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  Coronary Microvascular Dysfunction and Vasomotor Diseases



Microvasculature Plays a Key Role

§Microvascular Dysfunction

§Heart Failure with Preserved EF

§STEMI/NSTEMI

§Post-PCI angina

§Post-CTO angina

§Refractory angina



Marc A. Pfeffer. Circulation Research. Heart Failure With Preserved Ejection Fraction In 

Perspective, Volume: 124, Issue: 11, Pages: 1598-1617, DOI: 

(10.1161/CIRCRESAHA.119.313572) © 2019 American Heart Association, Inc.







Refractory Angina

§ Increasing number of patients as CAD mortality decreases and 
population ages

§ 10-12 million patients in the US with chronic angina

§ 10-15% of patients undergoing coronary angiography have myocardial 
ischemia with anatomy not ideal for CABG/PCI

§Chronic total occlusion, degenerated SVG, diffuse disease, poor distal 
targets, comorbidities and angina

§Angina in the COURAGE trial at 1 year: 42% for medical treatment vs. 
34% for PCI (p<0.001)



Refractory Angina Classification Scheme

Henry and Jolicoeur, Nature Reviews Cardiology 2014;11:78



INOCA: insights from the ISCHEMIA Trial

Reynolds HR et al. JACC Cardiovascular Imaging. 2023;16(1):63-74 



STEMI/NSTEMI

ÅIdentification of high risk patients

ÅSelection for novel early treatments ?

Acute
Chronic



MVO and Risk

Wu K C et al. Circulation. 1998;97:765-772



IMR correlates to presence of MVO

McGeoch et al. J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S , 
V O L . 3 , N O . 7 , 2 0 1 0:  7 1 5 ς2 2



Infarctsize, recoveryand IMR

Fearon et al. JACC 51, 5, 2008, 560 - 565



Coronary Microvascular Dysfunction Across CVD

Del Buono, M.G et al. J Am Coll Cardiol. 2021;78(13):1352-1371



INOCA (ISCHEMIA & NON-OBSTRUCTIVE CORONARY ARTERY DISEASE)
& CORONARY MICROVASCULAR DYSFUNCTION (CMD)



Murthy VL, et al. Circulation. 2014 Jun 17;129(24):2518-27
Pepine C, et al. J Am Coll Cardiol. 2010 Jun 22;55(25):2825-32.

AlBadri A, et al. J Am Coll Cardiol. 2019 Feb 19;73(6):684-693.  

Non-endothelial Dependent CMD predicts MACE

Long-term Outcomes in INOCA



Kelshiker MA, et al. Eur Heart J. 2022 Apr 19;43(16):1582-1593

Å1 in 4 patients with abnormal CFR 
will die in 3 years

ÅCFR was predictive not only in 
patient with acute and chronic 
coronary syndromes but in diseases 
like HF, AS, systemic sclerosis

ÅCFR was predictive of outcomes 
across all modalities (invasive, PET, 
TTE)

Å IMR was prognostic only in 
transplant patients

ÅCFR as a tool to risk stratify patients 

CFR Predicts MACE and Mortality



Coronary Vasomotor Disorders International Study 
(COVADIS) INOCA Endotypes 

ÅMicrovascular Angina (MVA):
ÅNon-endothelial dependent CMD
ÅҨ ±ŀǎƻǊŜƭŀȄŀǘƛƻƴ

ÅEndothelial Dependent Dysfunction
Åҧ ±ŀǎƻŎƻƴǎǘǊƛŎǘƛƻƴ

ÅMicrovascular spasm
ÅVasospastic angina (VSA)
ÅVascular smooth muscle hyperactivity

Ford TJ, et al. Circ Cardiovasc Interv. 2019 Dec;12(12):e008126.



Gulati M., et al. Circulation. 2021 Nov 30;144(22):e368-e454.

2021 ACC/AHA Chest Pain Guidelines - INOCA







Cassar et al. Circ Cardiovasc Interv 2009 Jun;2(3):237-44

Predicting Endothelium-Dependent CMD

Predicting Non-Endothelium Dependent CMD

Predicting Obstructive CAD

Stress Tests Predict Obstructive CAD NOT INOCA



Taqueti VR, et al. J Am Coll Cardiol. 2018 Nov 27;72(21):2625-2641.

*Endothelial Dependent CMD and Coronary Vasospasm can only be tested with invasive coronary 
functional angiography

Diagnostic Techniques for Evaluation of CMD



ÅPET and CCTA have complementary 
roles for anatomical and functional 
imaging
ÅMost patients undergoing 

evaluation for CMD have some 
degree of atherosclerosis
ÅAtherosclerotic burden and CMD 

are independent prognostic markers 
of clinical risk

PET

CCTA

Role Of PET and CCTA in
CMD Evaluation & Risk Stratification 

Taqueti VR, et al. J Am Coll Cardiol. 2018 Nov 27;72(21):2625-2641.



ÅMyocardial perfusion Reserve Index
ÅMPRI = (RU at stress) / (RU at rest)

ÅRelative upslope (RU) = (Maximum 

upslope of the myocardial signal intensity 

curve)/ (maximum upslope of the LV 

cavity curve)

ÅMPRI < 1.84 predicts >1 abnormal 
pathway on CFA 
ÅSensitivity 73%
ÅSpecificity 74%

Thomson et al. Circ CV imaging 2015

Stress Cardiac MRI



ÅCoronary microvasculature is 
indirectly tested via measurement of 
coronary flow and resistance down 
epicardial arteries 

ÅInvasive, guidewire-based 
measurement of coronary flow 
reserve and resistance via Doppler 
flow (Volcano) & Thermodilution 
method (Coroflow) 

ÅIC Adenosine is used to reach 
hyperemic state

Invasive Coronary Functional Angiography (CFA)



Adenosine Acetylcholine

CFR<2 (<2.5)
IMR>25 

>90% spasm
+Angina 

+ECG  

Adapted Ford TJ, et al. Heart 2018;104:284ς292.
Kissel et al. Consensus document  (COVADIS)  

Epicardial Spasm

Non-endothelial 
dependent

CMD
No or <90% spasm

+Angina
 +ECG changes 

Microvascular spasm

Spasm Dose
108 mcg IC

Endothelial Dose
54 mcg IC

CBF <50%
No change vessel  

diameter/constriction 
 

Endothelial-Dependent 
CMD

Nitroglycerin

Coronary Diameter 
Change 
ɲb¢D Җ нл҈

Invasive Assessment: Coronary Functional Angiography



Invasive Testing: Doppler vs TD

§CFR overestimated by bolus TD: different normal

§Doppler: Classically in the Proximal LAD with IC adenosine

§Bolus TD: Typically in the mid-distal LAD with IV adenosine

§Very poor correlation between IMR (TD) and HMR (doppler)

§ Testing pre or post IC NTG??

§Continuous TD  and other novel techniques on the way, Doppler will be 
back within the year

§Pts donôt fit in neat little boxesé

§Complex pts requiring thoughtful study

§An inaccurate dx may be worse than NO diagnosis!!



Microvascular Angina

Non-endothelial Dependent Dysfunction
Ҩ ±ŀǎƻǊŜƭŀȄŀǘƛƻƴ

!ŘŜƴƻǎƛƴŜΥ Ҩ /Cw ϧκƻǊ ҧ Law

Å ACEI/ARB
Åҧ /CwΣ Ҩ ǿƻǊƪƭƻŀŘΣ ΚƛƳǇǊƻǾŜ 

microvasculature remodeling
Å Statins
Åҧ /Cw

Å BB
ÅҨ ƳȅƻŎŀǊŘƛŀƭ ƻȄȅƎŜƴ ŎƻƴǎǳƳǇǘƛƻƴ

Å Ranolazine
Å Improve MPRI in MVA

Endothelial Dependent Dysfunction
ҧ ±ŀǎƻŎƻƴǎǘǊƛŎǘƛƻƴ

ACh: vasoconstriction, impaired 
vasodilation

Å ACEI/ARB
Å Improve endothelial vasomotor 

dysfunction
Å Statins
Å Improve endothelial function; 

pleotrophic effects (reduced 
vascular inflammation)

Å CCB
Å Vascular smooth muscle 
ǊŜƭŀȄŀǘƛƻƴΤ Ҩ ƳȅƻŎŀǊŘƛŀƭ ƻȄȅƎŜƴ 
consumption

Vasospastic Angina

Coronary Vasospasm
 Vascular smooth muscle hyperactivity

Ach: vasoconstriction

Å CCB
ÅҨǎǇƻƴǘŀƴŜƻǳǎ ŀƴŘ ƛƴŘǳŎƛōƭŜ 

coronary vasospasm via vascular 
ǎƳƻƻǘƘ ƳǳǎŎƭŜ ǊŜƭŀȄŀǘƛƻƴ ϧ Ҩ 
oxygen demand

Å Nitrates
ÅҨǎǇƻƴǘŀƴŜƻǳǎ ŀƴŘ ƛƴŘǳŎƛōƭŜ 

coronary vasospasm via 
ŜǇƛŎŀǊŘƛŀƭ ǾŀǎƻŘƛƭŀǘƛƻƴΣ Ҩ 
oxygen demand

Avoid Nitrates
Avoid BB

Treatment Approach Based on Abnormal CMD Pathway 

Exercise training-Cardiac Rehabilitation



Ford TJ, et al. JACC Cardiovasc Interv. 2020 Jan 13;13(1):33-45.

Invasive Coronary Function Testing Angina (CorMICA): 
1-Year RCT Outcomes



Prevalence of CMD among patients with non 

obstructive CAD 

Mileva N, et al. J Am Heart Assoc. 2022 Apr 5;11(7):e023207. 

CMD pooled prevalence 41% 

14 Non-invasive 23 Invasive 



Prevalence of CMD vs. Coronary Epicardial and 

Microvascular spasm Prevalence of Coronary Epicardial and Microvascular Spasm

Mileva N, et al. J Am Heart Assoc. 2022 Apr 5;11(7):e023207. 

Pooled Prevalence

24%

Microvascular Spasm

Epicardial or Microvascular Spasm

Pooled Prevalence

49%

Epicardial or Microvascular Spasm

Pooled Prevalence

40%

Epicardial Spasm

Mileva N, et al. J Am Heart Assoc. 2022 Apr 5;11(7):e023207. 

Pooled Prevalence spasm 49%

Microvascular Spasm 24%Epicardial Spasm 40%

CMD pooled prevalence 41% 

3 studies / 541 patients evaluated for CMD and Spasm

Coexistent CMD and coronary spasm 23%
Female higher risk of CMD vs male (RR, 1.45 [95% CI, 1.11-1.90])



CFR/IMR patterns and outcomes in

 non obstructive CAD
CFR/IMR Patterns and Outcomes in Nonobstructive CAD

Lee et al.  J Am Coll Cardiol. 2016;67:1158ï69

Clinical Outcomes by CFR/IMR PatternFour CFR/IMR Patterns

61% 18%

13% 7%

(high resting Tm)

(lower resting flow)

(low resting 

Tm)

(high resting 

flow)

Events: all-cause mortality, any MI, any revascularization

Lee et al. J Am Coll Cardiol. 2016;67:1158ï69 



Prognosis of CMD and Spasm from Womenôs Ischemia Syndrome Study

AlBadri A et al. JACC. 2019;73(6):684-93

Prognosis of Endothelial and Non-Endothelial Dysfunction
Womenôs Ischemia Syndrome Evaluation (WISE)

10

N=224

Median 

follow-up of 

9.7 years

AlBadri A et al. JACC. 2019;73(6):684-93 

Endothelium dependent CMD Endothelium dependent spasmEndothelium independent CMD



Prognosis of CMD measured by low CFR

Each 0.1- unit   CFR was associated with a proportional

 Mortality (per 0.1 CFR unit HR: 1.16, 95% CI: 1.04ï1.29) 

 MACE (per 0.1 CFR unit HR: 1.08, 95% CI: 1.04ï1.11)

Isolated CMD overall mortality with low CFR 

Isolated CMD overall MACE with low CFR 

Kelshiker  M et al. European Heart Journal (2022)43, 1582ï1593



Prognosis of CMD vs No CMD based on low CFR 
Prognosis of CMD vs Without CMD

Gdowski MA et al. J Am Heart Assoc. 2020;9:e014954. 9

Odds Ratio for Mortality: 3.93 Odds Ratio for MACE: 5.16

Gdowski MA et al. J Am Heart Assoc. 2020;9:e014954. 

Crude mortality in 4661 non- CMD 2.6%(122) vs

CMD 9.3% (183) in 1970 patients

Crude MACE in 3742 non- CMD 4.5%(167) vs

CMD 16.9 % (245) in 1447 patients


