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Presenter
Presentation Notes
When the angiogram does not reveal obstructive CAD, the subsequent evaluation and management is not defined and highly variable among clinicians.  This presentation will address the utility of undertaking invasive coronary hemodynamic studies in patients with angina with nonobstructive CAD, focusing on:Why these investigations need to be performedWhat measures should be assessedHow these findings impact managementWhere the knowledge gaps are for future research



Cardiovascular Disease in Women

• Ischemic heart disease in women

• Heart failure 

• Preventive cardiology

• Cardiovascular disease in pregnancy

• Cardio-oncology



Presenter
Presentation Notes
Inclusion of women in large clinical trials such as CASS and SAVE resulted in the recognition that deaths attributable to CVD were higher for women than for men, although occurring, on average, 10 years later in women.  Trials with an upper age limit of 65 years could not enroll enough women,.  Improved outcomes with evidence-based treatments continued to expand for men, whereas clinical trials continued to lack adequate numbers of women to gain insight into sex-related differences in outcomes.  However, studies did reveal consistently less aggressive treatments being offered for women in comparison with men.  CASS demonstrated with angiography in women was less often associated with significant obstructive CAD than in men, leading to the erroneous hypothesis that CP in women was more likely to be noncardiac in origin.  CASS also showed significant differences in early outcomes for men and women undergoing CABG with women having an operative mortality of 4.5% in comparison with 1.9% in men.
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Presentation Notes
Many believe that Dr. Bernadine Healy’s seminal editorial in NEJ in 1991 served as a call-to-arms to increase knowledge regarding heart disease in women.  This article also cited that women were significantly less likely to receive guideline directed medical therapy for CAD.  Continued concerns about sex disparity in research prompted 2 federal mandates in 1993:  1) NIH required that all NIH-funded clinical trials include female subjects and be adequately powered to perform sex-specific analyses and 2) FDA requires that all data analysis be sex specific in pharmaceutical trials.



Women’s Ischemia Syndrome Evaluation (WISE)

• >50% women with clinically indicated cardiac catheterizations 
do NOT have obstructive CAD

• CFR (coronary flow reserve) measured in 159 women; 74 had 
MCD (microvascular disease)

• Prognosis is not benign

• Postmenopausal women who do NOT use hormone therapy 
are more likely than hormone users to have MCD

Presenter
Presentation Notes
Almost 2/3 of women undergoing clinically indicated coronary angiography for suspected ischemia heart disease in the original cohort of WISE had INOCA.  During follow-up, they had an intermediate risk for MACE rate exceeding 2.5% yearly by 5 years.  CFR measured in 159 women (mean age 52.9 years) with CP and non obstructive CAD.  74 had CRF < 2.5 (they used 2.32 in WISE).  This could not be predicted by risk factors for atherosclerosis and hormone levels.



Coronary microvascular dysfunction

• “Classic triad”:  persistent chest pain,
ischemia evidenced by stress test, no 
obstructive coronary artery disease

• Abnormalities in the vasomotor 
regulation of the small coronary 
arterioles (100-200 μm in diameter)

• Main determinants of coronary 
vascular resistance

• Endothelium-dependent and 
independent pathways

Bairey Merz et al. Circulation. 2017;135:1075-1092.

Presenter
Presentation Notes
Coronary microcirculation = vessels < 0.5 mmAccounts for 70% of coronary resistance in the absence of obstructive CADDivided into endothelium independent (adenosine) or endothelium dependent (acetylcholine) pathways



J Am Coll Cardiol 2018;72:2625-41

Presenter
Presentation Notes
The causes of CMD can be heterogeneous .  Among the leading contenders are endothelial and smooth muscle dysfunction, inappropriate sympathetic tone and microvascular atherosclerosis and inflammation.  However, the suggestion that microvascular disease may be caused by endothelial dysfunction comes from clinical studies in male cohorts, which have suggested that factors associated with endothelial dysfunction such as hypertension in the absence of LVH, diabetes and hyperlipidemia are also associated with CMD and that L-Arginine improves symptoms in patients with abnormal CFR.  However, in WISE, risk factors for endothelial dysfunction did not appear to influence microvascular function in women, suggesting a possible sex difference in microvascular pathophysiology.  Disordered myocyte function?Mechanistic pathways for CMD are not well understood.  Some thoughts….Most individuals with CMD(70% of whom are women) have evidence of atherosclerosis with IVUS.  We now see atherosclerosis as less of a lipid storage disease with large lipid pool thin fibrous cap atheroma and flow-limiting plaque resulting in vessel occlusion to a more chronic inflammatory process interrupted by periods of minor plaque rupture, erosion and distal embolization.Insulin resistance is strong associated with both microvascular and macorvascular coronary disorders and confers high riskClose interplay between ANS and endothelium whereby B-adrenergic receptor activation of vascular smooth muscle cells induces vasodilation, a-adrenergic receptor activation induces vasoconstriction and muscarinic receptor activation induces vasoconstriction.  Abn vascular response to ACH may be a sign of defective NO, prostacyclin or excess endothelium-derived hyperpolarizing factor release.  Sympathetically mediated effects of mental stress may be deleterious.Platelet reactivity DECREASES after exercise in patients with INOCA whereas normally there is no change and in patients with CAD, there is an increase.Coronary blood flow is closely linked with metabolite production which modulates vascular smooth muscle tone.  Voltage gated K channels couple myocardial blood flow to metabolism.  



Nonatherosclerotic Causes of Myocardial Necrosis
Coronary Microvascular Dysfunction





Nonatherosclerotic Causes of Myocardial 
Necrosis

Epicardial Vasospasm
Gold standard: 

high dose IC ACH boluses
(20-100 µg as 5 mL bolus over 20 seconds)

Beltrame et al. Circ J. 2016;80:289-298.

Presenter
Presentation Notes
This method has been validated in Japanese and Korean clinical practices amongst those with spontaneous vasospasm (COVADIS) About 27% of patients in some MINOCA series have vasospasm on provocative testing.



Coronary vasospasm – following NTG



WARRIOR
Women’s Ischemia Trial to Reduce Events in Non-

Obstructive CAD



MINOCA Diagnostic Criteria
1. Acute MI (modified from the “Fourth Universal Definition of Myocardial Infarction” Criteria)

1. Detection of a rise or fall of cTn with at least 1 value above the 99th percentile upper reference limit AND
2. Collaborative clinical evidence of infarction evidenced by at least 1 of the following:

Symptoms of myocardial ischemia
New ischemic EKG changes
Development of pathologic Q waves
Imaging evidence of new loss of viable myocardium or new RWMA in a pattern consistent with an ischemic cause
Identification of a coronary thrombus by angiography or autopsy

2. Nonobstructive coronary arteries on angiography
Defined as the absence of obstructive disease on angiography (ie no coronary stenosis >50%) in any major epicardial 
vessel
This includes patients with:

Normal coronary arteries
Mild luminal irregularities (<30% stenosis)
Moderate coronary atherosclerotic lesions (stenosis >30% but <50%)

3. No specific alternate diagnosis for the clinical presentation
Alternate diagnoses include but are not limited to nonischemic causes such as sepsis, pulmonary embolism and 
myocarditis

Circulation 2019;139:00-00.  DOI: 10.1161/CIR.000000000000000670

Presenter
Presentation Notes
Patients with myocarditis or Takotsubo CM were not included in VIRGO registry.



MINOCA Epidemiology

• 5% to 6% of AMI cases

• Younger (58 years vs 61 among those with AMI-CAD)

• Women with AMI twice as likely as men to have MINOCA

• More likely Black, Maori, Pacific and Hispanic

• Lower prevalence of dyslipidemia

Presenter
Presentation Notes
Younger women, nonwhites, fewer traditional risk factorsNote that in VIRGO (study comparing young women vs young men, it was 5 fold higher)
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Presentation Notes
First described about 80 years ago-Harmony Reynolds had to screen about 112 women to get 50.  In VIRGO (Results from the Variation in Recovery: Role of Gender on Outcomes of Young AMI Patients) – young cohort, women were 5 times higher odds of having MINOCA and 1 in 8 women had MINOCA.  They included SCAD patients.



Atherosclerotic Causes of MINOCA

Presenter
Presentation Notes
Plaque disruption is noted on IVUS in at least 1/3 of patients with MINOCA (Reynolds’ study remember had only 50 people and did NOT use OCT)- of the 42 patients with IVUS, 16 (38%) had plaque disruption with 11 with rupture, ulceration (crater not meeting criteria for rupture) in 4 and 1 with both.    Frequency of plaque erosion in MINOCA has not been determined.Plaque rupture is fibrous cap discontinuity leading to communication between plaque cavity and coronary lumen.  Erosion is a thrombus contiguous to the luminal surface of a plaque without signs of rupture.



MINOCA
OCT Imaging



Prognosis MINOCA

• SWEDEHEART
– 24% MINOCA patients MACE during mean follow up of 4.5 years, 

including a 14% mortality rate
– Favorable outcomes with ACE-I, ARB, β blockers, statins but not P2Y12 

inhibitors

• VIRGO
– Mortality rates not statistically different from AMI-CAD at 1 year

• MINOCA BAT
– Will randomize >5600 patients to ACE-I, ARB,β blockers vs placebo with 

one year follow up

Presenter
Presentation Notes
Swedish Web System for Enhancement and development of Evidence-Based Care n Heart Disease Evaluated According to Recommended Therapy



Nonatherosclerotic Causes of Myocardial Necrosis
Spontaneous Coronary Artery Dissection

• Avr age 45 to 53 years

• Cause of MI in 35% of women <50

• Most common cause of pregnancy associated MI (43%) 
– particularly when lactating

• Strong association with FMD*

• Predilection for mid-distal arteries

• Recurrence risk of SCAD 29.4% in 10 years

• Beta blockers hazard ratio of 0.36 for recurrent SCAD 
(Vancouver study)

• Most spontaneously heal in 30 days

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiZn7TStILLAhUK5CYKHcI1C5UQjRwIBw&url=http://www.bloodjournal.org/content/122/19/3388&psig=AFQjCNGO8qJN0DscoHnmEKUjD8LQdY4rCA&ust=1455922598401874


Fibromuscular Dysplasia

• Abnormal development of 
arterial cell wall, most 
commonly the media and less 
commonly the intima

• 45% SCAD patients (Mayo) 
and 72% Vancouver

• 90% women
• Medium sized vessels –

primarily renal and 
extracranial carotid arteries

Presenter
Presentation Notes
Also associated with arterial tortuosity, aneurysm and dissection.US Registry for FMD has 13 active centers











Cardiac Disease in Pregnancy

Pregnancy Mortality Surveillance System, CDC

Presenter
Presentation Notes
The number of pregnancy-related deaths in the US more than doubled between 1987 and 2013, spiking from 7.2 per 100K to 17.3 per 100K.  The leading cause of pregnancy-related death in the US from 2011 to 2013 was CVD, accounting for 15.5% of such deaths in 2013.

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiMwcyE-ojdAhVlyoMKHYZkA3YQjRx6BAgBEAU&url=https://www.cdc.gov/reproductivehealth/maternalinfanthealth/pregnancy-mortality-surveillance-system.htm&psig=AOvVaw28zizwX_kOLQPLKO52LUGu&ust=1535312250930098
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Advanced maternal age, CM, more ACHD becoming pregnant, ROPAC



Adverse Pregnancy Outcomes and Cardiovascular 
Diseases

• Hypertensive disorders of pregnancy 10% of all U.S. pregnancies

– Pre-eclampsia associated with a 3.7 fold risk of hypertension later in life
– Linked to long-term cardiomyopathy

• Preterm delivery 5-18% of all pregnancies

• Gestational DM  9%-15%
– 5% -10% increase in post-partum DM
– 35% to 60% increased risk of DM over the next 10-20 years

Presenter
Presentation Notes
Pregnancy is experienced by 85% of women.Recent editorial by Dr. Betsy Nabel highlights the need for more research in the area of pregnancy factors and CVD risk in women.It has been referred to as a cardiometabolic stress test.



FDA approved medications for systolic heart failure (partial 
list)

• Beta blockers
– Carvedilol, metoprolol succinate*, bisoprolol

• Ace inhibitors
– Captopril, Enalapril, Ramipril, Lisinopril

• Angiotensin receptor antagonists
– Candesartan, Losartan, Valsartan

• Hydralazine
• Nitrates
• Aldosterone antagonists

– Spironolactone, Eplerenone
• Neprolysin inhibitors

Presenter
Presentation Notes
Addition of β blockers to diuretics, ACE-inhibitors and digoxin is described to improve clinical outcomes, mortality and hospitalizations.  The 23% of women enrolled in MERTI-HF was the only subgroup for whom mortality benefit was NOT demonstrated.  As in other trials where women were under-represented, question arose as to whether beta blocker survival benefit was restricted to men or whether a mortality reduction for women was not apparent due to larger confidence intervals resulting from the small numbers of women.  With pooling of mortality data from MERIT-HF, CIBIS-II and COPERNICUS, comparabile survival benefit was evident in both sexes.



FDA approved medications for diastolic heart failure (HFpEF)

Presenter
Presentation Notes
Addition of β blockers to diuretics, ACE-inhibitors and digoxin is described to improve clinical outcomes, mortality and hospitalizations.  The 23% of women enrolled in MERTI-HF was the only subgroup for whom mortality benefit was NOT demonstrated.  As in other trials where women were under-represented, question arose as to whether beta blocker survival benefit was restricted to men or whether a mortality reduction for women was not apparent due to larger confidence intervals resulting from the small numbers of women.  With pooling of mortality data from MERIT-HF, CIBIS-II and COPERNICUS, comparabile survival benefit was evident in both sexes.



ACTION HF

• 2331 patients with class II-IV HF
– Average age 59 years
– 29% women
– Mean EF 25%

• Primary endpoint all cause morbidity and mortality
• 36 sessions over 12 weeks followed by maintenance
• No difference in primary outcome



https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjTlLeSxeXdAhWrz4MKHYcuAAcQjRx6BAgBEAU&url=https://cancercontrol.cancer.gov/ocs/statistics/graphs.html&psig=AOvVaw1GDWg_o_UvCZOSc98FQKl2&ust=1538493525834603
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A need for research is addressed in this document.





Presenter
Presentation Notes
Using the updated non–laboratory-based Framingham CVD Risk Score (RS), this study estimated 10-year risk of developing CVD; coronary heart disease (CHD); and stroke, stratified by demographic factors and by state among 2009 Behavioral Risk Factors Surveillance System participants aged 30–74 years. Data analysis was completed in June 2014. 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjnsd2_3PzKAhVIYyYKHbyxCT8QjRwIBw&url=http://www.livescience.com/48695-heart-disease-risk-varies-by-state-maps.html&psig=AFQjCNHvgdLu6FWPtsna6aTDVmn2V6O4_g&ust=1455727061696045


INTERHEART

• Smoking

• Hypertension

• Diabetes 

• Waist/hip ratio

• Dietary patterns

• Physical activity

• Alcohol consumption

• Dyslipidemia

• Psychosocial factors

Presenter
Presentation Notes
This large international case-control study of AMI demonstrated that 9 potentially modifiable risk factors account for 94% of population attributable risk of AMI in women and 90% in men.  The increased risk associated with hypertension and DM and the protective effect of exercise and alcohol appear to be somewhat larger in women than in men.



Female specific risk factors

• Early menopause

• PCOS

• Pre-eclampsia and hypertensive disorders of pregnancy

• Gestational DM



CR4HER



Take-Home Points

• Different ischemic presentations in women
• INOCA/MINOCA not benign – comparable outcomes to 

AMI-CAD
• SCAD and association with FMD
• Potential for growth of cardiac rehab in cardio-oncology 

and pregnancy associated cardiac complications
• Optimal treatment remains elusive
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