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Abstract

Purpose of Review Heart centers for women (HCW) were developed due to the rising cardiovascular morbidity and mortal-
ity in women in the United States in the early 1990s. Our review encompasses the epidemiology, risk factors, diagnostic
strategies, treatments, and the role of HCW in managing women with ischemic heart disease (IHD).

Recent Findings HCW use a multidisciplinary team to manage women with IHD. Due to the paucity of randomized con-
trolled trials investigating various manifestations of IHD, some treatments are not evidence-based such as those for coronary
microvascular dysfunction and spontaneous coronary artery dissection. Sex-specific risk factors have been identified and
multimodality cardiac imaging is improving in diagnosing IHD in women. Treatments are being studied to help improve
symptoms and outcomes in women with IHD.

Summary There has been progress in the care of women with IHD. HCW can be instrumental in treating women with THD,

doing research, and being a source of research study participants.

Keywords Myocardial infarction with non-obstructive coronary arteries (MINOCA) - Ischemia with non-obstructive
coronary arteries (INOCA) - Multidisciplinary healthcare delivery - Sex differences in cardiovascular disease - Non-

obstructive coronary artery disease

Introduction

Cardiovascular disease (CVD) remains the number one
cause of mortality in women mostly due to ischemic heart
disease (IHD) and stroke and appears to be increasing glob-
ally [1ee]. The burden of CVD has continued to increase for
decades in almost all countries except for the high-income
countries [1ee]. Of great concern is trend of rising mortality
from CVD in women and men in high-income countries such
as the United States (US), where it was declining previously
from 2000 to 2010 in women [2ee]. This rising trend of
CVD mortality in women was also seen in the 1990s when
heart disease in women was less understood. In the 1980s
and 1990s, the prevention of IHD in women differed from
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men due partly to the observational findings of the Nurses’
Health Study (NHS) in 1985. The use of HRT was associ-
ated with a 50% reduction in the risk of coronary artery dis-
ease (CAD) outcomes in the 5-year follow-up NHS in 1985
[3]. In the same year, the Framingham Heart Study showed a
50% increased risk of cardiovascular morbidity and doubled
the risk of cerebrovascular disease [4ee] in women using
HRT compared to those who were not. Ultimately, NHS con-
firmed similar results in their 10-year follow-up study [5]
and many postmenopausal women continued to be treated
with HRT.

In the 1990s, cardiovascular mortality increased in
women while decreasing in men [2ee]. In the late 1990s
and early 2000s, several randomized controlled trials (RCTs)
revealed that HRT did not prevent CVD [6, 7]. The observa-
tional studies may have led to the increased CVD mortality
seen in the 1990s and galvanized the need for better research
and management of women with heart disease and led to
the opening of heart centers for women (HCW) [8ee] and
national healthcare organizations collaborated to improve
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cardiac care in women [9]. In 2004, sex-specific CVD
guidelines emphasized the harm of HRT to prevent CVD
and strongly encouraged the use of evidence-based therapies
to lower CVD risk in women [10]. Guideline-derived medi-
cal therapy (GDMT), including diagnostic testing, lifestyle
management, and treatments, was provided to women [8ee].
All these efforts are associated with the decline of CVD
mortality in women from its peak in 2000 to its nadir in
2010 (Fig. 1).

Figure 1 shows the timeline of events that led to the cur-
rent management of IHD in women. CVD mortality in both
men and women is increasing since 2010, which is alarming
and needs to be addressed. This review will summarize the
management of IHD in women and the role of HCW in these
patients’ care.

Epidemiology of CAD in Women

CVD, comprised of CAD, heart failure (HF), stroke, and
hypertension, is the leading cause of death of women in the
US and globally. In American women, a prevalence of 48.4%
resulted in 420,164 deaths in 2018, mostly due to CAD.
The overall number of CVD deaths is slightly higher in
men. However, sub-analysis by ethnicity shows that women
account for a higher percentage of deaths in Blacks and His-
panics [2e¢]. Despite a downtrend in CVD mortality for both
men and women in the US from 2000 to 2010, rates have
been increasing since 2010 for both sexes, [11ee] particu-
larly notable in women age 35—-54 years [2ee, 12].

Women experience their first myocardial infarction (MI)
roughly 10 years later than men, typically after menopause
[13]. They are more likely to have longer door-to-balloon
times, a lower rate of prescribed GDMT, and higher in-hos-
pital mortality [2ee]. Even after a successful percutaneous
coronary intervention (PCI), women with acute coronary
syndrome (ACS) have a 20% higher adjusted mortality risk
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Fig.1 Timeline of mortality in women and men from cardiovas-
cular disease from 1980 to 2017. Timeline of observational (NHS,
FHS, WISE) and randomized placebo-controlled studies (HERS and
WHI) that led to guidelines and the management of ischemic heart
disease in women. Also shown are the initiation of national cam-
paigns to increase awareness of heart disease in women (NHLBI
Heart Truth campaign and AHA Go Red for Women) and heart cent-
ers for women in the United States. Abbreviations: ACC, American
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in the short term, and at 1 year for those over age 45, a
74% survival rate vs. 81% in men [14e]. For those who sur-
vive an ACS, there is a higher risk of recurrent MI, HF, and
death [15]. This risk is striking in women under 50 years
old, where there is twice-higher mortality than men [16].
Overall, short- and long-term mortality with ITHD is 40%
higher in women after adjusting for age and comorbidities
[12]. Given these statistics, all clinicians can significantly
mitigate risk factors in women to decrease CAD develop-
ment and THD.

Definition and Risk Factors for IHD

IHD can be categorized as an acute or chronic condition.
IHD can be due to obstructive and non-obstructive (defined
as <50% stenosis in epicardial coronary arteries) CAD.
Traditional risk factors including hypertension, hyperlipi-
demia, diabetes, smoking, sedentary lifestyle, family his-
tory, chronic kidney disease, peripheral artery disease,
and obesity are potentially modifiable contributors [17ee].
More recent data investigating adverse pregnancy outcomes,
systemic inflammatory disorders, obstructive sleep apnea,
cancer-based therapy, and psychosocial contributors may
disproportionately affect women [18e]. In implementing a
HCW, it is critical to have relationships with maternal fetal
medicine, obstetrics, specialists in cardio-oncology, behav-
ioral psychologists, and social work among many other
disciplines to ensure adequate risk factor identification and
treatment [8ee]. Barriers to heart care for women can be the
unavailability of these services for patients at the medical
facility.

Multiple reports indicate lower socioeconomic status
(SES) in both sexes is associated with increased MI and
death rates than those of higher SES, and it is a more power-
ful risk factor in women than in men [19e, 20e]. Those with
an annual household income of < $20,000 have a 4.91-fold
higher relative risk ratio of MI and cardiovascular death than
those in higher-income brackets [21]. With 26.8% of female-
headed households living below the US’s poverty threshold,
this subgroup is particularly susceptible [22]. Additionally,
more social determinants of health (SDH) were associated
with the increased age-adjusted incidence per 1000 person-
years for fatal CHD [>3 SDH 2.86 vs. 0 SDH 1.3] and non-
fatal MI [>3 SDH 5.44 vs. 3.91]. CV risk prediction calcula-
tors have begun to incorporate SES into their models [23].

Furthermore, research has demonstrated a dose effect
between increasing SDHs and reduced odds of meeting
clinical benchmarks for CVD risk factor control, i.e., blood
pressure less than 140/90 mm Hg, A1C less than 7%, phys-
ical activity of more than 150 min per week, and not smok-
ing [24]. Additionally, emerging evidence suggests that
depression and psychosocial stressors mediate associations

between SDH and cardiovascular risk, underscoring the
need for inclusion of clinical health psychology on inter-
disciplinary teams to comprehensively mitigate cardiac
risk [25]. Cardiology providers should include an SDH
assessment tool in their routine patient care; develop sys-
tems for routine collection, storage, and retrieval of SDH
data; develop interprofessional practice models to address
SDH; and partner with community organizations to iden-
tify and support patients with SDH needs [26].

There is substantial evidence that poor mental health
(e.g., depression, post-traumatic stress disorder, anxiety
disorders, and other adverse psychological factors) is asso-
ciated with worse cardiovascular health [27ee]. The larg-
est body of research examined the adverse bi-directional
effects between depression and CAD. Depression occurs
in up to one-third of patients with stable IHD, and the
prevalence in women is about twice that of men [28, 29].
Depression is associated with increased risk for incident
CAD, MI, and mortality following a cardiac event in both
sexes and is an independent risk factor for poor prognosis
in patients with ACS [27ee]. Increasing evidence indi-
cates that both direct (e.g., increased platelet aggregation,
inflammation, and autonomic nervous system dysregula-
tion) and indirect mechanisms (e.g., unhealthy lifestyle
behaviors) contribute to these observed effects [27ee].
HCW can address these psychosocial risks by collaborat-
ing with psychologists, psychiatrists, and social workers
to facilitate urgent consultations and interventions. In a
randomized, controlled trial of 237 consecutive women
patients with CHD, a group-based cognitive behavioral
therapy stress reduction program was associated with an
almost threefold protective effect against all-cause mor-
tality compared to usual care over the 9-year follow-up
period (odds ratio, 0.33; 95% CI, 0.15 to 0.74; P=0.007)
[30].

Another randomized controlled trial included 362 women
and men who experienced a CHD event in the previous
12 months and randomly assigned patients to a group-based
cognitive behavioral therapy stress management program
or usual care only. During the almost 8-month follow-up
period, after controlling for potential confounders, patients
in the intervention group had a 41% lower rate of fatal and
non-fatal first recurrent CVD events (hazard ratio [95% con-
fidence interval], 0.59 [0.42-0.83]; P=0.002) with a strong,
linear dose—response effect favoring better outcomes in those
who attended more group sessions. Patients in the interven-
tion group also experienced 45% fewer recurrent acute Mls
(0.55[0.36-0.85]; P=0.007) [31]. Adverse pregnancy out-
comes, including preterm labor, gestational diabetes, and
hypertensive disorder of pregnancy, have been associated
with increased risk of HF, CAD, and cardiovascular mor-
tality by several-fold [32ee, 33ee]. Screening for these risk
factors is critical as up to 20% of pregnancies can be affected
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[33ee]. Cardio-obstetrics has become an essential part of
HCW and requires close collaboration with obstetricians and
maternal—fetal medicine specialists.

Systemic inflammatory disorders such as systemic lupus
erythematosus and rheumatoid arthritis have a two- to three-
fold higher risk of MI and increased CVD mortality out of
proportion to traditional risk factors. Further, joint involve-
ment may limit regular exercise, and treatment may include
corticosteroids which can lead to metabolic syndrome. Col-
laboration with rheumatologists to study commonality in
microvascular disease to facilitate treatment for these dis-
eases’ cardiovascular manifestations is crucial [34e].

Radiation therapy can increase the rate of cardiac events
by 7.4% per Gray of radiation. It is crucial to collaborate
with cardio-oncology clinicians to survey and manage the
cardiotoxicity of exposure to radiation, anthracyclines, mon-
oclonal antibodies, and hormonal treatments [35].

Spontaneous coronary artery dissection (SCAD) is an
increasingly recognized cause of IHD that disproportion-
ately affects younger women and may be partly responsible
for the increased mortality in 34—54-year-old women. The
prevalence of typical risk factors is lower in these patients,
and they account for 15-20% of acute MI during pregnancy.
The risk factors for this condition are being investigated,
and contributors include hormonal shifts, connective tissue
disorders, fibromuscular dysplasia, myocardial bridge, and
inciting triggers like intense Valsalva or stimulant use [36°].

Evaluation of IHD in Women

When evaluating women with IHD, a HCW program oper-
ates differently than some traditional prevention centers
because it assesses for obstructive and non-obstructive
causes for IHD.

Coronary Artery Calcium Score

Coronary artery calcium (CAC) is detected using rapid non-
contrast ECG-gated CT scanning, and the CAC score can
provide incremental information to refine CVD risk assess-
ment using the Framingham risk score. The Multi-Ethnic
Study of Atherosclerosis (MESA) examined the distribution
of CAC in 6814 individuals with no known CAD or diabetes
and followed for 10 years. The MESA calculator can reclas-
sify individuals into the higher risk categories, identifying
patients who can benefit from aggressive prevention strate-
gies [37]. This strategy is critical in asymptomatic women
who are at risk for MACE [38]. Data from the CAC con-
sortium of 63,215 asymptomatic men and women showed
similar long-term cardiovascular mortality in both men and
women without CAC; however, women with CAC had a
hazard ratio of 1.3 for cardiovascular mortality compared
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to men [39ee]. These studies underscore the utility of CAC
scoring in accurate CVD risk assessment and therapeutic
guidance in women and is incorporated in the lipid guide-
lines using the pooled cohort equation [40ee]. If the pooled
cohort equation determination falls in the intermediate risk,
the CAC score can be useful to help with the decision to treat
a patient with statins without any substantial exposure to
radiation [40ee]. The typical radiation exposure with modern
CT scanners is around 1 mSV, with newer reconstruction
techniques and scanners being able to greatly minimize radi-
ation exposure [41]. This degree of exposure is comparable
to radiation from typical screening mammograms which are
around 0.4 mSV and chest X-ray 0.1 mSV [42].

Stress Testing

Utilizing optimal stress tests for women is critical. Con-
siderations in stress imaging are based on the pretest prob-
ability of IHD [43, 44e]. In women, further considerations
include functional capacity, body habitus, imaging artifact,
and radiation exposure to breast tissue [45]. Along with the
typical presentation of angina, women may present with
atypical angina symptoms [46]. Women tend to be older
and have comorbidities when they become symptomatic and
need evaluation for IHD, contributing to functional capacity
limitations [45]. The electrocardiogram (EKG) component
of exercise stress testing has a lower sensitivity and speci-
ficity for women compared to men and may lead to non-
diagnostic EKG interpretation [47]. Over the last few years,
there has been increasing focus on evaluating functional
ischemia rather than just anatomic imaging for obstructive
heart disease in women [48ee].

Stress myocardial perfusion imaging (MPI) is recom-
mended to diagnose IHD in women with intermediate to
high risk who have resting EKG abnormalities [49]. MPI
may be performed with single photon emission computed
tomography (SPECT) or positron emission tomography
(PET) imaging. SPECT is widely available and has robust
data on its utility in women [49]. However, its limitations
include false-positive studies from breast attenuation and
obesity-related artifacts. Also, the lifetime risks related to
ionizing radiation limits its use in younger women.

PET imaging has emerged over the last decade as a pow-
erful tool in the assessment of functional ischemia, obviating
the need for functional coronary angiography (FCA). It is
particularly well suited for ischemic assessment in women
since it has built-in attenuation correction and lowers radia-
tion exposure than SPECT. In addition to relative perfusion,
PET allows for assessing absolute quantitative coronary flow
and flow reserve (CFR). CFR evaluates flow across the entire
spectrum of myocardial perfusion from macrovascular to
microvascular, from the epicardial arteries to the capillary
level. Coronary microvascular dysfunction (CMD) is defined
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as functionally reduced CFR in the absence of flow-limiting
CAD and is highly prevalent among at-risk individuals and
is associated with adverse outcomes [50]. Impaired CFR
is independently associated with cardiovascular risk and
correlated with a higher non-obstructive CAD frequency in
women than men [S1ee]. Research is needed to assess if
CMD and functional ischemia are good targets for future
therapeutic interventions.

CT Scan and Cardiac MRI

Coronary computed tomography angiography (CCTA) can
assess many causes of [HD in one test. It has high sensitivity
and diagnostic accuracy for detecting and excluding CAD
and coronary anomalies in both sexes [52]. A consensus
statement from the Society of Cardiovascular Computed
Tomography recommends the use of CCTA for symptomatic
women as an effective tool for the evaluation of CAD [53].

Multicenter trials such as Prospective Multicenter
Imaging Study for Evaluation of Chest Pain (PROMISE)
and Scottish Computed Tomography of the Heart (SCOT-
HEART) demonstrated the ability of CCTA to improve
clinical outcomes and established CCTA to be non-inferior
to functional testing [54, 55]. Further, CT fractional flow
reserve utilizes computational fluid dynamics and can cal-
culate the functional significance of coronary stenosis [56].
Unlike invasive angiography, CCTA helps accurately visu-
alize phenomena such as non-calcified, non-obstructive
plaque, and external remodeling. Early detection of plaque
on CCTA leads to an increase in preventive therapies [53,
57e]. Additionally, entities such as SCAD or myocardial
bridging are more readily characterized on three-dimen-
sional CCTA over invasive coronary angiography. Concerns
regarding radiation exposure limited utility; however with
improved technology, there has been an 80% decrease in
radiation dose over the last decade [58e]. In the emergency
department, early utilization of CCTA can accurately iden-
tify low-risk patients, allowing for safe, cost-effective, and
expedited discharge [53, 59].

Cardiovascular magnetic resonance imaging (CMR) is a
comprehensive imaging modality that can provide a detailed
CVD evaluation, including myocardial structure, function,
viability, ischemia, and valvular heart disease. This test is
a particularly appealing option in women with suspected
CMD as there is no risk of exposure to ionizing radiation
with high spatial resolution and diagnostic accuracy. Stress
perfusion CMR is a diagnostic modality for SD.

In the Women’s Ischemia Syndrome Evaluation (WISE)
trial, which showed that women with non-obstructive cor-
onary arteries INOCA had 2.5-3 times the risk of major
adverse cardiovascular events (MACE) compared to women
with normal coronary arteries [60, 61e¢], a myocardial per-
fusion reserve index of < 1.84 had a 73% sensitivity and

74% specificity to identify patients with abnormal coronary
reactivity testing with a higher incidence of adverse events
in those with abnormal myocardial perfusion imaging stud-
ies [62]. Given the high prevalence of myocardial infarc-
tion with non-obstructive coronary arteries (MINOCA) in
women, CMR is an essential diagnostic tool that can reveal
the diagnosis in up to 87% of these patients, including
myocarditis and stress (Takotsubo) cardiomyopathy [63].
A recent study noted multimodality imaging (CMR and
intravascular ultrasound [IVUS]) could identify the cause
of MINOCA in 84.5% of women [64ee].

Angiography

Among patients with angina presenting for cardiac cath-
eterization, more than 20% have no angiographic evidence
of CAD [65]. Despite this, most of these women experi-
ence persistent symptoms, recurrent hospitalizations, and
poor functional status and undergo multiple catheterizations.
These women have up to a three-fold increase in MACE
incidence at 5 years, compared to asymptomatic controls
[60, 65, 66]. Moreover, follow-up over 10 years showed
cardiovascular death or MI occurs in as much as 12.8%
of patients with non-obstructive disease [67]. Additional
pathologic mechanisms to be considered include endothe-
lial dysfunction, CMD, coronary spasm, oxygen-diffusion
impairment, myocardial bridge, and angiographically non-
evident plaques [66, 68]. In more than a third of women
with MINOCA, plaque rupture or ulceration was found on
IVUS [69]. Even in patients with normal angiograms, IVUS
confirms the presence of atherosclerosis in the vast majority
(80-100%) [64ee, 69]. Positive remodeling and preserved
lumen size were also common in women, limiting the uti-
lization of angiograms [70]. Despite the absence of angio-
graphic coronary disease, 44% had endothelial dysfunction
detected by administering intracoronary acetylcholine, and
5% were found to have impaired fractional flow reserve
of <0.80 through coronary physiology assessments [65].
The Coronary Microvascular Angina (CorMicA) trial
provided evidence that routine management guided by an
interventional diagnostic procedure and stratified therapy
improves patients’ angina and quality of life [71e]. The
Coronary Vasomotion Disorders International Study (COV-
ADIS) group proposed a practical consensus approach
for FCA. FCA can diagnose whether the symptoms and
ischemia are due to microvascular angina, vasospastic
angina, obstructive epicardial coronary disease, CMD, or
endothelial dysfunction. CMD can be further evaluated by
a thorough investigation of the coronary artery response to
vasoactive substances including adenosine and acetylcholine
to determine if there is endothelial-dependent (decreased
coronary blood flow [CBF] with intracoronary acetylcho-
line) or endothelial-independent dysfunction (decreased
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CBF with intracoronary adenosine) [71e, 72]. However, a
study showed there can be significant overlap between all
these mechanisms that can cause angina [73e].

Traditionally, women had higher rates of peri-procedural
bleeding and vascular complications with PCI [74ee  75e,
76e], which were strongly associated with higher MACE.
The Study of Access Site for Enhancement of Percutaneous
Coronary Intervention (SAFE-PCI) demonstrated that radial
access site was feasible for women [74ee]. Subsequent large
RCTs have also supported the radial approach to reduce vas-
cular complications and bleeding [77e].

The Dartmouth Dynamic Registry found that tempo-
ral changes in access site techniques and improvements
in antithrombotic regimens have led to a decreased risk of
bleeding and vascular complications in women. By 2016
there was no longer any difference between the sexes for
vascular complications, although women still have higher
rates of bleeding with PCI [78e]. Collaboration with inter-
ventional colleagues and utilizing this approach is essential
in managing women with IHD.

Acute

Ischemic Heart Disease

l Angiogram —l

Treatments

Women are less likely to receive GDMT compared with
men with THD [79e, 80, 81e]. Through research initiatives
and the emergence of HCW, there has been an improved
understanding of sex-specific diagnosis and treatment of
IHD in women. The discontinuation of harmful medica-
tions is equally essential for women with IHD. HRT such
as estrogen with and without progesterone should be dis-
continued in the presence of IHD [82]. Research is ongo-
ing to understand the role of HRT, if any, in CVD preven-
tion. GDMT is followed for primary prevention of CVD
in women, and these guidelines were summarized in 2020
[83ee]. The following summarizes essential treatments
for women. The 2014 guideline for stable IHD stated that
there is a paucity in GDMT in special populations, such
as women [84]. Figure 2 outlines treatment choices based
predominantly on expert consensus for these conditions
[72, 84, 85ee, 86].

Chronic

Level of Evidence A

Level of Evidence B

Level of Evidence C

Non-obstructive*

Stress
Cardiomyopathy

Atherosclerotic

Coronary Microvascular
Dysfunction

|

Vasopasm Myocardial

Bridge

- Angiogram + Angiogram, Func:rc:r}zl cr::]:mary Angiogram with Angiogram *
ngiogram IVUS, CCTA, CCT{'\' . 8l0g! vascular function IVUS, CCTA
FMD evaluation Echocardiogram Cardiac MRI, Nuclear PET
*Revascularization *Supportive therapy «Beta blocker Endothelial Endothelial *CCBs «Beta blocker.
*Aspirin BB and aspirin *ACE-Inhibitor/ Dependent: Independent: *Long-acting «Calcium Channel
«Statin *Avoid statin in ARBs *Nitrates + Vit C *BB nitrates Blocker
*Beta Blocker ASCVD <7.5% «Aldosterone +CCB *Ranolazine *Nifedipine (if stent «Sx limited exercise
*ACE-Inhibitor/ *Sx limited Exercise Antagonist *Nebivolol *ACE-1/ARBs is present) *MBSR
ARBs +MBSR «Diuretic *Rho- }(inasel *Statin
«Cardiac Rehab *Anticongulation /é\ts:;lrnln .i;l(;g;lted Exercise
eEnhanced External «TCA sLifestyle change
Counterpulsation *Sx limited eCardiac rehab
Exercise *Same treatment as obstructive if there is evidence
*MBSR of atherosclerosis except for revascularization.
*Hypnosis **Can be obstructive, if possible, avoid coronary

Fig.2 Evaluation and management of ischemic heart disease with
levels of evidence of the treatments. Abbreviations: ACE-I, angioten-
sin converting enzyme inhibitor; ARBs, angiotensin receptor block-
ers; BB, beta-blocker; CCB, calcium channel blocker; CCTA, cardiac
computed tomography angiography; IVUS, intravascular ultrasound;
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Pharmacologic

Low-dose aspirin (75-100 mg/day) may be considered for
primary prevention in select women age 40—70 who are at
higher ASCVD risk but who do not have an increased risk
of bleeding [17ee]. Diabetes alone does not qualify women
to be treated with aspirin [80, 87¢]. The ACC/AHA 2019
guidelines on treating cholesterol recommended statins
depending on their risk of MACE [17ee, 88]. Women
with a 10-year risk of atherosclerotic CVD (ASCVD)
events < 7.5%, should be evaluated for risk-enhancing fac-
tors including history of premature menopause (<40 years);
adverse pregnancy outcomes; high-risk race/ethnicity (e.g.,
South Asian ancestry); persistently elevated, primary hyper-
triglyceridemia (> 175 mg/dL); elevated high-sensitivity
C-reactive protein (>2.0 mg/L); and elevated lipoprotein a
(Lp(a)) (Lp(a) >50 mg/dL or> 125 nmol/L). Shared deci-
sion-making to start aspirin and statins for primary preven-
tion is recommended by guidelines [40ee].

Acute Coronary Syndrome

There are established post-MI medications from RCTs. The
2014 ACC/AHA NSTEMI guidelines give a Class IA indi-
cation to use the same pharmacological agents in women
and men for acute events and secondary prevention [82].
Delays in GDMT in women have led to an increased rate
of readmission, reinfarction, and death in the first year after
MI [79e, 80, 81e].

Nonobstructive IHD

Treatment of INOCA includes established anti-ischemic
drugs such as nitrates, p-blockers (BB), calcium channel
blockers (CCB), and angiotensin-converting enzyme inhibi-
tors (ACEI). Statins are recommended as their anti-inflam-
matory properties improve endothelial function and angina
when combined with anti-ischemic medications [89ee].
Ranolazine and aminophylline have shown variable benefits
(74). Prinzmetal’s angina is treated with calcium channel
blockers and nitrates [90e]. The Women’s Ischemia Trial to
Reduce Events in Nonobstructive CAD (WARRIOR) is cur-
rently enrolling 4422 symptomatic women and randomizing
them to intensive ACEI, statin, and aspirin therapy vs. usual
care to assess all-cause MACE over 3 years [91].

SCAD Patients presenting with SCAD had better early out-
comes with conservative treatment with resolution of the
dissection. PCI had higher risk of technical complications
and propagation of the intramural hematoma and dissec-
tion. CABG was safe and effective in the short term but
patients had high rates of graft occlusion due to the dis-
section resolving. Recurrence of SCAD was seen in 17%,

all in women, in one study. These patients are treated with
long-term use of aspirin and BB and short-term use of clopi-
dogrel. Beta-blockade has been associated with lowering
the risk of recurrence [92ee]. Statins are discouraged and
recommended only for appropriate ASCVD risk (10-year
risk >7.5%), as they have been associated with recurrent
SCAD [93]. There are no RCTs, and these suggestions are
mainly based on expert opinion.

Myocardial Bridge

BBs help symptoms by decreasing the artery’s contractility
and compression by decreasing heart rate and increasing
diastolic filling time. If vasospasm is present, BBs should
not be used alone. Nitrates are contraindicated because they
worsen symptoms by vasodilating both the proximal and dis-
tal portions of the vessel adjacent to the bridge and increase
systolic compression of the bridged section [94ee]. The first
clinical trial with blinded treatment to BB (nebivolol), CCB
(diltiazem) vs. placebo for IHD due to myocardial bridging
is underway [95e].

Stress Cardiomyopathy

There is a 9:1 female to male preponderance in stress car-
diomyopathy, especially in postmenopausal women. Studies
have shown that endothelial dysfunction leading to epicar-
dial or microvascular coronary spasm may be the pathogenic
mechanism in stress cardiomyopathy [34e]. Anticoagula-
tion is recommended if the left ventricular ejection fraction
is <30% until the akinesis or dyskinesis has resolved or for
3 months, whichever is shorter, and in patients with intra-
ventricular thrombus until resolution [96e].

Stents and CABG

Revascularization, either with PCI or bypass surgery
(CABG), improves the quality of life and mortality risk
when done in the appropriate clinical scenarios. Women
undergoing stenting have more short-term procedural com-
plications than men and suffer higher in-hospital bleeding,
death, MI, and vascular complications. Radial vs. femo-
ral access sites significantly decreased these complica-
tions in women [74ee]. Long-term follow-up after stenting
(~20 months) shows that women tend to have decreased
mortality compared to men [97].

CABG continues to be the treatment of multivessel CAD,
especially in those with diabetes. Women undergoing CABG
have higher mortality and post-operative complications
despite having less coronary plaque burden preoperatively
[98]. The increased mortality is more exaggerated at younger
ages at the time of CABG than older patients. One large
study illustrated a three-fold higher risk of death in women
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age < 50, despite risk factor adjustment [99]. Alternate surgi-
cal techniques, such as off-pump bypass, have been shown
to decrease this mortality and respiratory complications in
women [100].

Non-pharmacologic Treatments
Cardiac Rehabilitation

Cardiac rehabilitation (CR) has Level 1A class recom-
mendation as a mode of therapy to improve outcomes for
patients after a cardiovascular event and cardiac surgery
[82]. CR is underused despite substantial evidence-based
research; women are in particular under-referred [101]. Of
the women who were referred to CR, only 39% of women
and 45% of men enroll and adherence was also found to
be lower in women than men [102]. As a result, women
are under-represented in research regarding CR leading to a
paucity in sex-specific outcomes data [103ee]. Alternatives
to conventional CR, such as virtual/on-demand CR from the
convenience of their home, are other options. Home-based
CR programs are effective and safe [104e]. Increasing the
participation in CR from 20 to 70% would save 25,000 lives
and prevent 180,000 hospitalizations annually in the US
[105¢]. An integrated HCW team approach with established
CR referral systems can deliver much-needed care to women
with IHD. Additionally, in 2019 a perspective suggested that
high-intensity interval training may be of greater benefit for
women, with improved cardiovascular outcomes and mental
health [103ee].

Enhanced External Counterpulsation

Existing data, mainly from uncontrolled studies, suggest a
benefit from enhanced external counterpulsation (EECP)
has a Class IIb recommendation for patients with angina
refractory to other therapy [84]. Additional data from well-
designed RCTs are needed to better define this therapeutic
strategy’s role in patients with stable THD.

Multidisciplinary Team

The role of HCW is to leverage multidisciplinary care to
personalize THD treatment for women. Our collective expe-
rience in utilizing a vast range of cardiovascular experts in
intervention, imaging, HF, and prevention has been success-
ful. Critical to the HCW team also includes primary care,
psychology, nutrition, and exercise physiology. The broader
team includes administrative, clinical, and research staff to
bring translational research to clinical practice. We high-
light the roles of a few members below since more detailed
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components of the programmatic development have been
previously published [See].

Registered dietitian nutritionists (RDNs) provide tailored
medical nutrition therapy (MNT) by assessing the patient’s
baseline nutrition status, comorbidities, and social deter-
minants of health to provide behavioral change strategies
that can lower TC and LDL-C by up to 13% [106ee] and
reduce relative CVD event risk by 20% [107¢]. MNT in
dyslipidemia results in cost savings related to reduced phy-
sician time, medication use ($638 to $1456 per patient per
year), and hospital readmission rates [106ee]. RDNs help
patients integrate nutrient-based research into whole food-
based, clinically and socioeconomically feasible strategies
for individual patients. Furthermore, the expansion of tel-
enutrition during the COVID-19 public health emergency
has increased patient access to nutrition services integral to
heart disease prevention.

Advanced practice providers (APPs) are integral members
of the HCW team and often the first to encounter patients to
assess and evaluate risk factors for CVD [17ee, 40ee]. They
educate women regarding a heart-healthy diet and exercise,
the foundation of cardiovascular health. APPs improve
access to care, leading to improved clinical outcomes, more
timely interventions, and patient satisfaction [108ee].

Psychologists are critical in healthcare delivery at HCW.
Women with IHD are more likely than women in the gen-
eral population to experience psychological difficulties. The
accumulation of evidence indicates that behavioral health
interventions positively impact cardiac and mental health
outcomes in cardiac patients [27ee, 29]. Cognitive behavio-
ral therapy is an effective treatment for depression, anxiety,
panic disorder, trauma, lifestyle modification, and insom-
nia [109, 110e, 111]. Mindfulness-based stress reduction
(MBSR) and biofeedback have positively affected cardiac
conditions such as sinus tachycardia and reactive hyperten-
sion [112, 113ee]. MBSR can be used in various manifesta-
tions of IHD (Fig. 2). Furthermore, behavioral health ser-
vices embedded in the medical setting are associated with
improved identification of behavioral health issues, medi-
cal adherence, quality of care, and lower utilization rates
of acute healthcare services [114]. HCW address women’s
mental health to comprehensively improve CVD prevention,
IHD recovery, and patients’ quality of life.

Conclusions

Clinicians of HCW have a critical role in managing IHD in
women, which remains the leading cause of CVD mortality.
IHD in women is complex, requiring many clinical experts
to address individual needs. HCW highlight the multidisci-
plinary approach utilized to manage these patients though
outcomes data for these centers are still being investigated.



Current Atherosclerosis Reports (2021) 23: 56 Page90of 16 56

Table 1 Summary of the role of
heart centers for women in the
management of ischemic heart
disease

Role of heart centers for women in the management of ischemic heart disease

Recognition of sex-specific risk factors
Adverse pregnancy outcomes
Systemic inflammatory disorders
Gynecologic cancer therapies
Psychosocial factors
Lower socioeconomic status
Evaluation of ischemic heart disease
Use of coronary artery calcium score for intermediate risk women
Stress myocardial perfusion imaging for women with abnormal electrocardiograms

Photon emission tomography imaging for women to assess coronary flow reserve and coronary microvas-
cular dysfunction

Coronary computed tomography angiography to detect and exclude coronary artery disease

Cardiovascular magnetic resonance imaging to detect coronary microvascular dysfunction

Coronary angiography can be used to diagnose obstructive and non-obstructive coronary artery disease
Sex-specific treatments

Discontinue harmful medications such as hormone therapy in patients with coronary artery disease

Appropriate aspirin and statins for primary prevention

Appropriate and optimal use of guideline-directed medical therapy for secondary prevention

Identify and mitigate factors that can increase interventional procedural complications

Collaborate with cardiac surgeons to consider lower risk surgical techniques such as off pump bypass

Emphasize importance of cardiac rehabilitation after cardiovascular events and procedures
Multidisciplinary team

Emphasize the importance of multidisciplinary team in care of women with coronary artery disease

Volgman—Research funding: NIH IND Number 119127; NIH NINR
ROINRO018443; Novartis CTQJ230A12001; Stock ownership: Apple,
Inc.; MSD/Bayer Virtual Global Advisory Board Member, Bristol My-
ers Squibb Foundation Diverse Clinical Investigator Career Develop-
ment Program (DCICDP) National Advisory Committee (NAC).

Table 1 is a summary of this review. Further work to deter-
mine the type of IHD and specific treatments is required.
Sex-specific risk factors have been identified and multi-
modality cardiac imaging is improving in diagnosing IHD
in women. Treatments are being studied to help improve
symptoms and outcomes in women with IHD. There are no
evidence-based guidelines in managing the various forms
of CAD that are predominantly found in women, resulting
from a lack of RCTs. HCW must continue to encourage and
empower women to participate in research to determine
what diagnostic approach and treatments will work best in
improving their quality of life and outcomes.
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