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Objectives

■ Review risk stratification in women
■ Sex-specific risk factors

■ Review data on lipid lowering in women
■ Review non-obstructive CAD

■ Microvascular angina



Case 1

■ 62 year old female, BMI 28
■ Previously asymptomatic, limited by knee/hip pain
■ PMHx:

■ Dyslipidemia 
■ LDL 4.4, total chol 6.2, HDL 1.0, TG 2.2 
■ IFG
■ FBG 6.1, HbA1c 6.2

■ Borderline BP: 138/80, pre-eclampsia in 2 pregnancies
■ FMHx: mom had an MI at 58
■ SLE: managed on hydroxychloroquine 200mg



Case 1

■ Framingham risk 
■ 12%

■ Reynold’s risk
■ 9% (hsCRP 2.0)

■ ASCVD risk
■ 6.5%

• Felt to be at least 
moderate risk (SLE, 
FMHx)

• tried rosuvastatin 5mg 
• myalgias 🡪 discontinued

In whom should we 
continue to try other lipid 
lowering options?



Case 1

■ One year later:
■ NSTEMI (trop 4.5, ST depression on ECG)
■ Cath: 80% pLAD, 70% pLCx, 90% mid RCA
■ EF 60%

■ CABG:
■ LIMA to LAD
■ SVG to OM1
■ SVG to PDA

■ Lp(a) ~1700
■ Discharged home on atorvastatin 10mg

■ Cannot tolerate due to myalgias

What other options do we 
have ?



Primary Prevention Scores

■ FRS
■ RRS

■ SCORE ■ ASCVD

■ QRISK ■ ASSIGN



Sex-Specific Risk Factors



Mulvagh et al. Can J Cardiology Open 2022; 4: 115-132



Inflammatory Risk Factors

Double CVD risk



Breast Cancer Survivors

Chemotherapy 
(anthracycline-based, trastuzumab)

Radiation Therapy



Mulvagh et al. Can J Cardiology Open 2022; 4: 115-132



Sex-Specific Risk Factors

Pearson et al., CJC 2021



What other tools are available to 
help risk stratify?



CT calcium score

Nakanishi EHJ 2015;17:1305-1314



Risk of  mortality increases 3 fold, 4 
fold and 13 fold for each category 

CT calcium score in women

Nakanishi EHJ 2015;17:1305-1314



CT calcium score in women

Pearson et al., CJC 2021



High Risk Plaque Features (CTA)

Plank et al. Netherlands Heart J 2019;27:272-1280



Kostis et al. NEJM 2012;59:572-82

Statins in Women 



Karalis et al. J Clin Lipidology 2016;10:833-841

Statins in Women 



Cannon et al. NEJM 2015;372:2387-2397

Ezetimide



Sabine et al. NEJM 2017;376:1713-1722

PCSK-9 inhibitors



Sabine et al. NEJM 2017;376:1713-1722

PCSK-9 inhibitors





Pearson et al., CJC 2021



Pearson et al., CJC 2021



Case 2

■ 50 year old female
■ PMHx: HTN and dyslipidemia
■ Meds: ramipril 10mg
■ HPI: 

■ Well up until TAH & BSO for severe menorrhagia
■ Three weeks later, she began experiencing left sided 

chest pressure with exertion, relieved by rest



EST at 8 minutes (7/10 CP)



Cardiac CTA
■ 1-24% mid RCA
■ 1-24% PDA
■ 25-49% prox LAD
■ 1-25% mid LAD



Case 2

■ 2 more visits to ED with ongoing severe chest pain
■ Gastroenterology work-up: normal
■ 5 visits to the GP
■ Referred to the Leslie Diamond Women’s Heart 

Health Clinic



Case 2

■ Invasive coronary reactivity testing
■ FFR LAD 0.92
■ CFR with adenosine: 1.8 in LAD, 

1.4 in LCx

■ Started on ASA, rosuvastatin 10mg, 
ramipril 2.5mg and a CCB

■ Ongoing angina



Mulvagh et al. Can J Cardiology Open 2022; 4: 115-132



Non-obstructive CAD

Maddox et al JAMA 2014;312:1754-1763 



Women with non-obstructive CAD

Sedlak et al American Heart J 2013;166: 38-44. 



Risk is attenuated by statins

Min JK et al. PLoSOne.2018;13:e0207-194. 

CACS 

CTA 



GLAGOV: Sex differences

King et al JACC 2018;71 





Medication use in CAD in BC

Sedlak et al. J of  Women’s Health 2017;26:976-983

~80% statins
~65% ACEI/ARB

~60% statins
~55% ACEI/ARB



What are the causes of  angina in 
women with normal coronary arteries?

■ Spasm of  artery ■ Microvascular 
disease 

(small vessel disease)



Coronary Microvascular Dysfunction

■ Pathophysiologic Definition:
■ Disordered function of  the smaller (<100-200 um) 

coronary resistance vessels
■ Functional Definition:

■ Increase in coronary blood flow to maximal 
hyperemic stimuli (eg, adenosine) < 2.5 fold from 
baseline

■ Abnormal coronary microvascular resistance (either 
arteriolar or pre-arteriolar) that is clinically evident 
as inappropriate coronary blood flow response



Vasculopathy (Men vs Women)

Pepine et al., JACC 2006;47:30S-35S

More CAD 
in men
 
More MCD
in women



Etiology of  Primary CMD

Shaw et al., JACC 2009;54:1561-75

Autoimmune 
Conditions



44

Exertional angina or 
ACS presentation

Abnormal stress 
testing

No obstructive CAD

Abnormal coronary 
flow reserve

Diffuse 
atherosclerosis by 
IVUS

Circulation 1999;99:1774

Diagnosis of  CMD



Cardiac Perfusion MRI

Schindler, et al. J Am Coll Cardiol Img 
2020;13:140-155

■ CMRI allows evaluation 
of: 
▪ subendocardial perfusion
▪ myocardial flow reserve
▪ fibrosis and microinfarction
▪ assessment of  left 

ventricular function and 
mass

▪ calculation of  MPRI

MPRI < 1.84 correlated with a sensitivity of  73% and 
specificity of  74% compared to invasive testing



Coronary Reactivity Testing (CRT)

Hasdai et al., Int J Cardiology 1996;53:203-208



47Ong et al. Int J Cardiol 2018;250:18-20

■ 1. Symptoms of  myocardial ischemia
■ 2. Absence of  obstructive CAD (<50%)
■ 3. Objective evidence of  ischemia

■ ECG changes
■ Reversible perfusion defect
■ Reversible wall motion abnormality

■ 4. Evidence of  impaired microvascular function
■ CFR<2.5 (or 2.0)
■ Microvascular spasm with Ach
■ IMR >25
■ Slow flow (TIMI frame count >25)



Therapy for CMD

■ Coronary Endothelial Dysfunction
■ ACEI, statins, aspirin, exercise, EECP

■ Angina
■ B-blockers, CCB, ranolazine

■ Coronary smooth muscle dysfunction (vasospasm)
■ CCB

■ Abnormal cardiac nociception
■ Low dose TCAs (imipramine), Spinal Cord Stimulation 

(TENS unit), Cognitive Behavioral Therapy

■ Other
■  Aminophylline, PDE5 inhibitors, L-arginine



CorMicA Trial

Ford et al., JACC 2018; epub ahead of  print



Results

Ford et al., JACC 2018; epub ahead of  print

Anti-anginal medication and statin/ACEI doubled (85%) 
      in the intervention arm



Women’s ischemiA tRial to 
Reduce events In 

non-ObstRuctive CAD

■ Statin/ACEI versus placebo
■ 5 year MACE



INOCA in a Dedicated Women’s 
Heart Center

Parvand,  Sedlak et al. CJC 2022; 38: 1600-10.



Angina and QoL 
Pre- and Post- WHC Entry

MINOCA

INOCA

Attendance at a WHC 
significantly improved most 
angina categories and quality of  
life



ED visits and angina 
hospitalizations

Decrease in ED visits from 
46 (41.1%) to 32 (28.6%)

Decrease in angina 
hospitalizations from 12 
(10.7%) to 2 (1.8%)



Case 1

■ 62 F with multiple risk factors
■ Obstructive CAD 🡪 CABG
■ Lp(a) 1700

■ Statin myalgias (rosuvastatin 5mg; atorvastatin 10mg)
■ Statin every other day
■ ezetimide 10mg
■ PCSK-9 inhibitor (third party coverage)



Case 2

■ Angina with non-obstructive CAD
■ Coronary Microvascular Dysfunction (CMD)
■ On ASA, statin, ACEI (LDL 1.5)
■ Ongoing angina:

■ B-blocker
■ Amlodipine
■ NTG patch
■ Ranolazine



Questions?


