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Abstract—More than 1.2 million percutaneous coronary interventions are performed annually in the United States, with
only an estimated 33% performed in women, despite the established benefits of percutaneous coronary intervention and
adjunctive pharmacotherapy in reducing fatal and nonfatal ischemic complications in acute myocardial infarction and
high-risk acute coronary syndromes. This statement reviews sex-specific data on the safety and efficacy of contemporary
interventional therapies in women. (Circulation. 2005;111:940-953.)
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More than 1.2 million percutaneous coronary interven-
tions (PCIs) are performed annually in the United
States.! Despite the fact that more women than men die from
cardiovascular disease in the United States, and despite the
established benefits of PCI in reducing fatal and nonfatal
ischemic complications in patients with acute myocardial
infarction and high-risk acute coronary syndromes, only an
estimated 33% of annual PCls are performed in women.'-# In
addition, women experience greater delays® to intervention
and are referred for diagnostic catheterization less frequently
than are men.>-% Although suggested reasons for referral
differences have included women’s older age at presentation,
greater risk profile, and increased risk for an adverse proce-
dural outcome, as well as differences in symptoms and pain
perception between men and women and lower predictive
accuracy of noninvasive testing in women, some evidence
suggests a potential sex and race bias.® In contrast, once
women are referred for cardiac catheterization, revasculariza-
tion rates and practices are similar to those in men.!0-12
Recent advances in angioplasty equipment and technique
have improved options for patients with smaller coronary and

peripheral (access) arteries. In addition, the increased use of
stents and adjunctive pharmacotherapy has improved out-
comes in both women and men. Nevertheless, women con-
tinue to represent 15% to 38% of the population in studies of
PCI, and still relatively few sex- or race-specific data exist.

The purpose of this statement is to review what is known
and not known about PCI in women and to put published data
in context with contemporary coronary intervention. It is not
the intention of the writing group to give specific treatment
recommendations but rather to compile and collate the
available sex-specific data on the safety and efficacy of
interventional therapies in women. Tables 1 and 3 provide
summaries of the findings in women drawn from this litera-
ture review, as well as recommendations from previously
published American College of Cardiology/American Heart
Association (ACC/AHA) guidelines.

Methods
The information in this statement was compiled by systematic
literature review. By searching MEDLINE from January
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1988 through January 2005, the writing group identified 2156
relevant publications. Of these publications, 142 were se-
lected on the basis of the following criteria: sex-specific trials
in interventional cardiology and pharmacotherapy, random-
ized clinical trials or large-scale registries of at least 250
consecutive patients, and review articles. These publications
were then reviewed and summarized by dedicated medical
writers (P.A.W., C.G.P.). The summary was used as the basis
of a draft manuscript, which was written by the writing group
chair. The manuscript was subsequently submitted for review
to the entire writing group, and each member was assigned a
specific section. Each section was reviewed by at least 2 group
members, and the final document was fact-checked by the
medical writers. The data presented are sex specific and consis-
tent with relevant current ACC/AHA guidelines. Practice rec-
ommendations or trial results without supporting sex-specific
data are specified. We contacted the investigators of eligible
studies that did not report findings separately by sex to obtain
these data; these citations are marked with the symbol §.

Sex Differences in Outcomes of PCI

The adverse outcomes of women undergoing PCI, including
the rates of short- and long-term mortality,'3-'* nonfatal
myocardial infarction (MI),?> and emergency coronary bypass
surgery,'>!> have decreased significantly over time with
contemporary interventional therapies. Nevertheless, women
consistently tend to have worse clinical outcomes than those
of men; most of these worse outcomes are explained by the
higher risk profile of women.

The increased in-hospital mortality of women undergoing
elective and primary PCI as compared with men,'0-2*4 al-
though not consistently observed!3!5-25-34 (Figures 1 and 2),
appears at least in some studies to represent a complex
interplay of clinical factors such as delayed onset of disease,
older age, smaller body surface area, and comorbidities at the
time of presentation.?> In contemporary emergency, urgent, or
elective stent and drug-eluting stent (DES) clinical trials and
registries, adjustments for these factors largely eradicate any
sex differences, dispelling the notion of a sex-specific mor-
tality risk.?83236:37 In the majority of studies, adjusted long-
term mortality rates after PCI (1 year and beyond) are similar
for men and women (Figures 1 and 2).23:28.38-40

Historically, restenosis and revascularization rates have not
been well defined for women, partly because of the small
sample of women in prospective trials with systematic angio-
graphic follow-up, as well as the paucity of published
sex-subset analyses. Interestingly, it has been reported that
women have similar or lower target vessel revascularization
rates as compared with men after balloon angioplasty*' and
stenting,30-3842 despite women’s smaller vessel sizes and
higher prevalence of diabetes mellitus, factors typically
associated with higher restenosis and revascularization rates
after PCIL. In the absence of systematic angiographic and
clinical follow-up, the significance of this paradoxical finding
can be misleading, possibly reflecting a true reduction in the
need for repeat revascularization in women, a preference for
medical management based on increased age and risk, or a
potential referral bias. In contemporary prospective and
independently adjudicated stent and DES trials with system-
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atic angiographic follow-up, restenosis and revascularization
rates have been shown to be similar or higher in women as
compared with men and result from confounding risk factors
such as diabetes, smaller body surface area, and smaller
vessel size rather than from a sex-specific risk.*3+4

Vascular complications (such as access-site hematomas,
bleeding complications requiring transfusion, and retroperi-
toneal bleeds) have improved over time in women with the
development of less aggressive anticoagulation regimens,
increasing use of weight-adjusted heparin dosing, and intro-
duction of smaller sheath sizes and early sheath removal.*5-47
Nevertheless, women still have a 1.5- to 4-times higher risk
of vascular complications as compared with men (Figure 3),
and female sex is an important contributing factor.?$-32 Ad-
junctive use of glycoprotein IIb/ITla (GP IIb/IIla) inhibitors
during PCI does not confer an independent added risk of
major vascular complications in women,?3484% and the use of
the direct thrombin inhibitor bivalirudin during elective PCI
in lieu of unfractionated heparin appears to reduce that risk in
women as it does in men.>°

Outcomes in Women by Device, Lesion Type,
and Clinical Syndrome

The overall use of coronary stents, according to year 2000
data, is estimated to have reached 77% of interventional
procedures in the United States, with no signs of a sex
difference in stent application.!3-32:51 These estimates are
rapidly being supplanted by the increasing use of DES. Table
1 summarizes the outcomes in women after PCI by device,
lesion type, and clinical syndrome.

Bare Metal Stents and DES
The wide acceptance of stents is based on the improved
short-term procedural success, improved in-hospital out-
comes, and reduced long-term restenosis and revasculariza-
tion rates as compared with balloon angioplasty and other
nonstent devices.3>>4 Although no specific sex-based com-
parisons were performed or at least published in the earlier
randomized clinical trials comparing stent implantation with
balloon angioplasty,>>5 the superiority of stenting was dem-
onstrated at all ranges of vessel sizes, including vessels
<3.0 mm in diameter (specifically relevant to women). The
benefits therefore have been presumed to be generalizable to
women.>° In the context of controlled clinical trials of elective
stenting, the use of 3.0- to 4.0-mm stents has resulted in
similar low unadjusted in-hospital mortality rates in women
and men and similar rates of target vessel revascularization.>’
The long-term outcomes of small-vessel bare-metal stenting
have not been evaluated in women. In a broader range of
patient and lesion subsets, mortality rates are similar2¢-39->% or
higher'#-20-23 in women after stenting because of confounding
risk factors rather than female sex (Figures 1 and 2).!3
With the recent approval of the sirolimus-eluting
CYPHER stent (Cordis, Johnson & Johnson) on the basis
of the SIRIUS (Sirolimus-Coated Bx VELOCITY Balloon-
Expandable Stent in the treatment of patients with de novo
coronary artery lesions) trial®® and the paclitaxel-eluting
TAXUS stent (Boston Scientific) on the basis of the
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Unadjusted Mortality Rate

Adjusted OR (95% CI)

Study N % Women Women vs. Men (%) P-Value
Watanabe® 82783 35 1.1 0.5 <0.0001
Alfonso™® 981 16 6.0 2.0 0.01
WHC1e 7372 28 1.39 0.66 <0.002
Malenka?4 12232 MNA 1.64 0.7 <0.001
Bell* 3557 27 4.2 2.7 0.005
NHLBI= 2136 26 2.6 0.3 <0.001
NCN*2! 150918 33 1.8 1.0 -
Mehilli**23.42 4264 24 3.1 1.9 0.02
Welty3s 5989 35 1.2 0.52 0.017
Malenka's 33666 33 1.2 1.1 0.1
NHLBI'3 2524 35 2.2 1.3 -
NCMN32 109708 33 1.8 1.0 <0.001
Arnold® 5000 25 11 0.3 0.001
NACI 2855 34 1.4 11 NS
Weintraub?s 10785 26 0.7 0.1 <0.001

* Adjusted OR is for women <50 years.
** In-hospital figures are for Death/MI.
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Figure 1. In-hospital and late mortality rates in women versus men after mostly elective PCl. WHC indicates Washington Hospital Center;
NHLBI, National Heart, Lung, and Blood Institute; NCN, National Cardiovascular Network; and NACI, New Approaches to Coronary Intervention trial.

TAXUS IV (Treatment of De Novo Coronary Disease
With a Single Paclitaxel-Eluting Stent trial,*° crude esti-
mates of market penetration approach 60% to 70% and are
expected to continue to rise. Both the SIRIUS trial and the
TAXUS 1V trial have demonstrated that the reductions in
restenosis, target vessel revascularization, and major ad-
verse cardiac events at l-year follow-up are of similar
magnitude in men and women.*>¢! Early data suggest
favorable long-term results for drug-eluting stenting of
small vessels (=2.75 mm) in both men and women.52

Unadjusted Mortality Rate

Other Devices and Lesion Types

Few sex-specific data exist on the efficacy of ablative
devices. Although rarely used today, directional atherec-
tomy is associated with lower procedural success and more
bleeding complications in women than in men.25.63.64
Excimer laser angioplasty, also rarely performed in the
current PCI era, is associated with more coronary perfo-
rations in women, primarily attributed to women’s smaller
vessel sizes.®> No sex-specific data exist on the use of
rotational atherectomy, cutting balloon angioplasty, or

Adjusted OR (95% Cl)
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Figure 2. In-hospital and late mortality rates in women versus men after primary PCI for acute Ml. ACC-NCDR indicates American Col-
lege of Cardiology National Cardiovascular Data Registry; CARS, Coumadin Aspirin Reinfarction Study; all other abbreviations as in text.
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Vascular Complications Unadjusted OR (95% ClI)

Study N Women Men P-Value '

Alfonso?® 981 11/157 (7.0%) 16/824 (2.0%) <0.01 : e

Antoniucci3 1019 14/234 (6.0%) 24/785 (3.0%) 0.01 L —

BOAT4 989 6/237(2.5%) 6/752 (0.8%) 0.05 2 ¥

CAVEAT28 512 14/128 (10.8%) 22/384 (5.8%) 0.003 —.—

NACI20 2855 39/971 (4.0%) 28/1884 (1.5%) <0.05 e —

NCN32 109708 1955/36204 (5.4%)  1985/73504 (2.7%) <0.001 [

NHLBI4® 2136 24/555 (4.4%) 36/1581(2.3%) <0.05 —.—

NHLBI'? 2524 44/883 (5.0%) 43/1641(2.6%) <0.01 _._

STARS®s 1965 44/570 (7.8%) 39/1395 (2.8%) <0.01 PP —

Trabatonizs 1100 15/165 (9.3%) 33/935 (3.5%) 0.004 '

Welty23 5989 34/2096 (1.6%) 23/3893 (0.6%) <0.001 [ —

WHC?s 7372 78/2064 (3.8%) 125/5308 (2.4%) <0.001 —

Combined 137150  2278/44264 (5.1%) 2380/92886 (2.6%) S

0 051 2 3 4 5 6 7 8 9 10

Higher in Women

Figure 3. Meta-analysis of vascular complications in women versus men undergoing PCIl. BOAT indicates Balloon vs Optimal Atherec-
tomy trial; CAVEAT, Coronary Angioplasty Versus Excisional Atherectomy Trial; and STARS, Stent Antithrombotic Regimen Study; all

other abbreviations as in Figure 1 and text.

extraction atherectomy. In general, however, these devices
have not proven to reduce periprocedural events, 30-day
events, or long-term restenosis rates in overall study
groups>*; hence, an expected sex difference is unlikely.

Few sex-specific data exist on saphenous vein graft (SVG)
interventions. Results parallel those for native vessel inter-
ventions, with women experiencing increased short-term
mortality and complications but similar long-term outcome in
comparison with men.®® The only proven adjunctive devices
that have demonstrated benefit in SVG interventions are
embolic protection devices. In the SAFER (Saphenous Vein
Graft Angioplasty Free of Emboli Randomized) trial, SVG
interventions with distal protection using the PercuSurge
GuardWire (Medtronic) device were shown to reduce 30-day
major adverse cardiovascular events (MACE), largely driven
by a reduction in MI, as compared with controls.” Women
enrolled in the SAFER trial experienced a reduction in 30-day
MACE of similar magnitude as that seen in the overall
population (relative risk [RR] reduction=0.47; 95% CI 0.20
to 1.07).§ As with the overall cohort, the benefit was mainly
the result of reduced rates of non-ST-elevation MI
(NSTEMI). Sex-specific data are not available for the treat-
ment of thrombus-containing SVG lesions with thrombec-
tomy via the approved AngioJet (Possis Medical) device.

Vascular brachytherapy has been approved for the treat-
ment of in-stent restenosis. The Beta-Cath (Novoste) *°Sr
B-radiation—emitting catheter, the only device on the market
for this indication, demonstrated similar restenosis and revas-
cularization benefits in women and in men in the randomized
placebo-controlled START (*°Sr Treatment of Angiographic
Restenosis) trial.®3§

Treatment of Acute Coronary Syndromes
in Women
Table 2 summarizes the major randomized trials that com-
pared an invasive versus a conservative strategy for treating
acute coronary syndromes (ACS) and reported findings for
women. For patients with ACS, which is defined as unstable
angina (UA) or NSTEMI, evidence favors an early invasive
strategy with GP IIb/IIla inhibitor use, early catheterization
within 48 hours, and revascularization (coronary intervention
with stenting when suitable) for those at increased risk of
death and MI.®° Clinical trials in the modern era consistently
have demonstrated benefit for men (FRISC-II [Fragmin and
Fast Revascularization During Instability in Coronary Artery
Disease-1I],7° RITA-3 [Randomized Intervention Treatment
of Angina-3],7! TACTICS-TIMI 18 [Treat Angina With
Aggrastat and Determine Cost of Therapy With Invasive or
Conservative Strategy-Thrombolysis in Myocardial Infarc-
tion 18]%), but the results in women are conflicting (Table 2).
In the TACTICS-TIMI 18 trial,* in which all subjects were
treated with an early GP IIb/Illa antagonist (tirofiban)
(n=2220, 34% women), a significant reduction in death or
MI (OR 0.45, 95% CI 0.24 to 0.88) occurred in invasively
treated women. For the primary end point of death, MI, or
rehospitalization, a significant benefit was seen in women at
high risk (OR 0.47, 95% CI 0.26 to 0.83). High risk is
denoted by TIMI risk score or the presence of any one of a
number of serum markers of risk: creatine-kinase myocardial
band, troponin, high-senstivity C-reactive protein, and brain
natriuretic peptide.’>73 The benefits of an early (within 24
hours) invasive strategy that primarily involves stenting are
supported by a registry of 1450 UA/NSTEMI patients (29%
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TABLE 1. Outcomes in Women by Device, Lesion Type, and Clinical Syndrome

Elective coronary interventions

PCI Indications for PCl in women are same as for men.

Bare metal stent

Stent implantation improves acute angiographic success in women.

Long-term benefits of stenting (compared with balloon angioplasty) in reducing restenosis are presumed generalizable to
women. No sex-based data on small-vessel stenting are available.

Drug-eluting stent
Atherectomy

Compared with bare metal stents, CYPHER and TAXUS stents reduce restenosis and MACE at 1 y in women.
Optimal directional atherectomy* is associated with modest improvements in restenosis; women have lower procedural

success and more vascular complications than men.
Women treated with excimer laser coronary angioplasty experience more coronary perforations than men.
No sex-specific data on rotational atherectomy, transluminal extraction atherectomy, or thrombectomy (AngioJet) devices are

available.

Saphenous vein graft

Stenting Short-term mortality and complications are increased in women.

Distal protection

Thrombectomy No data are available in women.

In-stent restenosis
Vascular brachytherapy

Acute coronary syndromes

Distal protection with PercuSurge GuardWire during SVG intervention reduces rate of Ml at 30 d in women.

Vascular brachytherapy with BetaCath system reduces restenosis after treatment of in-stent restenosis in women and men.

UA/NSTEMI
PCI Women with high-risk features appear to benefit from early invasive strategy (intervention within 48 h) with stenting, if
appropriate, and adjunctive GP IIb/llla inhibition.
STEMI

Balloon angioplasty

Timely primary angioplasty by a skilled team results in improved outcomes as compared with fibrinolysis in women.

Stent Primary stenting reduces target vessel revascularization and MACE as compared with primary balloon angioplasty in women.

Drug-eluting stent No data are available in women.

Shock Women benefit from early revascularization for cardiogenic shock due to pump failure.

This table summarizes the findings for women drawn from the literature review. It is not the intention of the writing group to provide formal treatment
recommendations; rather this table should serve as a convenient point of reference. Refer to text for discussion and citations.
Optimal directional atherectomy indicates final residual stenosis <30% after intervention. All abbreviations as in text.

women) in which the death and MI rate at a mean of 20
months was lower in women than in men (7% versus 10.5%
for men, HR 0.65; 95% CI 0.42 to 0.99).2

In the FRISC-II trial (n=2457, 30% women), a significant
interaction between the effect of treatment with a systematic
but delayed interventional approach within 7 days of symp-
tom onset was noted, with a benefit for men but not for
women and possible harm for the latter.’” The same finding
was reported for the RITA-3 trial.”!-7# Potential explanations
for the differences between TACTICS-TIMI 18 versus
RITA-3 and FRISC-II include the delayed timing of inter-
vention in the invasive arm of FRISC-II, an apparent low rate
of events for women in the conservative strategy in the latter
2 studies (suggesting a lower-risk population), lack of routine
use of GP IIb/Illa antagonists, and greater use of coronary
artery bypass graft surgery (CABG) with an associated high
risk of death for women in FRISC-II (9.9% in women versus
1.2% in men, P<<0.001).7> In summary, women with UA/
NSTEMI and high-risk features benefit from an invasive
strategy with early intervention (within 48 hours) and adjunc-
tive GP IIb/Illa antagonist use.®®

Interventional Treatment of STEMI in Women
The overall superiority of primary PCI over fibrinolytic
therapy has been clearly demonstrated for women. A relative

risk reduction that is similar for men and women translates to
a larger absolute benefit for women because they have higher
risk profiles. An estimated 56 deaths could be prevented for
every 1000 women treated with primary PCI rather than
fibrinolytic therapy, as compared with 42 fewer deaths per
1000 men.”® In addition, the risk of hemorrhagic stroke is
markedly reduced with primary PCI. In general, every effort
should be made to expedite reperfusion therapy (medical
contact to balloon time within 90 minutes). Fibrinolytic
therapy should be considered for patients presenting early—
within 3 hours of symptom onset—in whom access to
primary PCI will be excessively delayed.””-7°

Primary stenting versus primary balloon angioplasty was
evaluated in 2 randomized trials reporting outcomes by sex.
The Stent PAMI (Primary Angioplasty for Myocardial Infarc-
tion) trial (n=900, 25% women) demonstrated a trend toward
increased mortality with primary stenting using the heparin-
coated stent as compared with primary balloon angioplasty, a
finding that reached significance in the female cohort.8° Since
the Stent PAMI trial, the use of bare metal stents during
primary PCI has been compared with primary balloon angio-
plasty in the large-scale randomized CADILLAC (Controlled
Abciximab Before Direct Angioplasty and Stenting in Myo-
cardial Infarction Regarding Acute and Long-Term Follow-
Up) trial.8! Sex-subset analyses (n=2082, 27% women)
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TABLE 2. Invasive vs Conservative Strategy for UA/NSTEMI

Study Timing End Point Overall Result Results in Men Results in Women Comments
TACTICS-TIMI- Angiography 4-48 h Death, Ml 30 d: Inv 4.7%; Cons 6 mo: Inv 7.6%; Cons 9.4%; 6 mo: Inv 6.6%; Cons Benefit greater in
18,472 2002, 7.0%; P=0.02 OR 0.68 (0.43-1.05) 9.7%; OR 0.45 women with high

n=2220, 34%
women

RITA-3,”" 2002,
n=1810, 38%
women

Angiography within 48 h

Death, MI, refractory
angina at 4 mo
Death, Ml at 1y

6 mo: Inv 7.3%; Cons
9.5%; OR 0.74
(0.54-1.00)

4 mo: Inv 9.6%; Cons
14.5%; P=0.001
1y: Inv 7.6%; Cons
8.3%; P=0.6

4 mo: Inv 8.8%; Cons
17.3%

1y: Inv 7.0%; Cons 10.1

(0.24-0.88)

4 mo: Inv 10.9%; Cons
9.6%; P=NS
1y: Inv 8.6%; Cons
5.19

1%

cTnT, OR 0.47
(0.26-0.83) for
death, MI, and
rehospitalization

Angina reduced
with invasive
strategy

FRISC 11,7 139 140 Revascularization within 7 d Death, MI 6 mo: Inv 9.4%; Cons 1 y: Inv 9.6%; Cons 15.8%; 6 mo: Inv 10.5%; Cons  Mortality benefit at
1999, n=2457, 12.1%; P=0.03 P<0.001 8.3%; RR=1.26 1y (2.2% vs
30% women 1'y: Inv 10.4%; Cons (0.80-1.97) 3.9%, P=0.02)
14.1%; P=0.005 1y: Inv 12.4%; Cons not seen in
10.5%; P=NS women (4% vs
3.3%)
TIMI-IIB, ™" 142 Angiography 18—48 h Death, MI 1y: Inv 10.8%; Cons Death at 6 wk: Inv 2.6%; Death at 6 wk: Inv 2%;  Invasive patients
1997, n=1423, 12.2%; P=0.4 Cons 1.4% Cons 4.4%; P=NS less angina and

34% women

Ml at 6 wk: Inv 4.4%;
Cons 5.2%

rehospitalization

Ml at 6 wk: Inv 5.5%; Cons
6.0% for ischemia

Inv indicates invasive; Cons, conservative; ¢TnT, cardiac troponin T; and NS, nonsignificant.

demonstrated the safety and efficacy at 1 year of stenting with
or without abciximab in women.?8 Stenting significantly
reduced the incidence of 1-year ischemic target revascular-
ization by 9.6% and MACE by 9% in women as compared
with balloon angioplasty with no impact on death, MI, or
stroke.

Shock

Female sex is an independent risk factor for the development
of cardiogenic shock complicating acute MI.82 Age is an
additional risk factor for the development of these complica-
tions, such that older women are at substantial risk of
cardiogenic shock. Once shock develops, however, female
sex is not independently related to outcome.®* Women benefit
from early revascularization for cardiogenic shock due to
pump failure. According to the ACC/AHA guidelines for the
treatment of STEMI, PCI or CABG is recommended for
patients <75 years old who are suitable for revascularization,
and revascularization is reasonable for selected patients =75
years old.”® These guidelines are not sex specific.

Adjunctive Pharmacotherapy in Women
Undergoing PCI
Table 3 summarizes important clinical findings and recom-
mendations for pharmacological therapy for women derived
from published studies (discussed below) and previous ACC/
AHA practice guidelines.

Antiplatelet Agents
Aspirin
Numerous clinical trials have demonstrated a benefit for the
use of aspirin in ACS, after coronary artery revascularization
(PCI and CABG), and for the secondary prevention of
ischemic heart disease.8*3> Despite the strong evidence for
clinical benefit, aspirin is underused in the secondary preven-
tion of coronary artery disease in high-risk women.86-89
According to the ACC/AHA guidelines, aspirin (162 to
325 mg) should be administered in the initial management of
all patients (men and women) with UA/NSTEMIL3* acute

MI,78:9 or suspected acute MI, and results in an estimated
23% to 30% reduction in mortality.®> Soluble aspirin (80 to
325 mg) administration is mandatory in all nonallergic
patients at least 2 hours before PCI°! and should be continued
indefinitely at a lower dose (75 to 162 mg) for secondary
prevention.

Thienopyridines: Ticlopidine and Clopidogrel

The antiplatelet thienopyridine agents clopidogrel®>3 and
ticlopidine®s are adenosine diphosphate receptor antagonists
that have been shown to reduce ischemic events in ACS
patients. When given in addition to aspirin, these agents
reduce the rates of subacute stent thrombosis after stent
implantation.®*3 Previous guidelines recommended that the
thienopyridines (preferably clopidogrel) be substituted for
aspirin only in aspirin-allergic patients (men or women) for
secondary prevention.’®° Given their comparable efficacy
but increased rates of neutropenia, thrombotic thrombocyto-
penia, and aplastic anemia with ticlopidine,®>°7-°° clopidogrel
is used in most cases.

In UA/NSTEMI patients treated with PCL,'%° combination
therapy with aspirin and clopidogrel for up to 12 months was
shown to be superior to aspirin alone, with a similar risk
reduction in women (RR 0.77, 95% CI 0.52 to 1.15) and men
(RR 0.65, 95% CI 0.48 to 0.87). In the CREDO (Clopidogrel
for the Reduction of Events During Observation) trial
(n=2116, 29% women),'°! long-term treatment with clopi-
dogrel for up to 1 year after elective PCI was associated with
a 27% relative risk reduction in the combined risk of death,
ML, or stroke and a 32% nonsignificant relative risk reduction
in the combined end point in women (RR reduction 95% CI
58.9% to —12.1%). Dual antiplatelet therapy is associated
with increased bleeding risk as the dose of aspirin increases,
and reducing the aspirin dose (75 to 100 mg/day) 1 month
after PCI should be considered for patients who have not
received a DES.'92 The safety of low-dose (<325 mg) aspirin
1 month after PCI with DES has not been determined.

The optimal timing and loading dose of clopidogrel before
PCI has been controversial. Much of the variation in out-
comes appears largely attributable to the loading dose and
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TABLE 3. Pharmacotherapy in Women

Antiplatelets

Aspirin Women undergoing elective PCI or PCI for ACS should receive aspirin 80-325 mg at least 2 h before procedure.
Aspirin should be continued indefinitely on a daily basis for secondary prevention, but exact dose after treatment with DES
has not been determined.

Thienopyridines

Clopidogrel Women undergoing elective PCI or PCI for ACS should receive clopidogrel 300-600-mg load; clopidogrel, 75 mg, should be

continued for at least 2-4 wk after bare metal stent implantation and for several months after drug-eluting stent
implantation (3 mo for sirolimus, 6 mo for paclitaxel).
Optimal loading dose and pretreatment time for clopidogrel remain unclear.
Clopidogrel should be withdrawn for 5-7 d before planned CABG to minimize bleeding complications.

Ticlopidine Ticlopidine (500-mg load, 250 mg twice daily) can substitute for clopidogrel in clopidogrel-intolerant patients.

GP llb/llla inhibitors

GP lIb/llla inhibition reduces ischemic complications in high-risk (troponin-positive, diabetic, older adult) patients including
women undergoing elective PCI or PCI for ACS with balloon angioplasty or stenting.

GP IIb/lla inhibition with abciximab in women with STEMI (without shock) undergoing primary balloon angioplasty or
stenting may reduce ischemic complications without increasing risk of major bleeding.

Antithrombin agents

UFH During STEMI, UFH treatment benefit is established in women.
Observational data support use of empiric UFH during PCI in women to achieve an ACT of 250-300 s.
Current guidelines advise weight-adjusted UFH (60- to 70-U/kg IV bolus; 12- to 15-U-kg~"-h~" infusion) with target
activated clotting time 250-300 s for HemoTec and 300-350 s for Hemochron.
Lower doses may be considered in women and older adult patients and when UFH is combined with GP lIb/lla inhibitors
during PCI; maximum bolus and infusion when UFH is used as adjunct to fibrinolytic therapy is 4000-U bolus and 1000-U/h

infusion.

No established benefit of long-term UFH after PCI exists.

Low-molecular-weight heparin

Women with UA/NSTEMI treated with LMWH experience more bleeding complications than do men.

Combined LMWH and GPIIb/llla inhibition appears effective in women with UA/NSTEMI undergoing PCI; however, it is

associated with increased bleeding.
Direct thrombin inhibitors

Bivalirudin and provisional GPIIb/llla results in similar outcomes compared with UFH with planned GPIlIb/llla inhibitors during

PCl and up to 6 mo after PCl, and fewer bleeding complications in women.

This table summarizes the findings for women drawn from the literature review. It is not the intention of the writing group to provide formal treatment
recommendations; rather, this table should serve as a convenient point of reference. Refer to text for discussion and citations. When recommendations are provided,

they are based on previously published ACC/AHA guidelines.

pretreatment timing; a 300-mg loading dose requires up to 6
hours for maximal antiplatelet effect and optimal out-
comes,!00:101.103 whereas a 600-mg loading dose achieves
maximal antiplatelet effect within 2 hours and has been
associated with a low rate of MACE among low-risk patients
undergoing PCI.194.105 No sex-specific data are available with
regard to clopidogrel dosing. In the ISAR-REACT (Intracoro-
nary Stenting and Antithrombotic Regimen-Rapid Early Ac-
tion for Coronary Treatment) trial (n=2159, 24% women), no
additional benefit for the GP IIb/IIIa inhibitor abciximab was
found among low-risk PCI patients (patients with ACS,
insulin-requiring diabetics, and other high-risk patients were
excluded) pretreated with a 600-mg loading dose of clopi-
dogrel.'%¢ Death, MI, and target vessel revascularization at 30
days did not differ between the abciximab and placebo groups
in either the entire population (4.0% versus 4.0%, P=0.82) or
the female subset (3.0% versus 3.0%), placing in doubt the
role of adjunctive GP IIb/Illa inhibitors in the era of optimal
pretreatment with clopidogrel, at least in relatively low-risk
patients.

Clopidogrel administered before CABG has been associ-
ated with a significant increase in perioperative bleed-
ing!07-19%% and should be discontinued 5 to 7 days before
elective CABG unless the urgency for revascularization
outweighs the bleeding risk.

GP IIb/IIIa Inhibitors
GP IIb/IIa inhibitors as an adjunct to unfractionated heparin
(UFH) are beneficial for women undergoing PCI and are not
associated with an independent risk of major bleeding com-
plications in this setting,?8:4849-109 although the risk of minor
bleeding complications is increased in women.*® An overview
of 10 randomized, placebo-controlled trials of GP IIb/Illa
inhibitors as adjunctive therapy to PCI (n=13 166, 26%
women) showed a significant reduction in the combined end
point of death or nonfatal MI out to 6 months after PCI (OR
0.76, 95% CI 0.64 to 0.91, P<<0.001).''° The benefits for GP
IIb/I1a inhibitors, particularly as an adjunct to stenting, seem
to be greatest in high-risk patients, including women, espe-
cially older women and those with positive troponins, diabe-
tes, and thrombotic lesions.!!!1-114

A pooled analysis of the EPIC (Evaluation of c7E3 for
Prevention of Ischemic Complications),!'> EPILOG (Evalu-
ation of PTCA to Improve Long-Term Outcome by c7E3 GP
IIb/IIa Receptor Blockade),!'¢-117 and EPISTENT (Evalua-
tion of IIb/Illa Platelet Inhibitors for Stenting)!'$ trials
(n=6595, 27% women) showed that abciximab treatment
during PCI was equally beneficial in men and women.** The
composite incidence of death, MI, or urgent revascularization
was reduced from 16.0% to 9.9% (P<<0.001) at 6 months, and
at 1 year a significant reduction in mortality (4.0% versus
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2.5% for abciximab, P=0.03) occurred in women treated
with abciximab. Although women treated with abciximab
experienced more major bleeding than did men (3.0% versus
1.3%), this increase was independent of abciximab. An
increased risk of minor bleeding was associated with abcix-
imab treatment in women (6.7% versus 4.7% for placebo,
P=0.02).

Although other GP IIb/Illa inhibitors, including eptifi-
batide*® and tirofiban,!!® have been shown to be safe and
effective in women during PCI, the TARGET (Do Tirofiban
and ReoPro Give Similar Efficacy) trial (n=2398, 27%
women) showed a clear benefit of abciximab over tirofiban in
preventing periprocedural and 30-day ischemic complica-
tions, a finding that was consistent regardless of age, sex, and
the presence or absence of pretreatment with clopidogrel!2?;
however, the 6-month event rates in the 2 groups were not
significantly different.!?! Abciximab has never been directly
compared with a double-bolus eptifibatide regimen, and thus
no comparative recommendations can be made about the
relative safety and efficacy of these 2 agents as adjuncts to
UFH in patients undergoing PCIL.

In women undergoing primary angioplasty for STEMI,
abciximab may reduce short-term ischemic events without
significantly increasing major bleeding complications.?® In
this context, it is reasonable to start treatment with abciximab
as early as possible before primary PCI.”8 In contrast, the use
of GP IIb/Illa inhibitors during rescue PCI after failed
thrombolytic therapy has been associated with increased
bleeding rates, especially in women and older adult
patients.!23-126

GP IIb/IlIa inhibitor administration is recommended for
patients with UA/NSTEMI in whom a catheterization and
PCI are planned and may be administered just before PCI.
Although eptifibatide and tirofiban are useful for upstream
use before cardiac catheterization, it is important to note that
in patients with UA/NSTEMI who are managed with a
conservative strategy, eptifibatide!?” and tirofiban'?® have
shown little benefit and possible harm among women, with
the exception of a subset of patients with elevated troponin
levels in whom GP IIb/IlIa inhibitors were equally effective
in women and men.!'"* Therefore, these agents should be
reserved for women who undergo PCI or who are at high risk,
in particular those with elevated troponins, in whom PCI is
not planned. In ACS patients scheduled to undergo PCI,
abciximab is recommended during or just before the proce-
dure®®; however, it plays no role in the medical management
of ACS in either women or men.!2°-130

Antithrombin Agents

Unfractionated Heparin
In women, UFH is used commonly in combination with

aspirin in patients undergoing primary angioplasty or receiv-
ing fibrinolytic therapy for evolving MI, in the medical
management of UA/NSTEMI, and during elective or urgent
PCI either with or without GP IIb/Illa inhibitors.578.131
Because of the risks of bleeding, weight-adjusted dosing (60-
to 70-U/kg IV bolus; 12- to 15-U - kg™ - h™" infusion, ACT
of 250 to 300 seconds for the HemoTec [HemoTec] device
and 300 to 350 for the Hemochron [International Technidyne]
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device) is advised in the ACC/AHA guidelines for the
treatment of STEMI—the lower dosing regimen and a max-
imum 4000-U bolus with 1000 U - h™' are recommended
when used as an adjunct to fibrinolytic therapy.”® The
guidelines also note that lower doses may be used in women
and older adults, particularly when UFH is combined with GP
IIb/IIIa inhibitors during PCI, and vascular sheaths removed
as soon as possible to reduce bleeding rates.#’-''> In patients
likely to undergo CABG, UFH is preferred to low-molecular-
weight heparin (LMWH) because of its shorter half-life and
because it can be rapidly reversed with protamine.®

Low-Molecular-Weight Heparin
Compared with UFH, LMWH has greater bioavailability, is
more conveniently administered by subcutaneous injection,
exhibits a more linear and predictable dose response, causes
less activation of platelets, and is less likely to result in
heparin-induced thrombocytopenia (HIT).!3? Routine assays
for LMWH monitoring (antifactor Xa levels) are not widely
available, but the data suggest that monitoring may be helpful
in high-risk patient groups including pregnant women, pa-
tients at weight extremes, and people with chronic renal
impairment.!31-133

The efficacy and safety of enoxaparin in patients with
UA/NSTEMI undergoing an invasive strategy has been stud-
ied in 2 noninferiority trials: the A-to-Z (Aggrastat to Zocor
phases)!3* (n=3987 patients; 29% women) and SYNERGY
(Superior Yield of the New Strategy of Enoxaparin, Revas-
cularization, and Glycoprotein IIb/Illa Inhibitors)!3> (n=9978
patients; 34% women) studies. No statistically significant benefit
was noted for enoxaparin over standard UFH in the setting of
PCI for ACS in either women or men, and evidence was found
for a slight increase in bleeding complications with enoxaparin.

Direct Antithrombins
Direct antithrombins act on both clot-bound and circulating

thrombin, have linear kinetics and higher thrombin specificity
than UFH, and are not associated with platelet activation or
HIT. Bivalirudin, a synthetic direct antithrombin with a short
half-life, has been studied extensively in PCI and has been
used in patients undergoing PCI for elective and urgent
(UA/NSTEMI) indications. Argatroban has been used in
patients at high risk for HIT undergoing PCI.

In comparison with UFH, direct thrombin inhibitors
have been shown to be of most benefit in patients under-
going PCI. In a meta-analysis of 8497 patients undergoing
elective or urgent PCI for ACS, direct thrombin inhibitors
were associated with a 32% relative risk reduction in death
or MI as compared with UFH (4.6% versus 6.6% for UFH,
RR reduction 0.68, 95% CI 0.57 to 0.83, P<<0.001)'3¢ and
with lower rates of bleeding complications. In the
REPLACE-2 (Randomized Evaluation in Percutaneous
Coronary Intervention Linking Angiomax to Reduced
Clinical Events) trial, 6010 patients (26% women) under-
going elective or urgent PCI were randomized to either
UFH and planned use of GP IIb/IIIa inhibitors or bivaliru-
din and provisional or “bailout” GP IIb/IIla inhibitors.>°
Protection from periprocedural ischemic complications
was similar in both treatment groups, and bivalirudin was
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associated with a significant reduction in major bleeding
complications. These findings were confirmed in women,
in whom major and minor bleeding was significantly
reduced from 34.1% with UFH to 19.7% with bivalirudin

(P<0.0001).137

Opportunities for Improving the Evidence
Base and Outcomes for Women
In the face of a rising mortality burden in women with
cardiovascular disease and the established benefits of PCI in
reducing both fatal and nonfatal events for women with
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high-risk ACS and STEMI, PCI is performed less frequently
and with greater delays in women. Better understanding and
narrowing of this apparent treatment disparity is a priority.
Areas of specific interest to the interventional population of
women afflicted with CAD include (1) improving referral for
early therapy; (2) optimizing therapy for patients with diabe-
tes and small-vessel coronary disease, which is extremely
prevalent in women; and (3) refining treatment pathways and
strategies for women with STEMI, in whom mortality rates
and bleeding risk remain higher than in men.

To further optimize clinical outcomes of women undergo-
ing PCI, evidence-based evaluation in randomized clinical
trials must emphasize increased recruitment of women, with
mandates to include sex-specific, ethnic, and racial sex-based
results. Specifically, to understand the potential benefit or
detriment of new interventional therapies or adjunctive phar-
macotherapy, outcomes of women based on randomized
treatment allocation, with women as their own controls, are
essential.

References

1. American Heart Association. Heart Disease and Stroke Statistics—2005
Update. Dallas, Tex: American Heart Association; 2004.

2. Mueller C, Neumann FJ, Roskamm H, Buser P, Hodgson JM, Per-
ruchoud AP, Buettner HJ. Women do have an improved long-term
outcome after non—ST-elevation acute coronary syndromes treated very
early and predominantly with percutaneous coronary intervention: a
prospective study in 1,450 consecutive patients. J Am Coll Cardiol.
2002;40:245-250.

3. Stone GW, Grines CL, Browne KF, Marco J, Rothbaum D, O’Keefe J,
Hartzler GO, Overlie P, Donohue B, Chelliah N, et al. Comparison of
in-hospital outcome in men versus women treated by either thrombolytic
therapy or primary coronary angioplasty for acute myocardial infarction.
Am J Cardiol. 1995;75:987-992.

4. Glaser R, Herrmann HC, Murphy SA, Demopoulos LA, DiBattiste PM,
Cannon CP, Braunwald E. Benefit of an early invasive management
strategy in women with acute coronary syndromes. JAMA. 2002;288:
3124-3129.

5. Angeja BG, Gibson CM, Chin R, Frederick PD, Every NR, Ross AM,
Stone GW, Barron HV; Participants in the National Registry of Myo-
cardial Infarction 2-3. Predictors of door-to-balloon delay in primary
angioplasty. Am J Cardiol. 2002;89:1156-1161.

6. Ayanian JZ, Epstein AM. Differences in the use of procedures between
men and women hospitalized for coronary disease. N Engl J Med.
1991;325:221-225.

7. Shaw LJ, Miller DD, Romeis JC, Kargl D, Younis LT, Chaitman BR.
Gender differences in the noninvasive evaluation and management of
patients with suspected coronary artery disease. Ann Intern Med. 1994;
120:559-566.

8. Rathore SS, Wang Y, Radford MJ, Ordin DL, Krumholz HM. Sex
differences in cardiac catheterization after acute myocardial infarction:

10.

11.

13.

14.

16.

17.

18.

20.

21.

the role of procedure appropriateness. Ann Intern Med. 2002;137:
487-493.

. Schulman KA, Berlin JA, Harless W, Kerner JF, Sistrunk S, Gersh BJ,

Dube R, Taleghani CK, Burke JE, Williams S, Eisenberg JM, Escarce
JJ. The effect of race and sex on physicians’ recommendations for
cardiac catheterization. N Engl J Med. 1999;340:618-626.

Roeters van Lennep JE, Zwinderman AH, Roeters van Lennep HW,
Westerveld HE, Plokker HW, Voors AA, Bruschke AV, van der Wall
EE. Gender differences in diagnosis and treatment of coronary artery
disease from 1981 to 1997. No evidence for the Yentl syndrome. Eur
Heart J. 2000;21:911-918.

Bell MR, Berger PB, Holmes DR Jr, Mullany CJ, Bailey KR, Gersh BJ.
Referral for coronary artery revascularization procedures after diagnos-
tic coronary angiography: evidence for gender bias? J Am Coll Cardiol.
1995;25:1650—-1655.

. Ghali WA, Faris PD, Galbraith PD, Norris CM, Curtis MJ, Saunders

LD, Dzavik V, Mitchell LB, Knudtson ML; Alberta Provincial Project
for Outcome Assessment in Coronary Heart Disease (APPROACH)
Investigators. Sex differences in access to coronary revascularization
after cardiac catheterization: importance of detailed clinical data. Ann
Intern Med. 2002;136:723-732.

Jacobs AK, Johnston JM, Haviland A, Brooks MM, Kelsey SF, Holmes
DR Jr, Faxon DP, Williams DO, Detre KM. Improved outcomes for
women undergoing contemporary percutaneous coronary intervention: a
report from the National Heart, Lung, and Blood Institute Dynamic
registry. J Am Coll Cardiol. 2002;39:1608-1614.

Holmes DR Jr, Kip KE, Kelsey SF, Detre KM, Rosen AD. Cause of
death analysis in the NHLBI PTCA Registry: results and considerations
for evaluating long-term survival after coronary interventions. J Am Coll
Cardiol. 1997;30:881-887.

. Malenka DJ, Wennberg DE, Quinton HA, O’Rourke DJ, McGrath PD,

Shubrooks SJ, O’Connor GT, Ryan TJ, Robb JF, Kellett MA, Bradley
WA, Hearne MA, VerLee PN, Watkins MW, Hettleman BD, Piper WD;
Northern New England Cardiovascular Disease Study Group. Gender-
related changes in the practice and outcomes of percutaneous coronary
interventions in Northern New England from 1994 to 1999. J Am Coll
Cardiol. 2002;40:2092-2101.

Vakili BA, Kaplan RC, Brown DL. Sex-based differences in early
mortality of patients undergoing primary angioplasty for first acute
myocardial infarction. Circulation. 2001;104:3034-3038.

Beinart SC, Vaccarino V, Abramson JL, Hewitt K, Weintraub WS.
Effect of gender according to age on in-hospital mortality in patients
with acute myocardical infarction in the ACC-National Cardiovascular
Data Registry. J Am Coll Cardiol. 2003;41:540A. Abstract.

Lansky AJ, Mehran R, Dangas G, Desai K, Costantini-Ortiz C, Cristea
E, New G, Negoita M, Stone GW, Leon MB. New-device angioplasty in
women: clinical outcome and predictors in a 7,372-patient registry.
Epidemiology. 2002;13:S46-S51.

. Alfonso F, Hernandez R, Banuelos C, Fernandez-Ortiz A, Escaned J,

Sabate M, Perez-Vizcayno MJ, Fernandez C, Macaya C. Initial results
and long-term clinical and angiographic outcome of coronary stenting in
women. Am J Cardiol. 2000;86:1380—-1383, A1385.

Watanabe CT, Maynard C, Ritchie JL. Comparison of short-term
outcomes following coronary artery stenting in men versus women.
Am J Cardiol. 2001;88:848—852.

Abramson JL, Veledar E, Weintraub WS, Vaccarino V. Association
between gender and in-hospital mortality after percutaneous coronary
intervention according to age. Am J Cardiol. 2003;91:968-971.



950

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Circulation February 22, 2005

Kelsey SF, Miller DP, Holubkov R, Lu AS, Cowley MJ, Faxon DP,
Detre KM. Results of percutaneous transluminal coronary angioplasty in
patients greater than or equal to 65 years of age (from the 1985 to 1986
National Heart, Lung, and Blood Institute’s Coronary Angioplasty
Registry). Am J Cardiol. 1990;66:1033-1038.

Mehilli J, Kastrati A, Dirschinger J, Bollwein H, Neumann FJ, Schomig
A. Differences in prognostic factors and outcomes between women and
men undergoing coronary artery stenting. JAMA. 2000;284:1799-1805.
Malenka DJ, O’Connor GT, Quinton H, Wennberg D, Robb JF,
Shubrooks S, Kellett MA Jr, Hearne MJ, Bradley WA, VerLee P.
Differences in outcomes between women and men associated with
percutaneous transluminal coronary angioplasty. A regional prospective
study of 13,061 procedures. Northern New England Cardiovascular
Disease Study Group. Circulation. 1996;94:1199-11104.

Bell MR, Garratt KN, Bresnahan JF, Holmes DR Jr. Immediate and
long-term outcome after directional coronary atherectomy: analysis of
gender differences. Mayo Clin Proc. 1994;69:723-729.

Trabattoni D, Bartorelli AL, Montorsi P, Fabbiocchi F, Loaldi A, Galli
S, Ravagnani P, Cozzi S, Grancini L, Liverani A, Leon ME, Robertson
C, Boyle P. Comparison of outcomes in women and men treated with
coronary stent implantation. Catheter Cardiovasc Interv. 2003;58:
20-28.

McEniery PT, Hollman J, Knezinek V, Dorosti K, Franco I, Simpfen-
dorfer C, Whitlow P. Comparative safety and efficacy of percutaneous
transluminal coronary angioplasty in men and in women. Cathet Car-
diovasc Diagn. 1987;13:364-371.

Lansky AJ, Pietras C, Costa RA, et al. Gender-based outcomes after
primary angioplasty versus primary stenting with and without abciximab
for acute myocardial infarction: results of the CADILLAC trial. Circu-
lation. In press.

Weintraub WS, Wenger NK, Kosinski AS, Douglas JS Jr, Liberman HA,
Morris DC, King SB III. Percutaneous transluminal coronary angio-
plasty in women compared with men. J Am Coll Cardiol. 1994;24:
81-90.

Robertson T, Kennard ED, Mehta S, Popma JJ, Carrozza JP Jr, King SB
III, Holmes DR, Cowley MJ, Hornung CA, Kent KM, Roubin GS,
Litvack F, Moses JW, Safian R, Desvigne-Nickens P, Detre KM.
Influence of gender on in-hospital clinical and angiographic outcomes
and on one-year follow-up in the New Approaches to Coronary Inter-
vention (NACI) registry. Am J Cardiol. 1997;80:26K-39K.

Arnold AM, Mick MJ, Piedmonte MR, Simpfendorfer C. Gender dif-
ferences for coronary angioplasty. Am J Cardiol. 1994;74:18-21.
Peterson ED, Lansky AJ, Kramer J, Anstrom K, Lanzilotta MJ; National
Cardiovascular Network Clinical Investigators. Effect of gender on the
outcomes of contemporary percutaneous coronary intervention. Am J
Cardiol. 2001;88:359-364.

Welty FK, Lewis SM, Kowalker W, Shubrooks SJ, Jr. Reasons for
higher in-hospital mortality >24 hours after percutaneous transluminal
coronary angioplasty in women compared with men. Am J Cardiol.
2001;88:473-477.

Bell MR, Holmes DR Jr, Berger PB, Garratt KN, Bailey KR, Gersh BJ.
The changing in-hospital mortality of women undergoing percutaneous
transluminal coronary angioplasty. JAMA. 1993;269:2091-2095.
Jacobs AK. Coronary revascularization in women in 2003: sex revisited.
Circulation. 2003;107:375-377.

Stone GW, Ellis SG, Cox DA, Hermiller J, O’ Shaughnessy C, Mann JT,
Turco M, Caputo R, Bergin P, Greenberg J, Popma JJ, Russell ME;
TAXUS-IV Investigators. One-year clinical results with the slow-
release, polymer-based, paclitaxel-eluting TAXUS stent: the
TAXUS-IV trial. Circulation. 2004;109:1942-1947.

Eagle KA, Lim MJ, Dabbous OH, Pieper KS, Goldberg RJ, Van de Werf
F, Goodman SG, Granger CB, Steg PG, Gore JM, Budaj A, Avezum A,
Flather MD, Fox KA; GRACE Investigators. A validated prediction
model for all forms of acute coronary syndrome: estimating the risk of
6-month postdischarge death in an international registry. JAMA. 2004;
291:2727-2733.

Antoniucci D, Valenti R, Moschi G, Migliorini A, Trapani M, Santoro
GM, Bolognese L, Dovellini EV. Sex-based differences in clinical and
angiographic outcomes after primary angioplasty or stenting for acute
myocardial infarction. Am J Cardiol. 2001;87:289-293.

Mehilli J, Kastrati A, Dirschinger J, Pache J, Seyfarth M, Blasini R, Hall
D, Neumann FJ, Schomig A. Sex-based analysis of outcome in patients
with acute myocardial infarction treated predominantly with percutane-
ous coronary intervention. JAMA. 2002;287:210-215.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Baim DS, Cutlip DE, Sharma SK, Ho KK, Fortuna R, Schreiber TL,
Feldman RL, Shani J, Senerchia C, Zhang Y, Lansky AJ, Popma JJ,
Kuntz RE. Final results of the Balloon vs Optimal Atherectomy Trial
(BOAT). Circulation. 1998;97:322-331.

Jacobs AK, Kelsey SF, Brooks MM, Faxon DP, Chaitman BR, Bittner
V., Mock MB, Weiner BH, Dean L, Winston C, Drew L, Sopko G. Better
outcome for women compared with men undergoing coronary revascu-
larization: a report from the bypass angioplasty revascularization inves-
tigation (BARI). Circulation. 1998;98:1279-1285.

Mehilli J, Kastrati A, Bollwein H, Dibra A, Schuhlen H, Dirschinger J,
Schomig A. Gender and restenosis after coronary artery stenting. Eur
Heart J. 2003;24:1523-1530.

Lansky AJ, Costa RA, Tsuchiya Y, et al. Gender-based outcomes after
paclitaxel-eluting stent implantation in patients with coronary artery
disease. J Am Coll Cardiol. In press.

Lansky AJ. Outcomes of percutaneous and surgical revascularization in
women. Prog Cardiovasc Dis. 2004;46:305-319.

Kelsey SF, James M, Holubkov AL, Holubkov R, Cowley MJ, Detre
KM. Results of percutaneous transluminal coronary angioplasty in
women. 1985-1986 National Heart, Lung, and Blood Institute’s
Coronary Angioplasty Registry. Circulation. 1993;87:720-727.
Mandak JS, Blankenship JC, Gardner LH, Berkowitz SD, Aguirre FV,
Sigmon KN, Timmis GC, Gilchrist IC, Mclvor M, Resar J, Weiner BH,
George BS, Talley JD, Lincoff AM, Tcheng JE, Califf RM, Topol EJ.
Modifiable risk factors for vascular access site complications in the
IMPACT II Trial of angioplasty with versus without eptifibatide. Inte-
grilin to Minimize Platelet Aggregation and Coronary Thrombosis. J Am
Coll Cardiol. 1998;31:1518-1524.

Lincoff AM, Tcheng JE, Califf RM, Bass T, Popma JJ, Teirstein PS,
Kleiman NS, Hattel LJ, Anderson HV, Ferguson JJ, Cabot CF, Anderson
KM, Berdan LG, Musco MH, Weisman HF, Topol EJ. Standard versus
low-dose weight-adjusted heparin in patients treated with the platelet
glycoprotein IIb/Illa receptor antibody fragment abciximab (c7E3 Fab)
during percutaneous coronary revascularization. PROLOG Investi-
gators. Am J Cardiol. 1997;79:286-291.

Fernandes LS, Tcheng JE, O’Shea JC, Weiner B, Lorenz TJ, Pacchiana
C, Berdan LG, Maresh KJ, Joseph D, Madan M, Mann T, Kilaru R,
Hochman JS, Kleiman NS; ESPRIT investigators. Is glycoprotein
IIb/Ila antagonism as effective in women as in men following percu-
taneous coronary intervention? Lessons from the ESPRIT study. J Am
Coll Cardiol. 2002;40:1085-1091.

Cho L, Topol EJ, Balog C, Foody JM, Booth JE, Cabot C, Kleiman NS,
Tcheng JE, Califf R, Lincoff AM. Clinical benefit of glycoprotein
IIb/IlIa blockade with Abciximab is independent of gender: pooled
analysis from EPIC, EPILOG and EPISTENT trials. Evaluation of 7E3
for the Prevention of Ischemic Complications. Evaluation in Percutane-
ous Transluminal Coronary Angioplasty to Improve Long-Term
Outcome with Abciximab GP IIb/Illa blockade. Evaluation of Platelet
IIb/IIIa Inhibitor for Stent. J Am Coll Cardiol. 2000;36:381-386.
Lincoff AM, Bittl JA, Harrington RA, Feit F, Kleiman NS, Jackman JD,
Sarembock 1J, Cohen DJ, Spriggs D, Ebrahimi R, Keren G, Carr J,
Cohen EA, Betriu A, Desmet W, Kereiakes DJ, Rutsch W, Wilcox RG,
de Feyter PJ, Vahanian A, Topol EJ; REPLACE-2 Investigators. Biva-
lirudin and provisional glycoprotein IIb/IIla blockade compared with
heparin and planned glycoprotein IIb/Illa blockade during percutaneous
coronary intervention: REPLACE-2 randomized trial. JAMA. 2003;289:
853-863.

Anderson HV, Shaw RE, Brindis RG, Hewitt K, Krone RJ, Block PC,
McKay CR, Weintraub WS. A contemporary overview of percutaneous
coronary interventions. The American College of Cardiology—National
Cardiovascular Data Registry (ACC-NCDR). J Am Coll Cardiol. 2002;
39:1096-1103.

Fischman DL, Leon MB, Baim DS, Schatz RA, Savage MP, Penn I,
Detre K, Veltri L, Ricci D, Nobuyoshi M, et al. A randomized com-
parison of coronary-stent placement and balloon angioplasty in the
treatment of coronary artery disease. Stent Restenosis Study Investi-
gators. N Engl J Med. 1994;331:496-501.

Serruys PW, de Jaegere P, Kiemeneij F, Macaya C, Rutsch W, Heyn-
drickx G, Emanuelsson H, Marco J, Legrand V, Materne P, et al. A
comparison of balloon-expandable-stent implantation with balloon
angioplasty in patients with coronary artery disease. Benestent Study
Group. N Engl J Med. 1994;331:489-495.

Bittl JA, Chew DP, Topol EJ, Kong DF, Califf RM. Meta-analysis of
randomized trials of percutaneous transluminal coronary angioplasty



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Lansky et al

versus atherectomy, cutting balloon atherotomy, or laser angioplasty.
J Am Coll Cardiol. 2004;43:936-942.

George CJ, Baim DS, Brinker JA, Fischman DL, Goldberg S, Holubkov
R, Kennard ED, Veltri L, Detre KM. One-year follow-up of the Stent
Restenosis (STRESS I) Study. Am J Cardiol. 1998;81:860—865.
Savage M, Fishman D, Rake R, Leon MB, Schatz RA, Penn I,
Nobuyoshi M, Moses J, Hirshfeld J, Heuser R, Baim D, Cleman M,
Brinker J, Gebhardt S, Goldberg S. Efficacy of coronary stenting versus
balloon angioplasty in small coronary arteries. Stent Restenosis Study
(STRESS) Investigators. J Am Coll Cardiol. 1998;31:307-311.
Chauhan MS, Ho KK, Baim DS, Kuntz RE, Cutlip DE. Effect of gender
on in-hospital and one-year outcomes after contemporary coronary
artery stenting. Am J Cardiol. 2005;95:101-104.

Moriel M, Feld S, Almagor Y, Balkin JA, Klutstein MW, Meerkin D,
Rosenmann D, Winkler H, Tzivoni D. Results of coronary artery
stenting in women versus men: a single center experience. Isr Med Assoc
J. 2003;5:398 -402.

Moses JW, Leon MB, Popma JJ, Fitzgerald PJ, Holmes DR,
O’Shaughnessy C, Caputo RP, Kereiakes DJ, Williams DO, Teirstein
PS, Jaeger JL, Kuntz RE; SIRIUS Investigators. Sirolimus-eluting stents
versus standard stents in patients with stenosis in a native coronary
artery. N Engl J Med. 2003;349:1315-1323.

Stone GW, Ellis SG, Cox DA, Hermiller J, O’ Shaughnessy C, Mann JT,
Turco M, Caputo R, Bergin P, Greenberg J, Popma JJ, Russell ME;
TAXUS-IV Investigators. A polymer-based, paclitaxel-eluting stent in
patients with coronary artery disease. N Engl J Med. 2004;350:221-231.
Holmes DR Jr, Leon MB, Moses JW, Popma JJ, Cutlip D, Fitzgerald PJ,
Brown C, Fischell T, Wong SC, Midei M, Snead D, Kuntz RE. Analysis
of 1-year clinical outcomes in the SIRIUS trial: a randomized trial of a
sirolimus-eluting stent versus a standard stent in patients at high risk for
coronary restenosis. Circulation. 2004;109:634—640.

Ardissino D, Cavallini C, Bramucci E, Indolfi C, Marzocchi A, Manari
A, Angeloni G, Carosio G, Bonizzoni E, Colusso S, Repetto M, Merlini
PA; SES-SMART Investigators. Sirolimus-eluting vs uncoated stents for
prevention of restenosis in small coronary arteries: a randomized trial.
JAMA. 2004;292:2727-2734.

Movsowitz HD, Emmi RP, Manginas A, Wells E, Ledley GS, Kotler
MN, Nakhjavan FK, Yazdanfar S. Directional coronary atherectomy in
women compared with men. Clin Cardiol. 1994;17:597-602.
Schunkert H, Harrell L, Palacios IF. Implications of small reference
vessel diameter in patients undergoing percutaneous coronary revascu-
larization. J Am Coll Cardiol. 1999;34:40—48.

Bittl JA, Ryan TJ Jr, Keaney JF Jr, Tcheng JE, Ellis SG, Isner JM,
Sanborn TA. Coronary artery perforation during excimer laser coronary
angioplasty. The percutaneous Excimer Laser Coronary Angioplasty
Registry. J Am Coll Cardiol. 1993;21:1158-1165.

Ahmed JM, Dangas G, Lansky AJ, Mehran R, Hong MK, Mintz GS,
Pichard AD, Satler LF, Kent KM, Stone GW, Leon MB. Influence of
gender on early and one-year clinical outcomes after saphenous vein
graft stenting. Am J Cardiol. 2001;87:401-405.

Baim DS, Wahr D, George B, Leon MB, Greenberg J, Cutlip DE, Kaya
U, Popma JJ, Ho KK, Kuntz RE; Saphenous vein graft Angioplasty Free
of Emboli Randomized (SAFER) Trial Investigators. Randomized trial
of a distal embolic protection device during percutaneous intervention of
saphenous vein aorto-coronary bypass grafts. Circulation. 2002;105:
1285-1290.

Popma JJ, Suntharalingam M, Lansky AJ, Heuser RR, Speiser B,
Teirstein PS, Massullo V, Bass T, Henderson R, Silber S, von Rottkay
P, Bonan R, Ho KK, Osattin A, Kuntz RE; Stents And Radiation
Therapy (START) Investigators. Randomized trial of 90Sr/90Y beta-
radiation versus placebo control for treatment of in-stent restenosis.
Circulation. 2002;106:1090-1096.

Braunwald E, Antman EM, Beasley JW, Califf RM, Cheitlin MD,
Hochman JS, Jones RH, Kereiakes D, Kupersmith J, Levin TN, Pepine
CJ, Schaeffer JW, Smith EE III, Steward DE, Theroux P, Gibbons RJ,
Alpert JS, Faxon DP, Fuster V, Gregoratos G, Hiratzka LF, Jacobs AK,
Smith SC Jr; American College of Cardiology; American Heart Asso-
ciation. Committee on the Management of Patients With Unstable
Angina. ACC/AHA 2002 guideline update for the management of
patients with unstable angina and non-ST-segment elevation myocardial
infarction—summary article: a report of the American College of Car-
diology/American Heart Association task force on practice guidelines
(Committee on the Management of Patients With Unstable Angina).
J Am Coll Cardiol. 2002;40:1366—1374.

PCI and Adjunctive Pharmacotherapy in Women

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

951

Lagerqvist B, Safstrom K, Stahle E, Wallentin L, Swahn E; FRISC II
Study Group Investigators. Is early invasive treatment of unstable
coronary artery disease equally effective for both women and men?
FRISC II Study Group Investigators. J Am Coll Cardiol. 2001;38:
41-48.

Fox KA, Poole-Wilson PA, Henderson RA, Clayton TC, Chamberlain
DA, Shaw TR, Wheatley DJ, Pocock SJ; Randomized Intervention Trial
of unstable Angina Investigators. Interventional versus conservative
treatment for patients with unstable angina or non-ST-elevation myo-
cardial infarction: the British Heart Foundation RITA 3 randomised trial.
Randomized Intervention Trial of unstable Angina. Lancet. 2002;360:
743-751.

Cannon CP, Weintraub WS, Demopoulos LA, Vicari R, Frey MJ, Lakkis
N, Neumann FJ, Robertson DH, DeLucca PT, DiBattiste PM, Gibson
CM, Braunwald E; TACTICS (Treat Angina with Aggrastat and
Determine Cost of Therapy with an Invasive or Conservative Strat-
egy)-Thrombolysis in Myocardial Infarction 18 Investigators. Com-
parison of early invasive and conservative strategies in patients with
unstable coronary syndromes treated with the glycoprotein IIb/IIla in-
hibitor tirofiban. N Engl J Med. 2001;344:1879—-1887.

Wiviott SD, Cannon CP, Morrow DA, Murphy SA, Gibson CM,
McCabe CH, Sabatine MS, Rifai N, Giugliano RP, DiBattiste PM,
Demopoulos LA, Antman EM, Braunwald E. Differential expression of
cardiac biomarkers by gender in patients with unstable angina/non-ST-
elevation myocardial infarction: a TACTICS-TIMI 18 (Treat Angina
with Aggrastat and determine Cost of Therapy with an Invasive or
Conservative Strategy-Thrombolysis In Myocardial Infarction 18)
substudy. Circulation. 2004;109:580-586.

Clayton TC, Pocock SJ, Henderson RA, Poole-Wilson PA, Shaw TR,
Knight R, Fox KA. Do men benefit more than women from an inter-
ventional strategy in patients with unstable angina or non-ST-elevation
myocardial infarction? The impact of gender in the RITA 3 trial. Eur
Heart J. 2004;25:1641-1650.

Hochman JS, Tamis-Holland JE. Acute coronary syndromes: does sex
matter? JAMA. 2002;288:3161-3164.

Tamis-Holland JE, Palazzo A, Stebbins AL, Slater JN, Boland J, Ellis
SG, Hochman JS; GUSTO II-B Angioplasty Substudy Investigators.
Benefits of direct angioplasty for women and men with acute myocardial
infarction: results of the Global Use of Strategies to Open Occluded
Arteries in Acute Coronary Syndromes Angioplasty (GUSTO II-B)
Angioplasty Substudy. Am Heart J. 2004;147:133-139.

Nallamothu BK, Bates ER. Percutaneous coronary intervention versus
fibrinolytic therapy in acute myocardial infarction: is timing (almost)
everything? Am J Cardiol. 2003;92:824—826.

American College of Cardiology/American Heart Association.
ACC/AHA Guidelines for the Management of Patients With
ST-Elevation Myocardial Infarction. A Report of the American College
of Cardiology/American Heart Association Task Force on Practice
Guidelines (Committee to Revise the 1999 Guidelines for the Man-
agement of Patients With Acute Myocardial Infarction). Available at:
www.acc.org/clinical/guidelines/stemi/index.pdf. Accessed January 6,
2005.

Cannon CP, Gibson CM, Lambrew CT, Shoultz DA, Levy D, French
W1I, Gore IM, Weaver WD, Rogers W1J, Tiefenbrunn AJ. Relationship of
symptom-onset-to-balloon time and door-to-balloon time with mortality
in patients undergoing angioplasty for acute myocardial infarction.
JAMA. 2000;283:2941-2947.

Grines CL, Cox DA, Stone GW, Garcia E, Mattos LA, Giambartolomei
A, Brodie BR, Madonna O, Eijgelshoven M, Lansky AJ, O’Neill WW,
Morice MC. Coronary angioplasty with or without stent implantation for
acute myocardial infarction. Stent Primary Angioplasty in Myocardial
Infarction Study Group. N Engl J Med. 1999;341:1949-1956.

Stone GW, Grines CL, Cox DA, Garcia E, Tcheng JE, Griffin JJ,
Guagliumi G, Stuckey T, Turco M, Carroll JD, Rutherford BD, Lansky
AJ; Controlled Abciximab and Device Investigation to Lower Late
Angioplasty Complications (CADILLAC) Investigators. Comparison of
angioplasty with stenting, with or without abciximab, in acute myo-
cardial infarction. N Engl J Med. 2002;346:957-966.

Hasdai D, Califf RM, Thompson TD, Hochman JS, Ohman EM,
Pfisterer M, Bates ER, Vahanian A, Armstrong PW, Criger DA, Topol
EJ, Holmes DR Jr. Predictors of cardiogenic shock after thrombolytic
therapy for acute myocardial infarction. J Am Coll Cardiol. 2000;35:
136-143.

Wong SC, Sleeper LA, Monrad ES, Menegus MA, Palazzo A, Dzavik
V, Jacobs A, Jiang X, Hochman JS; SHOCK Investigators. Absence of



952

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Circulation February 22, 2005

gender differences in clinical outcomes in patients with cardiogenic
shock complicating acute myocardial infarction. A report from the
SHOCK Trial Registry. J Am Coll Cardiol. 2001;38:1395-1401.
Kong DF, Hasselblad V, Kandzari DE, Newby LK, Califf RM. Seeking
the optimal aspirin dose in acute coronary syndromes. Am J Cardiol.
2002;90:622-625.

Antithrombotic Trialists’ Collaboration. Collaborative meta-analysis of
randomised trials of antiplatelet therapy for prevention of death, myo-
cardial infarction, and stroke in high risk patients. BMJ. 2002;324:
71-86.

Kim C, Beckles GL. Cardiovascular disease risk reduction in the
Behavioral Risk Factor Surveillance System. Am J Prev Med. 2004;
27:1-7.

Califf RM, DeLong ER, Ostbye T, Muhlbaier LH, Chen A, LaPointe
NA, Hammill BG, McCants CB, Kramer JM. Underuse of aspirin in a
referral population with documented coronary artery disease. Am J
Cardiol. 2002;89:653-661.

Vittinghoff E, Shlipak MG, Varosy PD, Furberg CD, Ireland CC, Khan
SS, Blumenthal R, Barrett-Connor E, Hulley S; Heart and Estrogen/
Progestin Replacement Study Research Group. Risk factors and sec-
ondary prevention in women with heart disease: the Heart and Estrogen/
Progestin Replacement Study. Ann Intern Med. 2003;138:81-89.
Harrold LR, Lessard D, Yarzebski J, Gurwitz JH, Gore JM, Goldberg
RJ. Age and sex differences in the treatment of patients with initial acute
myocardial infarction: a community-wide perspective. Cardiology.
2003;99:39-46.

Randomised trial of intravenous streptokinase, oral aspirin, both, or
neither among 17,187 cases of suspected acute myocardial infarction:
ISIS-2. ISIS-2 (Second International Study of Infarct Survival) Collab-
orative Group. Lancet. 1988;2:349-360.

Smith SCJ, Dove JT, Jacobs AK, Kennedy JW, Kereiakes D, Kern MJ,
Kuntz RE, Popma JJ, Schaff HV, Williams DO, Gibbons RJ, Alpert JP,
Eagle KA, Faxon DP, Fuster V, Gardner TJ, Gregoratos G, Russell RO,
Smith SC Jr; American College of Cardiology; American Heart Asso-
ciation Task Force on Practice Guidelines. Committee to Revise the
1993 Guidelines for Percutaneous Transluminal Coronary Angioplasty.
ACC/AHA guidelines of percutaneous coronary interventions (revision
of the 1993 PTCA guidelines)—executive summary. A report of the
American College of Cardiology/American Heart Association Force on
Practice Guidelines (committee to revise the 1993 guidelines for percu-
taneous transluminal coronary angioplasty). J Am Coll Cardiol. 2001;
37:2215-2239.

A randomised, blinded, trial of clopidogrel versus aspirin in patients at
risk of ischaemic events (CAPRIE). CAPRIE Steering Committee.
Lancet. 1996;348:1329-1339.

Bhatt DL, Chew DP, Hirsch AT, Ringleb PA, Hacke W, Topol EJ.
Superiority of clopidogrel versus aspirin in patients with prior cardiac
surgery. Circulation. 2001;103:363-368.

Yusuf S, Mehta SR, Zhao F, Gersh BJ, Commerford PJ, Blumenthal M,
Budaj A, Wittlinger T, Fox KA; Clopidogrel in Unstable angina to
prevent Recurrent Events Trial Investigators. Early and late effects of
clopidogrel in patients with acute coronary syndromes. Circulation.
2003;107:966-972.

Leon MB, Baim DS, Popma JJ, Gordon PC, Cutlip DE, Ho KK,
Giambartolomei A, Diver DJ, Lasorda DM, Williams DO, Pocock SJ,
Kuntz RE. A clinical trial comparing three antithrombotic-drug
regimens after coronary-artery stenting. Stent Anticoagulation Resteno-
sis Study Investigators. N Engl J Med. 1998;339:1665-1671.

Mosca L, Appel LJ, Benjamin EJ, Berra K, Chandra-Strobos N,
Fabunmi RP, Grady D, Haan CK, Hayes SN, Judelson DR, Keenan NL,
McBride P, Oparil S, Ouyang P, Oz MC, Mendelsohn ME, Pasternak
RC, Pinn VW, Robertson RM, Schenck-Gustafsson K, Sila CA, Smith
SC Jr, Sopko G, Taylor AL, Walsh BW, Wenger NK, Williams CL;
American Heart Association. Evidence-based guidelines for cardiovas-
cular disease prevention in women. Circulation. 2004;109:672—693.
Steinhubl SR, Tan WA, Foody JM, Topol EJ. Incidence and clinical
course of thrombotic thrombocytopenic purpura due to ticlopidine fol-
lowing coronary stenting. EPISTENT Investigators. Evaluation of Plate-
let TIb/IITa Inhibitor for Stenting. JAMA. 1999;281:806—810.

Lubbe DF, Berger PB. The thienopyridines. J Interv Cardiol. 2002;15:
85-93.

Bhatt DL, Bertrand ME, Berger PB, L’Allier PL, Moussa I, Moses JW,
Dangas G, Taniuchi M, Lasala JM, Holmes DR, Ellis SG, Topol EJ.
Meta-analysis of randomized and registry comparisons of ticlopidine
with clopidogrel after stenting. J Am Coll Cardiol. 2002;39:9-14.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Mehta SR, Yusuf S, Peters RJ, Bertrand ME, Lewis BS, Natarajan MK,
Malmberg K, Rupprecht H, Zhao F, Chrolavicius S, Copland I, Fox KA;
Clopidogrel in Unstable angina to prevent Recurrent Events trial
(CURE) Investigators. Effects of pretreatment with clopidogrel and
aspirin followed by long-term therapy in patients undergoing percuta-
neous coronary intervention: the PCI-CURE study. Lancet. 2001;358:
527-533.

Steinhubl SR, Berger PB, Mann JT III, Fry ET, DeLago A, Wilmer C,
Topol EJ; CREDO Investigators. Clopidogrel for the Reduction of
Events During Observation. Early and sustained dual oral antiplatelet
therapy following percutaneous coronary intervention: a randomized
controlled trial. JAMA. 2002;288:2411-2420.

Peters RJ, Mehta SR, Fox KA, Zhao F, Lewis BS, Kopecky SL, Diaz R,
Commerford PJ, Valentin V, Yusuf S; Clopidogrel in Unstable angina to
prevent Recurrent Events (CURE) Trial Investigators. Effects of aspirin
dose when used alone or in combination with clopidogrel in patients
with acute coronary syndromes: observations from the Clopidogrel in
Unstable angina to prevent Recurrent Events (CURE) study. Circu-
lation. 2003;108:1682-1687.

Chew DP, Bhatt DL, Robbins MA, Mukherjee D, Roffi M, Schneider
JP, Topol EJ, Ellis SG. Effect of clopidogrel added to aspirin before
percutaneous coronary intervention on the risk associated with
C-reactive protein. Am J Cardiol. 2001;88:672—-674.

Muller I, Seyfarth M, Rudiger S, Wolf B, Pogatsa-Murray G, Schomig
A, Gawaz M. Effect of a high loading dose of clopidogrel on platelet
function in patients undergoing coronary stent placement. Heart. 2001;
85:92-93.

Pache J, Kastrati A, Mehilli J, Gawaz M, Neumann FJ, Seyfarth M, Hall
D, Braun S, Dirschinger J, Schomig A. Clopidogrel therapy in patients
undergoing coronary stenting: value of a high-loading-dose regimen.
Catheter Cardiovasc Interv. 2002;55:436—-441.

Kastrati A, Mehilli J, Schuhlen H, Dirschinger J, Dotzer F, ten Berg JM,
Neumann FJ, Bollwein H, Volmer C, Gawaz M, Berger PB, Schomig A;
Intracoronary Stenting and Antithrombotic Regimen-Rapid Early Action
for Coronary Treatment Study Investigators. A clinical trial of
abciximab in elective percutaneous coronary intervention after pre-
treatment with clopidogrel. N Engl J Med. 2004;350:232-238.

Yusuf S, Zhao F, Mehta SR, Chrolavicius S, Tognoni G, Fox KK;
Clopidogrel in Unstable Angina to Prevent Recurrent Events Trial
Investigators. Effects of clopidogrel in addition to aspirin in patients
with acute coronary syndromes without ST-segment elevation. N Engl
J Med. 2001;345:494-502.

Hongo RH, Ley J, Dick SE, Yee RR. The effect of clopidogrel in
combination with aspirin when given before coronary artery bypass
grafting. J Am Coll Cardiol. 2002;40:231-237.

ESPRIT Investigators. Enhanced Suppression of the Platelet IIb/Illa
Receptor with Integrilin Therapy. Novel dosing regimen of eptifibatide
in planned coronary stent implantation (ESPRIT): a randomised,
placebo-controlled trial. Lancet. 2000;356:2037-2044.

Kong DF, Califf RM, Miller DP, Moliterno DJ, White HD, Harrington
RA, Tcheng JE, Lincoff AM, Hasselblad V, Topol EJ. Clinical outcomes
of therapeutic agents that block the platelet glycoprotein IIb/ITla integrin
in ischemic heart disease. Circulation. 1998;98:2829-2835.

Bhatt DL, Lincoff AM, Califf RM, Simoons ML, Tcheng JE, Brener SJ,
Wolski KE, Topol EJ. The benefit of abciximab in percutaneous
coronary revascularization is not device-specific. Am J Cardiol. 2000,
85:1060-1064.

Lincoff AM, Califf RM, Moliterno DJ, Ellis SG, Ducas J, Kramer JH,
Kleiman NS, Cohen EA, Booth JE, Sapp SK, Cabot CF, Topol EJ. Com-
plementary clinical benefits of coronary-artery stenting and blockade of
platelet glycoprotein IIb/IIa receptors. Evaluation of Platelet IIb/IITa
Inhibition in Stenting Investigators. N Engl J Med. 1999;341:319-327.
Topol EJ, Mark DB, Lincoff AM, Cohen E, Burton J, Kleiman N, Talley
D, Sapp S, Booth J, Cabot CF, Anderson KM, Califf RM. Outcomes at
1 year and economic implications of platelet glycoprotein IIb/IIla
blockade in patients undergoing coronary stenting: results from a mul-
ticentre randomised trial. EPISTENT Investigators. Evaluation of Plate-
let IIb/Il1a Inhibitor for Stenting. Lancet. 1999;354:2019-2024.
Boersma E, Harrington RA, Moliterno DJ, White H, Theroux P, Van de
Werf F, de Torbal A, Armstrong PW, Wallentin LC, Wilcox RG, Simes
J, Califf RM, Topol EJ, Simoons ML. Platelet glycoprotein IIb/Illa
inhibitors in acute coronary syndromes: a meta-analysis of all major
randomised clinical trials. Lancet. 2002;359:189-198.



115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Lansky et al

Use of a monoclonal antibody directed against the platelet glycoprotein
IIb/IIa receptor in high-risk coronary angioplasty. The EPIC Investi-
gation. N Engl J Med. 1994;330:956-961.

Lincoff AM, Tcheng JE, Califf RM, Kereiakes DJ, Kelly TA, Timmis
GC, Kleiman NS, Booth JE, Balog C, Cabot CF, Anderson KM,
Weisman HF, Topol EJ. Sustained suppression of ischemic compli-
cations of coronary intervention by platelet GP IIb/Illa blockade with
abciximab: one-year outcome in the EPILOG trial. Evaluation in PTCA
to Improve Long-term Outcome with abciximab GP IIb/IIla blockade.
Circulation. 1999;99:1951-1958.

Platelet glycoprotein IIb/Illa receptor blockade and low-dose heparin
during percutaneous coronary revascularization. The EPILOG Investi-
gators. N Engl J Med. 1997;336:1689-1696.

Randomised placebo-controlled and balloon-angioplasty-controlled trial
to assess safety of coronary stenting with use of platelet glycoprotein-
IIb/Ia blockade. The EPISTENT Investigators. Evaluation of Platelet
IIb/I1Ia Inhibitor for Stenting. Lancet. 1998;352:87-92.

Takovou I, Dangas G, Mehran R, Lansky AJ, Kobayashi Y, Adamian M,
Polena S, Collins MB, Roubin GS, Stone GW, Leon MB, Moses JW.
Gender differences in clinical outcome after coronary artery stenting
with use of glycoprotein IIb/Illa inhibitors. Am J Cardiol. 2002;89:
976-979.

Topol EJ, Moliterno DJ, Herrmann HC, Powers ER, Grines CL, Cohen
DJ, Cohen EA, Bertrand M, Neumann FJ, Stone GW, DiBattiste PM,
Demopoulos L; TARGET Investigators. Do Tirofiban and ReoPro Give
Similar Efficacy Trial. Comparison of two platelet glycoprotein IIb/IITa
inhibitors, tirofiban and abciximab, for the prevention of ischemic
events with percutaneous coronary revascularization. N Engl J Med.
2001;344:1888-1894.

Moliterno DJ, Yakubov SJ, DiBattiste PM, Herrmann HC, Stone GW,
Macaya C, Neumann FJ, Ardissino D, Bassand JP, Borzi L, Yeung AC,
Harris KA, Demopoulos LA, Topol EJ; TARGET investigators.
Outcomes at 6 months for the direct comparison of tirofiban and
abciximab during percutaneous coronary revascularisation with stent
placement: the TARGET follow-up study. Lancet. 2002;360:355-360.
Montalescot G, Barragan P, Wittenberg O, Ecollan P, Elhadad S, Villain
P, Boulenc JM, Morice MC, Maillard L, Pansieri M, Choussat R, Pinton
P; ADMIRAL Investigators. Abciximab before Direct Angioplasty and
Stenting in Myocardial Infarction Regarding Acute and Long-Term
Follow-up. Platelet glycoprotein IIb/IIla inhibition with coronary
stenting for acute myocardial infarction. N Engl J Med. 2001;344:
1895-1903.

Lefkovits J, Ivanhoe RJ, Califf RM, Bergelson BA, Anderson KM,
Stoner GL, Weisman HF, Topol EJ. Effects of platelet glycoprotein
IIb/Illa receptor blockade by a chimeric monoclonal antibody
(abciximab) on acute and six-month outcomes after percutaneous trans-
luminal coronary angioplasty for acute myocardial infarction. EPIC
investigators. Am J Cardiol. 1996;77:1045-1051.

Miller JM, Smalling R, Ohman EM, Bode C, Betriu A, Kleiman NS,
Schildcrout JS, Bastos E, Topol EJ, Califf RM. Effectiveness of early
coronary angioplasty and abciximab for failed thrombolysis (reteplase or
alteplase) during acute myocardial infarction (results from the
GUSTO-III trial). Global Use of Strategies To Open occluded coronary
arteries. Am J Cardiol. 1999;84:779-784.

Jong P, Cohen EA, Batchelor W, Lazzam C, Kreatsoulas C, Natarajan
MK, Strauss BH. Bleeding risks with abciximab after full-dose
thrombolysis in rescue or urgent angioplasty for acute myocardial
infarction. Am Heart J. 2001;141:218-225.

Cantor WJ, Kaplan AL, Velianou JL, Sketch MH Jr, Barsness GW,
Berger PB, Ohman EM. Effectiveness and safety of abciximab after
failed thrombolytic therapy. Am J Cardiol. 2001;87:439-442, A4.
Inhibition of platelet glycoprotein IIb/IIla with eptifibatide in patients
with acute coronary syndromes. The PURSUIT Trial Investigators.
Platelet Glycoprotein IIb/IITa in Unstable Angina: Receptor Suppression
Using Integrilin Therapy. N Engl J Med. 1998;339:436—443.

Huynh T, Theroux P, Snapinn S, Wan Y. Effect of platelet glycoprotein
IIb/IIIa receptor blockade with tirofiban on adverse cardiac events in
women with unstable angina/non-ST-elevation myocardial infarction
(PRISM-PLUS Study). Am Heart J. 2003;146:668—673.

Simoons ML; GUSTO IV-ACS Investigators. Effect of glycoprotein
IIb/II1a receptor blocker abciximab on outcome in patients with acute
coronary syndromes without early coronary revascularisation: the
GUSTO IV-ACS randomised trial. Lancet. 2001;357:1915-1924.

PCI and Adjunctive Pharmacotherapy in Women

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

953

Ottervanger JP, Armstrong P, Barnathan ES, Boersma E, Cooper JS,
Ohman EM, James S, Topol E, Wallentin L, Simoons ML; GUSTO
IV-ACS Investigators. Long-term results after the glycoprotein IIb/Illa
inhibitor abciximab in unstable angina: one-year survival in the GUSTO
IV-ACS (Global Use of Strategies To Open Occluded Coronary Arteries
IV—Acute Coronary Syndrome) Trial. Circulation. 2003;107:437—-442.
Hirsh J, Anand SS, Halperin JL, Fuster V. Guide to anticoagulant
therapy. Heparin: a statement for healthcare professionals from the
American Heart Association. Circulation. 2001;103:2994-3018.
Kereiakes DJ, Montalescot G, Antman EM, Cohen M, Darius H,
Ferguson JJ, Grines C, Karsch KR, Kleiman NS, Moliterno DJ, Steg PG,
Teirstein P, Van de Werf F, Wallentin L. Low-molecular-weight heparin
therapy for non-ST-elevation acute coronary syndromes and during
percutaneous coronary intervention: an expert consensus. Am Heart J.
2002;144:615-624.

Wong GC, Giugliano RP, Antman EM. Use of low-molecular-weight
heparins in the management of acute coronary artery syndromes and
percutaneous coronary intervention. JAMA. 2003;289:331-342.
Blazing MA, De Lemos JA, White H, Fox KA, Verheugt FW, Ardissino
D, DiBattiste PM, Palmisano J, Bilheimer DW, Snapinn SM, Ramsey
KE, Gardner LH, Hasselblad V, Pfeffer MA, Lewis EF, Braunwald E,
Califf RM; A to Z Investigators. Safety and efficacy of enoxaparin vs.
unfractionated heparin in patients with non-ST-segment elevation acute
coronary syndromes who recieve tirofiban and aspirin: a randomized
controlled trial. JAMA. 2004;292:55-64.

Ferguson JJ, Califf RM, Antman EM, Cohen M, Grines CL, Goodman
S, Kereiakes DJ, Langer A, Mahaffey KW, Nessel CC, Armstrong PW,
Avezum A, Aylward P, Becker RC, Biasucci L, Borzak S, Col J, Frey
M]J, Fry E, Gulba DC, Guneri S, Gurfinkel E, Harrington R, Hochman
JS, Kleiman NS, Leon MB, Lopez-Sendon JL, Pepine CJ, Ruzyllo W,
Steinhubl SR, Teirstein PS, Toro-Figueroa L, White H; SYNERGY
Trial Investigators. Enoxaparin vs unfractionated heparin in high-risk
patients with non-ST-segment elevation acute coronary syndromes
managed with an intended early invasive strategy: primary results of the
SYNERGY randomized trial. JAMA. 2004;292:45-54.

Direct Thrombin Inhibitor Trialists’ Collaborative Group. Direct
thrombin inhibitors in acute coronary syndromes: principal results of a
meta-analysis based on individual patients’ data. Lancet. 2002;359:
294-302.

Lincoff AM, Kleiman N, Kereiakes D, Feit F, Bittl JA, Jackman JD,
Sarembock 1J, Cohen DJ, Spriggs D, Ebrahimi R, Keren G, Carr J,
Cohen EA, Betriu A, Desmet W, Rutsch W, Wilcox RG, de Feyter PJ,
Vahanian A, Topol EJ; REPLACE-2 Investigators. Long-term efficacy
of bivalirudin and provisional glycoprotein IIb/IITa blockade vs heparin
and planned glycoprotein IIb/IITa blockade during percutaneous
coronary revascularization: REPLACE-2 randomized trial. JAMA. 2004,
292:696-703.

Omoigui NA, Califf RM, Pieper K, Keeler G, O’Hanesian MA, Berdan
LG, Mark DB, Talley JD, Topol EJ. Peripheral vascular complications
in the Coronary Angioplasty Versus Excisional Atherectomy Trial
(CAVEAT-I). J Am Coll Cardiol. 1995;26:922-930.

Invasive compared with non-invasive treatment in unstable coronary-
artery disease: FRISC II prospective randomised multicentre study.
FRagmin and Fast Revascularisation during InStability in Coronary
artery disease Investigators. Lancet. 1999;354:708-715.

Wallentin L, Lagerqvist B, Husted S, Kontny F, Stahle E, Swahn E.
Outcome at 1 year after an invasive compared with a non-invasive
strategy in unstable coronary-artery disease: the FRISC II invasive
randomised trial. FRISC II Investigators. Fast Revascularisation during
Instability in Coronary artery disease. Lancet. 2000;356:9-16.
Hochman JS, McCabe CH, Stone PH, Becker RC, Cannon CP, DeFeo-
Fraulini T, Thompson B, Steingart R, Knatterud G, Braunwald E.
Outcome and profile of women and men presenting with acute coronary
syndromes: a report from TIMI IIIB. TIMI Investigators. Thrombolysis
in Myocardial Infarction. J Am Coll Cardiol. 1997;30:141-148.
Anderson HV, Cannon CP, Stone PH, Williams DO, McCabe CH,
Knatterud GL, Thompson B, Willerson JT, Braunwald E. One-year
results of the Thrombolysis in Myocardial Infarction (TIMI) IIIB
clinical trial. A randomized comparison of tissue-type plasminogen
activator versus placebo and early invasive versus early conservative
strategies in unstable angina and non-Q wave myocardial infarction.
J Am Coll Cardiol. 1995;26:1643-1650.



