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Abstract
Aims: To determine whether there are gender-based differences in in-hospital outcomes among patients 
undergoing percutaneous coronary intervention (PCI).

Methods and results: We studied a large cohort using clinical data from a registry of 130,985 PCI pro-
cedures in Belgium, from January 2006 to February 2011. Compared to males, females were significantly 
older (70.3 vs. 64.8 years), and were more frequently diabetic or hypertensive. Men smoked more and more 
frequently had previous myocardial infarction (MI), previous PCI or previous coronary artery bypass graft 
(CABG) surgery. Coronary artery disease (CAD) was less severe in women, and PCI to the left anterior 
descending artery was more common in female patients. Unadjusted in-hospital mortality rates were higher 
in females versus males (2.5% for women and 1.6% for men, p<0.0001). After multivariable analysis, female 
gender remained an independent predictor of mortality (odds ratio 1.35, 95% CI: 1.22-1.49, p<0.0001).

Conclusions: Gender-based differences in hospital mortality rates after PCI were observed in this large reg-
istry. Female sex remained an independent predictor of mortality after multivariable adjustment.
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Introduction
Despite significant advances in the management of coronary artery 
disease (CAD), this pathology is still one of the major causes of 
death worldwide today1. Cardiovascular disease is the first cause 
of death in women in Europe. According to the European Heart 
Network, cardiovascular disease accounts for 42% of deaths in 
women under 75 years of age2. Even though the prevalence of 
CAD is greater in men than in women at any given age, several 
reports have shown that female gender is associated with worse out-
comes in case of ischaemic heart disease3,4. Gender-related differ-
ences in the pathophysiology of atherosclerosis5, in cardiovascular 
risk factors6, in clinical presentation7 and in the diagnosis of coro-
nary artery disease8 are well known. Recently, analyses from the 
PROSPECT study showed that there were gender-specific differ-
ences in the extent and composition of coronary plaques in patients 
<65 years of age, suggesting that atherosclerosis development and 
progression were influenced by gender9,10. Differences according to 
sex have also been outlined in the management and outcomes after 
acute coronary syndromes11. Concerning outcomes after percutane-
ous coronary intervention (PCI), the question is still debated and 
controversial. In earlier studies, female gender was identified as an 
independent predictor of adverse outcome after PCI12. In contrast, 
more recent studies have demonstrated that female gender had no 
or minimal impact on outcomes after adjustment for clinical and 
anatomical variables13,14.

The aim of this study was to analyse gender differences in in-
hospital outcomes in patients who underwent PCI in Belgium from 
January 2006 to February 2011.

Methods
PATIENT POPULATION
The Belgian Working Group on Interventional Cardiology registry 
is a prospective procedure-based database. A web-based standard-
ised case record form (CARDS database, European Heart House, 
Nice, France) is completed for each procedure, allowing collection 
of detailed data in all patients undergoing PCI in the 36 Belgian 
hospitals performing PCI. Data collection includes clinical, demo-
graphic, procedural and angiographic characteristics as well as in-
hospital outcomes.

We analysed data from January 2006 to February 2011. During 
this period, 131,119 procedures were performed. Of these, 134 pro-
cedures were excluded from the analysis due to missing gender data.

ENDPOINTS AND STUDY DEFINITIONS
The primary outcome for this study was all-cause in-hospital mor-
tality. Secondary endpoints included the need for coronary artery 
bypass grafting, cerebrovascular accident (CVA), major bleed-
ing, major vascular complication, renal failure requiring dialysis, 
post-procedural myocardial infarction and acute stent thrombo-
sis. A composite secondary endpoint only including major adverse 
cardiac and cerebrovascular events (MACCE) was also analysed. 
Standard definitions were used to define the most common clini-
cal scenarios.

STATISTICAL ANALYSIS
Categorical variables are presented as counts and percentages. 
Continuous variables are presented as mean±SD. Differences 
were deemed significant if p<0.05. We used the chi-square test 
and Student’s t-test to compare groups, as appropriate. Regression 
analysis was performed using univariable then multivariable logis-
tic regression modelling in order to identify the independent pre-
dictors of death and secondary endpoints. Multivariable models 
were formed by including significant univariable predictors for the 
outcome variable of interest. Variables with a value of p<0.10 in 
univariate analysis were incorporated into the model in a forward 
stepwise manner. All statistical analyses were performed with SPSS 
version 17 (SPSS Inc., Chicago, IL, USA).

Results
BASELINE, ANGIOGRAPHIC AND INTERVENTION 
CHARACTERISTICS
Among the 130,985 PCI performed, 35,955 were performed in 
women. Compared with men, women were significantly older and 
were more likely to have diabetes, hypertension, chronic renal 
failure (CRF), prior stroke, previous valvular heart disease (VHD) 
or previous congestive heart failure. Conversely, history of prior 
MI, prior PCI, prior CABG surgery or prior peripheral vascular 
disease (PVD) were less frequent in women than in men. Women 
were also less likely to be smokers. Of note, the proportion of 
patients with hypercholesterolaemia was similar in both groups 
(Table 1).

Regarding PCI indication, most cases were elective procedures in 
both groups but men were more likely to present with ST-segment 
elevation myocardial infarction (STEMI). Cardiogenic shock and 
inotropic support at presentation were more frequent in women. 
Reduced left ventricle function was more common in male patients. 
A significant gender-based difference was observed in the sever-
ity of CAD, with more frequent single-vessel disease in women 
and more high-risk coronary artery disease (defined as left main 
artery stenosis, 3-vessel disease, 2-vessel disease with proximal left 
anterior descending artery disease) in men. The lesions more often 
involved the left anterior descending coronary artery in women and 
more frequently the left circumflex artery and grafts in men. The 
procedural data showed a slightly greater number of treated vessels 
and treated lesions per patient in men (Table 2).

CLINICAL OUTCOMES
In-hospital death rate was 1.8% (n=2,297), and women had 
a significantly higher risk of death: 2.5% vs. 1.6% in men 
(p<0.0001), odds ratio (OR) 1.57, 95% confidence interval (CI): 
1.44-1.70, p<0.0001 (Table 3, Figure 1). Women had a higher risk 
of in-hospital death after PCI in all clinical settings (i.e., acute 
coronary syndrome [ACS] and stable angina), but the difference 
in death rate was particularly high in case of acute coronary syn-
drome, especially in case of STEMI. There was a graded rela-
tionship between mortality rates and clinical indication for PCI: 
elective PCI (0.7% vs. 0.5%, p=0.003), to NSTE-ACS (2.4% vs. 
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Table 1. Baseline clinical characteristics, clinical indication for PCI and lesion characteristics for the entire cohort.

Characteristic Total 
(n=130,985)

Males 
(n=95,030) 

72.6%

Females 
(n=35,955) 

27.4%

p-value  
for females vs. 

males

Baseline clinical characteristics
Age, years 66.3±11.8 64.8±11.6 70.3±11.3 <0.0001

Height, cm 169.8±8.7 173.2±6.9 160.9±6.5 <0.0001

Weight, kg 79.3±15.1 82.6±14.2 70.8±13.9 <0.0001

BMI, kg/m² 27.4±4.5 27.5±4.3 27.4±5.2 0.008

Obesity, % 24.2 23.4 26.3 <0.0001

BSA, m² 1.93±0.21 1.99±0.19 1.77±0.19 <0.0001

Previous angina, % 4.9 4.8 5.2 0.002

Previous MI, % 16.3 17.9 12.3 <0.0001

CRF, % 3.3 3.1 3.6 <0.0001

Previous CHF, % 2.1 2.1 2.4 0.001

Previous PCI, % 28.6 29.9 25.4 <0.0001

Previous CVA, % 3.1 3.0 3.4 <0.0001

Previous CABG surgery, % 9.9 10.8 7.4 <0.0001

Previous PVD, % 7.6 7.9 6.8 <0.0001

Previous VHD, % 2.1 1.8 2.9 <0.0001

Current smoking, % 27.8 30.8 19.8 <0.0001

Former smoking, % 31.0 36.8 15.4 <0.0001

Diabetes, % 22.1 20.3 26.8 <0.0001

Insulin-dependent diabetes, % 5.0 4.2 7.4
<0.0001

Non-insulin-dependent diabetes, % 17.1 16.1 19.4

Hypertension, % 55.8 52.9 63.3 <0.0001

Hypercholesterolaemia, % 58.6 58.4 58.9 0.112

Initial evaluation
Pre-procedural elevated biomarkers, % 24.4 24.2 24.8 0.226

Pre-procedural thrombolysis (STEMI), % 3.7 3.9 3.1 0.002

Cardiogenic shock, % 1.9 1.9 2.1 0.001

Pre-procedural cardiopulmonary reanimation, % 1.5 1.6 1.5 0.748

Haemodynamic support, % 1.1 1.1 1.3 0.003

LV ejection fraction, % >50 % 78.1 77.1 80.5 <0.0001

≤50% 21.9 22.9 19.5

<0.0001
41-50% 12.1 12.7 10.4

31-40% 6.0 6.2 5.6

<= 30% 3.8 3.9 3.4

Clinical indications for PCI, %
STEMI 16.6 17.3 14.9

<0.0001
NSTE-ACS 13.6 13.5 14.0

Stabilised ACS 19.0 18.7 19.6

Elective indications, others 50.8 50.5 51.5

Lesion characteristics
Number of diseased 
vessels, %

1 47.1 45.4 51.5

<0.00012 31.0 31.4 29.8

3 21.9 23.1 18.7

Coronary anatomic risk *, % High 24.3 25.4 21.2
<0.0001

Low 75.7 74.6 78.8

* High anatomic risk: left main artery stenosis, 3-vessel disease, 2-vessel disease with proximal left anterior descending artery disease; low anatomic 
risk: other 2-vessel disease, 1-vessel disease. ACS: acute coronary syndrome; BMI: body mass index; BSA: body surface area; CABG: coronary artery 
bypass graft; CHF: congestive heart failure; CRF: chronic renal failure; CVA: cerebrovascular accident; LV: left ventricle; MI: myocardial infarction; 
NSTE-ACS: non-ST-segment elevation acute coronary syndrome; PCI: percutaneous coronary intervention; PVD: peripheral vascular disease;  
STEMI: ST-segment elevation myocardial infarction; VHD: valvular heart disease
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Table 2. Lesion and procedural characteristics for the entire cohort.

Characteristic
Total 

(n=130,985)

Males 
(n=95,030) 

72.6%

Females 
(n=35,955) 

27.4%

p-value
for females vs. 

males

Lesion characteristics
Number of diseased vessels, % 1 47.1 45.4 51.5

<0.00012 31.0 31.4 29.8

3 21.9 23.1 18.7

Coronary anatomic risk*, % High 24.3 25.4 21.2
<0.0001

Low 75.7 74.6 78.8

Procedural characteristics
Number of stented lesions (number 
of stented coronary segments), %

1 73.5 73.0 74.8

<0.0001
2 21.5 21.9 20.4

3 4.0 4.0 3.8

>3 0.6 0.6 0.7

Treated vessel, % Right coronary 34.8 34.6 35.4 0.005

Left anterior descending 41.4 40.0 45.2 <0.0001

Left circumflex 26.6 28.1 22.9 <0.0001

Left main 2.2 2.1 2.2 0.246

Arterial graft 0.4 0.5 0.3 <0.0001

Venous graft 2.9 3.3 1.9 <0.0001

Number of treated vessels, % 1 91.3 91.1 91.8

<0.0001
2 7.8 8.0 7.3

3 0.5 0.5 0.5

4 0.0 0.0 0.0

Bifurcation lesion, % 15.3 15.5 14.9 0.085

Intra-stent restenosis, % 7.2 7.5 6.5 <0.0001

Vascular access, % Femoral 81.2 80.6 82.7
<0.0001

Radial 15.3 15.9 13.8

Brachial, others 3.5 3.5 3.5
<0.0001

Closure device, % 26.1 26.4 25.5

* High anatomic risk: left main artery stenosis, 3-vessel disease, 2-vessel disease with proximal left anterior descending artery disease; low anatomic 
risk: other 2-vessel disease, 1-vessel disease.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
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OR=4.40 (3.45-5.62); p<0.0001
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OR=1.02 (0.87-1.14); p=0.533

Males
Females

OR=1.55 (1.44-1.67); p<0.0001

OR=1.57 (1.44-1.70); p<0.0001

0.1
0.5

0.2
0.3

0.4
0.6

0.4
0.6

0.5
0.4

0.7
0.8

1.4
1.4

1.6
2.5

2.0
3.1OR=1.55 (1.44-1.67); p<0.0001

OR=1.57 (1.44-1.70); p<0.0001

Figure 1. In-hospital complication rates after PCI for females vs. males and odds ratios for in-hospital complications for females vs. males. 
CABG: coronary artery bypass graft; CVA: cerebrovascular accident; MACCE: major adverse cardiac and cerebrovascular events; 
MI: myocardial infarction
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1.8%, p=0.018), to STEMI (10.1% vs. 5.4%, p<0.0001). In each 
clinical subgroup, a significant gender-related difference was seen, 
with the worst prognosis in women (p<0.0001) (Figure 2). Women 
were more likely to have a MACCE (death, stroke or severe bleed-
ing) during hospital stay, with a rate of 3.1% in women and 2.0% 
in men (OR 1.55, 95% CI: 1.44-1.67, p<0.0001). The rate of severe 
bleeding was higher in female patients (Figure 1).

After univariate analysis of clinical, angiographic and procedural 
analyses, we identified independent risk factors for death in mul-
tivariate analysis (Table 4). In multivariate analysis, female gen-
der was a significant independent risk factor for in-hospital death 
(OR 1.35, 95% CI: 1.22-1.49, p<0.0001). The other independ-
ent risk factors were age, prior MI (OR 1.35, 95% CI: 1.12-1.56, 
p<0.0001), hypercholesterolaemia, prior PCI, prior PVD, prior 
VHD, CRF, high coronary anatomic risk, STEMI and cardiogenic 
shock. In multivariate analysis, female gender was an independent 

Table 3. Major in-hospital complications and outcomes: incidence 
and odds ratios for females vs. males.

Variable Total Males Females
p-value for 
females vs. 

males

Post-procedural MI, % 0.7 0.7 0.8 0.005

Bleeding during hospital stay, % 0.4 0.4 0.6 <0.0001

CVA, % 0.2 0.2 0.3 0.001

Renal failure requiring dialysis, % 0.5 0.4 0.6 0.001

Stent thrombosis, % 0.5 0.5 0.4 0.083

CABG, % 1.4 1.4 1.4 0.533

In-hospital death, % 1.8 1.6 2.5 <0.0001

STEMI, % 6.6 5.4 10.1 <0.0001

NSTE-ACS, % 2.0 1.8 2.4 0.018

Stabilised ACS, % 1.2 1.0 1.6 <0.0001

Elective PCI, others, % 0.5 0.5 0.7 0.003

MACCE (death, stroke, bleeding), % 2.3 2.0 3.1 <0.0001

STEMI, % 7.4 6.1 11.3 <0.0001

NSTE-ACS, % 2.5 2.3 3.1 0.004

Stabilised ACS, % 1.7 1.4 2.3 <0.0001

Elective PCI, others, % 0.9 0.8 1.1 0.001

Odds ratios for females  
vs. males

OR 95% CI p-value

Post-procedural MI 1.22 1.06 1.40 0.005

Bleeding during hospital stay 1.58 1.33 1.86 <0.0001

CVA 1.50 1.17 1.91 0.001

Renal failure requiring dialysis 1.32 1.11 1.56 0.001

Stent thrombosis 0.84 0.70 1.02 0.083

CABG 0.97 0.87 1.07 0.533

In-hospital death 1.57 1.44 1.70 <0.0001

MACCE (death, stroke, bleeding) 1.55 1.44 1.67 <0.0001

ACS: acute coronary syndrome; CABG: coronary artery bypass graft; CI: confidence interval; 
CVA: cerebrovascular accident; MACCE: major adverse cardiac and cerebrovascular events; 
MI: myocardial infarction; NSTE-ACS: non-ST-segment elevation acute coronary syndrome; 
STEMI: ST-segment elevation myocardial infarction

Table 4. Odds ratios for multivariable predictors of in-hospital 
events.

Variables OR 95% CI p-value

Death* (n=2,297)
Hypercholesterolaemia 0.590 0.534 0.653 <0.0001

Previous PCI 0.634 0.554 0.726 <0.0001

Age 1.047 1.043 1.052 <0.0001

Female gender 1.346 1.216 1.490 <0.0001

Previous CVA 1.346 1.088 1.664 0.006

Previous MI 1.348 1.172 1.551 <0.0001

Previous CHF 1.351 1.074 1.699 0.010

Previous PVD 1.465 1.253 1.712 <0.0001

High coronary anatomic risk 1.642 1.487 1.813 <0.0001

Valvulopathy 1.737 1.392 2.167 <0.0001

CRF 2.471 2.064 2.959 <0.0001

STEMI 4.322 3.895 4.796 <0.0001

Cardiogenic shock 29.492 26.362 32.994 <0.0001

CVA¶ (n=260)
Previous PCI 0.683 0.500 0.933 0.017

Age 1.020 1.009 1.032 <0.0001

Female gender 1.366 1.051 1.774 0.019

Previous CABG 1.600 1.106 2.314 0.013

CRF 1.771 1.100 2.851 0.019

STEMI 3.033 2.324 3.958 <0.0001

Previous CVA 4.193 2.893 6.076 <0.0001

Bleeding‡ (n=552)
Age 1.024 1.016 1.032 <0.0001

Female gender 1.365 1.141 1.632 0.001

Previous PVD 1.490 1.144 1.941 0.003

Previous CVA 1.524 1.069 2.170 0.020

CRF 2.244 1.650 3.052 <0.0001

STEMI 2.667 2.202 3.230 <0.0001

Cardiogenic shock 4.186 3.187 5.499 <0.0001

MACCE** (n=2,909)
Hypercholesterolaemia 0.648 0.595 0.706 <0.0001

Previous PCI 0.686 0.612 0.768 <0.0001

Age 1.040 1.036 1.044 <0.0001

Previous MI 1.253 1.110 1.413 <0.0001

Female gender 1.352 1.239 1.477 <0.0001

High-risk coronary anatomy 1.433 1.313 1.564 <0.0001

Previous CVA 1.529 1.279 1.828 <0.0001

Valvulopathy 1.568 1.287 1.910 <0.0001

Previous PVD 1.579 1.382 1.804 <0.0001

CRF 2.431 2.081 2.840 <0.0001

STEMI 3.578 3.267 3.918 <0.0001

Cardiogenic shock 23.829 21.452 26.468 <0.0001

*All variables included in the multivariate model were significant and reported in the table. 
¶History of peripheral vascular disease was also included in the multivariate model (p=NS). 
‡History of valvular heart disease and prior PCI were also included in the multivariate model 
(p=NS for both). **MACCE: death, CVA and bleeding. CABG: coronary artery bypass graft; 
CHF: congestive heart failure; CRF: chronic renal failure; CVA: cerebrovascular accident; 
MACCE: major adverse cardiac and cerebrovascular events; PCI: percutaneous coronary 
intervention; PVD: peripheral vascular disease; STEMI: ST-segment elevation myocardial infarction
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risk factor for bleeding (OR 1.37, 95% CI: 1.14-1.63, p=0.001), 
stroke (OR 1.37, 95% CI: 1.05-1.77, p=0.019) and MACCE (OR 
1.35, 95% CI: 1.24-1.48, p<0.0001) (Table 4).

Discussion
From the Belgian PCI registry, the main results of this study are 
marked gender-based differences in in-hospital mortality rates fol-
lowing PCI. Even after robust multivariable adjustment, female 
gender remained an independent predictor of mortality, bleeding, 
stroke and MACCE.

We observed significant differences between men and women 
in terms of clinical characteristics, angiographic characteristics, 
interventions and in-hospital outcomes. Baseline characteristics 
in our study showed that women were older at the time of PCI. It is 
known that women develop cardiovascular disease seven to ten 
years later than men, a difference thought to result, at least in part, 
from the protective role of endogenous oestrogen15. As hyperten-
sion and diabetes prevalence increases with age, the higher preva-
lence of hypertension and diabetes in our female cohort is partly 
in relation to the older age of female patients undergoing PCI. On 
the other hand, the higher prevalence of CAD in men16 is con-
sistent with the higher rate of prior MI and PCI observed in this 
subset of patients. In the literature, the rate of severe CAD and 
multivessel disease is lower in the female population compared 
to males17,18. This was confirmed in our study: the OR for a high-
risk coronary anatomy was 0.79 for women (95% CI: 0.77-0.81, 
p<0.0001) and coronary multivessel disease was less frequent 
in female patients. This apparent dissociation between a higher 
prevalence of cardiovascular risk factors and lower angiographic 
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Figure 2. In-hospital mortality rate according to gender and 
indication for PCI. ACS: acute coronary syndrome;  
NSTE-ACS: non-ST-segment elevation acute coronary syndrome; 
PCI: percutaneous coronary intervention; STEMI: ST-segment 
elevation myocardial infarction.

severity of ischaemic heart disease in women has been previously 
described19. However, the mechanism involved and the reasons 
explaining such discrepancy remain unclear. In cohort studies, 
gender bias could be responsible for decreased access to PCI for 
women with advanced CAD11. The mode of presentation of CAD, 
which varies according to gender, could also explain this observa-
tion: women more frequently have angina pectoris as first symp-
tom whereas men present more frequently with MI, influencing 
the access to coronary angiography20. This difference in the pro-
portions of acute and elective indications for PCI between male 
and female patients is confirmed in the present cohort.

There is controversy about mortality and adverse event rates 
between men and women undergoing PCI. Early studies analys-
ing gender differences in clinical outcomes showed that interven-
tions in women were associated with higher rates of complications 
and higher rates of intervention failure21. It has been argued that 
these results were secondary to unadjusted analyses, clinical char-
acteristics and comorbidities being responsible for the observed 
differences. Currently, it remains clear that in unadjusted analysis 
women have poorer outcomes than men following PCI. To identify 
the role of gender on outcomes, several studies with adjusted analy-
ses for clinical characteristics (i.e., robust multivariate analysis or 
propensity score analysis) have been reported recently with varying 
results. Some studies show a persistent gender-related difference 
in outcomes after adjustment12,22, while others show that sex is not 
an independent factor of outcomes13,23. The most recent large stud-
ies performed in the DES era do not show gender-specific differ-
ences in mortality following PCI after adjustments14,24. Conversely, 
female gender was an independent correlate of long-term mortal-
ity in the PCI arm of the SYNTAX trial, despite adjustments for 
risk factors25,26. In our study, there is a significant difference in in-
hospital mortality between men and women after PCI. Even after 
multivariate analysis and multiple adjustment for confounding fac-
tors, female gender remains an independent predictor of in-hospital 
death and MACCE.

Mortality rate after PCI varies according to PCI indication, as 
observed in the European registry Euro Heart Survey of PCI27. 
Significant sex-related difference in mortality is observed in each 
clinical subgroup, particularly in patients presenting with STEMI. 
A worse prognosis in women admitted for acute coronary syndrome 
(ACS) contributes to the difference in mortality rates between 
women and men.

The difference in mortality rate between genders can be explained 
partly by older age and more frequent comorbidities in the female 
cohort. Nevertheless, in our study, female gender is an independ-
ent predictor of death after multivariate analysis with an increase in 
risk of death of 35%. Complications, such as severe bleeding, acute 
renal failure or stroke are more frequent in female patients, particu-
larly in patients presenting with ACS. These complications may be 
considered as a factor contributing to the increased mortality rate in 
females undergoing PCI.

The influence of female gender on outcomes might be 
explained by differences in coronary physiology, anatomy and in 
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cardiovascular risk factors. As some of these factors may be under-
evaluated or unknown, female gender may appear as an independ-
ent predictor of adverse outcome even though it may be associated 
with other causative factors (hormonal status, endothelial dysfunc-
tion, micro-circulation disorders, etc.)5.

There is a lack of consistency across studies concerning the influ-
ence of gender on clinical outcome after PCI. Many earlier stud-
ies relied on relatively small samples, were single-centre studies, 
focused on different populations or did not analyse the same fac-
tors. Additionally, thanks to better PCI techniques and medical 
management, adverse event rates have decreased in high-risk popu-
lations, including women. Nowadays, it is statistically more dif-
ficult to show significant event rate difference among groups, and 
large population analyses are needed28.

Limitations
Our study has some limitations. First, as a multicentre registry, it 
offers observational data on selected patients undergoing PCI. Thus, 
it is limited to patients who have had PCI and does not account for 
the outcomes of women who undergo cardiac catheterisation with-
out intervention and women who are referred for CABG. Second, 
even though multivariate analysis was performed, we cannot 
exclude the influence of confounding factors in our results. Finally, 
SYNTAX scores were not registered and are lacking in the analysis. 
SYNTAX scores would probably be more sensitive to determine 
the influence of lesion severity on the outcomes.

Conclusions
In conclusion, the results of this study demonstrate a significant 
difference in in-hospital mortality rates between men and women 
undergoing PCI. This difference is particularly marked in patients 
undergoing PCI for ACS. After robust adjustment for known pre-
dictors of mortality, female gender remained an independent predic-
tor of death, being associated with a 35% increase in risk of death 
as compared to male gender. However, there is a lack of consist-
ency in findings across studies evaluating gender difference in out-
comes after PCI. Larger studies in populations treated with current 
PCI techniques and cardiovascular medical treatment are needed to 
identify factors explaining these differences in outcomes.

Impact on daily practice
Female gender is associated with worse outcomes in case of 
ischaemic heart disease and after PCI, particularly in patients 
undergoing PCI for ACS. After adjustment for clinical and ana-
tomical variables, results vary between studies and the influ-
ence of gender as an independent risk factor for outcomes after 
PCI is still under debate. In daily practice, gender differences in 
terms of presentation of CAD and outcomes after PCI have to be 
considered.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References
 1. Shaw LJ, Bairey Merz CN, Pepine CJ, Reis SE, Bittner V, 
Kelsey SF, Olson M, Johnson BD, Mankad S, Sharaf BL, Rogers WJ, 
Wessel TR, Arant CB, Pohost GM, Lerman A, Quyyumi AA, 
Sopko G; WISE Investigators. Insights from the NHLBI-Sponsored 
Women’s Ischemia Syndrome Evaluation (WISE) Study: Part I: 
gender differences in traditional and novel risk factors, symptom 
evaluation, and gender-optimized diagnostic strategies. J Am Coll 
Cardiol. 2006;47:S4-S20.
 2. European Heart Network, Brussels, www.ehnheart.org/
media/press-releases/publication/148.html and European Society 
of Cardiology, Sophia Antipolis. European Cardiovascular Disease 
Statistics 2008.
 3. Hochman JS, Tamis JE, Thompson TD, Weaver WD, 
White HD, Van de Werf F, Aylward P, Topol EJ, Califf RM. Sex, 
clinical presentation, and outcome in patients with acute coronary 
syndromes. Global Use of Strategies to Open Occluded Coronary 
Arteries in Acute Coronary Syndromes IIb Investigators. N Engl J 
Med. 1999;341:226-32.
 4. Roger VL, Farkouh ME, Weston SA, Reeder GS, Jacobsen SJ, 
Zinsmeister AR, Yawn BP, Kopecky SL, Gabriel SE. Sex differ-
ences in evaluation and outcome of unstable angina. JAMA. 
2000;283:646-52.
 5. Shaw LJ, Bugiardini R, Merz CN. Women and ischemic heart 
disease: evolving knowledge. J Am Coll Cardiol. 2009;54:1561-75.
 6. Anand SS, Islam S, Rosengren A, Franzosi MG, Steyn K, 
Yusufali AH, Keltai M, Diaz R, Rangarajan S, Yusuf S; 
INTERHEART Investigators. Risk factors for myocardial infarc-
tion in women and men: insights from the INTERHEART study. 
Eur Heart J. 2008;29:932-40.
 7. Regitz-Zagrosek V. Sex and gender differences in symptoms 
of myocardial ischaemia. Eur Heart J. 2011;32:3064-6.
 8. Stangl V, Witzel V, Baumann G, Stangl K. Current diagnostic 
concepts to detect coronary artery disease in women. Eur Heart J. 
2008;29:707-17.
 9. Ruiz-Garcia J, Lerman A, Weisz G, Maehara A, Mintz GS, 
Fahy M, Xu K, Lansky AJ, Cristea E, Farah TG, Teles R, Botker HE, 
Templin B, Zhang Z, de Bruyne B, Serruys PW, Stone GW. Age- 
and gender-related changes in plaque composition in patients with 
acute coronary syndrome: the PROSPECT study. EuroIntervention. 
2012;8:929-38.
 10. Lansky AJ, Ng VG, Maehara A, Weisz G, Lerman A, Mintz GS, 
De Bruyne B, Farhat N, Niess G, Jankovic I, Lazar D, Xu K, Fahy M, 
Serruys PW, Stone GW. Gender and the extent of coronary athero-
sclerosis, plaque composition, and clinical outcomes in acute coro-
nary syndromes. JACC Cardiovasc Imaging. 2012;5:S62-72.
 11. Daly C, Clemens F, Lopez Sendon JL, Tavazzi L, Boersma E, 
Danchin N, Delahaye F, Gitt A, Julian D, Mulcahy D, Ruzyllo W, 
Thygesen K, Verheugt F, Fox KM; Euro Heart Survey Investigators. 
Gender differences in the management and clinical outcome of sta-
ble angina. Circulation. 2006;113:490-8.
 12. Peterson ED, Lansky AJ, Kramer J, Anstrom K, Lanzilotta MJ. 
National Cardiovascular Network Clinical Investigators. Effect of 



8

E
uroIntervention 2

0
1

4
;1

0
-online publish-ahead-of-print D

ecem
ber 2

0
1

4

gender on the outcomes of contemporary percutaneous coronary 
intervention. Am J Cardiol. 2001;88:359-64.
 13. Duvernoy CS, Smith DE, Manohar P, Schaefer A, Kline-
Rogers E, Share D, McNamara R, Gurm HS, Moscucci M. Gender 
differences in adverse outcomes after contemporary percutaneous 
coronary intervention: an analysis from the Blue Cross Blue Shield 
of Michigan Cardiovascular Consortium (BMC2) percutaneous 
coronary intervention registry. Am Heart J. 2010;159:677-683.e1.
 14. Stefanini GG, Kalesan B, Pilgrim T, Räber L, Onuma Y, 
Silber S, Serruys PW, Meier B, Jüni P, Windecker S. Impact of sex 
on clinical and angiographic outcomes among patients undergo-
ing revascularization with drug-eluting stents. JACC Cardiovasc 
Interv. 2012;5:301-10.
 15. Mendelsohn ME, Karas RH. The protective effects of estro-
gen on the cardiovascular system. N Engl J Med. 1999;340:1801-11.
 16. Wenger NK, Speroff L, Packard B. Cardiovascular health and 
disease in women. N Engl J Med. 1993;329:247-56.
 17. Hochman JS, McCabe CH, Stone PH, Becker RC, Cannon CP, 
DeFeo-Fraulini T, Thompson B, Steingart R, Knatterud G, 
Braunwald. Outcome and profile of women and men presenting 
with acute coronary syndromes: a report from TIMI IIIB. TIMI 
Investigators. Thrombolysis in Myocardial Infarction. J Am Coll 
Cardiol. 1997;30:141-8.
 18. Zhao XQ, Theroux P, Snapinn SM, Sax FL. Intracoronary 
thrombus and platelet glycoprotein IIb/IIIa receptor blockade with 
tirofiban in unstable angina or non-Q-wave myocardial infarction. 
Angiographic results from the PRISM-PLUS trial (Platelet receptor 
inhibition for ischemic syndrome management in patients limited 
by unstable signs and symptoms). PRISM-PLUS Investigators. 
Circulation. 1999;100:1609-15.
 19. Mehilli J, Kastrati A, Dirschinger J, Bollwein H, Neumann FJ, 
Schömig A. Differences in prognostic factors and outcomes between 
women and men undergoing coronary artery stenting. JAMA. 
2000;284:1799-805.
 20. Lerner DJ, Kannel WB. Patterns of coronary heart disease 
morbidity and mortality in the sexes: a 26-year follow-up of the 
Framingham population. Am Heart J. 1986;111:383-90.
 21. Cowley MJ, Mullin SM, Kelsey SF, Kent KM, Gruentzig AR, 
Detre KM, Passamani ER. Sex differences in early and long-term 
results of coronary angioplasty in the NHLBI PTCA Registry. 
Circulation. 1985;71:90-7.

 22. Watanabe CT, Maynard C, Ritchie JL. Comparison of short-
term outcomes following coronary artery stenting in men versus 
women. Am J Cardiol. 2001;88:848-52.
 23. Singh M, Rihal CS, Gersh BJ, Roger VL, Bell MR, Lennon RJ, 
Lerman A, Holmes DR Jr. Mortality differences between men and 
women after percutaneous coronary interventions. A 25-year, sin-
gle-center experience. J Am Coll Cardiol. 2008;51:2313-20.
 24. Kovacic JC, Mehran R, Karajgikar R, Baber U, Suleman J, 
Kim MC, Krishnan P, Dangas G, Sharma SK, Kini A. Female gen-
der and mortality after percutaneous coronary intervention: results 
from a large registry. Catheter Cardiovasc Interv. 2012;80: 
514-21.
 25. Farooq V, Serruys PW, Bourantas C, Vranckx P, Diletti R, 
Garcia Garcia HM, Holmes DR, Kappetein AP, Mack M, 
Feldman T, Morice MC, Colombo A, Morel MA, de Vries T, van 
Es GA, Steyerberg EW, Dawkins KD, Mohr FW, James S, 
Ståhle E. Incidence and multivariable correlates of long-term 
mortality in patients treated with surgical or percutaneous revas-
cularization in the synergy between percutaneous coronary inter-
vention with taxus and cardiac surgery (SYNTAX) trial. Eur 
Heart J. 2012;33:3105-13.
 26. Farooq V, van Klaveren D, Steyerberg EW, Meliga E, 
Vergouwe Y, Chieffo A, Kappetein AP, Colombo A, Holmes DR 
Jr, Mack M, Feldman T, Morice MC, Ståhle E, Onuma Y, 
Morel MA, Garcia-Garcia HM, van Es GA, Dawkins KD, 
Mohr FW, Serruys PW. Anatomical and clinical characteristics to 
guide decision making between coronary artery bypass surgery 
and percutaneous coronary intervention for individual patients: 
development and validation of SYNTAX score II. Lancet. 
2013;381: 639-50.
 27. de Mulder M, Gitt A, van Domburg R, Hochadel M, Seabra-
Gomes R, Serruys PW, Silber S, Weidinger F, Wijns W, Zeymer U, 
Hamm C, Boersma E. EuroHeart score for the evaluation of in-
hospital mortality in patients undergoing percutaneous coronary 
intervention. Eur Heart J. 2011;32:1398-408.
 28. Vogt A, Engel HJ, Glunz HG, Sattelberger U, Reil GH, 
Sechtem U, Sabin G, Senges J, Hanrath P, Neuhaus KL; 
ArbeitSgemeinschaft Leitender Kardiologischer Krakenhausärzte 
(ALKK). Early results of coronary angioplasty despite more com-
plex interventions (Registry of The German Community Hospitals 
1993-2000). Am J Cardiol. 2002;90:1005-9.


