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Women are very different than men

Different cardiovascular risks and benefits
Different mechanisms of angina and AMI
Different drug pharmacokinetics 
More side effects to medications
More bleeding complications
Diagnosis often missed until advanced disease
Less likely to receive guidelines based therapy
Worse outcomes





German ACS Registry: Higher 
Mortality in Women



Use of Recommended Rx Among Women 
vs Men with Acute Coronary Syndrome

Acute Therapy Discharge Therapy
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Crusade registry JACC 2005;45:832



Differences in Symptom Presentation Associated with 
AMI in Men Compared with Women

Chest pain

Diaphoresis

Back pain

Jaw pain

Nausea

Neck pain

Shortness of breath
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Goldberg
AHJ 1998;136:189 More common in women More common in men



Absence of Chest Pain is associated with 
Increased Mortality in Women with AMI

Hospital Mortality

Age, y
Men with Chest 

Pain (%)
Women with Chest 

pain (%)
Women without 
Chest pain (%)

<45 (n= 66 540) 1.3 2.0 15.3
45 - 54 (n= 132,777) 1.7 2.7 14.5
55 - 64 (n= 201,019) 3.3 4.7 16.8
65 - 74 (n= 267,480) 6.9 8.6 19.3
≥ 75 (n= 475,697) 13.7 15.2 21.8

<45 1.26 (16 - 1.49) 5.51 (4.63 - 6.56)
45 - 54 1.33 (1.20 - 1.47) 4.37 (3.92 - 4.87)
55 - 64 1.26 (1.18 - 1.34) 3.22 (3.02 - 3.44)
65 - 74 1.13 (1.09 - 1.18) 2.23 (2.14 - 2.32)
≥ 75 0.99 (0.97 - 1.02) 1.43 (1.39 - 1.46)

Adjusted OR (95% CI)

NRMI   data from 1994-2006 published in JAMA 2012;307(8):820



Despite Less Critical CAD in Women with ACS, more 
Ischemia and Worse Prognosis: TIMI-36 (MERLIN) Study

P <0.001
P=0.0025

P=0.0025

Mega J, et al Circulation 2015:121(16);1809-17

Ischemia on monitor doubled the 1 year risk of CV death (9.6 vs 4.1%, 
P<.001) or MI 10.0% vs 6.81% P=.02
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NIH-NHLBI WISE Study: 
Symptoms in Women are NOT Benign 

(Even Atypical Sx, Mild or No CAD)  

Gulati Arch Int Med 2009;169:843., Robinson AJC 2008;102:693.

Women’s Health Initiative:
Nonspecific CP:
RR=2-x for Incident MI

p=0.0004

p<0.0001

p<0.0001

p=0.0003
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Endothelial Dysfunction
 Abnormal flow-mediated 

dilation (or paradoxical 
vasoconstriction) of 
epicardial coronaries -
associated with  increased 
risk

 Impaired in hypertensive, 
smoking, hyperlipidemic or 
diabetic women

 Exacerbated after onset of 
menopause
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Source:  Shaw, L. J.; et al J Am Coll Cardiol (2009) 54:1561-1575

Women’s Heart Health Initiative AP2934316 Rev A
©2011 Abbott Laboratories

Figure illustration by Rob Flewell.  Reprinted from Shaw L.J. et al J Am Coll Cardiol 
(2009) 54:1561-1575  with permission from Elsevier.



What is Microvascular Disease?
 Dysfunction in small coronary 

arterioles <500 microns in 
diameter
Main determinants of vascular 

resistance
Major etiological factor for 

ischemic heart disease in women
Potential precursor of 

obstructive CAD
 2-3 million women with 

microvascular coronary 
dysfunction in the US

12Sources:   NHLBI; Vaccarino V.; et. al Cardovascular Research (Dec. 14, 2010  [e-pub]); Bairey 
Merz, CN.; et al Journal of Women’s Health 19(2010):1059-1072

Graphic courtesy of NHLBI, National Institutes of Health, U.S. Department of  
Health and Human ServicesWomen’s Heart Health Initiative



Potential Strategies for Atherosclerosis 
& Endothelial Dysfunction

ACE Inhibitors
 Lower blood pressure, improve endothelial function
 Improve exercise duration and CFR in patients with microvascular 

coronary ischemia

Statins
 Lipid-lowering effects
 Improve endothelial function
 Improve CFR and exercise tolerance
 Reduce angina

Low dose aspirin
 Secondary prevention of cardiovascular events

Source:  Samim, A.; et al Current Treatment Options in Cardiovascular Medicine (2010)12:355-364



Continuing Medical 
Implementation                                               

    

Atherosclerosis is a Diffuse
Process



Normal
vessel

Minimal
CAD

Regression

Severe
CAD

Expansion overcome:
lumen narrows

Compensatory expansion
maintains constant lumen

Progression

Moderate
CAD

Adapted from Glagov et al. N Engl J Med 1987; 316:1371-1375.



Continuing Medical 
Implementation                                               
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Angiography Fails to Depict 
Coronary Arterial Remodeling
Angiography Fails to Depict 

Coronary Arterial Remodeling



Cardiac Cath may miss 
Diffuse Atherosclerosis 

51 year old female, History of obesity, HTN, 
Hyperlipidemia

S/P Stent in Circumflex 2 years ago

Angina, abnormal stress test (inferior distribution)

Cardiac Cath



Right Coronary Artery “Small”
51 year old female, History of 
obesity, HTN, Hyperlipidemia

Angina, abnormal stress test 
(inferior distribution)



RCA Imaging

 RCA Angio – “Small” vessel, mild diffuse disease
 IVUS Large amount of plaque prox and mid, 70% stenosis
 NIR imaging: Huge amount of soft lipid
 Drug Eluting Stents 3.0x15mm and 2.5x28mm with resolution 

of chest pain



Use of Percutaneous Coronary 
Intervention (PCI) in Women with 

Significant Coronary Disease



DES in 10,133 Women Enrolled in Randomized Stent Trials: 
Mortality Based on Presenting Symptoms
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Giustino G et al. Am J Cardiol 2015:116(6);845-52

SAP 5760 5243 3570 2640

UAP/NSTEMI 3594 3108 2039 1469

STEMI 779 695 245 102



Gender Differences in Bleeding and Vascular 
Complications in ACS Population: NCDR

Am Heart J 2009;157:141-8

Men Women
(n= 131 664) (n= 68 026) p

Bleeding
Blood products transfused 3.55 7.62 <.01
     after laboratory visit
  Percutaneous entry site 0.80 1.85 <.01
  Retroperitoneal bleed 0.23 0.84 <.01
  GI 0.52 0.85 <.01
  GU 0.21 0.13 0.0002
  Others/unknown 0.45 1.01 <.01
Vascular
  Access site occlusion 0.03 0.11 <.01
  Peripheral embolization 0.05 0.12 <.01
  Dissection 0.54 0.64 <.01
  Pseudoaneurysm 0.29 0.73 <.01
  AV fistula 0.06 0.09 <.01



Radial Approach is still Associated 
with More Bleeding in Women

 1348 ACS patients pretreated with ASA, clopidogrel → 
radial PCI using 70 u/kg uFH and abciximab 
(EASY trial of early discharge)

Women Men p value

Sheath size – 5F
– 6F

57%
43%

44%
55%

0.0003

Hb drop 1.7% 0.4% 0.059

Hematoma 22% 5.8% 0.001

Final ACT (sec) 322 308 0.003

AHJ 2009; 157:740



Gender Differences in Response 
to Anticoagulants

 Among drug applications submitted to FDA
between 1994 and 2000, 20% had gender       
differences in pharmacokinetics
- gender differences in gastric emptying 
- more hepatic cytochrome CYP3A in women
- more dietary supplements taken by women
- more accumulation in fat
- less renal excretion

 Increased risk of HIT in women compared 
to men (Blood 2006;108:2937-410)





Risk Factors for Intracranial 
Hemorrhage with Lytic therapy

 Age > 75 years
 Black race
 Female sex
 Prior history of stroke
 Systolic BP > 160mmHg
Weight < 65kg women < 

80kg for men
 INR >4 or PT >24
 Use of alteplace (versus 

other lytic agent)

 Risk Score : %Rate of ICB
 0-1      0.69%
 2          1.02%
 3 1.63%
 4 2.49%
 5 4.11%



Primary PCI is Superior to Lytics in Women
Meta-Analysis of 23 Randomized Trials (PCAT-2)
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AMI in Women:  
Later Presentation and Delay in Treatment

- CADILLAC Primary PCI Trial-

Men Women p Value
N

Chest pain to ER (hrs)

ER to procedure (hrs)

Stent use

Abciximab use

1520

2.6 ± 2.5

1.9 ± 2.2

57%

54%

562

3.0 ± 2.6

2.1 ± 2.3

57%

51%

-

< 0.001

< 0.001

NS

NS



Although the Increased Mortality in 
Women has been attributed to advanced 

age and comorbidities, 

Young Women with AMI have a 
Very Poor Prognosis



Higher Mortality in Women with AMI: NRMI 2 
(N=384,878)



Mechanism of MI May be Different 
in Women

Atherosclerotic: plaque erosion: women > men;
plaque rupture: men > women

Spontaneous coronary dissection: women > men
Spasm (migranes, raynauds): women > men
Non-STEMI: women > men (subendocardial 

ischemia due to LVH, microvascular disease, 
endothelial dysfunction)

Takotsubo (high circulating levels of 
catecholamines): women >>>> men



Pregnancy-Associated MI
 Rare: ~6/100,000 (3-4 X age matched controls)
Mortality high (>7% - maternal, >5% fetal)
 AGE:  30-fold ↑MI risk age > vs. <20 yrs
 Conventional CVD risks common:

 HTN (15%), smoking (45%), DM (11%) infection, 
preeclampsia

 Black women’s ↑risk due to ↑RF’s (not race)
Spontaneous coronary dissection (SCAD) in 

majority (35-45%); Athero (20-30%); Clot (~20%)



Type, Timing of Pregnancy Associated MI



Physiology of Normal Pregnancy may 
Increase risk of MI

↑ Blood volume, cardiac output (30-40%)
Stroke volume and HR increase
↓  SVR in 2nd trimester
↓ BP
Hypercoagulability (4-5X ↑VTE rate)
Insulin resistance
Immune modulation



Spontaneous Coronary Artery Dissection

 NOT atherosclerosis!
 Average age 42 yrs (P-SCAD ~ 36 yrs)
 Few/no CVD risk factors
 ~80% women, ~10-20% of women peripartum

Importance/difficulty diagnosing SCAD
 Index of suspicion often lacking
 Angiographic uncertainty
 Excess complications with PCI
 Uncertainties of post-SCAD management





Dissection Propagation with PCI





ACS in Women:  Conclusions
The risk factor profile in women presenting with ACS, 

AMI or CAD is distinctive compared to men.  Women 
are older, have more HTN, DM, but also unique risk 
factors related to hormonal influences and 
inflammation

Despite having less extensive CAD and better LV 
function, prognosis is worse than in men – late 
diagnosis and inadequate treatment

Symptoms may be very atypical – even in the midst of 
AMI!   Have a high level of suspicion/frequent ECGs.

Younger woman? Think spontaneous dissection



Cardiovascular Disease in Women
In ACS and AMI women benefit from early invasive 

strategy; but take caution to reduce bleeding and 
vascular complications.  

Women are more likely to have endothelial 
dysfunction, microvascular disease and angina due 
to left ventricular hypertrophy and subendocardial
ischemia. 

 “Non-obstructive” CAD does not signify low risk 
 Potential role of advanced imaging and hemodynamic 

measurements to detect diffuse atherosclerosis or plaque 
erosion





MENstrual Cramps

MENopause

MENtal Anxiety

MENtal Breakdown

Ever notice how all problems 

begin with MEN ? ! ? ! ? ! ?
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