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Percutaneous transluminal coronary an-
gioplasty (PTCA) has become a wide-
spread and useful alternative technique to
coronary artery bypass grafting (CABG),
and nowadays women represent 25-30% of
the population undergoing this procedure.
In accordance with this datum, of the 2029
patients treated with PTCA between 1999
and 2001 in our department, 397 were
women (24.3%).

Women undergoing PTCA are older
than men and have a higher incidence of di-
abetes (Table I), the worst factor for the
long-term prognosis of patients with coro-
nary artery disease and hypertension1. Fur-
thermore, a previous acute myocardial in-
farction (AMI) and previous coronary
revascularization are less frequent in the fe-

male population, although women more
commonly complain of angina (Table I).
Multivessel disease is also less frequent in
women. In our experience, multivessel
coronary artery disease was present in 45%
of women and in 59% of men (p < 0.01).
The female patients have shown a better
left ventricular ejection fraction, but even
so, previous episodes of heart failure are
more frequent in women because of hyper-
tension, coronary artery disease and proba-
bly other not well known causes.

Elective coronary angioplasty in women

Acute outcome. Prior studies have report-
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Prior studies have reported significant gender differences in the procedural outcomes after elec-
tive percutaneous transluminal coronary angioplasty (PTCA). Many of these differences have been
explained by the presence of more comorbidities and worse clinical characteristics such as older age,
unstable angina, congestive heart failure, diabetes mellitus, and hypertension in women than in men.
Moreover, women have a smaller vessel diameter, more coronary tortuosity and different plaque com-
position compared to men that can lead to a higher dissection rate and a greater number of proce-
dural complications. Although early data on PTCA suggested worse immediate results in women than
in men, more recent data suggest that this difference is less marked. The introduction of stents with a
low profile and a higher tractability and pushability has allowed the extensive application of these de-
vices even in small and tortuous vessels improving the outcome of PTCA. This improvement has been
higher in women than in men leading to the equalization of the immediate outcome in the two sexes,
even if the baseline characteristics remain worse in women. In particular, mortality and the need for
urgent surgical revascularization have become extremely low without any differences between sexes.
However, some authors have still found a higher incidence of complications in the first period after
the procedure due to stent thrombosis in the stenting era. For this reason, meticulous antiplatelet
treatment should be prescribed and drugs such as glycoprotein IIb/IIIa inhibitors may also be con-
sidered advisable to reduce the excess risk in the female population particularly in women with pro-
thrombotic risk factors such as diabetes. At 6 and 12 months similar rates of death, late myocardial
infarction, and repeated revascularization have been shown in the two sexes.

Coronary stenting and the use of glycoprotein IIb/IIIa inhibitors have also improved the imme-
diate results in patients with acute myocardial infarction (AMI) undergoing primary PTCA. Studies
comparing the outcome differences between women and men with AMI and treated with primary
PTCA are limited but all suggest that women benefit more than men from this procedure. The in-hos-
pital mortality in patients with AMI is significantly higher in the female than in the male population
with a higher incidence of intracranial hemorrhage in women among tissue-type plasminogen acti-
vator-treated patients. Vice versa, women and men have a similar or a slightly higher in-hospital mor-
tality after primary PTCA without intracranial bleeding complications. For this reason, an earlier di-
agnosis of AMI, an earlier hospital admission and an earlier primary PTCA should be the aims of
management in order to improve the outcome in women with AMI and to equalize the procedural re-
sults in the two sexes.
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dural outcomes2-7. As with CABG, the early data
showed that women who underwent conventional bal-
loon angioplasty had a lower clinical and angiographic
success rate, a higher in-hospital mortality, and many
more adverse events than men2-7.

The first National Heart, Lung and Blood Insti-
tute’s (NHLBI) Coronary Angioplasty Registry show-
ed a lower procedural success rate in women who un-
derwent conventional balloon angioplasty than in men
(Table II)2. However, in the second and third NHLBI
registries the procedural success rate increased to a
similar extent in both sexes, probably because of the
increased experience of the operators and because of

technological developments (Table II)3,8. No differ-
ences were found in the occurrence of periprocedural
AMI and emergency CABG in the registries. Howev-
er, the in-hospital mortality was higher in women than
in men in the first two registries, but not in the third
one (Table II). Apart from similar success rates, even
the increased in-hospital mortality has been confirmed
by other studies3-5,7,9-13 (Table III). Many of these dif-
ferences were attributed to the presence of more co-
morbidities and worse clinical characteristics in
women such as older age, unstable angina, congestive
heart failure, diabetes mellitus, and hypertension. Af-
ter accounting for these differences, gender has little
or no independent effect on procedural outcomes5-7.
Moreover, women have a smaller body surface area, a
smaller vessel diameter and more coronary tortuosity
than men: this can lead to a greater number of proce-
dural complications. The worst outcomes after CABG
reported in women were attributed to the smaller ves-
sel size7. Arnold et al.5 have shown, in more than 5000
patients treated with PTCA, that women had a higher
in-hospital mortality than men (1.1 vs 0.3%, p
< 0.001), but after correcting for body surface area this
difference disappeare14. A small vessel size has also
been reported as one of the major factors associated
with abrupt vessel closure, due to plaque dissection
and/or plaque thrombosis with an increased mortality
and a higher incidence of AMI and emergency
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Table I. Gender differences in clinical characteristics in our in-
stitute database (1999-2001).

Women Men
(n=397) (n=1632)

Age (years) 68.8 ± 0.4* 61.9 ± 0.3
Diabetes (%) 26.4* 20.6
Hypertension (%) 68.1* 54.9
Cholesterolemia (%) 61.3 56.7
Smoking (%) 29.7 72.7*
Angina (%) 80.4* 69.0
Previous myocardial infarction (%) 42.5 50.4*
Previous coronary revascularization (%) 24.9 32.1*

* p < 0.05.

Table II. Immediate procedural outcomes in the National Heart, Lung and Blood Institute trials2,3,8.

1977-1982 1985-1986 1993-1994

Women Men Women Men Women Men

No. patients 705 2374 546 1590 975 1880
Mean age (years) 56 53 61 56 65 61
Procedural success (%) 60.3* 66.2 89.0 88.0 90.0 91.3
Dissections (%) 5.8* 4.0 6.8* 4.5 – –
Death (%) 1.8* 0.7 2.6* 0.3 1.4 1.1
AMI (%) 4.7 5.1 4.6 4.3 0.9 1.1
CABG (%) 6.5 6.6 4.8 3.3 1.5 1.0

AMI = acute myocardial infarction; CABG = coronary artery bypass grafting. * p < 0.05.

Table III. Gender differences in mortality in different series.

Study Method Death women vs men (%) OR (95% CI)

McEniery et al.10, 1987 POBA 0.3 vs 0.09 p = NS
Kelsey et al.3, 1993 POBA 2.6 vs 0.3 4.53 (1.39-14.7)
Bell et al.7, 1993 POBA 1.39 vs 0.66 1.51 (1.0-2.29)
Malenka et al.4, 1996 NDA 1.64 vs 0.7 1.64 (1.09-2.47)
Arnold et al.5, 1994 POBA 1.1 vs 0.3 1.08 (0.81-1.45)
Bell et al.11, 1995 POBA 1.4 vs 1.1 0.94 (0.76-1.15)
Robertson et al.12, 1997 NDA 1.4 vs 1.1 1.02 (0.87-1.2)
Jacobs et al.13, 1997 NDA 1.7 vs 0.3 1.08 (0.81-1.45)

CI = confidence interval; NDA = non-directional atherectomy; OR = odds ratio; POBA = plain old balloon angioplasty. The first three
studies show increased mortality in women, whereas the other authors did not confirm the data.



CABG4,5,15. In the first NHLBI registry women had a
higher incidence of both non-occlusive dissections
(16.6 vs 10.7%, p < 0.05) and occlusive dissections
(5.8 vs 4.0%, p < 0.05) than men2. These findings are
also confirmed by our study, which showed more an-
giographic dissection even with a lower procedural
success rate16. In the literature, several other factors
have been associated with abrupt coronary closure and
procedural complications15,17-22. Diabetes mellitus is
one of the most important ones, and in all reported se-
ries its occurrence was higher in women. Diabetes
causes unstable atherosclerotic plaques and a hyperco-
agulable state that could be associated with an in-
creased mortality23 due to dissection or thrombosis.
Another hypothesis is that the plaque composition
could be different in the two sexes. Some authors have
found in women more hypercellular plaques, with less
dense connective tissue24. In women atherosclerosis
starts with menopause and develops faster than in
men; this different composition probably makes the
plaques more liable to rupture and dissection during
PTCA.

The initial data on PTCA suggested worse immedi-
ate results in women than in men, but this difference is
less apparent in more recent data25,26. The introduction
of stents has improved the immediate outcome of PTCA;
however, the first generation of these devices was not
used so extensively in women25, because of their
smaller and more tortuous vessels. This obstacle was
overcome with the introduction of stents with a low
profile and a higher tractability and pushability, which
allowed their extensive application even in this kind of
vessels. In our first study, which compared the proce-
dural PTCA results in women and in men matched for
the same vessel size, coronary stents were used more
frequently in women than in men (70.4 vs 52.2%, p
< 0.05)16. The reason was a coronary dissection (49.5
vs 41.7, p < 0.05); however, no differences were found
in elective coronary stenting or stenting for suboptimal
result. Recently, the use of these devices in our labora-
tory increased largely, and coronary stents are now
used in 79.2% of women and in 77.7% of men (p
< 0.5). Stents have improved the outcome of PTCA,
which nowadays reaches a success rate of 94-98%.
This improvement was more marked in women and
has led to the equalization of the immediate outcome
in the two sexes. The incidence of major adverse car-
diac events decreased. In particular, mortality and the
need for urgent surgical revascularization have be-
come extremely low in both sexes. In our first experi-
ence, Q and non-Q wave AMI were more frequent in
women (5.0 vs 0.8% in men, p < 0.05), because of
coronary dissection and intrastent thrombosis16. How-
ever, in our more recent analysis no statistical differ-
ences were found between the two sexes in the occur-
rence of periprocedural AMI, as a coronary stent was
deployed in almost 80% of our procedures in both sex-
es. Even if stents have improved the in-hospital out-

come in women, some authors still report a higher in-
cidence of complications during the first period after
the procedure. Mehilli et al.26 have reported a signifi-
cantly higher risk of death or AMI during the first 30
days after coronary stenting in women. This high risk
persists even after adjustment for the baseline clinical
differences (older age, higher incidence of hyperten-
sion and diabetes) and it is mainly due to stent throm-
bosis27,28. As a result, women appear to be at higher
risk for thrombotic complications and should be pre-
scribed meticulous antiplatelet treatment. New an-
tithrombotic drugs such as glycoprotein IIb/IIIa in-
hibitors may also be considered advisable to reduce
the early excess risk and improve the overall results of
coronary interventions in women. However, no advan-
tage was shown in the literature. In a meta-analysis of
the EPIC, EPILOG and EPISTENT trials, Cho et al.29

have shown that the benefit from abciximab at 1, 6 and
12 months was similar in men and women undergoing
PTCA. In this analysis women presented more bleed-
ing complications than men, regardless of the use of
abciximab. However, another study suggests a more
pronounced beneficial effect of glycoprotein IIb/IIIa
inhibition among diabetic patients treated with coro-
nary stenting30. In a recent subanalysis of the BARI tri-
al, better outcomes in women who underwent PTCA
than in those treated with CABG, especially in the di-
abetic population, were shown31. When initially treat-
ed with CABG, women had a higher incidence of
periprocedural complications and of repeated CABG
or PTCA,  compared with those initially submitted to
PTCA. For this reason, PTCA could probably be con-
sidered the revascularization procedure of choice, es-
pecially in diabetic women in whom the use of glyco-
protein IIb/IIIa receptor inhibitors is mandatory, even
at the price of a higher risk of bleeding and peripheral
complications. In our series peripheral problems, in
particular pseudoaneurysm and artero-venous fistula,
occurred more frequently in women than in men.

In summary, it is very likely that apart from the
higher risk profile a sex-specific influence of genetic
gender-related, not well known, risk factors such as es-
trogen receptor abnormalities, ovarian dysfunction,
premature menopause, and genetic variants of platelet
glycoprotein IIIa may lead to a higher risk of compli-
cations in women undergoing PTCA procedures. How-
ever, with the new stent generation the worst complica-
tions such as dissections have been overcome, making
PTCA a very safe procedure even in women.

Middle and late outcomes. Similar rates of death, late
AMI and repeated revascularization were shown in
both sexes at 6 and 12 months, even if some series re-
port a slightly higher rate of repeated PTCA in
women26,31. Our experience confirms that there is no
difference in mortality (0.8% in both sexes) and in the
recurrence of AMI at 6-month follow-up (1.29% in
women and 0.52% in men, p = NS).

524

Ital Heart J Vol 4 August 2003



A small number of studies include the angiographic
control of restenosis at 6 months. Gender was not found
to be an independent risk factor for this complication;
in our analysis the rate of restenosis was 29.3% in
women and 27.6% in men. Even though women do not
have a higher risk of restenosis, they complain more of-
ten of angina during the follow-up. This could be
caused by myocardial hypertrophy due to hypertension
(discrepancy angina), to a higher sensitivity to pain or
to diabetic microangiopathy. In our series even angina
was more frequent in women than in men (19.6 vs
13.9%), without differences in the incidence of repeat-
ed PTCA (8 vs 8.8%) or CABG (0.8 vs 1.25%). In our
database the female gender was not an independent risk
factor for major adverse cardiac events and coronary
restenosis even at 1-year follow-up (Table IV). Age and
diabetes remain the most important determinants of a
worse prognosis in patients undergoing a PTCA proce-
dure.

Coronary angioplasty in women with acute myocar-
dial infarction. The mortality in women with non-Q
wave AMI is comparable to or slightly higher than that
of men, whereas the overall mortality for acute Q wave
AMI has been reported to differ between sexes. Previ-
ous studies have already demonstrated a higher rate of
adverse events and mortality among women with Q
wave AMI treated with thrombolytic therapy during
hospitalization and at 30-day follow-up32-35. Some of
these differences have been explained by the older age
of women at the time of AMI, by the presence of more
comorbidities and by the longer delays in hospital ad-
mission. However, the determinants of the worst prog-
nosis in this population are not completely understood.
Even after adjusting for the differences in the baseline
characteristics of women with AMI treated with throm-
bolytic therapy, gender still remains independently as-
sociated with a higher mortality; this probably because
of unidentified gender-related factors.

Primary PTCA proved to be a more effective reper-
fusion strategy than intravenous thrombolysis in pa-
tients with AMI34,35. Weaver et al.36 have demonstrat-
ed, in a review of all trials comparing primary PTCA
with thrombolytic therapy, that the mortality at 30 days
was 4.4% in patients treated with PTCA and 6.5% in

those treated with thrombolytic therapy (p < 0.02).
Studies comparing the outcome differences between
women and men with AMI treated with primary PTCA
are limited, but all suggest that women benefit from
PTCA more than men37,38. Stone et al.38 showed that
the in-hospital mortality in patients with AMI was sig-
nificantly higher in women than in men (14.0 vs 3.5%,
p < 0.006) with a higher incidence of intracranial he-
morrhage in women (5.3 vs 0.7%, p < 0.03) among tis-
sue-type plasminogen activator-treated patients. Vice
versa, women and men had a similar in-hospital mor-
tality after primary PTCA (4.0 vs 2.1%, p = NS) with-
out intracranial bleeding complications. At the logistic
regression analysis of this study, primary PTCA, rather
than tissue-type plasminogen activator treatment, was
an independent predictor of in-hospital survival only in
women. However, these studies did not take into ac-
count the good positive effect of the new adjuncts to
conventional balloon angioplasty such as stents and
glycoprotein IIb/IIIa receptor antagonists. The advan-
tage of stents in these subjects is not clear. The Stent
PAMI and EPISTENT trials have suggested that
women with AMI did not have any adjunctive advan-
tage from coronary stenting alone39,40. More recent da-
ta showed that the use of glycoprotein IIb/IIIa inhibitor
receptors such as abciximab is particularly beneficial
in women undergoing coronary stenting, in spite of the
possibility of a higher incidence of bleeding29,41.

In a recent study, Azar et al.41 compared the short-
and medium-term outcomes of women and men with
AMI treated with primary PTCA. In this series, stent
placement was used in 48% of women and 47% of men
and glycoprotein IIb/IIIa receptor antagonists in 50%
of women and in 60% of men. The mortality was high-
er in women than in men at 30 days (10 vs 0.9%) and
7 months (15 and 4.4%) of follow-up. Similarly, even
the composite endpoint of unstable angina, AMI, tar-
get lesion revascularization, and death was higher in
women than in men, both at 30 days (15 vs 4.4%) and
at the end of follow-up (40 vs 15%). At multivariate
analysis, these poorer outcomes for women after pri-
mary PTCA were found to be related to their worse
conditions, while the female gender was not an inde-
pendent predictor of mortality. It is well known that
women with AMI treated with primary PTCA are old-
er than men and more frequently have hypertension,
diabetes mellitus, and congestive heart failure. More-
over, women have a higher incidence of anterior AMI
and cardiogenic shock, and a longer pre-hospital de-
lay42-44.

Cardiogenic shock is a very important predictor of
in-hospital death in patients with AMI after primary
PTCA. Hannan et al.44 showed that the overall in-hos-
pital mortality rate for patients treated with primary
PTCA was 5.8%. When patients with periprocedural
shock – who had a mortality rate of 45% – were ex-
cluded, the in-hospital mortality rate dropped to 2.6%.
In the SHOCK registry, women with cardiogenic shock
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Table IV. Odds ratios (OR) of women towards men for major ad-
verse cardiac events and restenosis at 1-year follow-up in 2029
patients.

Variable OR (95% CI) p

AMI 0.88 (0.2-3.4) 0.85
CABG 0.25 (0.04-1.3) 0.1
Mortality 0.88 (0.2-3.4) 0.85
Restenosis 0.85 (0.6-1.1) 0.3

AMI = acute myocardial infarction; CABG = coronary artery
bypass grafting; CI = confidence interval.



had a significantly higher incidence of mechanical
complications, including ventricular rupture and acute
severe mitral regurgitation45. Primary PTCA improves
the prognosis in these patients by reducing the risk of
left ventricular free wall rupture to a greater extent than
thrombolysis46. In the SHOCK trial, women and men
equally benefited from primary PTCA, and had a simi-
lar mortality rate (44 vs 38%, p < 0.2)45. Another im-
portant factor in the prognosis after AMI is the delay of
the interventional procedure from the time of symptom
onset. In a recent analysis of the National Registry of
Myocardial Infarction, the proportion of patients with a
delay of primary angioplasty from the time of hospital
admission (door-to-balloon delay) > 2 hours was
greater in women and in patients > 65 years47. This may
explain the higher rates of cardiac complications in the
female population. For this reason, an earlier diagnosis
of AMI and an earlier hospital admission and PTCA
should be the goals to set, in order to improve the out-
come in women with AMI and to equalize the proce-
dural results in the two sexes.

The difference in mortality after AMI treated with
primary PTCA, higher in women than in men during
hospitalization and during the first months of follow-
up, disappears at 1-year follow-up, despite the older
age and a higher risk profile in women43. In this series,
the mortality rate was 13.8% in women and 12.9% in
men (p < 0.7), but after age adjustment women had a
lower risk of death. These findings suggest that prima-
ry PTCA could be the reperfusion strategy of choice in
this population. Paradoxically, older age itself and the
presence of more severe comorbidities, which refrain
the cardiologists from a more aggressive procedure
treatment in female patients with AMI, select a higher-
risk population that could benefit more from an ag-
gressive treatment even if the risk of complications is
higher.

Conclusions

Although recent technological advances have im-
proved the success rate of PTCA in women, reaching
the same immediate and long-term results as in men,
greater cardiac and peripheral procedural complica-
tions are still more frequent in women. This is mainly
due to a more advanced age and more comorbidities –
in particular diabetes –, smaller vessels and, probably,
some sex-related factors. Single or double vessel dis-
ease is more common in women than in men and the re-
sults of CABG are worse in women; hence, PTCA may
become the preferable revascularization procedure for
women. To minimize the risks and maximize the pro-
cedural success, coronary disease should be investigat-
ed and detected as soon as possible in women, and the
procedure should be performed by skillful operators
who are aware of the particular problems of PTCA in
women.
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