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Number of deaths from ten leading causes, 

by sex USA 2015

National Vital Statistics System, Centers for Disease Control and Prevention, 2015



Trends in awareness that heart disease is 

the leading cause of death in women

Mosca L, Circulation 2013;127:1254



…CHD remains understudied, underdiagnosed, 

and undertreated in women.



Cardiovascular disease mortality trends for     and in  

USA National Center for Health Statistics and National Heart, Lung, and 

Blood Institute

Benjamin EJ, Circulation. 2018;137:e67



Trends in age-specific CHD mortality rates 

in age groups in USA

Wilmot KA, Circulation 2015;132:997



Characteristics of IHD in women vs men

• Higher prevalence of angina

• Nonobstructive IHD

• Coronary microvascular dysfunction

• Spontaneous coronary artery dissection

• Stress-induced cardiomyopathy

• Heart failure with preserved ejection 

fraction 
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Degree of CAD by sex and year of non-urgent 

invasive CA 11.223 pts (42% women)

one-third of men, but two-thirds of 

women, had no obstructive CAD

Jespersen L, EHJ 2012;33:734



Jespersen L, EHJ 2012;33:734

MACE-free survival by sex and vessel disease 

involvement on invasive CA 11.223 pts (42% women)

no gender differences in the 

estimated HRs for men and 

women with no obstructive CAD



Anatomy and function of the coronary circulation

De Bruyne B, JACC 2016;67:1170



Arterial size, coronary blood flow, wall shear stress 
women versus men

Patel MB, JACC Img 2016;9:465

Smaller arteries

higher flow

higher endothelial shear stress



Patel MB, JACC Img 2016;9:465

Small arteries with high flow have fully 

developed flow profiles and high endothelial 

shear stress



Patel MB, JACC Img 2016;9:465

Average calculated endothelial shear stress & 

different manifestations of CAD



Adjusted cumulative rate of MACE by sex and CFR in pts 

with normal myocardial perfusion
2.783 consecutive pts with suspected or known CAD referred for PET 

Murthy VL, Circulation 2014;129:2518

Both women and men with CFR <2 experienced worse outcomes 

but this phenotype was twice as prevalent in women as in men



Taqueti VR, Circulation 2017;135:566

Log adjusted hazard for MACE in versus 

varies as a function of CFR
329 consecutive pts (43%     ), EF >40%, referred for invasive CA after PET 

stress test (median FU 3 y)



• Relatively low prevalence of obstructive CAD 

below 60 years  

• Non-specific ECG changes at rest

• Lower exercise capacity 

Difficulties in interpretation of non-

invasive diagnostic testing in women

Lower sensitivity and specificity



Daly C, Circulation. 2006;113:490

Effect of gender on the investigation and 

management of new-onset stable angina 
Euro Heart Survey of Stable Angina



Diagnostic value of various stress 

testing modalities in women

Kohli P, Circulation. 2010;122:2570



Adjusted event curves of the primary composite outcome comparing test positivity

Pagidipati NJ, JACC. 2016;67:2607

Sex differences in functional testing and CT angio in pts 

with suspected CAD PROMISE Study 8.966  pts



Sex differences in functional testing and CT angio in pts 

with suspected CAD PROMISE Study 8.966  pts

Pagidipati NJ, JACC. 2016;67:2607

Adjusted association between 

noninvasive test type and result 

in women and men



Indications to stress testing/imaging or coronary 

computed tomography angiography in women 

with ischaemic symptoms

CCTA: coronary computed tomography angiography. CMR: cardiac magnetic resonance

IHD: ischaemic heart disease. MPI:  myocardial perfusion imaging

Regitz-Zagrosek V, EHJ 2016;37:24 

Current ESC guidelines advise stress imaging 

techniques (when available) as first test of choice, 

with a preference for non radiation diagnostics in 

younger women



Diagnostic stress tests in pts with microvascular 

disfunction according to coronary flow velocity 

reserve level iPOWER Study

Mygind ND, J Am Heart Assoc 2016;5:e003064

n  (%) n  (%) n  (%)



Coronary flow reserve (CFR) evaluation

Non-invasively 

• Transthoracic doppler echocardiography by imaging LAD 

• Magnetic resonance imaging (myocardial perfusion index) 

• PET (82Rubidium, 13N-Ammonia)

In the cath. Lab. using intravenous adenosine

• Intracoronary pressure & thermodilution to calculate the 

index of microcirculatory resistance (IMR)

• Doppler flow velocity to calculate hyperemic microvascular 

resistance (HMR)

• Intracoronary thermodilution and doppler allow the 

calculation of coronary flow reserve (CFR)

• values of IMR ≤ 25 units,  CFR <2.0



Stratified medical therapy using invasive coronary 

function testing in angina
The CorMicA TrialA, 391 pts enrolled, 151 (39%) with no 

obstructive CAD randomized

Ford TJ, JACCardiol 2018;72:2841

Primary efficacy outcome



Microvascular angina to be considered

• Typical chest pain

• (Abnormal non-invasive functional 

tests)

• Normal or mild, functionally non-

significant stenosis (ICA or CTA)



Crea F, Libby P, Circulation 2017;136:1155

About ½ 

Mechanisms in ACS (I) 
NB may overlap and coexist in some patients



Mechanisms in ACS (II) 
NB may overlap and coexist in some patients

disfunction

Especially frequent in women

Arbustini E, Heart 1999;82:269

Kramer MC, JACC 2010;55:122

Yahagi K, Atherosclerosis 2015;239:260

Women less likely to have collaterals 

Liu Z, PLoS One 2017;12:e0183836

Crea F, Libby P, Circulation 2017;136:1155



Extension of coronary atherosclerosis in 

fatal cases of IHD women vs men, autopsy study

Smilowitz NR, Am Heart J 2011;161:681



Adjusted in-hospital all-cause mortality

Pancholy SB, JAMA Intern Med 2014;174:1822

Sex differences in short-term all-cause mortality 

in STEMI pts treated by PCI 
Meta-analysis (18.555      & 49.981     )



Pancholy SB, JAMA Intern Med 2014;174:1822

Sex differences in one-year all-cause mortality in 

STEMI pts treated by PCI 
Meta-analysis (18.555      & 49.981     )

Unadjusted

Adjusted



Role of gender on outcomes of young AMI 

patients VIRGO study, 1.465 pts 18-55 y

Women more likely to

• Present with atypical chest pain/no symptoms

• Present > 6 hours after symptom onset

• Be untreated compared with young men

• Exceed in-hospital and transfer time guidelines for 

PCI 

• Exceed door-to-needle times

D’Onofrio G, Circulation 2015;131:1324



Sociodemographic

factors, previous 

heart disease, risk 

factors

clinical factors

transfer status

Sequential logistic regression for the effect of sex on 

exceeding recommended guidelines VIRGO study

D’Onofrio G, Circulation 2015;131:1324



Early invasive vs conservative treatment in 

women and men with NSTEMI
Meta-analysis (8 trials, 3075      7075     )

O’Donoghue M, JAMA. 

2008;300:71 



Kaplan-Meier survival curves

Hannan EL, Ann Thorac Surg 2015;100:2227 

Comparison of 3-year outcomes by gender for 

CABG and PCI with DES
4.532      & 11.768       from three NY State Registries



Swaminathan RV, AJC 2016;118:362

In-hospital mortality trend by gender after CABG 

2003 – 2012, US Nationwide Inpatient Sample (NIS) database, 

623.423        1.649.575

gender gap reduction ~ 30% 



Swaminathan RV, AJC 2016;118:362

Unadjusted in-hospital clinical outcomes by 

gender after CABG NIS database, 623.423     1.649.575

p <0.001



Gender differences of in-hospital outcomes in 

pts undergoing PCI in the DES era 44.967 procedures

Kim HL, Medicine 2019;98:20



PCI for STEMI in the New Jersey statewide 

database 
12.878 women and 27.337 men

Iyanoye A, CCI 2015;86:221 



Sex-specific differences in the pharmacokinetic 

profiles of drugs 

• Intestinal absorption of medications slower 

– Reduced gastric acid secretion and gastrointestinal motility

• Smaller distribution volume

– Lower body weight, smaller intravascular, organ and muscle 

volume

• Different metabolic activity due to different expression of 

metabolic enzymes
– Higher activity of CYP1A2, CYP2E1, p-glycoprotein and isoforms of 

glucuronyltransferases and sulfotransferases 

– CYP2D6 and CYP3A have in general a slightly higher activity in women of 

childbearing years (21, 24, 25).

• Glomerular filtration rate 10 – 25% lower even adjusting 

for body size
Stolarz AJ, Cardiovasc Drugs Ther 2015;29:403

Overall impact of differences on clinical 
efficacy has been shown to be marginal



Frequency of use of evidence-based medical 

therapy according to gender after presentation 

to a cardiologist The Euro Heart Survey of Stable Angina

Daly C, Circulation. 2006;113:490



Factors affecting prescription of OMT to women

Davis E, Int J Cardiol 2017;227:840



Characteristics of IHD in women vs men

• Higher prevalence of angina

• Nonobstructive IHD

• Coronary microvascular dysfunction

• Spontaneous coronary artery dissection

• Stress-induced cardiomyopathy

• Heart failure with preserved ejection 

fraction 



Spontaneous coronary artery dissection (SCAD)
Epicardial vessel disease not associated with atherosclerosis, 

trauma nor iatrogenic

Hayes SN, Circulation. 2018;137:e523 



Epidemiology of SCAD

• 1% to 4% of ACS cases overall (true prevalence 

uncertain – underdiagnosed condition)

• Patients with few or no traditional cardiovascular risk 

factors

• Average age of women with SCAD ranges from  45 

to 53 years, up to 35% women ≤50 years of age

• Most common cause of pregnancy-associated MI 

(43%)

• Mid-distal LAD 32% – 46% of cases

Hayes SN, Circulation. 2018;137:e523 



Conditions and factors associated with SCAD (I)

<<

Hayes SN, Circulation. 2018;137:e523 



Conditions and factors associated with SCAD (II)

Hayes SN, Circulation. 2018;137:e523 



Precipitating factors for SCAD
> 50% of pts 

• Intense exercise 

(isometric or aerobic)

• Intense Valsalva

• Retching, vomiting, bowel 

movement, coughing, 

lifting heavy objects

• Intense emotional stress

• Labor and delivery

• Drugs (cocaine, amphetamines)

• Exogenous hormones/hormone

modulators

• β-hCG injections, corticosteroid

injections, clomiphene

Saw J, Circ Cardiovasc Interv 2014;7:645



Luong C, Catheter Cardiovasc Interv 2017;89:1149

Frequency of presenting symptoms of SCAD

Almost universally    ACS 

STEMI

NSTEMI

2% to 5% cardiogenic shock



SCAD treatment

• Conservative management first choice

• Discontinuation of anticoagulation if no other 

indications

• No firm data on DAPT (individualized treatment)

• β-blocker potentially useful (but limited by adverse 

effects)

• ACE-Inhibitors, ARB, statins, based on guidelines

• Antianginal therapy… often empirical
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• Acute coronary syndrome characterized by severe 

left ventricular dysfunction that typically recovers 

spontaneously within days or weeks

• ~ 90% of pts postmenopausal women

• Normal coronary arteries or nonobstructive CAD 

(~ 85% of pts) 

• Modest increases in biomarkers of myocardial 

damage

• Disparity biomarker elevation/extent of myocardial 

dysfunction

• Significantly elevated BNP (ventricular stretching)

Takotsubo syndrome TTS



Plasma norepinephrine levels in pts with TTS 

and pts with Killip class III AMI 

Wittstein IS, NEJM 2005;352:539



Most common 
• Chest pain, dyspnea

Possible 
• Syncope, pulmonary edema

Rare 
• Cardiac arrest, cardiogenic shock, serious 

ventricular arrhythmias

Also reported
• Generalized weakness, unexplained cough, 

fever

TTS symptoms 

Pelliccia F, Circulation 2017;135:2426



Stressors identified to precede TTS
80% ~ of pts

• Unexpected death of a relative/friend 

• Suppressed terror

• Natural disasters 

• Strenuous physical stress

• Positive life event (happy heart syndrome)



Mortality 4.5% overall

• 38% cardiac complications

• 62% underlying co-morbidity

In-hospital mortality rate in TTS
Meta-analysis of 37 studies, 2.120 pts,11 countries,  

mean age 68 years, female 87%

Singh K, AJC 2014;113:1420



• No randomized clinical trials on specific treatment

• Mainly supportive aiming to reduce life threatening 

complications

• Non beneficial drugs

• Β-blockers

• Beneficial drugs

• Antiplatelet, ACEI/ARB, levosimendan (probably)

Treatment of TTS 
Acute phase 

Kato K , Heart 2017;103:1461



• No randomized clinical trials on specific treatment

• Non beneficial drugs

• β-Blockers, statins, aspirin

• Possibly beneficial drugs 

• angiotensin-converting enzyme inhibitors/angiotensin 

receptor blockers 

Treatment of TTS 
Non acute phase 

Kato K , Heart 2017;103:1461



Conclusioni (I) 
• Nella cardiopatia ischemica, le donne si presentano con 

un maggior carico di sintomi e comorbidità rispetto agli 

uomini e vanno incontro ad una prognosi peggiore 

• Tra le cause spiccano il sottoutilizzo di terapie mediche 

basate sull'evidenza, ritardi nella presentazione, nella 

diagnosi, nel trattamento e la mancanza di dati genere-

specifici

• La presenza di una placca ostruttiva non è condizione 

necessaria né sufficiente per spiegare sintomi e 

manifestazioni cliniche e il riscontro di una coronarografia 

normale non è sinonimo di una normale circolazione 

coronarica… specialmente nelle donne



• Differenze anatomiche, funzionali e una diversa sensibilità 

ai mediatori dell’infiammazione possono comportare lo 

sviluppo di forme di coronaropatia diffusa con un maggiore 

peso della disfunzione vasomotoria rispetto alla classica 

ostruzione focale… specialmente nelle donne

• Queste forme non comportano una prognosi migliore 

rispetto a quelle ostruttive… specialmente nelle donne

• I test diagnostici non devono limitarsi a rilevare l'assenza di 

malattia ostruttiva epicardica che rappresenta solo uno dei 

numerosi possibili fattori che contribuiscono all'ischemia 

miocardica

• Sono necessari ulteriori studi per chiarire la fisiopatologia 

della CAD nelle donne con l'obiettivo di individuare linee 

guida specifiche per migliorarne il trattamento e la prognosi

Conclusioni (II)




