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Coronary revascularization, either percutaneous by stent implantation or surgical, has been established as
the treatment of choice for patients with significant coronary stenosis. One of the main targets of coronary
revascularization - especially in patients with stable disease - is to alleviate symptoms and thereby improve
quality of life. Residual angina after successful coronary revascularization is not uncommon and indeed frustrating
for the patient as much as for the treating physician. Several studies have shown worse outcomes in females with
regard to post-revascularization morbidity and mortality in percutaneous as well as surgical coronary procedures.
Although none of the studies has specifically looked at sex-related differences in residual angina after revascular-
ization, some studies have found that female compared to male sex was a predictor of post-revascularization an-
gina. This review article aims to summarize the results of these studies as well as to discuss the potential
underlying mechanisms of these findings.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

In July 1768 William Heberden gave a presentation to the Royal Col-
lege of Physicians in London describing a disease with “strong and peculiar
symptoms” and aptly said that “the seat of it, and the sense of strangling, and
the anxiety with which it is attended, may make it not improperly be called
angina pectoris”. The initial report was derived from an analysis of 20
males and 1 female while further studies included 100 patients of
which 3 were females [1,2]. Of note, Heberden at that time associated
these symptoms with a cramp and/or ulcer, and assumed it to be some
disorder of the breast [1]. Today, we know that the symptoms observed
by Heberden are associated with heart disease and in the majority of
cases with significant obstructive coronary artery stenosis, respectively.
Chronic angina pectoris affects about half of the 16.5 million adults
(220 y) in the United States that have ischemic heart disease; about
4.5 million of them are females [3]. Coronary revascularization, either per-
cutaneous by stent implantation or surgical, has been established as the
treatment of choice for patients with significant coronary stenosis. One
of the main targets of coronary revascularization - especially in patients
with stable disease - is to alleviate symptoms and thereby improve
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quality of life. Residual angina after successful coronary revascularization
is not uncommon and indeed frustrating for the patient as much as for the
treating physician. In terms of post-revascularization symptoms, one
should differentiate between the following [4,5]:

» “Recurrent Angina”: re-occurrence of chest pain due to myocardial
ischemia in a patient treated with percutaneous or surgical coronary
revascularization.

“Residual Angina”: persistence of chest pain due to myocardial ischemia
in a patient treated with percutaneous or surgical coronary revascular-
ization, with no period of complete dissolution of symptoms.

This review focused on residual anginal symptoms. However, most
reports have failed to make a distinction between the different types
of post-revascularization angina. Therefore we looked at the presence
of symptoms in the early phase after the index coronary revasculariza-
tion procedures as the best possible way to assess for residual angina.

2. Prevalence of post-revascularization angina

For patients with coronary artery disease (CAD) to have persistent
anginal symptoms despite having undergone coronary revasculariza-
tion can be an exceedingly disappointing experience [4]. The prevalence
of (early) post-revascularization symptoms is high with up to almost
40% reported by studies in patients after percutaneous coronary inter-
vention (PCI) as well as coronary artery bypass grafting (CABG)
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(Table 1). However, documented rates vary significantly throughout the
literature.

While interpreting the varying rates of post-revascularization an-
gina among the different studies the following points should be taken
into account: In addition to the different sample sizes, the definitions
of angina used as well as the baseline risk of the different study popula-
tions vary significantly. Furthermore, many of the studies reporting
post-PCI symptoms have included patients who were treated with ear-
lier used techniques such as either balloon angioplasty, implantation of
bare-metal stents (BMS) or the first generation drug eluting stents
(DES), which may have impacted respective outcomes [6-9]. Temporal
trends towards improved outcomes and lower risk of post-PCI angina
may not only be due to the development of newer devices but also
owing to the increased use of anti-anginal medication [10]. Also of
note is the fact that the incidence of CABG has been decreasing in the
past decade, which resulted in fewer contemporary studies in CABG pa-
tients. For this review most importantly, however, females were under-
represented in all of these studies with the majority of subjects being
Caucasian males.

Several studies have shown worse outcomes in females patients
with regard to post-revascularization morbidity and mortality in percu-
taneous as well as surgical coronary procedures [11-13]. More specifi-
cally, an analysis of 368,492 patients from the British Cardiovascular
Intervention Society (BCIS) database and 89,769 patients from the

Swedish Coronary Angiography and Angioplasty Registry (SCAAR) has
identified female gender as an independent predictor of all-cause mor-
tality at 30 days [14]. However, no study has specifically looked at sex-
related differences in residual angina after coronary revascularization.
Nevertheless, at least some studies have found that female sex was a
predictor of post-revascularization angina.

2.1. Female sex as independent predictor of post-revascularization angina

2.1.1. Post PCI

Fanaroff et al. enrolled 10,870 patients as part of the TRANSLATE-ACS
study, 3015 (27.7%) of those were females [15]. All patients were treated
with PCI for myocardial infarction. Of the total population, 29.3% re-
ported anginal symptoms at 6 weeks. Of these, 20.6% had daily/weekly
angina. Patients with angina were more likely female compared with pa-
tients without angina. In a multivariate analysis female sex was shown to
be an independent predictor of 6-week post-PCl angina [Odds ratio (OR)
1.41, 95% confidence interval (CI) 1.28-1.55; p < 0.001]. Venkitachalam
et al. used the National Heart, Lung and Blood Institute-sponsored Dy-
namic Registry study database that enrolled 8879 patients in 5 “waves”
between 1997 and 2006 to study the temporal trends in post-PCI angina
[10]. Of the total population 22.0% received the initial PCI due to stable
angina. In addition to a decrease of post-PCI angina over the years, also
this study identified female sex as an independent predictor of post-

Table 1
Angina prevalence in patients after revascularization at short-term follow-up.
PCI studies
SR# Author Study Patient population Female Readmission/  Follow up Outcome Event rate
years (% of total)  total sample time (Percentage)
size
1. Kwok et al. [67] 2013-14  All-comer PCI 32% 77,982/833,344 1 month Coronary artery disease 31.6% of cardiac
including angina readmissions (4.1%°)
2. Tripathi et al. [68] 2013 Acute MI 58% 32.2% 24,889/206,869 1 month Angina/Chronic ischemic 15.7% of readmissions
heart disease (12.0%)
3. McNeely et al. [69] 2012° Elective PCI 24.6% 40.1% 23,428/152,140 1 month Chest pain/angina 6.5% of readmissions (15.4%)
4. Fanaroff et al. [15] 2010-12 PCI for myocardial 27.7% NA/10,870 6 weeks Angina 29.3% of total
infarction
5. Grodzinsky et al. 2009-11 PCI for stable AP 25.3% NA/1080 1 month Residual angina 24.0% of total
[70]
6. Wasfy et al. [71] 2007-11 Elective PCI 18.1%¢ 35.5%¢ 893/9288 1 month Chest pain or other 38.1% of readmissions (9.6%)
symptoms
concerning for angina
7. Yost et al. [72] 2007-10  Elective PCI 28.2% 33.3% 262/3255 1 month Stable angina 1.5% of readmissions (8.0%)
8. Abdallah et al. [49] 2005-10  Stable patients with 26.8% NA/953 1 month Angina 26.6% of total
MVD and DM
9. Hannan et al. [73] 2007 All comer PCI; 33%¢ 4969/40093 1 month Chest pain 10.8% of unplanned
Acute MI 17.3% readmissions (12.4%)
10.  Cohenet al. [74] 2005-07  Stable patients with 23.6% NA/903 1 month Angina 35.6% of total
LM or MVD
11.  Meadows et al. [75] 2006 Acute coronary 22.6% 555/6687 1 month Chest pain 9.2% of CV-related
syndrome readmissions (8.2%)
12. Curtis et al. [76] 2005 All-comer PCI 42.0%° 45,964/315,241 1 month Chest pain 6.7% of readmissions (14.6%)

CABG studies

SR# Author Study years Female (% of total) Sample size Follow up time Outcome Event rate
(Percentage)

1. Lancey et al. [77] 2007-11 27.5% 4861 1 month Myocardial infarction and/or recurrent angina 4.9% of readmissions (9.2%)

2. Price et al. [78] 2006-11 23% 1205 1 month Recurrent myocardial ischemia/infarction 8.0% of readmissions (13.0%)

3. Liet al. [79] 2009-10 25% 11,823 1 month Angina pectoris and chest pain 4.9% of readmissions (13.2%)

4, Abdallah et al. [49] 2005-10 30.2% 935 1 month Angina 24.9% of total

5. Fox et al. [80] 2005-09 25.5% 63,911 1 month Chest pain 6.9% of hospital-based acute care
(readmission + ED visits; 23.9%)

6. Cohen et al. [74] 2005-07 21.1% 897 1 month Angina 38.4% of total

7. Hannanet al. [81]  2005-07 26.5%¢ 30,953 1 month Angina/chest pain 4.7% of readmissions (16.5%)

8. Vaccarino et al. [21] 1999-2001 27.8% 1113 6 weeks Angina 3.3%" of total

AP; angina pectoris, CV; cardiovascular, NA; not available, PCI; percutaneous coronary intervention, MI; myocardial infarction, LM; Left main coronary artery, MVD; multivessel disease,

DM; diabetes mellitus, ED; emergency department.
¢ Only data for the most recent year of study enrollment (2012) was considered.
b Calculated value.
€ Percentage of readmissions only.
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PCI symptoms with a reported relative risk of 1.30 (95% CI 1.15-1.47,p <
0.001) compared with male sex. Of note, these results refer to one-year
follow-ups and no differentiation between recurrent and residual angina
was made. Similarly, a patient-pooled analysis of the TWENTE and
DUTCH PEERS Trials (N = 3202; 27.7% females) reported 1- and 2-
years prevalence of chest pain in patients after implantation of newer
generation DES. Multivariate analysis demonstrated that female sex in-
dependently predicted clinically relevant chest pain during both daily ac-
tivities and at minimum physical exertion/at rest [16]. Ben-Yehuda et al.
did not provide short-term post-PCI outcomes either when they ana-
lyzed outcomes of 51,710 patients (22% stable angina) from a multi-
payer database [17]. No distinction was made between recurrent and re-
sidual angina when authors reported that 30.4% of females versus 24.3%
of males had chest pain at 1 year follow-up. Nevertheless, the study has
also shown that post-PCI angina was associated with higher costs related
to inpatient care, outpatient care and outpatient pharmacy services.
Arnold et al. aimed to create a model to predict patients at high risk
for post-revascularization symptoms [18]. Data from the Outcomes of
PCI Study (OPS)/Personalized Risk Information Services Manager™
(PRISM) study were used and angina follow-up evaluation was per-
formed with the help of the Seattle Angina Questionnaire (SAQ) a 19-
item self-administered questionnaire that measures five dimensions of
health in patients with coronary artery disease [19,20]. At six months
after PCI, 24% of the 2573 patients experienced angina in the preceding
4 weeks. Although patients with angina were more likely female, sex
was not included in the final multivariable prediction model. The most
important predictor was the severity of angina, as assessed by the SAQ
angina frequency score, prior to PCL

2.1.2. Post CABG

With regard to post-CABG symptoms, Vaccarino et al. conducted a
prospective study of patients undergoing CABG to analyze sex-related dif-
ferences in post-op recovery. Of the 1113 patients included in the final
analysis, 309 were females (29.6%). It was documented that more females
than males (6.0% vs. 2.3%; p = 0.002) reported angina 6 weeks after sur-
gery, along with complains of dyspnea, depression, lower physical func-
tion and other surgery-related side effects [21].

3. Possible causes of post-revascularization angina

Several factors can results in post-revascularization angina. One of
the most important scenarios leading to residual angina is incomplete
revascularization due to reasons such as small vessel disease or more
diffuse coronary lesions. Other causes include stent ‘stretch’ pain, coro-
nary spasm and microvascular disease. Early recurrent angina may re-
sult from early stent failure and thrombosis after PCI or bypass graft
failure, technical surgical errors and poor target vessel runoff after
CABG. Contributing factors include biological and pathophysiological
components as well as disease presentation and treatment. With regard
to these factors sex-related differences have been documented and may
explain the increased risk and prevalence of post-revascularization an-
gina in females compared to males (Fig. 1).

3.1. Factors contributing to the increased risk of post-revascularization
angina in females compared to males

3.1.1. Underlying biological differences

Anatomically female hearts are smaller and lighter with smaller LV
dimensions and narrower caliber of coronary arteries compared to
male hearts [22-27]. Inherent differences in the physiology like cardiac
muscle contractility as well as oxygen transportation and delivery to tis-
sue due to lower hemoglobin levels in females have been described as
having implications in CVD divergence between the sexes [28-30].
Smaller diameter of female coronary arteries may influence the post-
CABG outcomes associated with higher risk of poor distal run-off with
potential early graft occlusion due to graft thrombosis and kinking

[31,32]. Worse outcomes have also been documented after PCI of
small (reference vessel diameter < 2.75 mm) versus larger vessel diam-
eter with higher risk of restenosis [33].

Females are known to have a protective effect during pre-menopause
with respect to CVD and it has been postulated that estrogen plays a sig-
nificant role in this phenomenon [3,34]. Effects of estrogen on the arterial
wall such as remodeling, vasodilation, platelet aggregation, throm-
bogenesis and lipid metabolism have been described as influencing the
CVD manifestations in females in a positive manner [27,28,34,35]. Male
androgens have a distinct effect on cardiovascular tissue in genetic
male and genetic female bodies, as shown by studies where genetic fe-
male hearts undergo remodeling and progressive vessel enlargement
when exposed to male androgen hormones [36,37]. Conditions such as
periodic fluctuation of hormones during the menstrual cycle as well as
disorders affecting the hypothalamic-pituitary-ovarian axis, and/or
resulting in irregular menstrual cycles, (e.g. polycystic ovarian disease,
hyperandrogenism or hypothalamic amenorrhea) are known to ad-
versely affect CVD outcomes in females [38-40]. Also, early menopause
increases the cardiovascular risk of a female significantly [41].

Due to the protective effect of estrogen, female compared to male
patients develop coronary artery disease at an older age. Thus, females
are more likely than men to present with age associated comorbidities
such as anemia, dyslipidemia, hypertension, diabetes mellitus (DM),
and congestive heart failure (CHF) and kidney dysfunction [26,42-45].
These risk factors are known to be associated with worse outcome in
general, but some of them may be specifically linked with post-
revascularization angina. Of particular mention is the association of
DM with extensive and diffuse atherosclerosis and faster disease pro-
gression. The former is associated with increased difficulty for optimal
revascularization, which may lead to increased risk of residual angina,
while together with the latter, it may contribute to worse post-
revascularization outcomes.

3.1.2. Sex-related differences in presentation, treatment and complications
CAD presents very heterogeneously in females with atypical symp-
toms being more common and precipitating factors of myocardial infarc-
tion (MI) being less frequent. This may result in delayed diagnosis and
treatment initiation, both pre and post revascularization [46,47], and
may also impact post-revascularization outcomes and symptoms. Sev-
eral studies have documented that female patients are more likely to
have increased time-to-hospital presentation, resulting in delayed diag-
nosis and treatment which in turn may lead to worse post-
revascularization outcomes for these patients [13,48-50].

An analysis from the SWEDEHEART study suggested that female
compared to male patients treated for MI were less likely to receive
evidence-based treatment at discharge (p < 0.001 for PB-blockers,
angiotensin-converting enzyme inhibitors or angiotensin receptor
blockers, statins, and P2Y12 antagonists) [51]. In addition, it was docu-
mented that compliance with prescribed medication was lower in fe-
males compared to male patients [52]. With regard to PCI, another
study documented that females compared to male patients were also
less likely to be treated with DES, despite their better performance in
smaller diameter vessels [45,53]. It was also documented that female
patients are less likely to receive PCI via radial versus femoral approach
compared to male patients [54-56]. This may further increase the gen-
erally higher risk of bleeding in females compared with males [57] and
may, in addition, have impact on consecutive antithrombotic treatment.

In female subjects undergoing CABG, it has been noted that fewer fe-
males receive internal mammary artery (IMA) grafts as compared to sa-
phenous vein grafts (SVG) which are known to have worse outcomes
with early graft failure. Sometimes the latter may occur as early as
48 h post-operative, leading to ongoing post-operative anginal pain
[58]. However, also arterial grafts seem to have higher risk of occlusions
in female compared to male patients [59]. In addition, total arterial re-
vascularization can lead to spasm of the arteries in an early phase
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Fig. 1. Factors associated with increased risk of post-revascularization angina in females. Adjusted from Abbate et al. [4] and Sandoval et al. [82]. Dx; disease, Hb; hemoglobin, LV; left

ventricle.

after CABG [60]. Postoperatively, it was shown that females have worse
functional status and mental health compared with males [21].

3.1.3. Pathophysiology of angina pectoris

Studies have shown that plaque morphology differ between the
sexes with almost 60% of females having no flow-limiting stenosis
[61]. The underlying causes of angina pectoris in female patients include
significant coronary stenosis, but also microvascular disease (MVD),
coronary spasm and spontaneous coronary artery dissection (SCAD).
Revascularization and stent placement are not appropriate treatment
options for these conditions. Nevertheless, especially patients with
SCAD are often treated with PCI and stenting and have high rates of re-
current symptoms and rehospitalization [62]. The special role of micro-
vascular dysfunction, vascular inflammation, hormonal influences and
coronary reactivity in ischemic heart disease in females has been iden-
tified in previous studies, but are still not very well understood
[44,61]. Despite the fact that MVD is mostly discussed in the context
of absent obstructive coronary disease, it may also be a factor contribut-
ing to increased risk of post-revascularization angina in patients treated
for a significant stenosis artery disease [63]. However, the aforemen-
tioned pathophysiologic mechanisms as coronary spasm or MVD are
not routinely investigated during angiography. As a consequence, it
stays uncertain if they play an important role in recurrent angina.

3.1.4. Incomplete revascularization

One of the most important reasons for residual angina after PCl is in-
complete revascularization. As mentioned previously, female patients
tend to have smaller coronary arteries, which are more challenging for
revascularization. Furthermore, females compared to males more likely
present with diabetes, which is associated with more diffuse and multi-
vessel coronary artery disease. Multivessel PCI or even CABG might be
indicated, but increased age and higher prevalence of comorbidities in
females vs. males may preclude these patients from undergoing com-
plex coronary interventions or surgery, respectively [64,65].

3.1.5. Underrepresentation of females in cardiovascular clinical trials
Another important point to mention is the limited number of female
patients included in clinical trials evaluating CVD outcomes [3,66]. De-
spite the fact that most evidence on antithrombotic and other medical
treatment is derived from predominantly male populations, identical
dosing regimens are applied to females compared to males. This may re-
sult in an increased occurrence of side effects, which may in turn explain
the poorer compliance found in females compared with males as de-
scribed above. In case of antithrombotic therapy, it may also contribute
to the increased rate of bleeding in females compared to males and may
explain the reluctance to prescribe guideline recommended therapy in
females compared to males as discussed previously. Efforts by the
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Food and Drug Administration (FDA) to include more females in cardio-
vascular trials and initiatives focusing on females may eventually result
in better knowledge on optimal treatment in female patients. Once
more evidence on sex-related pathophysiology of cardiovascular dis-
ease, impact of different therapies in female patients and rarer predom-
inantly female diseases (e.g. SCAD) exists respective data can be
included in international practice guidelines, which may then provide
sex-specific recommendations. Until then physicians need to be extra
cognizant and may think of alternative causes and treatment in
women and especially young women with coronary artery disease
and/or acute coronary syndrome in order to provide optimal care.

4. Conclusion

Evidence exists that female sex is a predictor of residual angina after
coronary revascularization. Explanations for these findings include sex-
related differences in coronary anatomy, pathophysiology as well as dif-
ferences in presentation and treatment of patients with angina pectoris.
Careful and comprehensive evaluation of symptoms is crucial to initiate
timely and appropriate treatment. Further, studies on endothelial- and
microvascular dysfunction, vascular inflammation, hormonal influences
and coronary reactivity in ischemic heart disease in females are
mandated.
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