characteristics of
the blood vessel, including curvature,

symmetry of plaque, ostial and side
branch location, side-branch location,
and in-stent restenosis need to be
taken into account when selecting a
drug-delivery system. 

Stent design is critical to maximize
delivery of drug to the entire circum-
ference of the vessel on curved seg-
ments. Differences between the
“closed” and “open” cell design
impact the amount of stent apposi-
tion along the vessel wall and hence
the surface area available for drug
delivery. A variety of polymer coatings
have now been developed that appear
to be safe. These coatings control the
rate of drug release (rapid versus sus-
tained) and can have anti-restenotic

properties themselves. 
Characteristics of the drug to be

delivered are important vis-à-vis their
ability to be effective. Hydrophobic
drugs diffuse much more poorly than
hydrophilic agents. The dose and
pace of release will impact the ability
of a drug to be effective and safe. Too
high a dose released too quickly may
induce death of endothelial cells,
thus preventing re-endothelialization
and predisposin to late stent throm-
bosis. Dr. Rogers describes the ideal
drug-eluting stent as having anti-
thrombotic, anti-inflammatory, anti-
proliferative, and non-toxic properties,
allowing for arterial healing, complete
endothelialization, no late intimal
“catch-up,” and no late thrombosis. 

Pathobiology
Dr. Andrew Farb of the Armed Forces
Institute of Pathology presented 
a comparative biologies of drug-
eluting stents with insights into
effectiveness and toxicity from the
animal lab. A clear dose response in

the reduction of restenosis with
paclitaxel was shown when stents
were loaded with doses ranging from
1.5 �g to 42 �g. Local toxicity, defined
as neointimal hemorrhage associated
with the stent struts, was more com-
mon in the higher dose ranges. In
addition, a more robust strut-associ-
ated inflammatory response was seen
with the higher doses of paclitaxel.
Other potential local toxic effects of
paclitaxel-eluting stents include
medial necrosis and persistent fibrin
deposition. After 90 days, the inti-
mal surfaces were fully healed, with
full surface endothelialized with the
paclitaxel-eluting stents; however,
there was no reduction of neointi-

mal growth. This remains a pharma-
cokinetic challenge, because as the
level of drug is reduced with time,
the “brake” for neointimal growth is
released, and late neointimal prolifer-
ation (“catch-up”) can occur, causing
late restenosis.

The lack of long-term benefits of
drug-eluting stents can be due to poor
retention of the drug in the sur-
rounding vascular tissues and to too
rapid a release of the drug from the
stent. Persistent fibrin deposition
stimulates smooth muscle cell migra-
tion and proliferation and is a marker
for late neointimal “catch-up.” A
combination of a drug-eluting stent
with a systemically delivered “booster”
may be what is needed to deal with
these issues.

Sirolimus
Sirolimus is a naturally occurring
antibiotic found on Easter Island that
was developed and marketed for pre-
vention of renal transplant rejection.
It is a selective inhibitor of cellular
proliferation. In the response to injury
of a coronary artery by a coronary
intervention, the inflammatory
response and presence of thrombus
result in the accumulation of growth
factors and cytokines that activate
receptors, inducing smooth muscle
cell proliferation. By blocking the
cell cycle, sirolimus blocks smooth
muscle cell proliferation that would
otherwise lead to their migration to
the intima and matrix secretion
resulting in restenosis.

First in Man. A variety of presenta-
tions were made regarding the use of
sirolimus as a drug-delivery agent. 
Dr J. Eduardo Soussa of the Institute
Dante Pazzanese of Cardiology pre-
sented the long-term (2-year) out-
comes from the First in Man (FIM)
trial, comparing the slow and fast
release of sirolimus in 30 patients on a
Bx-velocity stent, and then compared
the FIM results to the fast-delivery

Stent design is critical to maximize delivery of drug to the entire circum-
ference of the vessel on curved segments.
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system in the RAVEL (Sirolimus-
Coated Bx Velocity Balloon-
Expandable Stent in the Treatment of
Patients with de novo Native Coronary
Artery Lesions) trial at 6 months.

In the FIM trial, intravascular ultra-
sound at 2 years showed the slow-
delivery system to be associated with
better lumen volumes, lower neoin-
timal volumes (2.2% at 12 months
and 3.3% at 24 month), and less stent
obstruction. Event-free survival at 2
years was 93%, with a 2.3% incidence

of Q-wave myocardial infarction and
2.3% incidence of target vessel revas-
cularization. No aneurysms, pseudo-
aneurysms, perforations or other 
systemic disorders were observed in
this small (n = 45) trial. 

RAVEL. Dr. Marie-Claude Morice
of the Institut Cardiovasculaire Paris
presented 6-month data from the
RAVEL trial. The restenosis rate was
0% with no significant late loss or
edge effect seen in the drug-eluting
stent group. 

Coated versus non-coated stents.
Dr. Jeff Moses of the Cardiovascular
Research Foundation presented the
early safety data from the U.S.
Multicenter, Randomized, Double-
Blind Study of the Sirolimus-Eluting
Stent in Coronary Lesions trial, com-
paring the coated and non-coated Bx
velocity stent. Unblinded data at 30
days shows a 6.7% major adverse car-
diovascular event rate and a 6.5% rate
of myocardial infarction. A low rate
of subacute thrombosis has been
observed so far.

PCI versus CABG in diabetics. Dr.
Valentin Fuster of the Mount Sinai
Medical Center presented the ration-
ale and design of a diabetic percuta-
neous coronary intervention (PCI)

(sirolimus-eluting stent) versus coro-
nary artery bypass graft (CABG) trial.
Diabetic patients in the post–”inter-
nal mammary artery era” have higher
rates of revascularization when under-
going percutaneous transluminal
coronary angioplasty versus CABG,
though event-free survival from
death, myocardial infarction (MI),
and cerebrovascular accident was
similar between patients. If the drug-
eluting stents are able to nullify the
revascularization rate advantage of

CABG in diabetics and maintain the
equivalent rates of major complica-
tions, the treatment of diabetics 
with multivessel disease will be
approached more commonly in 
the catheterization laboratory. The
Future Revascularization Evaluation
in Patients with Diabetes Mellitus
Optimal Management of Multivessel
Disease Trial (FREEDOM) will address
this important issue.

Other sirolimus studies. Dr.
Alexander Abizaid of the Institute
Dante Pazzanese of Cardiology pre-
sented the Brazilian registry of treat-
ing in-stent restenosis with the
sirolimus-coated Cypher stent. The
late lumen loss seen in this registry
was superior to what was observed in
brachytherapy trials. He concluded
that the implantation of a drug-elut-
ing stent was a safe, feasible, and
effective treatment for in-stent
restenosis. Dr. Vincent Oliva of the
Hospital Notre Dame presented the
results of the Clinical Investigation
of the Sirolimus Coated Cordis
SMART Nitinol Self-Expandable
Stent for the Treatment of Obstructive
Superficial Femoral Artery Disease
(SIROCCO) trial. This trial random-
ized 36 patients to either a 1.25-mg

sirolimus-coated stent or a control,
non-coated stent. At 6 months, there
was a trend toward less in-stent
restenosis in the drug-treated group
(23% vs 31%, P = .29).

Paclitaxel
Paclitaxel is another agent being
studied to prevent restenosis.
Paclitaxel alters the microtubule
dynamic and also interrupts other
cellular and molecular pathways
leading to restenosis. Its dosing
range provides a wide safety margin,
and its lipophilic properties enhance
tissue uptake and sustained effects.

The TAXUS trials. Dr. Gregg Stone
of the Cardiovascular Research
Foundation presented the results of
trials with a polymer-based paclitaxel
(Taxol) delivery system (TAXUS I–VII).
The Boston Scientific TAXUS program
used an inert polymer carrier and
EXPRESS stent platform. The polymer
allows for more consistent dosing,
controlled release kinetics, and struc-
tural integrity. Up to 40% of drug is
lost on stent expansion without a
carrier. It is thought that the small
burst of drug release within the first
24 hours blunts the injury response,
with the sustained, low-level release
permitting healing. In TAXUS I, 
6-month angiographic data showed a
27% diameter stenosis and restenosis
rate of 10% in the control group and
a 14% diameter stenosis and 0%
restenosis in the drug-treatment
group. A 32% reduction of the neoin-
timal volume index was observed
with drug treatment. TAXUS II was an
efficacy study randomizing 537
patients to either a slow-rate release
group or a moderate-rate release
group. Blinded 30-day data shows a
3.4% and 1.9% MI rate, 0.7% and 0%
subacute thrombosis rate, and 4.1%
and 1.9% major adverse cardiovascu-
lar event rate (MACE) in the slow-
and moderated-rate release groups,
respectively. TAXUS III is a single reg-

The restenosis rate in the RAVEL trial was 0% with no significant late
loss or edge effect seen in the drug-eluting stent group.
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istry of 30 patients, with early 30-day
data showing a 3.4% non-Q MI rate,
3.4% target vessel revascularization,
and 6.9% MACE. TAXUS IV is a piv-
otal trial evaluating 1172 patients in
the United States using a slow-
release delivery system, with enroll-
ment expected to begin in 2002.
TAXUS VII will be a pivotal trial
comparing the paclitaxel-impregnat-
ed, polymer-coated stent with
brachytherapy.

ELUTES. The results from the
ELUTES trial comparing four differ-
ent doses of paclitaxel to an uncoat-
ed stent were presented by Dr.
Bernard Chevalier of the Centre
Cardiologie de Nord. The device used
is the V-Flex Plus (Cook, Bloomington,
IN) coated with paclitaxel, adhered
to the abluminal surface using a pro-
prietary process with no polymer.
The 6-month angiographic results
showed a dose–response effect with a
34% diameter stenosis and 21%
binary restenosis rate in the control
stent, 33% diameter stenosis and
20% binary restenosis rate in the
lowest-dose group (0.2 �g/mm2) and
14% stenosis and 3.7% restenosis in
the highest-dose group (2.7 �g/mm2).
Safety data at 1 month showed safety
across the different drug concentra-
tions. In diabetic patients, the rate of
restenosis in the highest-dose group
was about 33% versus near 0% in

nondiabetics. Across all drug doses
in diabetics, paclitaxel was able to
reduce restenosis from about 65% to
between 25% and 33% but did not
achieve the 0%–18% rates seen in
the nondiabetic patients. Binary
restenosis was observed to be lowest
in larger vessels (>3.0 mm) compared
to smaller vessels (<2.5 mm) among
all patients.

Tacrolimus
Dr. Stone presented the in vitro stud-
ies and clinical trials with the JOMED
(Helsingborg, Sweden) tacrolimus-
eluting ceramic and polytetrafluoreth-
ylene (PTFE) stents. Tacrolimus is an
immunosuppressive macrolide that
suppresses T-cell proliferation and
inhibits release of pro-inflammatory

cytokines. Compared to rapamycin,
tacrolimus has much more selectivity
against the smooth muscle cells, thus
sparing endothelial cells. (Paclitaxel
selectivity is intermediate to the other
two agents.)

PRESENT. The Preliminary Safety
Evaluation of Nanoporous Tacrolimus-
eluting stents (PRESENT) study assessed
the safety of the JOMED FlexMaster

stent with a nanoporous ceramic
coating (Figures 1 and 2), both with
and without tacrolimus, in patients,
using angiographic follow-up at 
6 months and clinical follow-up at 
2 weeks, 1, 6, and 12 months. This
ceramic coating is a layer of aluminum
oxide that has good tissue compati-
bility and intrinsic anti-restenotic
properties and has been shown to
reduce both macrophage and lym-
phocyte activity. Thirty patients
received ceramic-coated stents, and
30 received the ceramic-coated stent
including 60 �g of tacrolimus. Two
patients receiving the drug-coated
stent experienced adverse coronary
events requiring target lesion revascu-
larization at 67 days and another at
59 days.

EVIDENT. The Endovascular
Investigation Determining the Safety
of New Tacroliomus-eluting stent

grafts (EVIDENT) trial evaluated the
effectiveness of the PTFE platform in
vein grafts. The stent used a higher
dose (352 �g) of tacrolimus. In 15
patients who received the coated
stent graft, no adverse events were
observed early in the follow-up. 

The conclusion of Dr. Stone, who
presented these early phase I results,
was that the ceramic coating as a

Compared to rapamycin, tacrolimus has much more selectivity against
the smooth muscle cells, thus sparing endothelial cells.

Figure 2. Close-up of nanoporous ceramic coating.

Figure 1. Stent with nanoporous
ceramic coating.
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coating platform for drug delivery is a
promising, antirestenotic coating
with a 30-day major cardiac event
rate of “0.”

Other Trials
DELIVER. The important DELIVER
trial design was presented by Dr.
William O’Neill of the William
Beaumont Hospital. This study, spon-
sored by Guidant Inc. (Indianapolis,
IN), evaluated the safety and effec-
tiveness of the ACHIEVE drug-eluting
(paclitaxel) coronary stent system in
the treatment of 1042 patients with
de novo native coronary artery lesions
(Figure 3). The dose of paclitaxel
used in DELIVER is similar to that
used in the ELUTES trial, which
achieved a 3% restenosis rate using a
non–polymer-based delivery system
on a PENTA stent. This trial has just
completed enrollment, with results
expected to be released soon.

Angiographic follow-up will be
obtained at 8 months. 

STRIDE. The BiodivYsio dexam-
ethasone stent has a polymer coat-
ing that is non-thrombogenic and
non-inflammatory. The Study of
Anti-Restenosis with BiodivYsio
Dexamethasone Eluting Stent
(STRIDE) trial results were presented.
At a dose of 0.5 �g/mm2, dexametha-
sone was able to achieve 6-month
restenosis rates of 15%.

AVAIL. Dr. Nicholas Kipshidzie 
of the Cardiovascular Research
Foundation presented data relating
to the local delivery of a third-gener-
ation c-myc antisense oligonucleotide.
C-myc, as an early expression gene,
is an important proliferative protein
that is elevated after vessel injury

and results in cellular proliferation.
Resten-NG is an antisense oligonu-
cleotide that inhibits the cell cycle at
multiple points, making it effective
regardless of what stage of cell
growth the drug may find the cell in.
Resten-NG has more impact on new
DNA synthesis of smooth muscle cells
than endothelial cells. This selective
effect, sparing the endothelial cells,
allows for the maintenance of proper
endothelial function. The phase II
study evaluating intramural delivery
of resten-NG in patients with focal

de novo stenosis or in-stent restenosis,
The AVAIL trial, is currently evaluat-
ing this agent.

Summary
There is no question that the advent of
drug-eluting stents represents a quan-
tum leap in our ability to effectively
prevent and treat restenosis. However,
unlike “plain old stenting” (POS) this
new pharmaco-mechanical approach
will require that interventional cardi-
ologists have a much clearer under-
standing of stent design, carrier 
properties, and pharmacokinetics, to
maximize the advantages of placing
these expensive devices, than was the
case during the “good old days” of POS.
[Norman E. Lepor, MD, FACC, FAHA,
Alan C. Yeung, MD]

A Randomized Comparison of
the MULTI-LINK Stent with or
without Adjunctive Directional
Coronary Atherectomy in
Coronary Artery Lesion: The
AMIGO Trial
There has been continuous debate in
the interventional community as to
whether proper debulking before
stenting can reduce restenosis rates.
Many avid directional coronary
atherectomy (DCA) operators hold
this notion dear to their hearts.

The Atherectomy before Multilink
Improves Lumen Gain Outcome
(AMIGO) trial was designed to
demonstrate a reduction in late
lumen restenosis in patients treated
with a stent with or without prior
atherectomy, both in de novo and in
restenotic lesion in native coronary
arteries. This study was performed in
six European centers with 753
patients enrolled and randomized.
The study protocol’s aim was to
include complex lesions, such as
bifurcation and ostial lesions, with
length greater than 12 mm. The oper-
ators were encouraged to perform
optimal DCA, aiming for a <20%
residual stenosis before stenting.
Only 21% of the cases achieved this
atherectomy result.

The baseline characteristics were
well matched between the two groups,
with mean lesion length of 14.5 mm
(61% of lesions were >12 mm); 16%
of lesions were on bifurcations, and
10% were ostial in location. The pre-
DCA stenosis was 70%, DCA reduced
stenosis to 32%, and after stenting

Figure 3. The ACHIEVE
Delivery System. Image
courtesy of Guidant
Corporation.

The advent of drug-eluting stents will require that interventional cardiologists
have a much clearer understanding of stent design, carrier properties, and
pharmacokinetics.
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stenosis was reduced further to 1%.
Stenting alone achieved a final
stenosis of 5%.

MACE at 30 days was similar
between the two groups, though a
trend was seen in the DCA + stent
group toward a higher incident of
MI (3.1% [DCA + stent] vs 1.6%
[stent alone], with non-Q wave MI of
2.1% vs 1.3%). Target lesion revascu-
larization was low in each group
(1.6% vs 1.1%). Binary restenosis
rate at follow-up angiography was
24.1% vs 19.6%. If optimal DCA was
performed, restenosis rate was
16.8%, and in the bifurcation group
restenosis was 9.8% with DCA. 

Unfortunately, the AMIGO study
did not achieve the optimal DCA in
complex lesions it was aiming for.
Thus, it still leaves the issue of
atherectomy before stenting unre-
solved. A few observations are now
certain: 1) in simple lesions (short,
focal, non-bifurcation), DCA adds
little benefit to stenting alone; 2) in
complex bifurcation, DCA’s role of
preventing plaque shift remains an
attractive option, with the potential
added benefit of reducing restenosis;
3) optimal DCA + stenting may still
be better than stenting alone, espe-
cially in bulky lesions.
[Alan C. Yeung, MD]

The BNP Multinational Study
This year’s meeting of the ACC pro-
vided the usual complement of multi-
center, randomized trials of treatment
safety and efficacy. One trial, however,
was a prospective, multicenter,
blinded evaluation of the utility of a
diagnostic test, B-type natriuretic
peptide. This trial is important, as it
not only definitively demonstrates
the usefulness of a new blood test for
a cardiac condition, but also has 
created a prototype for future pivotal
trials of diagnostic tests that are
expected in the upcoming era of pro-
teonomics and genomics.

B-Type Natriuretic Peptide
The neurohormone B-type natriuretic
peptide (BNP) is released from ven-
tricular myocytes in response to wall
tension caused by ventricular volume
expansion and pressure overload.
Measurement of BNP has been
approved by the U.S. Food and Drug
Administration (FDA) as an aid to
the diagnosis of congestive heart
failure (CHF). In the prospective
Breathing Not Properly (BNP)
Multinational Study,1 investigators
sought to determine the diagnostic
utility of BNP in the emergency
department (ED) evaluation of dysp-
nea in a broad spectrum of patients. 

Methods
A total of 1586 patients who pre-
sented to the ED with acute dyspnea
as their primary complaint on arrival
underwent measurement of BNP
with a point-of-care device (Biosite
Incorporated, San Diego, CA).
Patients with acute myocardial
infarction or renal failure as the
cause of dyspnea were excluded.
Emergency physicians were asked to
give a blinded, pre-test probability of
the diagnosis being CHF. The gold
standard for CHF was adjudicated by
two independent cardiologists,

blinded to BNP results, who
reviewed all clinical data and stan-
dardized CHF scores. The primary
endpoint was diagnostic accuracy.
The analysis used a Bayesian
approach, which took into account
the a priori pretest probability from
the ED clinician, the BNP test con-
verted to a likelihood ratio through
the range of diagnostic values, and 
a post-test probability generated
from these two values.

Results
The final diagnosis was CHF in 744
(46.9%), a history of CHF and left
ventricular (LV) dysfunction but dys-
pnea due to noncardiac causes in 72
(4.5%), and not CHF in 770 (48.5%).
Median level of BNP in the patients
with CHF as a final diagnosis was
600 pg/mL; in those with LV dys-
function but a noncardiac cause of
dyspnea, 150 pg/mL; and in patients
without CHF, 50 pg/mL (P < .0001).
Among the patients with a final
diagnosis of CHF, BNP levels varied
significantly as a function of New
York Heart Association (NYHA) class;
the median BNP values for NYHA
class I (n = 18), II (n = 152), III 
(n = 351), and IV (n = 276) were 150,
250, 550, and 900 pg/mL, respective-
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Figure 4. Diagnostic accuracy of clinical judgment, B-type natriuretic peptide (BNP) > 100 pg/mL, and both.
P < .0001 for BNP or both versus clinical judgement.
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ly. At a cutoff of 100 pg/mL, BNP had
a diagnostic sensitivity of 90%, a
specificity of 76%, a positive predic-
tive value of 79%, and a negative
predictive value of 89%. For the pri-
mary endpoint of diagnostic accuracy,
clinical judgment (with ED physicians
required to be at least 80% certain of
a CHF diagnosis) achieved an accuracy
of 74.0%, the BNP test achieved an
accuracy of 81.1%, and clinical judg-
ment combined with the BNP test an
accuracy of 81.5% (P < .0001) (Figure
4). In 43% of cases, the ED physician
was uncertain of the final diagnosis
(ED probabilities between 20% and
80%). In these cases, if BNP at a cut-
off of 100 pg/mL clarified diagnosis
in 75%, this left an absolute 11% of
patients in whom there was diagnostic
uncertainty, implying that additional
testing would be warranted. 

Discussion
In conclusion, BNP adds independent
diagnostic information to traditional
components of the CHF evaluation,
including history, physical examina-
tion, and chest x-ray. Mean BNP values
reflect functional class in patients
with heart failure. In patients for
whom the conventional ED diagnosis
of heart failure is equivocal, the use
of BNP at a cutoff of 100 pg/mL will
correctly classify 74% of cases. The
implications of this study are that
BNP should be included as a compo-
nent in the initial diagnostic evalua-
tion of dyspnea, where it can play a
role in confirming the clinical diagno-
sis and, importantly, improving diag-
nostic accuracy in the large proportion
of cases where there is uncertainty. 
[Peter A. McCullough, MD, MPH,
FACC, FACP, FCCP, FAHA]

Eplenerone and Enalapril
Therapy
The renin-angiotensin-aldosterone
system contributes importantly to
the physiologic regulation of salt

and water balance, circulatory
homeostasis, and the maintenance of
blood pressure. In pathologic states
such as hypertension and congestive
heart failure, angiotensin II and
aldosterone may contribute to left
ventricular hypertrophy and remod-
eling.  Angiotensin II induces expres-
sion of multiple genes that mediate
cardiac hypertrophy, including C-
fos, C-jun, C-myc, and TGF-�1.
Aldosterone may promote the
growth of fibroblasts and the synthe-
sis of type 1 and type 2 collagen.
Angiotensin-converting enzyme
(ACE) inhibitors and angiotensin II

antagonists reduce left ventricular
hypertrophy in patients with hyper-
tension. In the Randomized
Aldactone Evaluation Study (RALES),
the addition of the aldosterone
antagonist spironolactone, to
patients with congestive heart fail-
ure already receiving an ACE
inhibitor, resulted in a 30% reduc-
tion in total mortality rate compared
to patients who received placebo.
Addition of spironolactone was asso-
ciated with reductions in death and
in hospitalizations related to heart
failure. 

At the ACC Annual Scientific
Session, Dr. Bertram Pitt and col-
leagues presented the results of a
study that sought to determine
whether aldosterone blockade favor-
ably affected left ventricular hypertro-
phy in patients with hypertension.2

They studied 202 patients with mild
to moderate hypertension and left
ventricular hypertrophy. Patients
were randomized to one of three
therapies including eplerenone, an
aldosterone blocking agent (200 mg
q.d.), enalapril, an ACE inhibitor (40

mg p.o. q.d.), or a combination of
eplerenone (200 mg p.o. q.d.) and
enalapril (10 mg q.d.). The patients
were followed for 9 months. The pri-
mary endpoint was left ventricular
hypertrophy assessed by magnetic
resonance imaging. Left ventricular
mass was reduced by 14.5 g with
eplerenone (P < .05), by 19.7 g with
enalapril (P < .05), and by 27.2 g with
the combination of eplerenone and
enalapril (P < .05). The combination
of eplerenone and enalapril caused a
greater reduction in left ventricular
mass than either eplerenone or
enalapril alone (P = .007). Eplerenone

decreased systolic and diastolic blood
pressure by 23.8 and 11.9 mm Hg,
enalapril by 24.7 and 13.4 mm Hg,
and the combination by 28.7 and
14.4 mm Hg, respectively. In addition,
the urinary albumin/creatinine ratio
decreased by 62% with eplerenone,
compared to 45% for enalapril. The
combination of eplerenone and
enalapril decreased the urinary albu-
min/creatinine ratio by 74%. 

Thus, eplerenone reduced left ven-
tricular mass to a comparable extent
as enalapril in patients with hyperten-
sion. The combination of eplerenone
and enalapril was more effective in
reducing left ventricular mass than
either agent alone. These findings
lend support to a therapeutic strategy
employing aldosterone antagonists in
patients with hypertension and left
ventricular hypertrophy. 
[Mark A. Creager, MD, FACC]

LIFE Study
Clinical trials in hypertension have
tended to confirm that the different
classes of antihypertensive agents
are closely similar to each other in

The combination of eplerenone and enalapril caused a greater reduction
in left ventricular mass than either eplerenone or enalapril alone.
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their ability to prevent major cardio-
vascular endpoints like strokes, heart
attacks, and heart failure. For this rea-
son, much excitement was generated
by the dramatic results of the
Losartan Intervention For Endpoint
Reduction in Hypertension (LIFE)
study that was presented at the 2002
Scientific Session of the ACC. The
data were published almost simulta-
neously in a major journal.3 As the

results of this study are further eval-
uated by experts in this field, it is
quite possible that they will alter
future guidelines for the management
of hypertension.  

The LIFE study provided powerful
insight into the potential value of
using angiotensin-receptor blockers
in hypertension. This double-blind
randomized trial compared 4605
patients treated with losartan-based
therapy to 4588 patients on atenolol-
based therapy. The patients, who
ranged from 55 to 80 years old (aver-
age age: 67), with left ventricular
hypertrophy demonstrated by EKG,

were started on 50 mg of either losar-
tan or atenolol.  To achieve blood
pressure control, the doses of either
drug could be increased to 100 mg
and, if necessary, hydrochlorothiazide
and other agents could be added.
Baseline blood pressure value in the
losartan group was 174/98 mm Hg,
and it fell by 30/17 mm Hg by the
end of the study; the baseline value in
the atenolol group was 175/98 mm

Hg, and it fell by 29/17 mm Hg by the
end of the study.

Despite these virtually identical
blood pressure effects, as shown in
Table 1, there were clear differences in
the effects of the drugs on major end-
points. The primary study endpoint
was a composite of cardiovascular
mortality, stroke and myocardial
infarction, in which losartan pro-
duced a 13% relative risk reduction
(P = .021) compared with atenolol.
Although other endpoints, including
cardiovascular mortality, myocardial
infarction, or hospital admissions for
cardiac events or revascularization

procedures did not achieve signifi-
cance as individual endpoints, there
was a dramatic 25% reduction in
stroke (P = .001) and a 25% reduction
in new-onset diabetes (P = .0001).
Losartan was also significantly 
(P = .001) more effective than
atenolol in causing regression of left
ventricular hypertrophy. Within the
total cohort of 9193 patients, there
were 1195 who had diabetes at base-
line; 586 were randomized to losartan,
and 609 to atenolol. The results in
these pre-specified subgroups are
also shown in Table 1. Outcomes in
these patients were closely similar 
to those of the cohort as a whole,
indicating that the cardiovascular
protective effects of losartan apply to
diabetic as well as non-diabetic,
hypertensive patients.

One of the surprising findings
from this study was that the superi-
ority of the angiotensin-receptor
blocker over the �-blocker was seen
predominantly in stroke prevention.
Previously, there had been a general
assumption that stroke, perhaps
more than any other hypertension
endpoint, was primarily blood pres-
sure dependent and that there would
be no meaningful differences when
comparing antihypertensive drug

Table 1
LIFE STUDY*:  Adjusted† Hazard Ratios (95% CI), Losartan vs Atenolol

Whole Study Diabetic Patients
(Losartan: n = 4605, Atenolol: n = 4588) (Losartan: n = 586, Atenolol: n = 609)

Primary composite endpoint‡ 0.87 (0.77-0.98), P = .021 0.76 (0.58-0.98), P = .031

Cardiovascular mortality 0.89 (0.73-1.07), P = .206 0.63 (0.41-0.95), P = .028

Stroke 0.75 (0.63-0.88), P = .001 0.79 (0.55-1.14), P = .204

Myocardial infarction 1.07 (0.88-1.31), P = .491 0.83 (0.55-1.25), P = .373

New onset diabetes 0.75 (0.63-0.88), P = .001 Not applicable

* Selected endpoints.   
† For degree of left ventricular hypertrophy and Framingham risk score at  baseline.
‡ Cardiovascular mortality, stroke, and myocardial infarction.

Losartan was significantly more effective than atenolol in causing regres-
sion of left ventricular hypertrophy.
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classes. Some support for the possible
importance of interrupting the
renin–angiotensin system in pre-
venting stroke was suggested by 
the Heart Outcomes Prevention
Evaluation (HOPE) study,4 in which
the angiotensin-converting enzyme
(ACE) inhibitor ramipril was signifi-
cantly superior to placebo in reducing
stroke incidence, as well as other car-
diovascular endpoints, in high-risk
patients. Because only a modest
blood pressure difference was reported
in that study between the ACE
inhibitor and placebo, the investiga-
tors argued that non-hemodynamic
actions of the drug could account for
its beneficial effects.

Even more recently, however, 
the Perindopril Protection Against
Recurrent Stroke Study (PROGRESS)
showed a somewhat conflicting
result.5 In patients who had already
experienced a first stroke, the ACE
inhibitor perindopril alone did not
significantly alter the incidence of
recurrent strokes during the trial,
although the combination of the ACE
inhibitor and a diuretic was highly
protective.  Because the combination
therapy reduced blood pressure quite
sharply, this seems to suggest—in
contrast to the HOPE study—that it
was blood pressure reduction rather
than blockade of the renin–
angiotensin system that produced
the beneficial effects on stroke. The
recent LIFE study, though, appears to
support the conclusions of the HOPE
study that angiotensin II blockade
matters, but clearly the last word on
this issue has yet to be said.  

Another finding from the LIFE
study was the superiority of losartan
in producing regression of left ven-
tricular hypertrophy. During the trial
itself this effect did not seem to pro-
duce any obvious benefits in terms
of decreasing the incidence of cardiac
events, although there was a reduc-
tion in hospitalization for congestive

heart failure in the diabetic cohort
treated with the angiotensin-receptor
blocker. Also, because left ventricular
hypertrophy is frequently a precursor
of heart failure, particularly diastolic
dysfunction, it is possible that the
use of losartan over a more prolonged
period of time could ultimately be
shown to prevent the clinical appear-
ance of heart failure. 

With the exception of the special
case of diabetic nephropathy, the
LIFE study is the first major clinical
trial in hypertension in which one
active agent has demonstrated clear
endpoint superiority over another.
What is particularly tantalizing
about this finding is that the com-
parator agent, atenolol, is a member
of the �-blocker class that has been

recommended as a preferred first-
line therapy for the usual treatment
of hypertensive patients.6 It could
now be argued quite validly that the
LIFE study has propelled the
angiotensin-receptor blocker class
into a position where it should now
be strongly considered for routine
use in initiating therapy of hyper-
tension. Losartan and the other
agents in this class are not only
effective at reducing blood pressure,
but are very well tolerated.  It will be
interesting to observe how prescribing
patterns in hypertension, particularly
as far as angiotensin-receptor blockers
are concerned, will change during the
next few years.  
[Michael A. Weber, MD]

Patent Foramen Ovale
Since the advent of transesophageal
echocardiography, with its increased
sensitivity for the detection of
patent foramen ovale (PFO), there

has been great interest in the preva-
lence of PFO and the potential for a
causal relationship in patients with
stroke or transient ischemic attack
(TIA). Because PFOs are present in
27%–35% of patients in large autopsy
series, the probability of finding a
PFO in stroke patients is very high
and proof of its role in permitting
right-to-left passage of embolic
material rare. More recently, percuta-
neous device closure of atrial septal
defects and PFOs has become widely
available, and many patients are
undergoing these procedures based
solely on capability, without data on
proven efficacy. A few early studies
have shown that both TIAs and
stroke often recur even after device
closure, and a number of complica-

tions of the devices themselves have
been reported. Recent data presented
at the ACC Scientific Session by
Windecker and colleagues7 from the
Swiss Cardiovascular Center, Bern,
Switzerland, shed some new light on
the subject.

This study compares the risk of
recurrence following TIA or stroke in
patients undergoing percutaneous
PFO closure with those treated med-
ically. A total of 311 patients with TIA
or stroke related to PFO were retro-
spectively included in a case-control
study. Of these, 161 patients received
medical treatment (oral anticoagula-
tion: n = 80, or platelet inhibitors: 
n = 81), and 150 patients underwent
percutaneous PFO closure. 

The mean age of the study popula-
tion was 50 ± 13 years. The two
groups were matched for age, sex,
and presence of an associated atrial
septal aneurysm. The mean follow-
up was 2.4 ± 1.9 years for the med-

The recent LIFE study appears to support the conclusions of the HOPE
study that angiotensin II blockade matters.
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ical treatment group and 2.2 ± 1.5
years for the device closure group.
The average annual TIA and/or
stroke rate was 6.6% in the medical
group and 4.5% in the device closure
group (P = .08). There were no recur-
rent major strokes in the device clo-
sure group, compared with seven
recurrent events in the medically
treated patients (P = .02). Patients

with two or more events before
enrollment were at higher risk for
recurrence when treated medically
(11% per year), compared to those
with a device closure (5% per year; 
P = .01). Multivariate linear regression
analysis identified arterial hyperten-
sion and more than one embolic
episode at baseline as significant 
predictors for recurrence (odds ratio,
2.2; 95% CI, 1.1-4.9). 

The study showed a nonsignificant
trend toward decreased recurrence for
the combined endpoint of TIA and
stroke and a significant decrease in
recurrent major strokes in patients
with PFO and presumed paradoxal
embolus undergoing percutaneous
device closure when compared with
medical treatment. The subgroup of
patients with two or more events
before enrollment had a significantly
lower recurrence rate after percuta-
neous PFO closure compared with
medical treatment. 

The authors note, as have others,
that TIAs are more common than
major strokes following device clo-
sure. However, the follow-up periods
are relatively short. Although this
study clearly adds to our knowledge
of this problem, it, like its predeces-
sors, is still limited by relatively
small numbers and short follow-up.
The lack of understanding in this

area is surprising, given that there is
no shortage of patients (there are
hundreds of thousands of strokes
and TIAs in the United States each
year), the available medical treatments
are limited and certainly not experi-
mental, and the methods of study
are well established. Although device
closure for PFOs and atrial septal
defects is relatively new, its use is

expanding rapidly despite a lack of
controlled data supporting efficacy.
This is clearly an area in need of far
greater study, because the number of
patients with strokes and/or TIA and
PFO is enormous, and in the vast
majority of patients causality cannot
be proven, and one can only define
association. Thus, as the authors sug-
gest, confirmation of their results by
a prospective randomized trial with
longer follow up is badly needed.
[Arthur E. Weyman, MD]

Acute Coronary Syndromes
INTERACT Trial
Previous trials have demonstrated the
superiority of low-molecular-weight
heparin (enoxaparin) in comparison
to unfractionated heparin in decreas-
ing adverse outcomes (albeit at an

increased risk of bleeding) in patients
with acute coronary syndromes.8,9

The Integrilin and Enoxaparin in
Acute Coronary syndrome Treatment
(INTERACT) trial10 was designed to
determine the safety and efficacy of
enoxaparin in combination with the
glycoprotein IIb/IIIa inhibitor eptifi-

batide. Accordingly, 746 patients
with acute coronary syndromes
(angina at rest with ST segment
changes on electrocardiogram or
serum markers above the upper lim-
its of normal) in 54 hospitals across
Canada treated with aspirin and
eptifibatide (180 �g/kg intravenous
bolus followed by 2.0 �g/kg/min
infusion for 48 hours) were random-
ized to receive unfractionated heparin
(70 U/kg followed by 15 U/kg/hr
infusion or enoxaparin 1 mg/kg 
subcutaneous every 12 hours) for a
minimum of 48 hours. Prescription
of all other medications, the decision
to proceed with coronary angiogra-
phy, and the use of coronary revas-
cularization was left to the discretion
of the investigator. The primary end-
point of the trial was the incidence
of major bleeding at 96 hours and
the trial was sized based upon equiv-
alency between groups. Secondary
endpoints included clinical meas-
ures of efficacy.

Baseline characteristics were simi-
lar between the two groups, with an
80% index myocardial infarction (MI)
rate overall. Coronary angiography
was performed in 62%–65% of
patients at an average of 100 hours,
with 27%–30% of patients undergoing
percutaneous coronary intervention
and 12%–13% undergoing coronary
bypass surgery. At 96 hours, non-
coronary bypass surgery–related

major bleeding was 1.8% versus
4.6%, (P = .03) in the enoxaparin
and unfractionated heparin groups,
respectively, although an alternative
analysis using a different scale with a
high threshold for bleeding revealed
no difference between groups.
Consistent with other trials, minor

The number of patients with strokes and/or TIA and PFO is enormous,
and in the vast majority of patients causality cannot be proven.

The primary endpoint of the INTERACT trial was the incidence of major
bleeding at 96 hours.
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bleeding at 96 hours was observed
more in the group receiving enoxa-
parin and occurred mostly at the
local injection site. Interestingly,
there was a dramatic reduction in
the incidence of Holter monitor–
detected ischemic episodes during
the first 48 hours (14.0% vs 25.1%, 
P = .0002) and during 48–96 hours
(12.7% vs 25.9%, P < .0001) in 
the enoxaparin group, compared to 
the unfractionated heparin group.
Furthermore, at 30 days, the rate of
death and nonfatal MI was 5.0% 
versus 9.0% (P = .031), and the rate
of the composite endpoint of death,
MI, and recurrent ischemia was 8.4%
versus 12.6% (P= .064) in the enoxa-
parin and unfractionated heparin
groups, respectively.

Commentary. This study suggests
that for patients with acute coronary
syndromes and high-risk features
being treated with eptifibatide, the
low-molecular-weight heparin enoxa-
parin improves outcomes in com-
parison to unfractionated heparin 
in terms of safety and efficacy.
However, the optimal duration of
therapy prior to undergoing coronary
angiography and revascularization
requires further study.
[Alice K. Jacobs, MD, FACC]

Percutaneous Coronary
Intervention
Role of Statins Following Percutaneous
Coronary Intervention
Although statins have been shown
to improve outcomes in subjects
with stable coronary heart disease or
acute coronary syndrome, the benefit
of routine use in association with
percutaneous coronary intervention
(PCI) has not been proven. The Lescol
Intervention Prevention Study (LIPS)
Trial, led by Dr. Patrick Serruys, prin-
cipal investigator, enrolled 1677
patients with coronary artery disease
following successful PCI.11 Patients
were randomized to 80 mg (40 mg

twice daily) of fluvastatin or placebo
and were followed for over 3 years.
The mean age of subjects was 60 years,
83% were men, 1.4 lesions were inter-
vened per patient, and 56% received
stents. The mean initial total and
low-density lipoprotein (LDL) choles-
terol levels were 200 mg/dL and 132
mg/dL, respectively. On treatment,
LDL cholesterol levels were 99 mg/dL
and 130 mg/dL for treatment and
placebo groups, respectively. 

The primary endpoint was a major
adverse cardiac event (MACE), such
as cardiac death, nonfatal myocardial
infarction (MI), repeat coronary artery
bypass graft, or PCI. Fluvastatin was
started at an average of 2.7 days after

successful PCI and reduced MACE by
22% (P = .019), with a separation of
the treatment curves at approximately
1.5 years. Event-free time was also sig-
nificantly increased by 34% (P = .002),
and cardiac death was reduced 47% 
(P = .07). Patients with multivessel
disease had a greater primary endpoint
risk reduction (34%), as did those sub-
jects with diabetes (38%). Dr. Serruys
commented that the event curve in
the fluvastatin group appeared to
“flatten out” at about 1 year. The
results strongly support the use of
statins in patients undergoing PCI,
regardless of initial cholesterol level.

The findings of a prospective reg-
istry by Chan and colleagues from the
Cleveland Clinic add further support
to the findings of the LIPS Trial.
Between 1993 and 1999, 6647
patients were enrolled in this registry,
and 23.5% of these patients were on
statins.12 The statin group had a lower
mortality in 30 days (1% vs 2.5%, 
P = .0007) as well as at 6 months
(3.1% vs 4.9%, P = .003). Even after

adjustment for differences in baseline
characteristics between patients on
statins and those not, treatment with
statins at the time of PCI reduced
mortality 6 months following PCI
(relative risk [RR] = 0.66, P = .017).

Similar observations were also
found in a prospective registry from
eight Michigan hospitals of 16,932
patients undergoing PCI between July
1997 and September 2000.13 A total of
9087 patients were on lipid-lowering
therapy before the procedure. The
in-hospital mortality was 0.5% for
those on lipid-lowering therapy, as
compared with 2.8% for those not on
lipid-lowering therapy.  After adjust-
ment for differences in baseline 

characteristics, lipid-lowering therapy
reduced in-hospital mortality signifi-
cantly (RR = 0.31).

These three studies reinforce the
findings of a large number of random-
ized clinical trials of lipid-lowering
therapy and statin therapy in pri-
mary and secondary prevention.
Collectively, these studies emphasize
the need to ensure that all patients
undergoing PCI are adequately evalu-
ated for lipid abnormalities and that
appropriate therapy is instituted. A
number of studies have suggested
that only 30% of patients undergoing
PCI are currently on lipid-lowering
therapy. Programs, such as the
American Heart Association’s Get
with the Guidelines and the
American College of Cardiology’s
Guidelines Applied in Practice pro-
grams, have been developed to insure
compliance with secondary preven-
tion guidelines for all patients hospi-
talized with coronary disease or acute
MI. However, more needs to be done
to insure adequate compliance with

Results strongly support the use of statins in patients undergoing percu-
taneous coronary intervention, regardless of initial cholesterol level.
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current recommendations. 
The results of the LIPS randomized

trial and the previously reported
Health Protection Study would also
support the concept that all patients
undergoing PCI, regardless of initial
lipid levels, should be started on
statin therapy. The lack of correlation
between outcome and initial lipid
values suggests that the non-lipid

effects of statins may be more impor-
tant than their lipid-lowering effects.
A number of abstracts from the
American College of Cardiology
meeting emphasize the importance 
of markers in inflammation, such as 
C-reactive protein or interleukins, on
the short- and long-term outcome of
PCI. The benefits of statins may be
more related to their anti-inflamma-
tory effects than to other potential
mechanisms. 

This is the first trial to demonstrate
that patients undergoing PCI benefit
at least as much from cholesterol low-
ering as stable coronary heart disease
patients do. Further study is needed
to determine the mechanism of ben-
efit of statins in patients with coro-
nary disease, but until then, more
aggressive use of these agents in PCI
patients is clearly warranted.
[David P. Faxon, MD, FACC, Robert
A. Vogel, MD, FACC]

Electrophysiology
MADIT II Trial
The results from the Multicenter
Automatic Defibrillator Implantation
Trial II (MADIT II) were presented at
the American College of Cardiology
meetings by its principal investigator,
Dr. Arthur J. Moss of the University
of Rochester Medical Center.14 This
was a primary prevention trial that

evaluated survival benefit of an
implanted cardiac defibrillator (ICD)
in patients with a left ventricular
ejection fraction (LVEF) of 0.30 or
less who had a prior myocardial
infarction (MI). The 1232 enrolled
patients were randomized in a 3:2
ratio to receive an ICD or conven-
tional medical therapy. Patient exclu-
sion criteria included New York

Heart Association functional Class IV
for heart failure at enrollment;
coronary revascularization within 
3 months of enrollment; MI within 1
month of enrollment; and advanced
cerebrovascular disease. The follow-
up average was 20 months. The clin-
ical characteristics were similar
between groups. For example, for the
ICD and conventional therapy group,
respectively, mean age was 64 and
65 years, percent with left bundle
branch block was 19% and 18%, and
LVEF was 23% versus 23%. Similarly,
use of angiotensin-converting enzyme
inhibitors was 68% and 72%, and �-
blocker use was 70% for both groups. 

Results. During an average follow-
up of 20 months, the mortality rate
was 14.2% in the ICD group, com-
pared with 19.8% in the convention-
al-therapy group, with a hazard ratio
of 0.69 for risk of death from any
cause in the ICD group compared
with the conventional-therapy group
(P = .016). The Kaplan-Meier survival
estimates demonstrated that the sur-
vival curves began to separate at 9
months. There was a reduction in the
rate of death after ICD therapy of
12% at 1 year and 28% at 2 years. Of
note, there was a slightly higher 
incidence of new or worsened heart
failure in patients who received 
a defibrillator. 

Commentary. The MADIT II study
supports and extends the observa-
tions of the Multicenter Unsustained
Tachycardia Trial (MUSTT) and the
Multicenter Automatic Defibrillator
Implantation Trial I (MADIT I). All
three multicenter randomized trials
clearly demonstrate that prophylactic
implantation of an ICD in high-risk
patients with coronary artery disease
substantially reduces overall mortality.
MUSTT and MADIT I enrolled patients
who had coronary artery disease with
LVEFs of 40% or less (MUSTT) or 35%
or less (MADIT I). Furthermore, these
patients required the presence of
nonsustained ventricular tachycardia,
and at electrophysiologic study, sus-
tained ventricular tachyarrhythmias
were induced. Patients enrolled in
MADIT II required much simpler
entrance criteria. They all had evidence
of coronary artery disease with a LVEF
of 0.30 or less, but they did not
require inducible sustained ventricu-
lar tachycardia or the presence of
nonsustained ventricular tachycardia
for enrollment. Thus, these patients
would be easy to identify in any clin-
ician’s practice by merely analyzing
the ejection fraction of patients with
documented coronary artery disease,
likely ones with previous MI. Some
estimate the prevalence of such
patients in the United States at more
than 100,000.

How should the clinician integrate
the results of MADIT II in the treat-
ment of their patients? The “simple”
answer would be to identify all such
patients and refer them to an elec-
trophysiologist for further care.
Unfortunately, there is no indication
for ICD implantation in a MADIT II
patient at the time of this writing.
Thus, until such an indication is
given, it would be wise to search 
out such patients and at least refer 
them to an electrophysiologist for
potential electrophysiologic studies.
Assuming an indication is given for

The benefits of statins may be more related to their anti-inflammatory
effects than to other potential mechanisms.
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MADIT II patients to receive an ICD,
I feel it would still be in the best
interest of the patient to have an
electrophysiology consultation to
see if further testing is necessary, or
if they are indeed the best candidates
to receive an ICD. One should
remember that the survival benefit
in MADIT II, although significant,
was less than that noted in MUSTT
and MADIT I, in which patients
received electrophysiologic testing.
The slight yet disturbing increase 
in congestive heart failure in 
patients who received an ICD in
MADIT II deserves more study, 
but does not preclude the use of 
ICD in these patients if an indication
is given. 

The AFFIRM Trial
D. George Wyse, MD, of the
University of Calgary, Alberta,
Canada presented the results from
the Atrial Fibrillation Follow-
up Investigation of Rhythm
Management (AFFIRM) Trial, a
National Heart, Lung, and Blood
Institute–funded study involving
213 U.S. and Canadian centers. The
study evaluated patients with per-
sistent atrial fibrillation randomized
to either rate or rhythm control. The
primary endpoint of the study was
all-cause mortality. There were 4060
patients randomized, with at least 
2 years of follow-up achieved for
each patient. Enrollment consisted
of patients who were 65 years or
older, or if under 65 years they had
at least one of the following risk fac-
tors: high blood pressure, diabetes,
previous stroke, or poor ventricular
function. All individuals were able to
take anticoagulation medication.
Most importantly, the enrolling
physician made the judgment that
long-term treatment could be appro-
priate using either rate or rhythm
control. Drugs for rate control were
digoxin, �-blockers, or calcium

channel antagonists, and they were
used in relatively similar propor-
tions. Rhythm control medication
included amiodarone, sotalol, and
propafenone, with amiodarone and
sotalol being used more frequently. 

Results. At follow-up, 60% of
patients who were assigned to the
rhythm control group were in nor-
mal sinus rhythm, and successful
rate control was present in 80% of
patients assigned to the rate-control
limb of the study. The primary end-
point of mortality was not different
between rate and rhythm control
groups. When strokes occurred, it
was typically in patients who either
stopped warfarin or in whom the
international normalized ratio fell
below 2.0. 

Commentary. The outcome of
AFFIRM should help physicians
manage patients with atrial fibrilla-
tion. In essence, for patients in
whom rate control is an acceptable
form of treatment, there appears to
be no mortality advantage in trying
to maintain sinus rhythm. It is
important to stress that the entry 
criteria for AFFIRM included patients
in whom rate control was an accept-
able form of therapy. In other words,
if patients have good rate control yet
continue to experience troubling
symptoms, the data from AFFIRM
are not applicable to them. The 
data from AFFRIM may not apply 
to the younger patients with parox-
ysmal atrial fibrillation, in whom
rate-control therapy may not be
appropriate. Thus, it is important for
the clinician to avoid extrapolating
the results from AFFIRM to all
patients they see with atrial fibrilla-
tion, but rather to use these data 
as an important new finding for
those individuals who have AFFIRM-
like qualities.
[Eric N. Prystowsky, MD]
[Note: Dr. Prystowsky serves as a consultant
for Guidant Corporation.]

Heart Failure
Vasopeptidase Inhibition in Chronic
Heart Failure
Neurohumoral activation plays a key
role in the initiation and progression
of heart failure. Neutral endopepti-
dase (NEP) inhibitors are a new class
of pharmaceutical agents that have
been shown to increase activity 
of endogenous vasodilators. NEP
inhibitors inhibit the activity of 
the enzyme neutral endopeptidase,
which degrades the natriuretic pep-
tides (atrial, B-type, and C-type
natriuretic peptides), bradykinin,
and adrenomedullin. These inhibitors
may provide additional benefit in
heart failure, because they target
the imbalance between endogenous
vasoconstrictors and vasodilators in
heart failure more than angiotensin-
converting enzyme (ACE) inhibition
alone. Vasopeptidase inhibitors pro-
vide dual inhibition against NEP and
ACE. Ompatrilat is a vasopeptidase
inhibitor that has been shown in pre-
liminary trials to improve functional
status in patients with heart failure
compared to an ACE inhibitor. 

The Omapatrilat Versus Enalapril
Randomized Trial of Utility in
Reducing Events (OVERTURE) trial
was designed to evaluate this new
class of therapy in patients with mild
to severe heart failure. The trial
enrolled 5770 patients with New York
Heart Association (NYHA) Class II-IV
heart failure, left ventricular ejection
fraction (LVEF) ≤ 0.30, and at least
one hospitalization for heart failure
in the past 12 months.15 Patients were
randomized to uptitration with the
ACE inhibitor enalapril to target dose
10 mg b.i.d. or omapatrilat to target
dose 40 mg q.d. The primary end-
point was all-cause mortality and
heart failure hospitalizations. The
trial had a 98% power to detect a 15%
difference in the composite endpoint.
The study also pre-specified a non-
inferiority comparison.
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Baseline characteristics of patients
included mean age of 63 years, blood
pressure 124/74, mean LVEF 0.24,
with 48% of patients NYHA class II
and 48% class III. Baseline medica-
tion use included �-blocker therapy
in 52%, spironolactone in 42%, and
digoxin in 60%. The results of the
study were presented by Dr. Milton
Packer (Columbia University, New
York). The risk of death and heart
failure hospitalization were similar
between enalapril-treated patients,
33.7%, and omapatrilat-treated
patients, 31.6%, odds ratio (OR) 0.94
(95% confidence interval [CI] 0.86-
1.03, P = .187). Additional results are
shown in Table 2. There was no sig-
nificant heterogeneity by various
subgroups. Omapatrilat was associat-

ed with a higher rate of hypotension
(19.5% vs 11.5%, P < 0.001) and
dizziness (19.4% vs 13.9%, P < .001)
compared to enalapril. There was,
however, no significant difference in
the incidence of angioedema (0.8%
vs 0.5%).

This study showed that the combi-
nation of ACE and NEP inhibition
with omapatrilat was equivalent to
ACE inhibition with enalapril for car-
diovascular morbidity and mortality

in patients with heart failure.
Omapatrilat use was associated with
more hypotension and dizziness.
These disappointing results may
imply that heart failure patients are
relatively resistant to natriuretic pep-
tides, or alternately that excess
hypotension negated the potential
benefits of neutral endopeptidase
inhibition. ACE inhibitors, �-blockers,
and aldosterone antagonists remain
the standard of care for heart failure
due to systolic dysfunction. 

Endothelial Receptor Antagonists in
Chronic Heart Failure
The endothelin system is activated
in patients with heart failure, and
plasma endothelin-1 levels correlate
with disease severity and a worse

prognosis. Endothelin receptor
antagonists have been developed to
block this neurohumoral system. In
animal models of heart failure,
endothelin receptor antagonists
have produced improved survival. In
a prior trial, Enrasentan Cooperative
Randomized Evaluation (ENCOR),
when the mixed ET-A and ET-B
receptor antagonist enrasentan was
added to standard heart failure ther-
apy clinical status did not improve,

and clinical outcomes appeared to
worsen. Bosentan is also a mixed 
ET-A/ET-B receptor antagonist. The
Endothelin Antagonist Bosentan for
Lowering Cardiac Events in Heart
Failure (ENABLE) I and II trials were
designed to determine if the addition
of bosentan to standard heart failure
therapy improves clinical outcomes. 

The study enrolled patients with
NHYA Class IIIb and IV heart failure
with LVEF ≤ 0.35. Patients were ran-
domized to bosentan 62.5 mg b.i.d.
followed by up titration to 125 mg
b.i.d. in 4 weeks. This represents
doses that are 1/8–1/4 of doses used
in prior studies. The primary endpoint
was the composite of death or heart
failure hospitalization. The study
randomized 1613 patients with
mean age 67 years, LVEF 0.25, and
blood pressure 120/75. The results of
this study were also presented by
Dr. Milton Packer of Columbia
University.16 The rate of death or
heart failure hospitalization was
39.7% with placebo and 38.8% with
bosentan, OR 1.01, P = .90. For all
cause mortality the rate was 21.4%
with placebo and 19.4% with bosen-
tan, OR 0.94, P = .54. There appeared
to be an early increased risk of mor-
tality with bosentan followed by the
survival curves converging. An early
and sustained increase in edema and
increased body weight with bosen-
tan was noted in the trial. There was
also a significant increase in bosen-

The risk of death and heart failure hospitalization were similar between
enalapril-treated patients and omapatrilat-treated patients.

Table 2
Results of the OVERTURE Trial 

Endpoint Enalapril (n = 2884) Omapatrilat (n = 2886) Hazard ratio (95% CI) P value 

Death/CHF hospitalizations 973 (33.7%) 914  (31.6%) 0.94 (0.86-1.03) .187 

All-cause mortality 509 477 0.94 (0.83-1.07) .339 

CV death/CV hospitalization 1275 1178 0.91 (0.84-0.99) .024 

Ischemic events 578 537 0.93 (0.83-1.05) .233
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tan-treated patients with abnormal
liver function tests (>3 � control:
3.4% placebo and 9.6% bosentan, 
P < .001).

The oral endothelin antagonist
bosentan failed to reduce the risk of
death or hospitalization in patients
with chronic heart failure treated
with standard therapy. There was a
significant increased in fluid reten-
tion with this agent that occurred
within 2 weeks and was sustained
over the course of the study. The
mechanisms for this deleterious

effect will require further study.
Endothelin antagonists with the
doses and agents studied to date
appear to offer no benefit and have
the potential for harm in patients
with chronic heart failure. Despite
initially high expectations for the
therapeutic role of endothelin recep-
tor antagonists in systemic hyperten-
sion, post-myocardial infarction, and
heart failure, the role of these agents
may end up being confined to patients
with pulmonary hypertension.
[Gregg C. Fonarow, MD] 

WIZARD and AZACS Trials
Although inflammation clearly plays
an important role in the develop-
ment of atherosclerosis, the role of
infection is less clear. Smaller trials
have shown variable effects of
antibiotics on cardiovascular events
in subjects with coronary heart dis-
ease. The WIZARD trial (Michael
Dunne, principal investigator) evalu-
ated the effect of azithromycin on
cardiovascular events in 7747 coro-
nary heart disease subjects with at
least 1:16 positive titers for
Chlamydia pneumoniae, who were

more than 6 weeks post-MI. Subjects
had not undergone revascularization
in at least 6 months. Azithromycin
was given as 600 mg/day for 3 days
and then weekly for another 11 weeks.
Among subjects, the mean age was
62 years, and 18% were female.
Statins and aspirin were used in 67%
and 87% of subjects, respectively. At
a 2.1-year mean follow-up, there was
no significant reduction in the risk
ratio of the primary composite end-
point of death, MI, revascularization,
and hospitalization for angina (hazard

ratio, 0.93; confidence interval,
0.83–1.05; P = .23), nor in any of the
endpoint components. Those sub-
jects who were male, smokers, and
diabetic experienced stronger trends
toward benefit, but none were statis-
tically significant.

The Azithromycin After Acute
Coronary Syndrome (AZACS) study
(Bojan Cercek, principal investigator)
evaluated the effect of azithromycin
in subjects enrolled shortly after
admission for acute coronary syn-
drome. A single dose of azithromycin
500 mg was followed by 4 days of 
250 mg initiated 3–4 days after admis-
sion in 1439 subjects, 826 of whom

had experienced an acute MI. After 
6 months of follow-up, there was no
difference in the composite primary
endpoint of death, nonfatal MI, and
revascularization (14.3% vs 14.9%, 
P = NS), nor in any of its components.

Clinical Message. The WIZARD

and AZACS studies provide 
strong evidence that antibiotic
azithromycin does not reduce car-
diovascular risk after either acute MI
or unstable angina. Although infec-
tion may play a role in the develop-
ment of atherosclerosis, once the
disease is present, antibiotics do not
appear to be helpful.
[Robert A. Vogel, MD]

Coronary Stents
ISAR-STEREO-2 Trial
Several factors, such as patient char-
acteristics, lesion morphology, and
stent implantation techniques, have
been shown to influence the rate of
in-stent restenosis. However, the
results of the Intracoronary Stenting
and Angiographic Results: Strut
Thickness Effect on Restenosis
Outcome-2 (ISAR-STEREO-2) trial17

suggest that stent thickness may also
play a role. In this study reported by
Dr. Helmut Schuhlen of the German
Heart Center in Munich, Germany,
611 patients undergoing percuta-
neous coronary intervention were
randomly assigned to receive the
first-generation Multi-Link® stent
(Guidant Corporation, Indianapolis,
IN) with 50-�m struts or the Bx
Velocity™ stent (Cordis Corporation,
Miami, FL) that has 140-�m struts.
Patients with complex lesions were
included in the study, and baseline
characteristics were similar between
groups. The primary endpoint of the

trial, angiographic restenosis rate,
was 17.9% in the Multi-Link stent
group compared with 31.4% in the
Bx Velocity stent group (P < .001), a
43% reduction (relative risk 0.57,
95% confidence interval, 0.42-0.78).
In addition, median lumen diameter

Endothelin antagonists with the doses and agents studied to date appear
to offer no benefit and have the potential for harm in patients with
chronic heart failure.

Although infection may play a role in the development of atherosclerosis,
once the disease is present, antibiotics do not appear to be helpful.
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at 6 months was significantly larger
(1.96 mm) with the thin-strut stent
in comparison to the thicker-strut
model (1.70 mm). Target vessel
revascularization was also signifi-
cantly reduced in patients who
received stents with thin struts
(12.3% vs 21.9%). As anticipated,
survival without myocardial infarc-
tion at 1 year was no different
between groups (95.1% vs 93.7%).
However, although procedural suc-

cess was similar, device success was
lower with the Multi-Link versus 
the Bx Velocity stent (87.1% vs
99.0%), a difference attributed to the
fact that the Multi-Link stent is 
a first-generation device, whereas
the Bx Velocity stent is a more 
recent design.

This study corroborates and
extends the findings of the ISAR-
STEREO-1 trial,18 which reported
that stents with similar design but
different strut thickness were associ-
ated with different restenosis rates. Six
months following the procedure, the
stent with thinner struts (Multi-Link)
was associated with a 15.0% resteno-
sis rate, compared to 25.8% with the
thicker struts (Multi-Link Duet). 

Commentary. This trial demon-
strates that there may be significant
differences in restenosis rates based
on stent thickness independent of
design that should be taken into
account when deciding among vari-
ous stents for specific patients and
lesions. Whether thinner stent struts
are associated with less acute vessel
injury and wall stress or facilitate
more rapid re-endothelialization will
require further study. However, the
findings of this study have the
potential to influence the results and

design of future trials evaluating the
influence of drug-eluting stents on
the incidence of restenosis.

COAST Trial
In contrast to the promising results
of several preliminary trials reporting
dramatically reduced restenosis rates
in patients treated with paclitaxel-
and sirolimus-eluting stents, trial
results with heparin-coated stents
continue to be disappointing. In the

Heparin-Coated Stents in Small
Coronary Arteries (COAST) trial,19

reported by Dr. Michael Haude of
the University Essen in Germany,
600 patients from 21 centers in
Europe with small (2.0–2.6 mm)
coronary arteries were randomly
assigned to treatment with balloon
angioplasty, a bare stent, or a heparin-
coated stent. Baseline characteristics
were similar among the groups, and
all patients were pretreated with
aspirin and 10,000 units of heparin.
Patients in the stent groups also
received ticlopidine for 2–4 weeks
post-procedure. The primary end-
point of the trial, restenosis at 
6 months, was no different among

groups (32% balloon angioplasty,
25% bare stent, 30% heparin-coated
stent). Late loss was also similar
among the three groups. As expected
by the size of the trial, there was no
difference in event-free survival.

Commentary. This trial is consis-
tent with previous studies reporting
minimal efficacy in improving long-

term outcomes in patients treated
with heparin-coated stents and adds
yet another study showing no differ-
ence in restenosis rates between bal-
loon angioplasty and stents in
patients with small coronary arteries. 
[Alice K. Jacobs, MD, FACC]

Percutaneous Coronary
Intervention
DANAMI-2
Controversy continues to swirl
around issues of the optimal reperfu-
sion strategy for acute myocardial
infarction (MI). Because of the large
number of patients with the disease,
and the documented benefit of two
very different reperfusion strategies
with different logistics and different
risk/benefit ratios, large-scale studies
have been required. The Danish
Multicenter Randomized Trial on
Thrombolytic Therapy Versus Acute
Coronary Angioplasty in Acute
Myocardial Infarction (DANAMI-2) is
one such study, which evaluates the
strategies of care across the spectrum
of patients at a range of institutions. 

This study, presented by principal
investigator Dr. Henning Rud
Andersen of Skejby Hospital, Århus
University Hospital, was performed
at five percutaneous coronary inter-
vention (PCI) centers and 24 referral
centers in Denmark, which together
treat approximately two thirds of the

entire Danish population. It was
aimed at evaluating fibrinolytic 
therapy with 100 mm of front-
loaded tissue-type plasminogen acti-
vator versus PCI with a stent in
patients with ST segment elevation
MI. The study included patients with
ST segment elevation MI, with the
onset of symptoms within 12 hours

The primary endpoint was a composite of death, reinfarction, or disabling
stroke within 30 days of the initial event. 

Target vessel revascularization was significantly reduced in patients who
received stents with thin struts.
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of randomization, in whom the
transfer time from presentation at
the referral hospital to the catheteri-
zation laboratory was ≤ 3 hours.
Important study exclusion criteria
were a contraindication to fibrinolysis,
cardiogenic shock, or persistent, life-
threatening, ventricular arrhythmias.
The primary endpoint was a com-
posite of death, reinfarction, or dis-

abling stroke within 30 days of the
initial event. 

Based upon the study assump-
tions, 1900 patients were to be
enrolled; the study was stopped
early. Baseline demographics were
similar between the two groups,
with a mean age of approximately 63
years, 75% being male, and approxi-
mately 50% with anterior MI. In the
five angioplasty centers, 443 patients
were randomized to either PCI or
fibrinolysis; in the referral hospitals,
1129 were randomized to either fib-
rinolysis or ambulance transfer for
PCI. In the patients randomized to
early- or urgent-transfer, serious
events during transfer were very
infrequent, with ventricular fibrilla-
tion at 1.4%, atrial fibrillation at
2.5%, and no mortality. 

An important aspect of the trial
was the actual treatment rate in each
limb of the trial, which was very
high. Of patients randomized to fib-
rinolytic treatment, 99% were treated
with it; 99% of the PCI patients had
an angiogram, and 87% of these
were treated with a PCI.

The results of DANAMI-2 were dra-
matically positive. Of the 1572
patients randomized, there was
approximately a 40% reduction
(from 13.7% to 8%) in the primary

endpoint of death, reinfarction, or
stroke, at 30 days in patients under-
going PCI. For each of the individual
components of the primary endpoint,
the PCI group had improved outcome;
individually, however, the only signif-
icant difference between the groups
was with reinfarction (6.3% fibrinoly-
sis vs 1.6% PCI, P < .0001). The primary
composite endpoint was reduced,

irrespective of whether the patients
were seen initially at referral hospitals
or at one of the five PCI centers. 

The DANAMI-2 trial is extremely
important, and has major implica-
tions for the development of regional
infarction centers. The investigators’
conclusion stands by itself: with expe-
rienced centers, an initial strategy of
transferring patients with ST segment
elevation MI to centers for primary
PCI is superior to fibrinolysis, when
the transfer time is within 3 hours. 
[David R. Holmes, Jr., MD]

AMISTAD II Trial
The first Acute Myocardial Infarction
Study of Adenosine (AMISTAD I)
demonstrated a benefit on infarct
size in patients with anterior MI, but
not in patients with inferior infarcts.
Among the latter there was an

increase in bradycardia and
hypotension. AMISTAD II, presented
by Dr. Allan M. Ross, was confined to
patients with anterior infarcts within
6 hours of symptom onset and was a
much larger multicenter and multi-
national study, involving 2118

patients.20 All patients underwent
reperfusion therapy with primary
angioplasty or fibrinolytics, and
were randomized to three different
treatment groups: placebo, adenosine
50 �g/kg/min for 3 hours, or adeno-
sine 70 �g/kg/min for 3 hours.
Protocol also specified that the
adenosine groups would be pooled
for analysis.

The primary combined endpoint
was death, adjudicated congestive
heart failure (CHF) on the index
admission, or rehospitalization for
new CHF up to 6 months after MI.
Infarct size as defined by sestamibi
single photon emission computed
tomography at 5 days was the sec-
ondary endpoint.

Results
The primary combined endpoint
results were 18%, 16%, and 15% in
the placebo, pooled adenosine, and
high-dose adenosine subgroups,
respectively. The difference was not
statistically significant, although the
relative reduction versus placebo was
17% in patients receiving high-dose
adenosine. Among patients in whom
reperfusion was judged to be success-
ful, the 6-month event rate was 11%
versus 15% with placebo (P = .043),
whereas in the presence of reperfusion
failure, the corresponding rates were
33% and 34%, respectively (P = ns).
We do not know at this stage what
the definitions were for successful
versus unsuccessful reperfusion. 

When the data were broken down
according to the time of treatment,
the event rates were 9% and 13% in
adenosine and placebo groups treated
within 2 hours of symptom onset.
Among patients treated 2 to 4 hours
after symptom onset, the event rates

The results of DANAMI-2 were dramatically positive.

When the data were broken down according to the time of treatment, the
event rates were 9% and 13% in adenosine and placebo groups treated
within 2 hours of symptom onset.  
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were 16% and 18%, and after 4 hours
the trend was toward a higher event
rate in the adenosine group (22% vs
20%; P = ns). 

The secondary endpoint of infarct
size as a percentage of the left ventri-
cle was 26% in placebo treated
patients, 23% with low-dose adeno-
sine (P = .122), and 11% (P = .028) in
the high-dose adenosine groups. Also
of interest was the correlation between
infarct size and clinical events. Among
patients who had a clinical event at
6 months (s/CHF), the average
infarct size was 43%, versus 17% in
those without events (P = .001).

Comment
One of the new frontiers of reperfu-
sion therapy is the shift “downstream”
from flow in the epicardial infarct-
related artery to the entity of myocar-
dial perfusion or malperfusion.21–23

Myocardial malperfusion is com-
mon, and in one series of patients
with successful primary percutaneous
coronary angioplasty, 16% of
patients with Thrombolysis in
Myocardial Infarction (TIMI) Grade
3 flow demonstrated the no-reflow
phenomenon on myocardial contrast
echocardiography.23 Moreover, the
severity of myocardial malperfusion
as determined angiographically by
the measurement of myocardial
blush, has a major impact upon 
late prognosis, independent of TIMI
flow grades.22

Several techniques for measuring
myocardial perfusion are under 
evaluation, and although magnetic
resonance imaging may be the most
sensitive, it is also the most costly.
The most practical technique from a
clinical standpoint is the speed and
extent of electrocardiographic ST-
segment resolution.24 Future devel-
opments in intravenous contrast 
will hopefully increase the applicabil-
ity of myocardial contrast echocar-
diography. 

Mechanisms
Microvascular dysfunction after
reperfusion therapy is well docu-
mented, frequent, and clinically rel-
evant. To what extent this is due to
microvascular spasm, as opposed to
obstruction secondary to thrombus,
platelet aggregation, or atheroem-
bolism, remains to be determined,
and is probably multifactorial, with
considerable variability among
patients.25,26 On the other hand, the
concept of “lethal reperfusion
injury” is much more controversial.25

This entity probably does exist, at
least in some animal models, but its
clinical relevance is uncertain, as 
is the extent to which this can be
ameliorated in the clinical setting. 

Therapeutic Implications
There are many potential targets for
the modification of microvascular
dysfunction and reperfusion injury.
Before coming back to the AMISTAD
II Trial, we need to realize that
although the agenda has been a large
one, the results of randomized 
controlled trials to date have been
rather unimpressive.27,28 Agents and
approaches that have shown some
promise include adenosine, nico-
randil, magnesium, glucose-insulin-
potassium, aqueous oxygen, and
hypothermia.27,29 IIb/IIIa inhibitors
appear to exert some effect in
patients undergoing reperfusion
therapy, suggesting that platelets
and thrombo-emboli play some role.
In one trial, Abciximab before Direct
Angioplasty and Stenting in
Myocardial Infarction Regarding
Acute and Long-term Follow-up
(ADMIRAL), in which many patients
received IIb/IIIa inhibitors (abcix-
imab) prior to reperfusion therapy,
the results were positive, but less so
in the Controlled Abciximab and
Device Investigation to Lower Late
Angioplasty Complications (CADIL-
LAC) Trial.28

Another problem relates to the
timing of the administration of agents
aimed at minimizing myocardial vas-
cular dysfunction and/or reperfusion
injury. Perhaps after 2–4 hours of
symptoms it is already too late to
exert an appreciable impact on the
microvasculature? On the other
hand, if patients were treated within
60 to 70 minutes of symptom onset,
the relatively low mortality and
small extent of myocardial necrosis
would make it extremely difficult to
demonstrate any additional effect as
a result of an improvement in
myocardial perfusion. 

Conclusions
The AMISTAD II Trial does provide
some encouragement in an area of
investigation that has been charac-
terized to date by enthusiasm based
upon experimental data, only to be
followed by disappointment when
the agents were subjected to the
more rigorous scrutiny of a clinical
trial. There are several mechanistic
reasons why adenosine could be
beneficial as a cardioprotective agent;
it is a mediator of ischemic precondi-
tioning, reduces free radical forma-
tion, preserves energy stores, inhibits
neutrophil activity, and plays a role
as a local regulator of coronary blood
flow through its effects on coronary
vasomotor tone.30,31

The AMISTAD II trial is too small
to provide definitive answers, and
there was actually no statistically 
significant difference in the primary
endpoint of death and CHF.
Nonetheless, the trends are all in the
right direction, and the reduction in
infarct size with a higher dose of
adenosine is quite encouraging.
Clinical data also suggest that
adenosine may be particularly effec-
tive in patients undergoing successful
reperfusion and among those whose
treatment was started early. The drug
appears to be safe, and perhaps we
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Main Points
• In the First in Man trial, intravascular ultrasound at 2 years showed the slow-delivery system with sirolimus to be 

associated with better lumen volumes, lower neointimal volumes, and less stent obstruction.

• In the TAXUS I trial, evaluating stents with a polymer-based paclitaxel delivery system, 6-month angiographic data
showed a 27% diameter stenosis and restenosis rate of 10% in the control group and a 14% diameter stenosis and 
0% restenosis in the drug-treatment group.

• The AMIGO trial demonstrated that in simple lesions, directional coronary atherectomy (DCA) adds little benefit to
stenting alone, and that in complex lesions, such as ostial or bifurcation locations, DCA’s role of preventing plaque
shift remains an attractive option, with the potential added benefit of reducing restenosis.

• The results of the BNP Multinational Study imply that B-type natriuretic peptide should be included as a component
in the initial diagnostic evaluation of dyspnea, where it can play a role in confirming clinical diagnosis (heart failure
versus none) and improving diagnostic accuracy in the large proportion of cases where there is uncertainty.

• The results of a study that sought to determine whether aldosterone blockade favorably affected left ventricular
hypertrophy in patients with hypertension demonstrated that the combination of eplerenone and enalapril was more
effective in reducing left ventricular mass than either agent alone.

• The LIFE study has propelled the angiotensin-receptor blocker class into a position where it should now be strongly
considered for routine use in initiating therapy of hypertension.

• A study comparing the risk of recurrence following transient ischemic attack or stroke in patients undergoing 
percutaneous patent foramen ovale closure with those treated medically showed a significant decrease in recurrent
major strokes in patients undergoing percutaneous device closure when compared with medical treatment.

• The INTERACT study suggests that for patients with acute coronary syndromes and high-risk features being treated
with eptifibatide, the low-molecular-weight heparin enoxaparin improves outcomes in comparison to unfractionated
heparin in terms of safety and efficacy.

• The results of the LIPS study strongly support the use of statins in patients undergoing percutaneous coronary 
intervention (PCI), regardless of initial cholesterol level.

• The MADIT II study clearly demonstrated that prophylactic implantation of an implanted cardiac defibrillator in
high-risk patients with coronary artery disease substantially reduces overall mortality.

• The outcome of the AFFIRM trial, which randomized patients with persistent atrial fibrillation to either rate or rhythm
control, showed that for patients in whom rate control is an acceptable form of treatment, there appears to be no
mortality advantage in trying to maintain sinus rhythm.

• The OVERTURE trial showed that the combination of angiotensin-converting enzyme (ACE) and neutral endopeptidase
inhibition with omapatrilat was equivalent to ACE inhibition with enalapril for cardiovascular morbidity and mortality
in patients with heart failure.

• In the ENABLE trial, the oral endothelin antagonist bosentan failed to reduce the risk of death or hospitalization in
patients with chronic heart failure treated with standard therapy.

• The WIZARD and AZACS studies provide strong evidence that antibiotic azithromycin does not reduce cardiovascular
risk after either acute myocardial infarction (MI) or unstable angina.

• The ISAR-STEREO-2 trial demonstrates that there may be significant differences in restenosis rates based on stent
thickness independent of design that should be taken into account when deciding among various stents for specific
patients and lesions.

• The COAST trial reports no efficacy in improving long-term outcomes in patients treated with heparin-coated stents
in small arteries.

• The investigators of DANAMI-2 concluded that an initial strategy of transferring patients with ST segment elevation
MI to centers for primary PCI is superior to fibrinolysis, when the transfer time is within 3 hours.
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can expect further trials using the
higher dose. 

This is certainly a very interesting
area of investigation, but to my mind,
the disparity between the experimen-
tal results and clinical trials suggests
that we need to understand a great
deal more about mechanisms before
we can expect “blockbuster” clinical
trial outcomes. 
[Bernard J. Gersh, MB, ChB, DPhil,
FRCP]
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