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EDITORIAL COMMENT

Women Are Complex Creatures*
Cindy L. Grines, MD, Theodore Schreiber, MD

I

t has been long known that women with ischemic

smaller coronary arteries, in which the lumen is

heart disease have a high burden of comorbid-

too small to tolerate bulky stents or even small

ities including advanced age, diabetes, hyperten-

amounts of late lumen loss from mild restenosis. Not

sion, previous stroke, and renal insufﬁciency. Their

surprisingly, an analysis of 11,000 women enrolled

coronary arteries are generally smaller, tortuous,

in randomized stent trials found a reduced risk of

more calciﬁed, and prone to dissection, and athero-

death or myocardial infarction in women treated with

sclerosis may be diffuse, making recognition of

newer DES compared with either ﬁrst-generation

signiﬁcant lesions and treatment difﬁcult. Symptoms

DES or bare-metal stents (8).

are often atypical or absent, which may delay the

SEE PAGE 674

diagnosis of coronary artery disease until the disease
is far advanced. Women with ischemic heart disease

The study by Giustino et al. (9) in this issue of

are less likely to be treated with medication and

JACC: Cardiovascular Interventions provides further

revascularization according to guideline recommen-

detail using pooled patient-level data from women

dations. Moreover, several early studies suggested

enrolled in DES trials. The 10,241 women were

that women have a worse prognosis compared with

evaluated on the basis of PCI complexity (long

men with acute coronary syndrome, ST-segment

lesions, multiple stents, multiple lesions, bifurcation

elevation myocardial infarction, bypass surgery, and

lesions) and followed for 3 years. Newer DES were

percutaneous coronary interventions (PCIs), not

associated with improved clinical events overall

entirely explained by advanced age and comorbid-

compared with early-generation DES. Women who

ities (1–3). Although many attribute higher morbidity

underwent complex PCIs had a 1.6-fold increase in

and mortality to advanced age, in fact, younger

major adverse cardiac events at 3 years compared

women with ischemic heart disease are reported

with noncomplex PCIs, but use of a new-generation

to be particularly prone to misdiagnosis, treatment

DES reduced major adverse cardiac events (hazard

delays, and poor outcomes (4,5).

ratio: 0.81) and stent thrombosis (hazard ratio: 0.50)

With improved techniques and the advent of

compared with ﬁrst-generation devices. This study

newer drugs and devices, it appears that women are

is an important contribution and offers encourage-

now doing as well as men. This was evident with the

ment to physicians and patients who may be reluc-

bare metal stents and ﬁrst-generation drug-eluting

tant to perform PCIs in women with complex

stents (DES) (6,7). Smaller stent sizes, thinner struts,

anatomy. However, women enrolled in device trials

and improved polymers on newer generation DES

may

appear to have superior outcomes compared with

complexity. Indeed, large national registries of all-

ﬁrst-generation DES in both sexes. These changes in

comers suggest that >33% of PCIs are performed in

design may be particularly important in women with

women (9), whereas <25% of patients enrolled in

not

be

representative

of

the

real-world

most PCI trials are women. Elderly women with
renal insufﬁciency and complex anatomy are often
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Although this study adds to our knowledge base,

deserves further investigation. Sex differences in

there is much that we still do not understand. The

pharmacokinetics, pharmacodynamics and patient

interplay between young women, risk factors, lack of

response to cardiovascular drugs need more attention

recognition, and poor prognosis needs to be eluci-

(14,15). Better understanding of the patient and

dated further. Deﬁning the molecular and vascular

health care provider rationale for delays in presen-

biology for different risk factors for atherosclerosis in

tation, treatment, withholding or refusing treatment

women and the unique pathophysiological mecha-

as well as effective interventions to improve delays

nisms for myocardial infarction in women need

are necessary. Although we have come a long way in

further investigation. We need to clarify the mecha-

understanding heart disease in women, substantial

nisms of an increased incidence of angina and heart

gaps in our knowledge remain.

failure despite less epicardial coronary disease and
preserved left ventricular function in women. The

REPRINT REQUESTS AND CORRESPONDENCE: Dr.

consistent increase in bleeding (10) and vascular

Cindy L. Grines, Detroit Medical Center Heart Hospital,

complications in women despite vascular closure

311 Mack Avenue, Suite 21025, Detroit, Michigan

devices (9), radial access (11,12), and bivalirudin (13)

48201. E-mail: cgrines@dmc.org.

REFERENCES
1. Cowley MR, Mulin MS, Kelsey SF, et al. Sex
differences in early and long-term results of coronary angioplasty in the NHLBI PTCA registry.
Circulation 1985;71:90–7.
2. 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;87:720–7.
3. Malenka DJ, O’Connor GT, Qinton H, et al.
Difference in outcomes between women and men
associated with percutaneous transluminal coronary
angioplasty: a regional prospective study of 12,061
procedures. Circulation 1996;94 Suppl II:II99–104.
4. Vaccarino V, Parsons L, Every NR, Barron HV,
Krumholz HM. Sex-based differences in early
mortality after myocardial infarction. N Engl J Med
1999;341:217–25.
5. Bangalore S, Fonarow GC, Peterson ED, et al.
Age and gender differences in quality of care and
outcomes for patients with ST-segment elevation
myocardial infarction. Am J Med 2012;125:1000–9.

a report from the National Heart, Lung, and Blood
Institute dynamic registry. J Am Coll Cardiol Intv
2002;39:1608–14.
7. Lansky AJ, Hochman JS, Ward PA, et al.
Percutaneous
coronary
intervention
and
adjunctive pharmacotherapy in women: a statement for healthcare professionals from the
American Heart Association. Circulation 2005;
111:940–53.

Cardiovascular Data Registry. J Am Coll Cardiol
2013;61:2070–8.
11. Ahmed B, Dauerman HL. Women, bleeding, and
coronary intervention. Circulation 2013;127:641–9.
12. Pandie S, Mehta SR, Cantor WJ, et al. Radial
versus femoral access for coronary angiography/
intervention in women with acute coronary
syndromes. J Am Coll Cardiol Intv 2015;8:505–12.

8. Stefanini GG, Baber U, Windecker S, et al.
Safety and efﬁcacy of drug-eluting stents in
women: a patient-level pooled analysis of randomised trials. Lancet 2013;382:1879–88.

13. Lansky AJ, Mehran R, Cristea E, et al. Impact of
gender and antithrombin strategy on early and
late clinical outcomes in patients with non-STelevation acute coronary syndromes (from the
ACUITY Trial). Am J Cardiol 2009;103:1196–203.

9. Giustino G, Baber U, Aquino M, et al. Safety
and efﬁcacy of new-generation drug-eluting
stents in women undergoing complex percuta-

14. Soldin OP, Mattison DR. Sex differences in
pharmacokinetics and pharmacodynamics. Clin
Pharmacokinet 2009;48:143–57.

neous coronary artery revascularization: from
the WIN-DES (Women in Innovation and DrugEluting Stents) collaborative patient-level
pooled analysis. J Am Coll Cardiol Intv 2016;9:
674–84.

15. Rosano GMC, Lewis B, Agewall S, et al. Gender
differences in the effect of cardiovascular drugs:
a position document of the working group on
pharmacology and drug therapy of the ESC. Eur
Heart J 2015;36:2677–80.

6. Jacobs AK, Johnston JM, Haviland A, et al.

10. Daugherty SL, Thompson LE, Kim S, et al.
Patterns of use and comparative effectiveness of
bleeding avoidance strategies in men and women

KEY WORDS complex lesions, complex PCI,

Improved outcomes for women undergoing
contemporary percutaneous coronary intervention:

following percutaneous coronary interventions:
an observational study from the National

coronary stent(s), percutaneous coronary
intervention, women

