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ABSTRACT – Background: Temporal trends in the female population submitted to percutaneous 
coronary intervention were evaluated as to clinical, angiographic and procedural aspects, based on 
analysis of 10-year results of a national registry. The objective of this study was to compare the in-hospital 
results and clinical outcomes by grouping the sample into three different time frames. Methods: The 
database used was the Central Nacional de Intervenções Cardiovasculares (CENIC). A total of 59,931 
women undergoing percutaneous coronary intervention between 2006 and 2016 were assessed 
and divided into timeframes, analyzing clinical and angiographic variables, as well as in-hospital 
outcomes. Results: There was a decrease in prevalence of smoking, hypertension, and dyslipidemia 
over time. Likewise, the prevalence of calcified lesions, thrombotic lesions and bifurcations decreased. 
The success of the procedure increased and there was a decrease in post-procedure complications, such 
as death, infarction or emergency surgical revascularization. In the analysis of predictors of risk of 
death, patients with left main coronary artery lesion presented a 15-fold risk of death (p<0.0001), 
and multi-vessel lesions increased the risk approximately three times (p<0.0001). Conclusion: 
Percutaneous coronary intervention in women presented better results along the analyzed period, 
with higher procedural success rates and lower rates of in-hospital complications.

Keywords: Percutaneous coronary intervention; Angioplasty; Endovascular procedures; Infarction; 
Women

RESUMO – Introdução: Avaliaram-se as tendências temporais na população feminina submetida à 
intervenção coronária percutânea, com relação aos aspectos clínicos, angiográficos e dos procedimentos, 
a partir da análise dos resultados de 10 anos de um registro nacional. O objetivo deste estudo foi 
comparar os resultados e os desfechos clínicos da fase hospitalar agrupando a amostra em três períodos 
de tempo distintos. Métodos: Foi utilizado o banco de dados da Central Nacional de Intervenções 
Cardiovasculares (CENIC), sendo avaliadas 59.931 mulheres que realizaram intervenção coronária 
percutânea entre 2006 e 2016, categorizadas em intervalos de tempo, analisando-se variáveis 
clínicas, angiográficas e desfechos hospitalares. Resultados: Houve diminuição na prevalência de 
tabagismo, hipertensão arterial e dislipidemia ao longo do tempo. Da mesma forma, a prevalência de 
lesões calcificadas, lesões trombóticas e bifurcações diminuiu. O sucesso do procedimento aumentou, 
e houve diminuição das complicações pós-procedimento, como óbito, infarto e revascularização 
cirúrgica de emergência. Na análise de preditores de risco para óbito, foi observado que pacientes 
com lesão de tronco de coronária esquerda apresentaram risco de morte aumentado em 15 vezes 
(p<0,0001), assim como lesões multiarteriais, que elevaram o risco em aproximadamente três vezes 
(p<0,0001). Conclusão: A intervenção coronária percutânea em mulheres apresentou melhores 
resultados ao longo do tempo analisado, com maior taxa de sucesso dos procedimentos e menor 
proporção de complicações hospitalares.

Descritores: Intervenção coronária percutânea; Angioplastia; Procedimentos endovasculares; 
Infarto; Mulheres

BACKGROUND

Coronary artery disease (CAD) is one of the leading causes of death in women. 
Although the number of women diagnosed with ischemic heart disease has increa-
sed in recent years, it is still an underdiagnosed and undertreated condition, with 
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less use of revascularization strategies as compared to 
men.1-4 Regardless of sex, percutaneous coronary inter-
vention (PCI) offers well-established benefits in such ca-
ses, by reducing fatal and nonfatal ischemic complications 
in patients with acute coronary syndrome (ACS), and re-
lieving symptoms and improving quality of life in patients 
with stable CAD.2-8

Although there are few studies specifically designed to 
assess the results of PCI in women, several manuscripts 
reported differences in outcomes between males and fe-
males undergoing coronary revascularization; they mainly 
demonstrated procedures in female patients would be more 
associated with adverse events. However, there are contro-
versies in this regard, and the reasons for the differences in 
results are most likely multifactorial.1,4,6

This study evaluated the temporal trends in a female 
population submitted to PCI in relation to clinical, angio-
graphic and procedural aspects, based on a 10-year analysis 
of a national registry. Our objective was to compare the 
in-hospital clinical results and outcomes by dividing the 
sample into three time frames.

METHODS

All data used in the study derived from the registry 
of the Central Nacional de Intervenções Cardiovasculares 
(CENIC; http://www.corehemo.net/). This database was 
established by the Sociedade Brasileira de Hemodinâmica e 
Cardiologia Intervencionista (SBHCI), in 1991, and gathers 
information on PCI procedures, with data provided volun-
tarily by physicians, who are members of several Brazilian 
centers.2 The CENIC registry form for PCI contains infor-
mation on risk factors for ischemic heart disease, clinical 
aspects, technical details of the procedure, and in-hospi-
tal clinical results. Data are sent online, through standar-
dized forms, and periodically updated.3

The CENIC encompasses the following variables: age, 
sex, risk factors for cardiovascular disease (diabetes 
mellitus, hypertension, smoking, dyslipidemia and fa-
mily history of CAD), clinical presentation and indication 
of PCI, ventricular function, number of vessels involved, 
vessel submitted to intervention, lesion characteristics, 
success rate and complications (death, vascular complica-
tions, infarction or kidney failure after PCI). The clinical 
status is classified as asymptomatic, stable angina, myo-
cardial infarction (MI) or non-ST segment elevation ACS 
(NSTE-ACS). 

When classifying death, any type – of cardiovascular ori-
gin or not – was considered. Major adverse cardiac events 
(MACE) included death, nonfatal MI, or urgent revasculari-
zation. All women who underwent PCI between June 2006 
and March 2016 were included. A total of 59,931 female 
patients were included. The registry followed all ethical pre-
cepts provided by the Brazilian laws, and all patient data 
were kept confidential.

This study was evaluated and approved by the Research 
Ethics Committee of Hospital Leforte and was registered in 
Plataforma Brasil,  CAAE: 09029919.4.0000.5485.

Statistical analysis
Patients were divided into three time frames - 2006 

to 2008, 2009 to 2011 and 2012 to 2016. The Chi-square 
test and analysis of variance (ANOVA) were used to com-
pare the categorical and continuous variables, respectively. 
Whenever necessary, the likelihood ratio test was used. For 
multiple comparisons, the Bonferroni correction was em-
ployed. To verify the influence of variables of interest in re-
lation to mortality, simple and bivariate logistic regression 
models were used. For all analyses, the significance level 
was set at 5% (p<0.05).

RESULTS

The mean age of patients was 65 years. In this popula-
tion there was a decrease throughout the years in the pre-
valence of smoking (p<0.0001), hypertension (p<0.0001), 
dyslipidemia (p=0.0003) and previous coronary artery 
bypass grafting (CABG) (p<0.0001). It was noted, however,  
that patients in the 2012-2016 interval presented a  
higher prevalence of prior MI (p<0.0001), previous PCI 
(p<0.0001), and unstable clinical conditions (p <0.0001), as 
compared to other two periods. The clinical characteristics 
are detailed in table 1.

Table 2 depicts the angiographic characteristics of the 
sample studied. There was a significant difference in the 
extent of CAD between the years studied. Over time, the-
re was an increase in single-vessel lesions (p<0.0001) and 
left ventricular dysfunction. The prevalence of calcified 
(p<0.0001) and thrombotic (p<0.0001) lesions, as well as 
of bifurcations (p<0.0001) decreased. There were no diffe-
rences among the periods regarding the approach of chro-
nic total occlusions (p=0.2277).

The treated vessels/patient ratio was the same in the 
three periods. The mean stent diameter (p<0.0001), pri-
mary PCI rates (p<0.0001) and use of glycoprotein IIb/IIIa 
inhibitors (p<0.0001) decreased over time. The mean 
stent length (p<0.0001) and use of drug-eluting stents 
(p<0.0001) considerably increased throughout the periods, 
as well as the final procedural success rate (Table 3).

The clinical outcomes analyzed are described in table 4. 
Periprocedural MI decreased over the periods (p=0.0005). 
The other in-hospital clinical outcomes - emergency CABG 
(p=0.0042), death (p=0.0050) and MACE (p<0.0001) - also 
dropped over the years.

In the analysis of risk predictors for post-PCI death, 
variables that impacted on this outcome were identi-
fied (Table 5). The periods 2009-2011 and 2012-2016 
were associated with a lower risk of death, as compared 
to the period 2006-2008, with a reduction by 32% and 
31% (p=0.0007 and p=0.0026), respectively. Meanwhile, 
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Table 1. Baseline clinical characteristics

Characteristics 2006-2008
(18,392 patients)

2009-2011
(21,675 patients)

2012-2016
(19,864 patients) p-value

Age, years 64.9 ± 11.4 65.1 ± 11.5 65.1 ± 11.5 0.196

Smoking 3,752 (20.4) 3,902 (18.0) 3,175 (16.0) <0.0001

Hypertension 15,807 (85.9) 18,311 (84.5) 16,341 (82.6) <0.0001

Dyslipidemia 11,468 (62.4) 13,109 (61.3) 11,884 (60.4) 0.0003

Diabetes mellitus 5,429 (29.6) 5,534 (28.2) 4,769 (29.5) 0.005

Prior MI 2,792 (15.2) 2,860 (14.6) 2,637 (16.3) <0.0001

Prior PCI 2,988 (16.5) 3,368 (16.0) 4,112 (21.2) <0.0001

Prior CABG 1,321 (7.2) 1,491 (6.9) 1,070 (5.4) <0.0001

Clinical presentation    <0.0001

Stable angina 8,558 (46.5) 9,676 (44.6) 8,284 (41.7)

Silent ischemia 1,323 (7.2) 1,988 (9.2) 2,236 (11.3)

STEMI 3,214 (17.5) 3,219 (14.9) 2,968 (14.9)

NSTE-ACS 5,297 (28.8) 6,789 (31.3) 6,375 (32.1)

Killip    <0.0001

1 2,287 (71.5) 2,320 (72.3) 2,339 (79.2)

2 524 (16.4) 511 (15.9) 366 (12.4)

3 187 (5.8) 153 (4.8) 105 (3.6)

4 200 (6.3) 223 (7.0) 144 (4.9)

Results expressed as mean±standard deviation or n (%). MI: myocardial infarction; PCI: percutaneous coronary intervention; CABG: coronary artery bypass grafting; STEMI: 
ST-segment elevation myocardial infarction; NSTE-ACS: non-ST segment elevation acute coronary syndrome. 

Table 2. Angiographic characteristics

Characteristics
2006-2008

(19,907 procedures/ 
26,207 vessels)

2009-2011
(23,208 procedures/ 

30,422 vessels)

2012-2016
(21,231 procedures/  

27,847 vessels)
p-value

Coronary disease extension     <0.0001

Single vessel 10,093 (52.4) 11,527 (52.4) 11,262 (57.5)  

Two-vessel 6,041 (31.4) 6,922 (31.5) 5,529 (28.2)

Three-vessel 3,050 (15.8) 3,513 (16.0) 2,758 (14.1)

LMCA 68 (0.4) 43 (0.2) 31 (0.2)

Multi-vessel + LMCA 0 (0) 3 (0.01) 17 (0.1)

Treated vessels     

RCA 8,002 (30.5) 9,523 (31.3) 8,534 (30.6) <0.0001

LCx 5,512 (21.0) 6,494 (21.3) 6,074 (21.8)  <0.0001

LAD 11,880 (45.3) 13,427 (44.1) 12,357 (44.4)  <0.0001

Venous graft 597 (2.3) 679 (2.2) 489 (1.8)  <0.0001

LMCA 216 (0.8) 299 (1.0) 393 (1.4)  <0.0001

Calcified lesions 6,853 (26.3) 7,367 (24.4) 5,126 (19.5) <0.0001

Thrombotic lesions 3,089 (11.8) 3,122 (10.3) 2,258 (8.1) <0.0001

Long lesions 6,165 (23.5) 7,048 (23.2) 5,781 (20.8) <0.0001

Bifurcations 6,766 (25.8) 6,674 (21.9) 5,195 (18.7) <0.0001

Total occlusions 3,041 (11.7) 3,411 (11.2) 3,208 (11.5) 0.228

TIMI flow pre     <0.0001

0/1 4,617 (17.6) 4,583 (15.1) 4,619 (16.6)

2/3 21,584 (82.4) 25,828 (84.9) 23,212 (83.4)

Left ventricular dysfunction 7,527 (46.5) 7,547 (50.1) 6,602 (50.6) <0.0001

Collateral circulation 2,594 (13.8) 1,473 (11.9) 1,355 (11.0) <0.0001

Results expressed as n (%). LMCA: Left-main coronary artery; RCA: right coronary artery; LCx: left circumflex artery; LAD: left anterior descending artery. 
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Table 3. Characteristics of procedures

Characteristics

2006-2008 
(18,392 patients/  

19,907 procedures/  
25,190 stents)

2009-2011
(21,675 patients/  

23,208 procedures/ 
29,945 stents)

2012-2016
(19,864 patients/  

21,231 procedures/  
27,509 stents)

p-value

Treated vessels/patient 1.4±0.7 1.4±0.7 1.4±0.8 0.033
Use of stent 17,591 (95.6) 20,853 (96.2) 19,098 (96.1) 0.008
Drug-eluting stents 4,751 (18.9) 7,794 (26.0) 8,363 (30.4) <0.0001
Mean stent diameter, mm 2.96±0.44 2.95±0.46 2.91±0.47 <0.0001
Mean stent length, mm 18.5±6.7 19.5±7.8 20.3±8.4 <0.0001
Types of intervention    <0.0001 

Primary PCI 1,947 (9.8) 2,073 (8.9) 1,757 (8.3)
Rescue PCI 233 (1.2) 78 (0.3) 78 (0.4)

Glycoprotein IIb/IIIa inhibitors 1,254 (6.3) 692 (3.0) 280 (1.3) <0.0001
Thrombus aspiration 42 (0.2) 190 (0.6) 385 (1.4) <0.0001
TIMI flow post    <0.0001 

0/1 892 (3.5) 596 (2.0) 864 (3.1)
2/3 24,270 (96.5) 29,329 (98.0) 26,625 (96.9)

Diameter stenosis     <0.0001
Pre 85.0±12.7 84.8±14.3 85.7±12.8
Post 2.7±11.5 2.6±7.8 5.2±6.0

Success of procedure 19,100 (95.9) 22,575 (97.3) 20,723 (97.6) <0.0001
Results expressed as mean ± standard deviation or n (%). PCI: percutaneous coronary intervention. 

Table 4. Clinical outcomes in the in-hospital phase

Outcomes Total 
(59,931 patients)

2006-2008
(18,392 patients)

2009-2011
(21,675 patients)

2012-2016
(19,864 patients) p-value

MI 218 (0.4) 86 (0.5) 93 (0.5) 39 (0.2) 0.0005
Emergency CABG 21 (0.06) 4 (0.26) 10 (0.06) 7 (0.04) 0.004
Death 574 (1.0) 233 (1.3) 170 (0.9) 171 (1.0) 0.0005
MACE 776 (1.3) 306 (1.7) 261 (1.2) 209 (1.1) <0.0001

Results expressed as n (%). MI: myocardial infarction; CABG: coronary artery bypass surgery; MACE: major adverse cardiac events.

Table 5. Analysis of independent predictors of in-hospital mor-
tality
 Variables p-value OR 95%CI
Period

2006-2008 (reference) - - -
2009-2011 0.0007 0.68 0.55-0.85
2012-2016 0.0026 0.69 0.54-0.88

Age, years <0.0001 1.04 1.03-1.05
Hypertension 0.0055 1.39 1.1-1.75
Dyslipidemia 0.0048 1.33 1.09-1.62
Prior MI 0.0005 1.57 1.22-2.02
Extension of CAD

Single-vessel (reference) - - -
Two-vessel 0.0001 1.60 1.26-2.03
Three-vessel <0.0001 2.95 2.34-3.73
LMCA <0.0001 15.12 7.23-31.64

Use of GP IIb/IIIa inhibitors <0.0001 1.90 1.46-2.48
Clinical presentation 

STEMI (reference) - - -
Asymptomatic 0.0001 0.27 0.15-0.51
Stable angina <0.0001 0.10 0.06-0.16
NSTE-ACS <0.0001 0.41 0.28-0.59

Types of intervention
Elective (reference) - - -
Primary <0.0001 3.21 2.27-4.54
Rescue 0.0009 2.82 1.53-5.21

CAD: coronary artery disease; LMCA: left main coronary artery; GP: glycoprotein; 
NSTE- ACS: non-ST segment elevation acute coronary syndrome. 

hypertension increased this risk by 1.4-fold (p=0.0055). 
Clinical presentations other than STEMI were associated  
with lower risk of death. Asymptomatic patients had 
therefore the risk of death reduced by 73% (p=0.0001), 
patients with stable angina by 90% (p<0.0001), and those 
with NSTE-ACS by 59% (p<0.0001). On the other hand, 
patients with left main coronary artery (LMCA) lesion 
presented risk of death increased by more than 15-fold 
(p<0.0001), while previous MI (p=0.0005) and two-vessel 
lesions (p=0.0001) increased the risk by 1.6-fold. Non-
elec tive intervention, including primary PCI (p<0.0001), 
and rescue PCI (p=0.0009), as well as three-vessel disease 
(p<0.0001) increased the risk of death by approximately 
three times.

DISCUSSION

This was the first Brazilian study to compare the de-
mographic profile and outcomes of female patients who 
underwent PCI during the period 2006-2016. The main 
finding was PCI showed a gradual reduction of clinical 
outcomes at hospital (MI, emergency CABG, and MACE) 
throughout the period. Low in-hospital mortality rates 
were found, with a reduction after the 2006-2008 pe-
riod. When compared to the recent publication by Potts 
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of target lesion revascularization, and of definitive or pro-
bable stent thrombosis.9 

Analyzing other variables, such as frequency of pri-
mary PCI, we noted its drop over the years. The literatu-
re, however, has shown the number of cases of primary 
PCI has increased for both men and women.4 One possi-
ble explanation for this discrepancy is that primary PCI 
is notoriously underreported in our country, since many 
catheterization centers do not systematically record the-
se data. Regarding glycoprotein IIb/IIIa inhibitors, there 
was a progressive reduction in their use. The decrease over 
time may be due to the lack of evidence to support the 
routine use of the drug for both sexes, although it is still 
accepted in selected cases.11,12

The procedural success increased, consonant with redu-
ced MACE, which showed a progressive decline over time. 
The increase in success rates in this female population is 
presumed to be directly related to the evolution of PCI 
since the beginning of its practice. First, the limitations of 
balloon angioplasty were overcome with the introduction 
of stents, which presented lower rates of restenosis, but 
early thrombosis and neointimal hyperplasia were still hin-
drances. With the launching of DES, which are equally safe 
and effective in women and men, the restenosis rates were 
significantly reduced. In addition, the increased success ra-
tes can be attributed not only to the progress of techno-
logy applied to catheters, balloons, and stents, but also to 
important advances in intracoronary imaging methods and 
associated pharmacology.13,14

Limitations
This is an observational, retrospective, multicenter study,  

with data provided voluntarily by different healthcare 
professionals; therefore some data may have not been sys-
tematically filled in, or may even been omitted. The total 
number of participants may be underestimated, although it 
represents the largest series ever published in Brazil about 
the topic. 

CONCLUSION

Percutaneous coronary intervention in women registe-
red at CENIC presented better results over the last decade, 
with higher procedural success rates and less in-hospital 
complications. Hypertension, emergency procedures and 
multivessel coronary artery disease were independent predic-
tors of higher in-hospital mortality in this population.
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et al., who evaluated clinical outcomes in approximately 
6.6 million patients undergoing PCI in the United States, 
our in-hospital mortality rate was lower than that repor-
ted for females (2%), and closer to that for males (1.4%).4 
These data suggest that PCI is also a safe and effective pro-
cedure in females.

The age profile remained similar during the 10 years 
analyzed. It is well-known that women who undergo PCI 
have some peculiarities regarding morbidity and mortality. 
They are, on average, 4.5 years older than men and present 
more risk factors, such as heart and kidney failure, dia-
betes mellitus, anemia, dyslipidemia, and hypertension.5 
However, there was a reduction in patients with hyperten-
sion, dyslipidemia, smoking habits and previous CABG. 
There was also a positive association between the risk of 
death and diagnosis of hypertension, presence of two- or 
three-vessel disease and LMCA lesions, and non-elective 
PCI. Thus, the reduction of comorbidities and of the mul-
ti-arterial involvement may be associated with improved 
clinical outcomes in the two final periods.

In the analysis of complexity of lesions and extent of 
coronary artery disease, there was an increase in the single-
vessel lesions and lower prevalence of calcified, thrombo-
tic, and bifurcation lesions. The anatomical complexity of 
lesions is also a factor that influences the outcome of PCI. 
Women often have small caliber and more tortuous coro-
nary arteries. Some studies showed higher procedure-rela-
ted complication rates in women, including hypotension, 
bleeding, and need for blood transfusion or vascular repair, 
and that this population also presents with a higher risk 
of coronary artery dissection and perforation.6,7 Knowled-
ge of these peculiarities related to women, together with 
reduced complexity and extent of the disease, would also 
explain the better clinical outcomes over the years.

We found a reduction in the diameter and an increase 
in the length of stents along time. According to Sipahi 
et al., the female population has smaller caliber vessels, 
with different anatomical characteristics, requiring a te-
chnical adaptation of balloon and stent sizes.8 Conside-
ring the substantially greater risk of restenosis in thin 
vessels, drug-eluting stents (DES) are indicated in this con-
text, and enable addressing longer coronary segments as 
compared to bare-metal stents (BMS). Moreover, DES 
present lower rates of restenosis and target vessel revas-
cularization.9

The use of drug-eluting stents was higher in 2012-
2016 than in other periods. This finding is consistent 
with a publication by Bangalore et al., showing that in 
the American population at risk of restenosis, including 
females, DES accounted for 73% of devices implanted in 
the United States as from 2011.10 This prevalence may be 
due to the evolution of the new generation DES, which 
were analyzed by Giustino et al., in women referred for 
complex PCI. These authors demonstrated that their use 
was associated with a lower risk of MACE within 3 years, 
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