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B

leeding initiates a cascade of events that increase morbidity and mortality among patients undergoing percutaneous coronary intervention (PCI).1–5 Acute loss of blood
impacts circulatory volume and can potentiate and perpetuate
shock. In addition, bleeding leads to anemia and transfusion
of blood products, which promote inflammation and untoward
cardiovascular effects, especially in the setting of acute coronary syndrome.6–8 Finally, bleeding results in cessation of dual
antiplatelet therapy, which increases risk of recurrent ischemic
events such as stent thrombosis and myocardial infarction.9,10
Registries and randomized trials have shown the impact of
bleeding on outcomes. Patient in the Global Registry of Acute
Coronary Events were noted to have a 4.0% incidence of major
bleeding across the spectrum of acute coronary syndrome
(ACS). Furthermore, major bleeding was an independent predictor of in-hospital mortality (adjusted odds ratio, 1.64 [95%
confidence interval, 1.18-2.28]).11 Ndrepepa et al2 evaluated
4 randomized control trials of patients undergoing PCI and
identified major bleeding as the strongest independent predictor of 1-year mortality. Similarly, Mehran et al12 performed
a patient level pooled analysis of >17 000 patients in 3 ACS
trials: the occurrence of a major bleed within 30 days of hospitalization was associated with a 4-fold higher risk of mortality
at 1 year. Finally, in patients with ST segment elevation myocardial infarction enrolled in the Harmonizing Outcomes With
Revascularization and Stents in Acute Myocardial Infarction
trial, bleeding related to PCI was an independent predictor of
mortality after 3 years of follow-up (hazard ratio, 2.80 [95%
confidence interval, 1.89–4.16]).13
Increased focus on the morbidity and mortality associated
with PCI-related bleeding has led to pharmacological, procedural, and technological advances,14 which have resulted in
improvement in post-PCI bleeding rates over the past decade
(Figure 1).15–18 The 2011 American College of CardiologyAmerican Heart Association PCI Guidelines formally recognize
the quality improvement goal of reducing bleeding complications: “All patients should be evaluated for risk of bleeding
complications before PCI” (class I, level of evidence C).19
Absolute event rates for bleeding have improved over time
for both men and women undergoing PCI and, as reviewed
below, major bleeding occurs in <3% of both sexes. In this
Review article, we highlight the risk of bleeding complications in women compared with men, the differences in platelet
biology and potential ischemic risk, and the guideline-recommended pharmacology that may benefit women undergoing
coronary intervention. Ongoing quality improvement focuses

on prevention of bleeding complications among high-risk
patients but cannot come at the cost of increased thrombotic
events. Thus, discussion of the interaction of female sex and
bleeding risk must be balanced by potential interactions of sex
and ischemic risk (ie, platelet biology).

Female Sex and the Risk of
Bleeding Complications
As compared with men, women undergoing PCI are older
and have a higher prevalence of renal insufficiency, anemia,
and diabetes mellitus.20–22 As demonstrated in 2 large registry studies, women with ACSs have higher unadjusted mortality and less use of guideline recommended therapies (an
early invasive approach, thienopyridines and glycoprotein
inhibitors [GPIs]) than men.21,22 In the setting of this heightened cardiovascular risk, the decision to withhold guidelinerecommended antiplatelet therapy because of enhanced
bleeding risk among women should be considered using an
individualized risk-benefit analysis. Although it is unclear
whether the sex-specific risk of increased cardiovascular
events persists after adjustment for comorbidities,22 the association between bleeding and female sex persists after adjustment for confounding clinical factors.
The risk of bleeding complications can be assessed using
integer scoring systems involving clinical variables associated
with a heightened risk.23–25 Risk prediction tools have been validated using both observational cohorts and large, randomized
ACS trials. Although the use of integer scoring systems goes
beyond sex in providing an overall estimation of bleeding risk,
common to all scores is the independent association between
female sex and risk of bleeding complications (Figure 2).
Analysis from the Northern New England PCI registry
of >13 000 women undergoing PCI compared with 30 000
men emphasized the importance of female sex in assessment for bleeding risk before PCI. Despite improvement
in bleeding events over time, female sex remained a strong
independent predictor of bleeding and vascular complications over a 6-year period (Figures 3 and 4).17 Similarly,
the CathPCI Registry examined 570 777 patients between
2008 and 2011 and found that women had a near 2-fold
increased risk of bleeding compared with men (7.8% versus 3.7%; odds ratio, 1.95 [95% CI, 1.91–2.02]) despite
adjusting for baseline clinical and procedural variables.26
Thus, although bleeding complications have improved for
men and women, female sex remains a potent predictor of
increased risk for bleeding.
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Figure 1. Trends in bleeding and vascular complication rates from large registries. There has been a significant improvement in overall rates
of percutaneous coronary intervention (PCI)-related bleeding.14 *Older era: 1994-1995. New era: 2000-2005. Bleeding was defined as femoral
hematoma >4 cm in diameter that required blood transfusion, surgery, or prolonged hospital stay; femoral bleed such as external bleeding from
the femoral artery requiring blood transfusion or surgery; and retroperitoneal hematoma identified with abdominal ultrasound or computed tomography scan. ^Older era: 1998. New era: 2007. Vascular complications are defined as follows: minor vascular complications: hematoma >10 cm,
arteriovenous fistulae, or pseudoaneurysm; and major vascular complications: death caused by vascular complications, vascular repair, major
vascular bleeding (>3 g hemoglobin decrease because of access site bleeding or retroperitoneal bleeding), vessel occlusion, or loss of pulse.
≈oOlder era: 2002. New era: 2007. Bleeding/vascular complication was defined as any access site–related bleeding requiring a transfusion or an
access site complication requiring surgical or procedural intervention, such as access artery dissection, perforation, arteriovenous fistula, pseudoaneurysm, or embolism, during the index hospitalization. ∞Older era: 2005. New era: 2009. Major bleeding was defined as follows: (1) bleeding
requiring a blood transfusion or prolonged hospitalization; (2) a decrease in hemoglobin >3.0 g/dL from any location, including percutaneous entry
site, retroperitoneal, gastrointestinal, genitourinary, and other/unknown location; or (3) percutaneous entry site hematoma >10 cm for femoral
access, >2 cm for radial access, or >5 cm for brachial access. Adapted from and reprinted with permission from Dauerman et al.14

Unlike broadly inclusive registries, PCI and ACS trials
show significant evidence of sex bias in enrollment of
women in clinical trials. Although women compose 40%

of patients with ACS or PCI, women represent only 25%
of the patient pool enrolled in trials of ACS.27 Despite a
more selected enrollment of women, data from randomized

Figure 2. Bleeding risk score from the National Cardiovascular Data Registry. A, Weighted variables used to calculate a bleeding risk
score. B, Prevalence of percutaneous coronary intervention (PCI)-related bleeding based on clinical risk score.25 ACS indicates acute
coronary syndrome; CHF, congestive heart failure; MI, myocardial infarction; NYHA, New York Heart Association; and PAD, peripheral
arterial disease. Reprinted with permission from Mehta et al. 25 Copyright Wolters Kluwer Health, 2009.
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Figure 3. Temporal trends in bleeding
and vascular complication rates among
men and women undergoing percutaneous coronary intervention in the Northern
New England PCI Registry from 2002 to
2007.17 Bleeding/vascular complication
was defined as any access site–related
bleeding requiring a transfusion or an
access site complication requiring surgical or procedural intervention, such as
access artery dissection, perforation,
arteriovenous fistula, pseudoaneurysm,
or embolism, during the index hospitalization. Adapted from Ahmed et al.17

of studies report higher baseline platelet reactivity in response
to agonists among women compared with men, implicating
female sex as a risk for ischemic (not bleeding) events.33 For
example, female platelets bind more fibrinogen and have
higher plasma thromboxane levels.34 Becker et al reported
that in unaffected individuals from families with premature
coronary artery disease, female platelets were more reactive
compared with male platelets after the application of low-dose
aspirin for 14 days.35 Thus, female platelets have an increased
propensity to thrombosis without biological evidence to support the higher propensity for bleeding.
If female platelets are more prone to aggregation and
increased platelet reactivity, is it possible then that women
bleed more because of a hyperresponsiveness to antiplatelet
therapy as compared with men? The potential for sex interaction in antiplatelet therapies has been demonstrated previously: in a meta-analysis of 6 clinical trials of GPIs, death/
myocardial infarction was reduced by 20% compared with
heparin alone in men (odds ratio, 0.81 [95% confidence
interval, 0.75–0.89]); on the other hand, women show a strikingly opposite efficacy interaction—risk of death/myocardial
infarction was 15% higher among women treated with GPI
therapy compared with heparin alone (odds ratio, 1.15 [95%

control trials, such as the Acute Catheterization and Urgent
Intervention Triage Strategy, study continue to highlight the
female predisposition for bleeding.28,29 Similarly, evaluation
of a more potent P2Y12 antagonist in the TRITON TIMI 38
trial found women to be 77% more likely than men to have
a major bleeding complication.30 Given the selection bias
of randomized clinical trials, it is not surprising to see that
the sex-related relative risk of bleeding complications is, in
general, higher in registry studies (2.0–2.5) as compared with
clinical trials (1.5–1.9; Table).11,17,26,28,30–32
What mechanisms drive this bleeding disparity between
men and women? Clinical factors, such as older age, renal
failure, cardiogenic shock, and use of larger sheaths, have
been specifically identified as predictors of risk in women.17
However, the female propensity for bleeding persists beyond
these risk factors. Sex-specific mechanisms surrounding body
mass index (BMI), access vessel anatomy, platelet biology,
and PCI-related pharmacotherapy may play a role (Figure 5).

Sex and Platelet Biology
Differences in platelet function between men and women
uncover a paradoxical relationship between biology and
bleeding-related clinical outcomes. Surprisingly, the majority
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Figure 4. Adjusted risk of female sex predicting bleeding and vascular complications
over a 6-year period. Despite improvement
in overall bleeding event rates, female sex
persists to carry a 2.6-fold increased risk of
bleeding with no change appreciable from
2002 (odds ratio, 2.63 [95% confidence
interval {CI}, 2.02–3.45) to 2007 (odds ratio,
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Ahmed et al.17
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Table. Impact of Female Sex (vs Male Sex) on Risk of Bleeding Complications After
Percutaneous Coronary Intervention
Trial

Author

Female Sex-Adjusted OR

95% CI
2.19–2.65

Multicenter Registries
ACC-NCDR Registry (1998–2003)31

Tavris et al

2.41

Moscucci et al

1.43

1.23–1.66

NNE PCI Registry (2002–2007)17

Ahmed et al

2.60

1.74–3.91

Cath PCI Registry (2008–2011)26

Daugherty et al

1.96

1.91–2.02

GRACE (1999–2002)11

Randomized Clinical Trials
REPLACE-2 (2001–2002)32

Feit et al

1.54

1.12–2.10

ACUITY (2004)28

Manoukian et al

1.92

1.61–2.29

TRITON-TIMI 38 (2007)30

Hochholzer et al

1.77

1.44–2.18

CI indicates confidence interval; and OR, odds ratio.

confidence interval, 1.01–1.30]).36 This finding of lower efficacy may be driven by the significant higher bleeding events
seen in women as compared with men treated with GPI therapy (15.7% versus 7.3%; P<0.0001).37 On the other hand,
there appear to be selected women for who GPI therapy may
be appropriate and effective: when evaluating patients that
were troponin positive, the efficacy of treatment between men
and women was similar.
Platelet reactivity testing shows that, although heightened platelet suppression in response to antiplatelet therapy
increases the risk of PCI-related bleeding, there is no evidence to suggest stronger suppression in women compared
with men. Patti et al38 studied 310 patients (22% women)
on antiplatelet therapy undergoing PCI and evaluated the
relationship between platelet reactivity using the VerifyNow
P2Y12 assay and bleeding outcomes at 30 days. Patients with
heightened platelet suppression were noted to have a 4.5-fold
higher risk of bleeding complications. However, female sex

Figure 5. The female predisposition to bleeding. There may be
an overlapping relationship among sex-specific differences in
body mass index, access vessel anatomy, percutaneous coronary
intervention (PCI) pharmacotherapy, and inherent biological risk.

was not reported as being predictive of heightened platelet
suppression. Another recent study assessed platelet reactivity
in 1331 patients treated with aspirin and clopidogrel: surprisingly, female sex was significantly associated with high-ontreatment platelet reactivity (odds ratio, 1.71 [95% confidence
interval, 1.12–2.62]; Figure 6) consistent with a potentially
increased risk of thrombotic, not bleeding, events.39 These
contradictory findings of higher in vivo platelet reactivity
and a simultaneously higher risk of bleeding among women
remain unexplained. A recent review by Wang et al40 highlights the major knowledge gaps that continue to exist in our
current understanding of sex-specific platelet biology and
antiplatelet therapy. The roles of sex-based differences in nonplatelet mediators of coagulation, sex-specific hormones, and
post-PCI inflammation need to be better defined.

Sex, Anatomy, and BMI
Sex differences in femoral artery anatomy may explain
enhanced female risk of bleeding, but bleeding risk is generally not confined to the access site alone. For example, in the
Radial Versus Femoral Access for Coronary Intervention trial,
access site major bleeding composed only 30% of all major
bleeding events.41 Thus, interactions between sex and access
site bleeding are likely to play only a partial role in mediating
the overall risk of bleeding.
Safe zone arteriotomy, puncture between the lower border
of inferior epigastric artery and above common femoral artery
(CFA) bifurcation,42 has been associated with a lower risk of
access site related bleeding.43 Safe arterial access may be more
challenging in women: studies have shown that women have
smaller and shorter CFA compared with men44 (Figure 7).
Measures of height and weight correlate with CFA size.45,46
More recently, comparisons among patients undergoing transcatheter aortic valve replacement have confirmed the sex
interaction with CFA diameter even when patients are being
selected based on having ideal femoral calibers.47 In a singlecenter case-control study examining sex differences in bleeding incorporating CFA anatomy as a variable, women with a
bleeding event had a smaller CFA reference vessel diameter
compared with men (5.9±1.4 versus 6.9±1.5 mm; P<0.01).48
Although women have smaller arteries than men, the excess
risk of access site bleeding does not clearly link these smaller
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Figure 6. Predictors of high on treatment platelet reactivity (Platelet Reactivity Units >235) among patients treated with clopidogrel 75
mg. ACS indicates acute coronary syndrome; BMI, body mass index; CAD, coronary artery disease; CI, confidence interval; OR, odds
ratio; and PPI, proton-pump inhibitor. Female sex was a strong predictor of increased platelet reactivity (not enhanced platelet suppression) while on dual antiplatelet therapy.39 Reprinted with permission from Silvain et al.39 Copyright Wolters Kluwer Health, 2011.

arteries to less effective arterial punctures. A large registry
identified female sex and lack of safe zone arteriotomy as
independent predictors of retroperitoneal bleeding.49 Our
case-control study confirmed the independence of these 2
observations: being a woman does not predict lack of safe zone
arteriotomy, and a higher incidence of bleeding is predicted
in women independent of site of arteriotomy. Although
arteriotomy outside the safe zone strongly predicted bleeding,
this association was seen in men only.50 Thus, although we can
confirm that women have smaller femoral arteries than men,
there is no clear anatomic mechanism (ie, lack of safe zone
arteriotomy) that explains the heightened risk of access site
bleeding in women.
Women undergoing PCI are smaller than men, and lower
BMI increases risk of PCI-related bleeding among women17
(Figure 8). Other studies have also shown an independent
relationship between low BMI and procedure-related bleeding. Cox et al51 found that patients with low BMI had twice
the rate of bleeding compared with obese patients in a cohort
of >5000 patients undergoing cardiac catheterization and PCI.
Similarly, Ellis et al52 reported a higher rate of blood transfusions in patients with a low BMI (<25 kg/m2) compared
with those with normal or high BMI in a cohort of patients

presenting with ACS. Gurm et al53 pooled data from 4 GPI
trials and found that patients with low BMI had significantly
higher rates of death, MI, and bleeding. The association
between BMI and increased risk of bleeding may be linked
via platelet function. Bonello et al54 studied platelet function
among patients with ACS on antiplatelet therapy. The authors
found that higher BMI was an independent predictor of highon-treatment platelet reactivity. Similarly, Barker et al55 evaluated patients with increased platelet reactivity on standard
treatment and found that higher BMI was independently and
negatively associated with the degree of incremental inhibition provided by the higher doses of antiplatelet therapy. Thus,
it is plausible that patients (selected women) with lower BMI
have enhanced platelet suppression.
Given the inability of optimal femoral artery puncture
technique to ameliorate the increased risk of bleeding in
women, should women preferentially have a nonfemoral
approach? Although this is an attractive option, radial artery
anatomy also differs among men and women. Radial artery
dimensions are significantly smaller in women compared
with men (2.43±0.38 versus 2.69±0.40 mm),56 and female
sex is a potent predictor of radial artery occlusion after PCI.57
In studies evaluating the safety of radial artery approach for

Figure 7. Comparison of common
femoral artery (CFA) diameter measurement between men and women from
patients enrolled in transcatheter aortic
valve replacement (TAVR) trials, CathPCI
Registry, and healthy control population.
Women have significantly smaller CFA
diameter versus men. PCI indicates percutaneous coronary intervention.46–48
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cardiac catheterization, sex still confers a higher risk of access
site bleeding in women compared with men.58
Still, there are some data to suggest that radial access
may be particularly beneficial in women. In an observational comparison between men and women undergoing
cardiac catheterization via the radial and femoral approach,
the radial artery approach was significantly more protective
for women as compared with men.59 Similarly, in the Radial
Versus Femoral Access for Coronary Intervention trial,
the odds ratio for the primary end point in men is nearly
unity (0.99). On the other hand, there is a nonstatistically
significant trend toward improvement with radial approach
seen specifically in women (odds ratio, 0.78 [95% confidence interval, 0.50–1.20]).41 The Study of Access Site for
Enhancing PCI trial is currently randomizing 1800 women
to radial versus femoral access for elective and urgent PCI
and should explore the proper role of access approaches in

mediating the risk of bleeding among women (Figure 9). In
summary, both anatomic differences and difference in body
mass composition between men and women play a role in
the sex disparity seen in bleeding risk. Our understanding
of clear mechanisms, such as the role of platelet function in
mediating this risk, remains incomplete.

Female Sex and PCI Pharmacotherapy
An enhanced interaction between female sex and PCI
pharmacotherapy may not be discernible in randomized
clinical trials. A large meta-analysis comparing effect of
aspirin in men and women showed aspirin treatment similarly
increased the risk of bleeding in women and in men.60 For
clopidogrel treatment, an analysis from 5 large trials found
that the odds ratio for bleeding was numerically higher among
women than men, but there was no evidence of heterogeneity
of effect between women and men for major bleeding.61

Study of Access site For Enhancing PCI for Women (SAFE-PCI for Women)*
Female patients undergoing urgent or elective PCI
Best background medical therapy
(Bivalirudin, Clopidogrel, Prasugrel
N=1800 pts, 30 sites

GPI at investigator’s discretion)
Patent hemostasis required
Vascular closure devices allowed

Radial

Primary Efficacy Endpoint:

Femoral

Figure 9. Design of the Study of
Access Site for Enhancing (SAFE) Percutaneous Coronary Intervention (PCI)
Trial. BARC indicates Bleeding Academic Research Consortium.

BARC Types 2, 3, or 5 bleeding or Vascular
Complications requiring surgical intervention

Primary Feasibility Endpoint:

Procedural failure

Secondary endpoints:

Procedure duration, total radiation dose, total contrast
volume
*Planned in collaboration with ACC, CSRC, FDA Office of Women’s Health
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Female Sex and Modification of Bleeding Risk

Figure 10. Glycoprotein (GP) inhibitor (GPI) therapy and bleeding. Women receiving GPI therapy were significantly more likely
to bleed versus men. Women were also more likely to receive
an inappropriately high dose of GPI and had almost a 4-fold
higher risk of bleeding versus men. Can Rapid Risk Stratification
of Unstable Angina Patients Suppress Adverse Outcomes With
Early Implementation major bleeding was defined as intracranial
hemorrhage, transfusion >2 U of red blood cells, or an absolute
drop in hematocrit of >0.12 from baseline to nadir. Reprinted
with permission from Alexander et al. 37 Copyright Wolters Kluwer
Health, 2006.

A sex-specific analysis from the Prospective Randomized
Platelet Inhibition and Platelet Outcomes trial found women
treated with ticagrelor to derive similar ischemic benefit
without a noticeable excess in bleeding risk.62
Still, there is concern that female sex may confer enhanced
bleeding risk related to specific PCI pharmacology via difference in drug bioavailability and distribution as influenced
by the ratio of lean to fat tissue. Women have lower body
mass and higher circulating lipid levels, which may impact
drug exposure and volume of distribution.63 In addition, renal
function as measured by glomerular filtration rate is weight
based and therefore relatively lower in women. Thus, there
is a potential for drug dosing issues that may be enhanced in
women as compared with men.
In the Can Rapid Risk Stratification of Unstable
Angina Patients Suppress Adverse Outcomes With Early
Implementation of the American College of Cardiology/
American Heart Association Guidelines registry, Alexander
et al37 explored the relationship among patient sex, GPI
use, GPI dose, and bleeding in 32 601 patients with ACSs.
Women had higher rates of major bleeding compared with
men among those treated with GPI (15.7% versus 7.3%;
P<0.0001) and among those not treated with GPI (8.5%
versus 5.4%; P<0.0001). Despite similar serum creatinine levels, creatinine clearance averaged 20 points lower
among treated women than men. Thus, women were more
likely to receive excess GPI doses than men, and excessive
dosing was correlated with bleeding risk (Figure 10). Thus,
unlike the platelet biology and anatomic data, the interaction among PCI pharmacotherapy, female sex, and bleeding
complications appear clearly demonstrated and linked to
drug dosing.

Bleeding can be avoided. In a recent report, Daugherty et al26
examined sex and bleeding risk associated with the use of
bleeding avoiding strategies of bivalirudin, closure devices,
and radial artery access among patients undergoing PCI from
2008 to 2011. Among >185 000 women undergoing PCI, the
bleeding rate was reduced 50% (12.5% versus 6.2%) if any
bleeding avoidance strategy was used. Similarly, our study of
women in northern New England undergoing PCI found use
of bivalirudin (as opposed to nonbivalirudin strategies) and
vascular closure devices to confer a decreased risk of bleeding
complications, even after multivariable adjustment for confounding factors.17
Randomized clinical trials support some of these sex-specific strategies to reduce bleeding in women. For example,
the reduction in bleeding complications with bivalirudin
compared with unfractionated heparin/GPI in the Acute
Catheterization and Urgent Intervention Triage Strategy trial
was identical for both men and women.29 On the other hand,
the benefit of vascular closure devices in reducing complications in either men or women remains controversial and
unproven in adequately powered multicenter randomized
clinical trials.14 Although there is clear evidence that the
radial artery approach confers decreased access site complications in both men and women,64 the impact of the radial
artery approach on total bleeding complications specific to
female sex awaits completion of the Study of Access Site for
Enhancing PCI trial.

Conclusions
Although bleeding complications among women undergoing PCI have improved over time, the sex gap remains
constant and independent. Nonmodifiable sex-associated
factors, such as lower BMI and lower creatinine clearance,
and anatomic differences, such as smaller vessel size, may
contribute to the excess risk seen in women; further study is
required to delineate whether there are sex-attributable risks
beyond these factors. In addition, clinical trials are ongoing
to understand the role of alternative access sites (radial versus femoral), and there is a need to understand sex-specific
platelet biology. On the other hand, sex-specific modifiable
risk factors have been identified, including drug dosing based
on renal function and use of anticoagulant strategies associated with lower bleeding risk. Women may be at heightened
cardiovascular ischemic risk; thus, the decision to withhold
guideline-recommended antiplatelet therapy because of
enhanced bleeding risk among women should be considered
using an individualized risk-benefit analysis. As we move
forward, the next generation of clinical trials should ensure
adequate enrollment of women; the current care of patients
should recognize the enhanced risk of bleeding in women,
and bleeding avoidance strategies should be used aggressively in women undergoing PCI.

Disclosures
Dr Dauerman has research grants from Medtronic and Abbott
Vascular. Dr Dauerman is a consultant to Medtronic, The Medicines
Company, Cardiovascular Research Foundation, Harvard Clinical
Research Institute, and Duke Clinical Research Institute.

Downloaded from http://circ.ahajournals.org/ at Dana Medical Library, University of Vermont on February 5, 2013

648  Circulation  February 5, 2013

References
1. Rao SV, O’Grady K, Pieper KS, Granger CB, Newby LK, Mahaffey KW,
Moliterno DJ, Lincoff AM, Armstrong PW, Van de Werf F, Califf RM,
Harrington RA. A comparison of the clinical impact of bleeding measured
by two different classifications among patients with acute coronary syndromes. J Am Coll Cardiol. 2006;47:809–816.
2. Ndrepepa G, Berger PB, Mehilli J, Seyfarth M, Neumann FJ, Schömig
A, Kastrati A. Periprocedural bleeding and 1-year outcome after percutaneous coronary interventions: appropriateness of including bleeding as a
component of a quadruple end point. J Am Coll Cardiol. 2008;51:690–697.
3. Manoukian SV. Predictors and impact of bleeding complications in
percutaneous coronary intervention, acute coronary syndromes, and
ST-segment elevation myocardial infarction. Am J Cardiol. 2009;104(5
suppl):9C–15C.
4. Manoukian SV, Voeltz MD, Eikelboom J. Bleeding complications in acute
coronary syndromes and percutaneous coronary intervention: predictors,
prognostic significance, and paradigms for reducing risk. Clin Cardiol.
2007;30(10 suppl 2):II24–II34.
5. Eikelboom JW, Mehta SR, Anand SS, Xie C, Fox KA, Yusuf S. Adverse
impact of bleeding on prognosis in patients with acute coronary syndromes. Circulation. 2006;114:774–782.
6. Silvain J, Pena A, Cayla G, Brieger D, Bellemain-Appaix A, Chastre T,
Vignalou JB, Beygui F, Barthelemy O, Collet JP, Montalescot G. Impact of red blood cell transfusion on platelet activation and aggregation
in healthy volunteers: results of the TRANSFUSION study. Eur Heart J.
2010;31:2816–2821.
7. Wu WC, Rathore SS, Wang Y, Radford MJ, Krumholz HM. Blood transfusion in elderly patients with acute myocardial infarction. N Engl J Med.
2001;345:1230–1236.
8. Willis P, Voeltz MD. Anemia, hemorrhage, and transfusion in percutaneous coronary intervention, acute coronary syndromes, and ST-segment elevation myocardial infarction. Am J Cardiol. 2009;104(5 suppl):34C–38C.
9. Wang TY, Robinson LA, Ou FS, Roe MT, Ohman EM, Gibler WB, Smith
SC Jr, Peterson ED, Becker RC. Discharge antithrombotic strategies
among patients with acute coronary syndrome previously on warfarin anticoagulation: physician practice in the CRUSADE registry. Am Heart J.
2008;155:361–368.
10. Chan MY, Sun JL, Wang TY, Lopes RD, Jolicoeur ME, Pieper KS, Rao
SV, Newby LK, Mahaffey KW, Harrington RA, Peterson ED. Patterns of
discharge antiplatelet therapy and late outcomes among 8,582 patients
with bleeding during acute coronary syndrome: a pooled analysis from
PURSUIT, PARAGON-A, PARAGON-B, and SYNERGY. Am Heart J.
2010;160:1056–64, 1064.e2.
11. Moscucci M, Fox KA, Cannon CP, Klein W, López-Sendón J, Montalescot G, White K, Goldberg RJ. Predictors of major bleeding in acute coronary syndromes: the Global Registry of Acute Coronary Events (GRACE).
Eur Heart J. 2003;24:1815–1823.
12. Mehran R, Pocock S, Nikolsky E, Dangas GD, Clayton T, Claessen BE,
Caixeta A, Feit F, Manoukian SV, White H, Bertrand M, Ohman EM,
Parise H, Lansky AJ, Lincoff AM, Stone GW. Impact of bleeding on mortality after percutaneous coronary intervention results from a patient-level
pooled analysis of the REPLACE-2 (randomized evaluation of PCI linking
angiomax to reduced clinical events), ACUITY (acute catheterization and
urgent intervention triage strategy), and HORIZONS-AMI (harmonizing
outcomes with revascularization and stents in acute myocardial infarction)
trials. JACC Cardiovasc Interv. 2011;4:654–664.
13. Suh JW, Mehran R, Claessen BE, Xu K, Baber U, Dangas G, Parise H,
Lansky AJ, Witzenbichler B, Grines CL, Guagliumi G, Kornowski R,
Wöhrle J, Dudek D, Weisz G, Stone GW. Impact of in-hospital major
bleeding on late clinical outcomes after primary percutaneous coronary
intervention in acute myocardial infarction the HORIZONS-AMI (Harmonizing Outcomes With Revascularization and Stents in Acute Myocardial Infarction) trial. J Am Coll Cardiol. 2011;58:1750–1756.
14. Dauerman HL, Rao SV, Resnic FS, Applegate RJ. Bleeding avoidance
strategies. Consensus and controversy. J Am Coll Cardiol. 2011;58:1–10.
15. Doyle BJ, Ting HH, Bell MR, Lennon RJ, Mathew V, Singh M, Holmes
DR, Rihal CS. Major femoral bleeding complications after percutaneous
coronary intervention: incidence, predictors, and impact on long-term survival among 17,901 patients treated at the Mayo Clinic from 1994 to 2005.
JACC Cardiovasc Interv. 2008;1:202–209.
16. Applegate RJ, Sacrinty MT, Kutcher MA, Kahl FR, Gandhi SK, Santos
RM, Little WC. Trends in vascular complications after diagnostic cardiac
catheterization and percutaneous coronary intervention via the femoral artery, 1998 to 2007. JACC Cardiovasc Interv. 2008;1:317–326.

17. Ahmed B, Piper WD, Malenka D, VerLee P, Robb J, Ryan T, Herne M,
Phillips W, Dauerman HL. Significantly improved vascular complications
among women undergoing percutaneous coronary intervention: a report
from the Northern New England Percutaneous Coronary Intervention
Registry. Circ Cardiovasc Interv. 2009;2:423–429.
18. Subherwal S, Peterson ED, Dai D, Thomas L, Messenger JC, Xian Y,
Brindis RG, Feldman DN, Senter S, Klein LW, Marso SP, Roe MT, Rao
SV. Temporal trends in and factors associated with bleeding complications
among patients undergoing percutaneous coronary intervention: a report
from the National Cardiovascular Data CathPCI Registry. J Am Coll Cardiol. 2012;59:1861–1869.
19. Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA, Cercek B,
Chambers CE, Ellis SG, Guyton RA, Hollenberg SM, Khot UN, Lange
RA, Mauri L, Mehran R, Moussa ID, Mukherjee D, Nallamothu BK, Ting
HH; American College of Cardiology Foundation; American Heart Association Task Force on Practice Guidelines; Society for Cardiovascular
Angiography and Interventions. 2011 ACCF/AHA/SCAI Guideline for
Percutaneous Coronary Intervention. A report of the American College
of Cardiology Foundation/American Heart Association Task Force on
Practice Guidelines and the Society for Cardiovascular Angiography and
Interventions. J Am Coll Cardiol. 2011;58:e44–122.
20. Poon S, Goodman SG, Yan RT, Bugiardini R, Bierman AS, Eagle KA,
Johnston N, Huynh T, Grondin FR, Schenck-Gustafsson K, Yan AT. Bridging the gender gap: Insights from a contemporary analysis of sex-related
differences in the treatment and outcomes of patients with acute coronary
syndromes. Am Heart J. 2012;163:66–73.
21. Blomkalns AL, Chen AY, Hochman JS, Peterson ED, Trynosky K, Diercks DB, Brogan GX Jr, Boden WE, Roe MT, Ohman EM, Gibler WB,
Newby LK; CRUSADE Investigators. Gender disparities in the diagnosis
and treatment of non-ST-segment elevation acute coronary syndromes:
large-scale observations from the CRUSADE (Can Rapid Risk Stratification of Unstable Angina Patients Suppress Adverse Outcomes With Early
Implementation of the American College of Cardiology/American Heart
Association Guidelines) National Quality Improvement Initiative. J Am
Coll Cardiol. 2005;45:832–837.
22. 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.
23. Mehran R, Pocock SJ, Nikolsky E, Clayton T, Dangas GD, Kirtane AJ,
Parise H, Fahy M, Manoukian SV, Feit F, Ohman ME, Witzenbichler B, Guagliumi G, Lansky AJ, Stone GW. A risk score to predict bleeding in patients
with acute coronary syndromes. J Am Coll Cardiol. 2010;55:2556–2566.
24. Nikolsky E, Mehran R, Dangas G, Fahy M, Na Y, Pocock SJ, Lincoff AM,
Stone GW. Development and validation of a prognostic risk score for major bleeding in patients undergoing percutaneous coronary intervention
via the femoral approach. Eur Heart J. 2007;28:1936–1945.
25. Mehta SK, Frutkin AD, Lindsey JB, House JA, Spertus JA, Rao SV, Ou
FS, Roe MT, Peterson ED, Marso SP; National Cardiovascular Data Registry. Bleeding in patients undergoing percutaneous coronary intervention:
the development of a clinical risk algorithm from the National Cardiovascular Data Registry. Circ Cardiovasc Interv. 2009;2:222–229.
26. Daugherty SL, Kim S, Thompson L, Rao S, Subherwal S, Tsai T, Messenger J, Masoudi F. Gender and Bleeding risk following Percutaneous
coronary intervention: A contemporary report from the NCDR (R). J Am
Coll Cardiol. 2012;59:E1803.
27. Melloni C, Berger JS, Wang TY, Gunes F, Stebbins A, Pieper KS, Dolor
RJ, Douglas PS, Mark DB, Newby LK. Representation of women in randomized clinical trials of cardiovascular disease prevention. Circ Cardiovasc Qual Outcomes. 2010;3:135–142.
28. Manoukian SV, Feit F, Mehran R, Voeltz MD, Ebrahimi R, Hamon M,
Dangas GD, Lincoff AM, White HD, Moses JW, King SB 3rd, Ohman
EM, Stone GW. Impact of major bleeding on 30-day mortality and clinical
outcomes in patients with acute coronary syndromes: an analysis from the
ACUITY Trial. J Am Coll Cardiol. 2007;49:1362–1368.
29. Lansky AJ, Mehran R, Cristea E, Parise H, Feit F, Ohman EM, White HD,
Alexander KP, Bertrand ME, Desmet W, Hamon M, Stone GW. Impact
of gender and antithrombin strategy on early and late clinical outcomes
in patients with non-ST-elevation acute coronary syndromes (from the
ACUITY trial). Am J Cardiol. 2009;103:1196–1203.
30. Hochholzer W, Wiviott SD, Antman EM, Contant CF, Guo J, Giugliano
RP, Dalby AJ, Montalescot G, Braunwald E. Predictors of bleeding and
time dependence of association of bleeding with mortality: insights from
the Trial to Assess Improvement in Therapeutic Outcomes by Optimizing
Platelet Inhibition With Prasugrel–Thrombolysis in Myocardial Infarction
38 (TRITON-TIMI 38). Circulation. 2011;123:2681–2689.

Downloaded from http://circ.ahajournals.org/ at Dana Medical Library, University of Vermont on February 5, 2013

Ahmed et al   Women and Bleeding   649
31. Tavris DR, Gallauresi BA, Lin B, Rich SE, Shaw RE, Weintraub WS,
Brindis RG, Hewitt K. Risk of local adverse events following cardiac
catheterization by hemostasis device use and gender. J Invasive Cardiol.
2004;16:459–464.
32. Feit F, Voeltz MD, Attubato MJ, Lincoff AM, Chew DP, Bittl JA, Topol
EJ, Manoukian SV. Predictors and impact of major hemorrhage on mortality following percutaneous coronary intervention from the REPLACE-2
Trial. Am J Cardiol. 2007;100:1364–1369.
33. Zuern CS, Lindemann S, Gawaz M. Platelet function and response to aspirin: gender-specific features and implications for female thrombotic risk
and management. Semin Thromb Hemost. 2009;35:295–306.
34. Kurrelmeyer K, Becker L, Becker D, Yanek L, Goldschmidt-Clermont P,
Bray PF. Platelet hyperreactivity in women from families with premature
atherosclerosis. J Am Med Womens Assoc. 2003;58:272–277.
35. Becker DM, Segal J, Vaidya D, Yanek LR, Herrera-Galeano JE, Bray PF,
Moy TF, Becker LC, Faraday N. Sex differences in platelet reactivity and
response to low-dose aspirin therapy. JAMA. 2006;295:1420–1427.
36. Boersma E, Harrington RA, Moliterno DJ, White H, Théroux 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/IIIa inhibitors in acute coronary syndromes: a meta-analysis of all major randomised
clinical trials. Lancet. 2002;359:189–198.
37. Alexander KP, Chen AY, Newby LK, Schwartz JB, Redberg RF, Hochman JS, Roe MT, Gibler WB, Ohman EM, Peterson ED; CRUSADE (Can
Rapid risk stratification of Unstable angina patients Suppress ADverse
outcomes with Early implementation of the ACC/AHA guidelines) Investigators. Sex differences in major bleeding with glycoprotein IIb/IIIa inhibitors: results from the CRUSADE (Can Rapid risk stratification of Unstable
angina patients Suppress ADverse outcomes with Early implementation of
the ACC/AHA guidelines) initiative. Circulation. 2006;114:1380–1387.
38. Patti G, Pasceri V, Vizzi V, Ricottini E, Di Sciascio G. Usefulness of platelet response to clopidogrel by point-of-care testing to predict bleeding outcomes in patients undergoing percutaneous coronary intervention (from
the Antiplatelet Therapy for Reduction of Myocardial Damage During
Angioplasty-Bleeding Study). Am J Cardiol. 2011;107:995–1000.
39. Silvain J, Cayla G, Hulot JS, Finzi J, Kerneis M, O’Connor SA, Bellemain-Appaix A, Barthélémy O, Beygui F, Collet JP, Montalescot G. High
on-thienopyridine platelet reactivity in elderly coronary patients: the SENIOR-PLATELET study. Eur Heart J. 2012;33:1241–1249.
40. Wang TY, Angiolillo DJ, Cushman M, Sabatine MS, Bray PF, Smyth SS,
Dauerman HL, French PA, Becker RC. Platelet biology and response to
antiplatelet therapy in women: implications for the development and use
of antiplatelet pharmacotherapies for cardiovascular disease. J Am Coll
Cardiol. 2012;59:891–900.
41. Jolly SS, Yusuf S, Cairns J, Niemelä K, Xavier D, Widimsky P, Budaj A,
Niemelä M, Valentin V, Lewis BS, Avezum A, Steg PG, Rao SV, Gao P,
Afzal R, Joyner CD, Chrolavicius S, Mehta SR; RIVAL trial group. Radial versus femoral access for coronary angiography and intervention in
patients with acute coronary syndromes (RIVAL): a randomised, parallel
group, multicentre trial. Lancet. 2011;377:1409–1420.
42. Fitts J, Ver Lee P, Hofmaster P, Malenka D; Northern New England Cardiovascular Study Group. Fluoroscopy-guided femoral artery puncture
reduces the risk of PCI-related vascular complications. J Interv Cardiol.
2008;21:273–278.
43. Stone GW, Witzenbichler B, Guagliumi G, Peruga JZ, Brodie BR, Dudek
D, Kornowski R, Hartmann F, Gersh BJ, Pocock SJ, Dangas G, Wong SC,
Kirtane AJ, Parise H, Mehran R; HORIZONS-AMI Trial Investigators.
Bivalirudin during primary PCI in acute myocardial infarction. N Engl J
Med. 2008;358:2218–2230.
44. Sandgren T, Sonesson B, Ahlgren R, Länne T. The diameter of the common femoral artery in healthy human: influence of sex, age, and body size.
J Vasc Surg. 1999;29:503–510.
45. Schnyder G, Sawhney N, Whisenant B, Tsimikas S, Turi ZG. Common
femoral artery anatomy is influenced by demographics and comorbidity:
implications for cardiac and peripheral invasive studies. Catheter Cardiovasc Interv. 2001;53:289–295.
46. Lewis P, Psaila JV, Davies WT, McCarty K, Woodcock JP. Measurement
of volume flow in the human common femoral artery using a duplex ultrasound system. Ultrasound Med Biol. 1986;12:777–784.
47. Hayashida K, Lefèvre T, Chevalier B, Hovasse T, Romano M, Garot P,
Mylotte D, Uribe J, Farge A, Donzeau-Gouge P, Bouvier E, Cormier B,
Morice MC. Transfemoral aortic valve implantation new criteria to predict
vascular complications. JACC Cardiovasc Interv. 2011;4:851–858.

48. Ahmed B, Lischke S, Holterman LA, Straight F, Dauerman HL. Angiographic predictors of vascular complications among women undergoing cardiac catheterization and intervention. J Invasive Cardiol.
2010;22:512–516.
49. Ellis SG, Bhatt D, Kapadia S, Lee D, Yen M, Whitlow PL. Correlates and
outcomes of retroperitoneal hemorrhage complicating percutaneous coronary intervention. Catheter Cardiovasc Interv. 2006;67:541–545.
50. Lischke S, Ahmed B, Holterman LA, Dauerman HL. Safezone artertiotomy predicts vascular complications among men but not women undergoing cardiac catheterization. J Am Coll Cardiol. 2010;55:A215.
51. Cox N, Resnic FS, Popma JJ, Simon DI, Eisenhauer AC, Rogers C. Comparison of the risk of vascular complications associated with femoral and
radial access coronary catheterization procedures in obese versus nonobese patients. Am J Cardiol. 2004;94:1174–1177.
52. Ellis SG, Elliott J, Horrigan M, Raymond RE, Howell G. Low-normal or
excessive body mass index: newly identified and powerful risk factors for
death and other complications with percutaneous coronary intervention.
Am J Cardiol. 1996;78:642–646.
53. Gurm HS, Brennan DM, Booth J, Tcheng JE, Lincoff AM, Topol EJ. Impact of body mass index on outcome after percutaneous coronary intervention (the obesity paradox). Am J Cardiol. 2002;90:42–45.
54. Bonello L, Bonello-Palot N, Armero S, Bonello C, Mokhtar OA, Arques
S, Dignat-George F, Camoin-Jau L, Paganelli F. Impact of P2Y12-ADP
receptor polymorphism on the efficacy of clopidogrel dose-adjustment
according to platelet reactivity monitoring in coronary artery disease patients. Thromb Res. 2010;125:e167–e170.
55. Barker CM, Murray SS, Teirstein PS, Kandzari DE, Topol EJ, Price MJ.
Pilot study of the antiplatelet effect of increased clopidogrel maintenance
dosing and its relationship to CYP2C19 genotype in patients with high
on-treatment reactivity. JACC Cardiovasc Interv. 2010;3:1001–1007.
56. Yoo BS, Yoon J, Ko JY, Kim JY, Lee SH, Hwang SO, Choe KH. Anatomical consideration of the radial artery for transradial coronary procedures:
arterial diameter, branching anomaly and vessel tortuosity. Int J Cardiol.
2005;101:421–427.
57. Uhlemann M, Möbius-Winkler S, Mende M, Eitel I, Fuernau G, Sandri
M, Adams V, Thiele H, Linke A, Schuler G, Gielen S. The Leipzig prospective vascular ultrasound registry in radial artery catheterization: impact of sheath size on vascular complications. JACC Cardiovasc Interv.
2012;5:36–43.
58. Tizón-Marcos H, Bertrand OF, Rodés-Cabau J, Larose E, Gaudreault V,
Bagur R, Gleeton O, Courtis J, Roy L, Poirier P, Costerousse O, De Larochellière R. Impact of female gender and transradial coronary stenting
with maximal antiplatelet therapy on bleeding and ischemic outcomes. Am
Heart J. 2009;157:740–745.
59. Pristipino C, Pelliccia F, Granatelli A, Pasceri V, Roncella A, Speciale
G, Hassan T, Richichi G. Comparison of access-related bleeding complications in women versus men undergoing percutaneous coronary
catheterization using the radial versus femoral artery. Am J Cardiol.
2007;99:1216–1221.
60. Berger JS, Roncaglioni MC, Avanzini F, Pangrazzi I, Tognoni G, Brown
DL. Aspirin for the primary prevention of cardiovascular events in women
and men: a sex-specific meta-analysis of randomized controlled trials.
JAMA. 2006;295:306–313.
61. Berger JS, Bhatt DL, Cannon CP, Chen Z, Jiang L, Jones JB, Mehta SR,
Sabatine MS, Steinhubl SR, Topol EJ, Berger PB. The relative efficacy
and safety of clopidogrel in women and men a sex-specific collaborative
meta-analysis. J Am Coll Cardiol. 2009;54:1935–1945.
62. Husted S, James S, Becker R, Horrow J, Katus H, Storey R, Cannon C,
Heras M, Lopes R, Morais J, Mahaffey K, Bach R, Wojdyla D, Wallentin L. Ticagrelor versus clopidogrel in women with acute coronary syndromes-a substudy from the Prospective Randomized Platelet Inhibition
and Platelet Outcomes (PLATO) trial. J Am Coll Cardiol. 2012;59:E507.
63. Anderson GD. Sex and racial differences in pharmacological response:
where is the evidence? Pharmacogenetics, pharmacokinetics, and pharmacodynamics. J Womens Health (Larchmt). 2005;14:19–29.
64. Bertrand OF, Bélisle P, Joyal D, Costerousse O, Rao SV, Jolly SS, Meerkin D, Joseph L. Comparison of transradial and femoral approaches for
percutaneous coronary interventions: a systematic review and hierarchical
Bayesian meta-analysis. Am Heart J. 2012;163:632–648.

Key Words: body mass index ◼ coronary intervention ◼ quality
improvement ◼ vascular access ◼ women

Downloaded from http://circ.ahajournals.org/ at Dana Medical Library, University of Vermont on February 5, 2013

