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• 50-year-old female c/o chest pain on exertion 
• 58-year-old female developed acute onset of 

chest pain during a heated discussion with her 
boss 

• 38-year-old female healthy, runner, no risk 
factors for atherosclerosis presents to ER with 1 
hour heavy 



©2013 MFMER  |  3297252-5 

50-Year-Old Female With Chest Pain 

• Previous history of NSTEMI 
• C/O chest pain on exertion multiple ER 

presentations 
• TTE: Normal 
• TMET CP but no ECG changes 
• Previous normal coronary angiograms 
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50-Year-Old Female With Chest Pain 
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Major Adverse Cardiovascular Event-Free 
Survivor Functions Women 
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Possible Mechanisms of Cardiac Pain 

NEJM, 2002 

Mechanism in Coronary Artery Disease 
Luminal narrowing due to atherosclerotic plaque 

Compensatory vasodilation of coronary microvessels 

Normal nociception mediated through stimulation of pain receptors 

Proposed Mechanism in Non-Obstructive CAD 

Proposed Mechanism in Non-Obstructive CAD 

Normal epicardial coronary artery 

Inappropriately increased vascular tone of coronary microvessels 
leading to myocardial ischemia 

Appropriate stimulation of pain receptors 

Normal epicardial coronary artery 

Normal vascular tone of coronary microvessels 

Abnormally enhanced sensitivity of myocardial pain receptors, 
leading to pain without myocardial ischemia 
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Coronary Blood Flow Response to Increase 
Myocardial Demand 

Blood vessel 
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Diagnostic 
angiography 

Adenosine IC 
24-72 µg 

Acetylcholine 
(endothelium 
dependent  
vasodilator) 

Functional Angioram Protocol 
CFR: Non endothelium 

microcirculation 

Epicardial 

Microcirculation 
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It is necessary 
to differentiate this pain from non-
cardiac chest pain.  
 
Diffuse coronary 
artery spasm, pronounced in the distal 
epicardial coronary arteries 
and probably extending into the 
microvasculature, may be 
provoked by intracoronary injection of 
acetylcholine in a substantial 
proportion of patients with typical 
coronary microvascular 
Disease. 
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50-Year-Old Female With Chest Pain 

Baseline Acetylcholine 10-4M 
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Baseline 

Acetylcholine 

Nitroglycerine 

50-Year-Old Female With Chest Pain 
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Coronary Endothelial Function: Prime ECG 

Baseline ACH 10-6M 

ACH 10-4M NTG 
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The Association Between Non-Invasive 
Tests and Coronary Flow Reserve 

Cassar: Circ, 2009 
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Summary Relative Risk for MACE in Women With 
Coronary or Peripheral Endothelial Dysfunction 

Merz: JACC 47:S21, 2006 
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risk 

Increased 
risk 

Summary RR P 

11.1 (6.9-17.8) <0.0001 

Summary RR 

9.6 (7.1-12.8) <0.0001 

10.0 <0.0001 
0.01 0.1 1 10 100 

Coronary circulation 

Peripheral circulation 



©2013 MFMER  |  3297252-21 

SF-36 in Patients With Microvascular 
Endothelial Dysfunction: Women 
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P=0.09 P=0.007 P=0.038 

Normal %chg CBF >50% 
Abnormal diagnosis %chg CBF ≤50% 
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Interventions That Improve Endothelial 
Function and Clinical Outcome 

• Glycemic control in diabetes 
• Blood pressure lowering 
• Smoking cessation 
• Weight reduction 
• Exercises 
• Lipid-lowering 
• ACE inhibitors/ARBs 
• Calcium channel blockers 
• N-3 fatty acids 
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Vasodilators Non-Vasodilators 

Epicardial 
Nitrate 

Calcium channel blockers 

Microcirculation 
Calcium channel blockers 

FDE-I 
Endothelin receptor Ant. 

L-anginine 

Ranolazine 
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Reactive Hyperemia: Endothelium Dependent 

4,8

4,9

5,0

5,1

5,2

5,3

Br
ac

hi
al

 d
ia

m
et

er
 (m

m
) 

Time after cuff release (sec) 
Pre 30 60 90 120 



©2013 MFMER  |  3297252-27 

Can We use Endothelial Function to 
Individualize Therapy? 
 



©2013 MFMER  |  3297252-28 

Event-Free Rate According to Persistent 
Endothelial Dysfunction in Patients With Mild CAD 
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FMD Comparison Between First 
and Second Test in CAD Patients on OMT 

Kitta Y et al: J Am Coll Cardiol 53:323, 2009 
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Event-Free Survival and Endothelial Function 

Kitta Y et al: J Am Coll Cardiol 53:323, 2009 
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Take Home Message 
 
• Diagnosis 

• Severe epicardial and microcirculation 
endothelial dysfunction 

• Treatment 
• Endothelial dysfunction 
• Symptoms 
• Prevent future events 
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58-Year-Old Female Admitted With Chest Pain 

• No previous cardiac history presents to ER 
• Developed acute onset of chest pain during  

a heated discussion with her boss 
• PMH: Nicotine abuse, anxiety disorder,  

history of hypertension 
• Physical examination: Blood pressure  

135/100 mm Hg otherwise normal 
• Lab: Troponin T 0.08 mg/dL 
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Apical ballooning 

Midventricular ballooning with sparing 
of apical and basal region 

Basal “inverted” balloon 

Biventricular ballooning with combined 
LV and RV dysfunction 

End diastole 
End systolic 
end systol 

Follow-up  
3 months 
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• Global wall motion abnormalities 
• Women 
• Post menopausal 
• Mental stress 
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PAT signal during mental stress 

≥ 20% decrease 
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*† *† 

*† 
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Impaired Coronary Microvascular Reactivity in 
Women with Apical Ballooning Syndrome 

Patel et al: EHJ ACC, 2013 

A total of 228 cases of ABS were 
prospectively identified, and of these, 
10 patients (median age 61 years 
(IQR 48-75); all females) who 
underwent coronary vasomotion 
testing were included in the study 

70% had either abnormal epicardial or 
microvascular response to ACH 

Conclusion: …coronary microvascular 
dysfunction is highly prevalent in 
patients with ABS..may be a central 
feature of the pathophysiology of ABS  
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Troponin T and B-Type Natriuretic Peptide Levels 
in Patients With Apical Ballooning Syndrome and 

ST-Elevation Myocardial Infarction 

Madhaven et al: Heart, 2009 
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Take Home Message 

• Need for LV gram in women with chest pain MI 
and normal angiogram 

• The need for proper diagnosis 
• Treatment 

• Conservative: Medical therapy 
• Non-pharmacological therapy 
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Change in Myocardial Blood Flow from Rest in 
Response to Cold Pressor Testing 

Schindler et al: Euro Heart J 30:978, 2009 
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Saavedra et al: Psychoneuroendocinology 36:1, 2011 

AT1 Receptor Functions 

• Blood pressure and ion 
metabolism 

• Blood brain barrier 

• Brain circulation 

• Innate immune response 
inflammation 

• Brain development 

• Sensory motor systems 

• Stress 

• Endocrine systems 

• Autonomic systems 

• Behavior and cognition 

Associated synthetic 
pathways 

ACE2, peptidases A and B 

Associated active 
related peptides 
Angiotensin (1-7), 

Angiotensin IV 

Associated receptors 
(Pro)Renin receptor AT1, 

IRAP, Mas oncogene 

Associated systems 
Apelin, CRF, AVP, ANF, 

Endothelin, GABA 

AT1 

Angiotensinogen 

Angiotensin I 

Angiotensin II 

ACE inhibitors 

AT1 receptor 
blockers 

Functions 

Renin 

ACE 
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ARBs Decrease Peripheral and Brain 
Inflammation Produced by Systemic 
Administration of Bacterial Endotoxin 

Saavedra et al: Psychoneuroendocinology 36:1, 2011 

Decrease circulating 
inflammatory factors 
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Tindle et al: Circ 120:656, 2009 
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Treatment 

• Conservative: Medical therapy 
• Beta blockers 
• Preemptive with NTG 
• ASA 
• HRT 

ARB 
• Mental stress assessment and modification 

• Yoga, meditation… 
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38-Year-Old Female With Chest Pain 

• 38-year-old female healthy, runner 
• No risk factors for atherosclerosis 
• Presents to ER with 1 hour heavy and central 

chest discomfort, diaphoresis 
• Normal exam 
• Normal ECG 
• Troponin T 0.05, 0.09, 0.07 mg/dL 
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38-Year-Old Female With Chest Pain 
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38-Year-Old Female With Chest Pain 

1. Another case of ABS? 

2. Normal coronary arteries 

3. Another case of microvascular disease and 

endothelial dysfunction? 

4. Typical diffuse disease ? 
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Imaging for Coronary Artery Dissection 

Site of the  
dissection 
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42 year old Female Out of hospital Ventricular 
Fibrillation 

ACC/AHA/ESC Guidelines: 

 

- Antiplatelets 

- Stent 

- Statin 
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42 year old Female Out of hospital Ventricular Fibrillation 
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• Infrequent cause of acute coronary syndrome 
• Databases: 0.01-1.1% of all angiograms 
• Dissection +/- intramural hematoma, although 

no formal diagnostic criteria 
• Female >> Male 

• Postpartum 30%, low CAD risk profile 
• Incidence with FMD in women 
• Extreme exertion and smoking in male 
• Individual reports of vascular genetic 

associations 
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Mayo Clinic SCAD Study 

• Single center, keyword medical record search 
• 508 records, angiograms to exclude non-SCAD 
• n=87 (1984-2010) 
• Non-atherosclerotic 

• Absence of atheroma on angio 
• No prior history of atherosclerotic disease 

• Diagnosis is invasive 
• Dissection flap on angio or IVUS/OCT 
• Intramural hematoma of IVUS/OCT 
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Long-Term Outcomes 
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Survival Free of MACE (%) 

• Recurrence rate 21% overall 
• 15/71 females, 0/16 males 

(P=0.023) 
• Median time to 2nd episode 

2.8 years (3 days – 12 
years) 

• 4/10 patients with FMD 
experienced recurrence, 
including both carotid 
dissection patients 
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Carotid FMD and Dissection 

The Need for Extracoronary Vascular Imaging 
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Spontaneous Coronary  
Artery Dissection 

Saw et al: JACC Intv, 2013 

Dissection of LAD and Subsequent 
Healing in Patients with FMD 

Long Dissection of LAD in Patients  
with Severe Iliac FMD 

50 Patients, 98% women, all 
presented with MI 

Emotional stress in 26% 

FMD in 86% 
• 58% renal 
• 49% iliac 
• 46% cerebrovascular 

Conclusions: Nonatherosclerotic 
SCAD predominantly affect 
women, and most have 
concomitant FMD 
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SCAD Mayo Retrospective Study Conclusions 

• Young females predominate, low burden of risk fx 
• More than 50% present with STEMI or V Fib 
• Males exercise; females post-partum 
• FMD a novel association, likely underestimated, quite 

possibly a causative factor 
• Conservative Rx associated with favorable  

in-hospital outcome; obvious caveat is selection bias  
• PCI associated with high rates of procedural limitation 
• Recurrence rate and MACE rates underscore need for 

close and long-term follow-up  
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Treatment  

• Be aware of the diagnosis. 

• Use intravascular imaging  

• Medical therapy 

• Conservative 

• Beat blockers 

• ASA 

• Statins 

• Screening  
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• Known as Ahmose Meryet Amon, 
the princess lived some 3,500 
years ago and died in her 40s 

• She had blockages in 5 major 
arteries, including those that 
supply blood to the brain and heart 

• She is now the earliest known 
sufferer of coronary 
atherosclerosis 

• The princess was known to  
have arthritis and inflammation  
of the joints 
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