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ABSTRACT: Background. Previous studies on outcomes follow-
ing percutaneous coronary intervention (PCI) have shown an
increased rate of in-hospital mortality and vascular complications in
women compared to men. The impact of gender on post-PCI out-
comes in African-Americans has not been reported. Methods. We ret-
rospectively analyzed 835 consecutive African-American patients (n =
392 men and n = 443 women) who underwent PCI using a glycopro-
tein IIb/IIIa inhibitor (GPI) bolus-only strategy from January 2003 to
August 2004 at a single institution. Baseline characteristics, procedur-
al data, and in-hospital outcomes were recorded. Results. Women
were older and had a higher mean body mass index (BMI) compared
to men. Men were more likely to be smokers, more often had triple-
vessel disease and left ventricular dysfunction compared to women.
There were no deaths or repeat revascularizations in either group.
After adjustment for baseline risk factors and procedural characteris-
tics, there was no significant difference in the composite endpoint of
in-hospital death, myocardial infarction (MI), and repeat revascu-
larization between men and women (6.38% in men and 2.48% in
women; p = 0.051), but women had a higher rate of major and
minor bleeding (0.5 vs. 2.5; p = 0.019; and 0.5 vs. 2.3; p = 0.021,
respectively). On multiple logistic regression analysis, female gen-
der was an independent risk factor for bleeding post-PCI (adjusted
odds ratio [OR]-5.6, 95% confidence intervals [CI]: 1.15–27.45).
Conclusion. Although there is no difference in the in-hospital
composite endpoint of death, MI, and repeat revascularization,
African-American women are at increased risk for bleeding compli-
cations post-PCI, even when a GPI bolus-only strategy is used.
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Multiple studies have demonstrated that women are at
increased risk for in-hospital mortality, stroke, vascular com-
plications, repeat revascularization, and same-admission
coronary artery bypass graft surgery (CABG) after percuta-
neous coronary intervention (PCI).1,2 Poor outcomes post-
PCI have been related to older age and a higher prevalence
of risk factors in women compared to men.2 This is consid-
ered one of the reasons for less frequent use of an invasive
management strategy for acute coronary syndromes (ACS)
in women.3 Women have been shown to be at higher risk for

plaque dissection and adverse procedural events after percuta-
neous transluminal coronary angioplasty (PTCA),4 and glyco-
protein IIb/IIIa inhibitors (GPI) have not been shown to be
beneficial in women in a meta-analysis.5 Furthermore, angio-
graphic restenosis of implanted stents has been shown to be
more frequent in women compared to men.6 Major studies
on conservative management versus early invasive manage-
ment for ACS have yielded inconsistent results in women.
The FRISC II (Fragmin and Revascularization during Insta-
bility in Coronary artery disease II)7 and RITA-3 (Random-
ized Intervention Trial of unstable Angina-3)8 randomized,
controlled trials did not show any benefit of early invasive
management in women while the TACTICS-TIMI-18
(Treat angina with Aggrastat and determine Cost of Therapy
with an Invasive or Conservative Strategy–Thrombolysis In
Myocardial Infarction-18) trial showed benefit in women
with the use of early invasive management.9

The African-American population has been shown to
have a higher prevalence of risk factors for coronary artery
disease (CAD) and increased 1-year post-PCI mortality.10

However, gender differences on post-PCI outcomes in the
African-American population are unknown. We sought to
study the impact of gender on post-PCI outcomes in an
African-American population. Of note, this population of
patients was treated with a GPI bolus-only strategy, which is
our center’s routine management approach.11–13

Methods
Patient population. This is a retrospective study of 835

consecutive African-American patients (392 men and 443
women) who underwent PCI using a GPI bolus-only strategy
at a single institution from January 2003 to August 2004.
The hospital’s Institutional Review Board approved the
study. Demographic, periprocedural, and laboratory data
were collected by reviewing charts and hospital records. The
in-hospital events and the length of stay were also recorded.
Patients with ST-elevation myocardial infarction were
excluded from the study.

Periprocedural medication. All patients were loaded with
aspirin 325 mg and clopidogrel 300–600 mg just prior to PCI.
All patients received an initial intravenous bolus of 40 units/kg
unfractionated heparin (UFH) plus a GPI bolus at the begin-
ning of the intervention. No infusion of GPI was administered
following the bolus dose (routine management at SUNY
Health Science Center). UFH was administered as supplemen-
tal boluses if required to achieve an activated clotting time
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(ACT) of at least 200 seconds. ACT was measured by using
the Hemochron® device (ITC Technidyne Corp, Edison,
New Jersey).

Coronary intervention. Coronary interventional proce-
dures were performed according to standard techniques, via a
femoral approach. Balloon angioplasty, stents, and rotational
atherectomy were used at the operator’s discretion. Femoral
vascular closure devices (Angio-Seal, St. Jude Medical, Min-
netonka, Minnesota) or Perclose (Perclose, Inc., Redwood City,
California) were used unless contraindicated. Serial monitor-
ing of cardiac biomarkers was performed every 8 hours for 24
hours after PCI, and hemoglobin levels were measured every
24 hours until the patient was discharged.

Definitions. Post-PCI myocardial infarction (MI) was
defined according to the Thrombolysis in Myocardial Infarc-
tion (TIMI) criteria.14 A new MI was defined by biochemical,
or electrocardiographic criteria: the MB isoform of creatine
kinase (CK-MB) at least three times the upper limit of the
normal range in at least one blood sample, or the finding of
abnormal Q-waves in two or more contiguous leads. For
patients with recent MI who had an elevated CK-MB level
before the procedure, a value of more than three times the
upper limit of normal and at least 50% above the baseline
value was required to meet the definition.

Bleeding was defined according to the Randomized Evalu-
ation in the PCI Linking Angiomax to Reduced Clinical
Events (REPLACE-2) criteria.15 Major bleeding was defined as
either any intracranial, intraocular, retroperitoneal, or clinically-
overt bleeding with a drop of hemoglobin of 3 g/dl, or any drop
of hemoglobin of 4 g/dl, or the transfusion of 2 or more units
of packed red blood cells. Minor bleeding was defined as clini-
cally-overt bleeding not meeting the above criteria. We chose
to define and compare our bleeding complications using the
REPLACE-2 trial definitions and outcomes, as this trial uses a
sensitive definition of bleeding and has reported the lowest
rates of bleeding in the context of modern PCI.

Thrombocytopenia was defined as a fall in the platelet
count below 100,000/µl, or a decrease by 25% below base-
line values, in the event the initial platelet count was less
than 100,000/µl.

For the purpose of classification, all patients with stable
angina or positive stress test or patients with new onset con-
gestive heart failure undergoing PCI were included under
“stable angina and others” (Table 1).

Statistical analysis
Continuous variables are presented as mean ± standard

deviation (SD). Categorical variables are presented as percent-
ages. The Chi-square test was used to compare the differences
between categorical variables. The independent samples t-test
was used to compare between continuous variables with nor-
mal distribution and the Mann-Whitney test was used to com-
pare continuous variables without a normal distribution.
Adjustment for baseline risk factors and angiographic charac-
teristics was done using multivariate analysis with gender as
an independent variable and in-hospital outcomes as
dependent variables. Age, body mass index (BMI), family
history of CAD, smoking, frequency of single-vessel disease,
double-vessel disease and triple-vessel disease, and left ven-
tricular (LV) dysfunction were the covariates used in the
multivariate analysis as these risk factors were significantly
different between the two groups. Multiple logistic regres-
sion analysis was performed to determine whether gender is
an independent risk factor for in-hospital outcomes. A p-
value <0.05 was considered significant. All statistical analyses
are performed utilizing SPSS software, version 13.0 (SPSS,
Inc., Chicago, Illinois).

Results
Baseline and procedural characteristics. The baseline

characteristics and indication for the procedure are listed in
Table 1 and procedural characteristics are presented in Table 2.
The mean age of women was higher (63 vs. 61 years; p <0.01)
and this group had a greater number of patients over the age of
seventy years (20.8% vs. 13.5%; p <0.01). BMI of women
was higher than men (31.5 vs. 29.5; p <0.001). The preva-
lence of hypertension and diabetes mellitus was similar in
both groups. More women had a family history of CAD
compared to men (32 vs. 24.5; p = 0.017). Men were more
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Age in years, mean ± SD 61 ± 10.6 63 ± 11.1 <0.01
Age >70 years, (%) 13.5 20.8 <0.01
BMI, mean ± SD 29.5 ± 5.1 31.46 ± 6.5 <0.001
Medical history (%)

Hypertension 87.7 91.8 NS
Diabetes mellitus 48 54.1 NS
Family history 24.5 32 0.017
History of CAD 64.3 60.3 NS
Smoking 46.2 21.2 <0.001
ESRD 7.6 7.5 NS
CHF 11.7 10.6 NS
Hyperlipidemia (LDL >130) 32.3 31.2 NS
Renal insufficiency

(CrCl <60 ml/min) 27.7 33.6 NS
Periprocedural medications (%)

Aspirin 100 100 NS
clopidogrel 100 100 NS
Beta blocker 81.9 84.4 NS
ACE inhibitor 72.5 72.4 NS
Statins 87.7 85.1 NS

Indication (%)
NSTEMI 17.8 17 NS
Unstable angina 38.5 36.3 NS
Stable angina and others 43.7 46.7 NS

NS = not significant; SD = standard deviation; BMI = body mass index;
CAD = coronary artery disease; ESRD = end-stage renal disease; CHF =
congestive heart failure; LDL = low-density lipoprotein; ACE = angiotensin
converting enzyme; MI = myocardial infarction; PCI = percutaneous coro-
nary intervention; CrCl = creatine clearance.

Table 1. Baseline characteristics.

Males
(392)

Females
(443)

p-ValueVariable



likely to smoke compared to women (46% vs. 21% respec-
tively; p <0.001). The prevalence of congestive heart failure
(CHF), end stage renal disease (ESRD), hyperlipidemia and
renal insufficiency were similar in both the groups. Indication
for the procedure was ACS in 56.3% and 53.3% in males
and females respectively (p = NS). The ACC/AHA type B1
lesion was the most common lesion in both groups. Eptifi-
batide followed by abciximab was the most common GPI
used in both the groups. Men had a significantly lower mean
ejection fraction (EF) compared to women. Use of closure
devices and procedural success was similar in both the groups.

In-hospital outcomes. The in-hospital outcomes are pre-
sented in Table 3 and the breakdown of bleeding complica-
tions and other vascular complications are shown in Table 4.
The mean length of stay was 1.6 days in men and 2.2 in
women (p = NS). There were no deaths or in-hospital repeat
revascularizations in both groups. After adjustment for base-
line risk factors and procedural characteristics, there was no
significant difference in the composite endpoint of in-hospi-
tal death, MI, and repeat revascularization between men and
women (6.38% in men and 2.48% in women; p = 0.051).

Men had a marginally higher incidence of post-PCI MI
(6.38% vs. 2.48% in women; p = 0.051). These patients also
had a higher incidence of LV dysfunction and after adjustment
for risk factors (including LV dysfunction) there was no differ-
ence in the incidence of MI between the groups. Women had a
significantly higher rate of major and minor bleeding compli-
cations (0.5 vs. 2.5; p = 0.019 and 0.5 vs. 2.3; p = 0.021,
respectively). The mean hemoglobin values were significantly
lower in women compared to men both prior to and post-
PCI and the mean drop was significantly greater in women
(p <0.01) (Table 6). In women the majority (64%) of the
major bleeding was due to a drop in hemoglobin without an
obvious source, requiring greater than 2 units of packed red
blood cells for transfusion. Minor bleeding in women was

Vol. 19, No. 3, March 2007 125

Gender Differences Post-PCI in African-Americans

Diseased vessels (%)
Single vessel disease 40.3 32.1 <0.01
Double vessel disease 27.6 44.6 <0.001
Triple vessel disease 32.1 23.3 <0.01

Target vessel (%)
Left main 1.3 1.8 NS
Left anterior descending 40.3 41.8 NS
Left circumflex 26.3 22.1 NS
Right coronary artery 28.3 33.4 NS
Ramus intermedius 2 0.6 NS
Bypass graft 3.6 1.9 NS

ACC/AHA lesion type (%)
A 5.6 6 NS
B1 78.3 79 NS
B2 5.3 5 NS
C 12.2 11.8 NS

GP IIb/IIIa inhibitor used (%)
Tirofiban 4.3 3.6 NS
Eptifibatide 60.7 57.1 NS
Abciximab 34.7 39.5 NS

Mean ACT, seconds 278 ± 60 285 ± 60 NS
Closure device (%) 44.6 35.5 NS
% use of stents 98 97 NS
Multivessel intervention (%) 1.8 1.6 NS
Successful PCI (%) 98 99 NS
Mean stay (days) mean ± SD 1.59 ± 1.6 2.17 ± 4.2 NS
EF, mean ± SD 47.8 ± 17 52.5 ± 15.6 <0.001

NS = not significant; SD = standard deviation; BMI = body mass index;
CAD = coronary artery disease; ESRD = end-stage renal disease; CHF =
congestive heart failure; LDL = low-density lipoprotein; ACE = angiotensin
converting enzyme; MI = myocardial infarction; PCI = percutaneous coro-
nary intervention.

Table 2. Procedural characteristics.

Males
(392)

Females
(443)

p-ValueVariable

*Composite endpoint, %(n) 6.38 (25) 2.48 (11) NS
Death, % (n) 0 0 NS
Nonfatal MI, % (n)

Any 6.38 (25) 2.48 (11) NS
CK-MB 3–5X 1.53 (6) 0.68 (3) NS
CK-MB 5–10X 1.78 (7) 0.90 (4) NS
CK-MB >10X 2.29 (9) 0.23 (1) NS

Repeat revascularization, %(n) 0 0 NS
Bleeding, %(n)

Any 1.02 (4) 4.74 (21) 0.02
Major bleeding 0.51 (2) 2.48 (11) 0.019 
Minor bleeding 0.51 (2) 2.26 (10) 0.021 

Thrombocytopenia, %(n) 1.78 (7) 1.35 (6) NS
*Composite endpoint includes death, MI, and repeat revascularization.
NS = not significant; MI = myocardial infarction.

Table 3. In-hospital outcomes.

Males
(392)

Females
(443)

p-ValueVariable

Major bleeding, %(n)
Intracranial bleeding 0 0.22 (1) NS
Retroperitoneal bleeding 0 0 NS
Gastrointestinal bleeding 0.25 (1) 0.22 (1) NS
Genitourinary bleeding 0 0 NS
Vascular puncture site 0 0.45 (2) NS
Transfusion >2 Units 0.25 (1) 1.58 (7) <0.01

Minor bleeding, % (n)
Vascular puncture site 0.51 (2) 1.58 (7) <0.01
Transfusion <2 Units 0 0.22 (1) NS
Retroperitoneal bleed 0 0.22 (1) NS
Bleeding from AV graft site

during dialysis 0 0.22 (1) NS
Vascular complications, %(n)

Pseudoaneurysm 0.25 (1) 0.22 (1) NS
Ischemic CVA/TIA 0.25 (1) 0.22 (1) NS
Thrombosis of aorto-femoral

bypass 0 0.22 (1) NS

NS = not significant; CVA = cerebrovascular accident; TIA = transient
ischemic attack.

Table 4. Hemorrhagic endpoints and other vascular complications.

Males
(392)

Females
(443)

p-ValueVariable



predominantly (70%) due to bleeding or hematomas from
the vascular puncture site. On multiple logistic regression
analysis, female gender was an independent risk factor for
bleeding post-PCI (adjusted odds ratio [OR]-5.6, 95% confi-
dence intervals [CI]: 1.15–27.45). Other vascular complica-
tions like pseudoaneurysm, ischemic cerebrovascular accident
(CVA)/transient ischemic attack (TIA), and thrombosis of
the aorto-femoral bypass were similar in both the groups.

Discussion
This study demonstrates that although the in-hospital

composite endpoint consisting of death, MI, and repeat
revascularization is similar between African-American men
and women, African-American women appear to be at
increased risk for bleeding complications post-PCI. Previous-
ly there have been multiple studies on gender differences with
respect to post-PCI outcomes, but the present study is
unique in that we evaluated an exclusively African-American
population. Furthermore, our study is unique in that all
patients were administered a bolus-only GPI regimen during
PCI, potentially lowering the rates of bleeding. However, in
the context of even minimal GPI use, gender differences in
bleeding rates were still detectable. The adoption of a bolus-
only GPI strategy was based on the recently reported data on
the efficacy and safety of this regimen during PCI.11–13

Compared to previous studies on gender differences dur-
ing PCI, women in the present study did not have a worse
clinical profile compared to men.16,17 Prior studies (which pre-
dominantly were comprised of a Caucasian population) have

reported that women who underwent PTCA were older,
more frequently had traditional risk factors for coronary
artery disease (hypertension, diabetes, hyperlipidemia), and
were more likely to have unstable angina, congestive heart
failure and more severe concomitant noncardiac disease, and
were more often deemed inoperable or high risk for surgery
compared to men.16 In our study, the traditional risk factors
of hypertension, diabetes mellitus, and hyperlipidemia
(except smoking) were similar in both groups. Also, the indi-
cations for cardiac catheterization and intervention (ACS and
stable angina) were similar between the groups. Similar to
prior studies, women in our study were on average 2 years
older than men and were more often above the age of 70
years compared to men. There was no difference in BMI
between men and women in the prior studies, while the
women in our group had significantly higher BMI compared
to men.16 In the recent subanalysis of the TARGET (Do
Tirofiban and ReoPro Give Similar Efficacy Outcomes?) trial
on the effect of BMI on PCI, obese patients had lesser major
bleeding complications.18 Women in our study with higher
BMI still had higher major and minor bleeding complica-
tions compared to men.

Men have been reported to have a lower EF compared to
women, perhaps secondary to men having a higher incidence
of prior MI compared to women.16,19 In our African-American
population, although the history of CAD was similar in both
groups, women on an average had 5% higher EF compared
to men. Also, on logistic regression analysis, a history of CHF
and low EF were independent predictors of post-PCI MI. 

Of the two National Heart, Lung, and Blood Institute's
Coronary Angioplasty Registry reports on gender differences
during PTCA, angiographic characteristics were similar in
men and women in one report,16 and men had more frequent
multivessel disease compared to women in another report.17

Also, the New Approaches to Coronary Intervention (NACI)
registry had a greater number of men with triple-vessel disease
compared to women.19 Similar to the prior studies, African-
American men had more frequent triple-vessel disease com-
pared to women. The rate of procedural success has been
shown to be similar in both genders after angioplasty and
stenting.16,20 In our single-center experience, African-American
men and women had similar success rates after PCI and the
rate of multivessel interventions were similar in both groups.

Women have been shown to have an increased in-hospital
mortality after PTCA and stenting.1 Women were considered
to have increased mortality after PTCA because of small
coronary vessel diameter, which may have been improved
after increasing use of stents, but the post-PCI mortality
remained twice compared to men after stent implantation.1

In contrast, our study did not have any deaths or repeat revas-
cularizations post-PCI and therefore no differences based on
gender could be detected. This may reflect our relatively small
sample size or improvements in technology (both pharmacolog-
ical and mechanical) that have rendered PCI a safer procedure.

An additional distinction between our findings and the lit-
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Mean Pre-Hgb (SD) 13.01 (1.70) 11.91 (1.49) <0.001
Mean post-Hgb (SD) 12.77 (1.64) 11.48 (1.49) <0.001
Mean drop in Hgb (SD) 0.24 (0.92) 0.43 (1.03) <0.01

Hgb = hemoglobin; pre-Hgb is prior to PCI and post-Hgb is after PCI;
SD = standard deviation.

Table 6. Mean hemoglobin values in males and females prior to
and after PCI.

Males
(392)

Females
(443)

p-Value

Patient 1 11 8 Female 2
Patient 2 8.9 7 Female 2
Patient 3 13.1 9.8 Female 2
Patient 4 14.5 10.2 Female 2
Patient 5 8.3 5.6 Female 2
Patient 6 12.1 9.9 Female 2
Patient 7 10.7 8.4 Female 2
Patient 8 10.5 8.7 Female 1
Patient 9 11.9 6.9 Male 2

Hgb = hemoglobin; No. = number

Table 5. Hemoglobin values prior to and after PCI in patients
who were transfused with packed red blood cells.

Pre-PCI
Hgb

Post-PCI
Hgb

Gender No. of Units
Given



erature relates to gender-specific post-PCI MI rates. Previous
reports have noted no difference in the rates of post-PCI MI
in men versus women.6,21 The post-PCI MI rates were marginal-
ly higher in men in our study, possibly secondary to a higher
risk profile (higher smoking rates, triple-vessel disease and
lower ejection fraction). On logistic regression analysis triple

vessel disease and LV dys-
function were strong pre-
dictors of post-PCI MI,
potentially explaining the
higher rates of post-PCI MI
in African-American men.

Women have been
shown to have increased
bleeding complications
post PCI.21 In our study,
African-American women
had significantly higher
major and minor bleeding
complications compared to
African-American men.
On logistic regression
analysis, increasing age,
female gender, ESRD, and
decreasing creatine clear-
ance were independent risk
factors for increased bleed-
ing complications. The
majority of the major
bleeds were secondary to
covert bleeds requiring
greater than two units of
blood transfusion and
minor bleeds were predom-
inantly due to complica-
tions at the vascular
puncture site despite use of
closure devices in more
than one-third of the
patients. In the REPLACE-
2 trial, post-PCI bleeding
was a stronger predictor of
1-year mortality (OR, 3.5;
95% CI, 1.9–6.5) than was
creatine kinase-MB enzyme
elevation (OR, 2.6; 95%
CI; 1.5–4.5).21 Because
African-American women
appear to be at increased
risk for bleeding compli-
cations, which strongly
predicts increased 1-year
mortality, interventional-
ists should take all rea-
sonable measures to

minimize bleeding in this population.
One of the strongest predictors for vascular complications

in women was the use of GPI22, but in our study all patients
received only a standard bolus dose of GPI without prolonged
infusions. Due to routine use of high-dose clopidogrel and
stents at our institution, GPIs are given as a bolus-only regi-
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Figure 1. Incidence of post percutaneous coronary intervention myocardial infarction in African-American
men and women.

Figure 2. Incidence of bleeding complications post percutaneous coronary intervention in African-American
men and women.
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men to reduce bleeding complications. Also, the percentage of
the patients receiving abciximab, eptifibatide, and tirofiban
was similar in men and women. The use of closure devices has
been shown to reduce the incidence of vascular complications
at the access site post-PCI, especially in patients who received
GPI.23 In our study the use of closure devices was slightly
higher in males, which was not statistically significant.

Study limitations. This study is a retrospective analysis
and has all the inherent limitations of a retrospective study.
The sample size was not large and there were no deaths or
repeat revascularizations to determine whether gender differ-
ences exist in African-Americans with respect to in-hospital
mortality or repeat revascularization. The outcomes studied
were only in-hospital, and there were no long-term follow-up
data. However, the Integrilin to Minimize Platelet Aggrega-
tion and Coronary Thrombosis-II (IMPACT-II) investigators
study on the time course of adverse events post-PCI showed
that 66% of the total adverse events during the initial 30 days
occur within the first 6 hours, the risk of events declined sub-
stantially between 6 hours and 9 hours, and the hazard func-
tion plot was flat after 9 hours.24

Conclusion
Our study on the effect of gender on differences in post

PCI outcomes in an African-American population showed that
the in-hospital composite endpoint of death, MI, and repeat
revascularization was similar in men and women, but African
American women are at increased risk for bleeding complica-
tions, even in the context of a bolus-only GPI strategy.
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