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Assessment of microvascular fx and angina
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ACC National Cardiovascular Data Registry 

398,978 patients

Patients with Obstructive CAD, according to Non-invasive Test Result and Symptoms

Patel et al., N Engl J Med 2010;362:886-95

High prevalence of Unobstructed Coronary Arteries in symptomatic 
patients undergoing invasive Coronary Angiography 
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Recurrence/Persistence of Angina post PCI

Patel et al. TCT Connect 2020

Recurrent angina at 1 year after PCI is present in 20-30% of patients
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Schematic of the Epicardial Coronary Arteries and the Full 
Coronary Circulation

Macrocirculation Macro- & Microcirculation
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Coronary angiogram detects only 5% of the total coronary tree
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Coronary Circulation – two compartment model

Del Buono et al JACC 2021,78: 1352-71
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Value/Role of Microcirculation

Pressure-Flow Relationship: 
Coronary Autoregulation

Coronary Resistance 
Resistance in a Normal Coronary Vessel

Dunker et al Prog Cardiovasc Dis 2015;57:409-22
Kaul and Jayaweera Eur Heart J 2006;27:2272-74



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Myocardial ischemia

Obstructive atherosclerotic epicardial coronary artery disease

Other reasons

• LV hypertrophy / aortic valve stenosis / hypertension

• Coronary spasm (vasospastic angina - variant angina)

• Microvascular dysfunctie (microvascular angina - syndroom 
X)

• Obstructive coronary anomalies

• …

INOCA
Ischemia with no obstructive coronary artery disease 

Causes



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Mechanisms Of Myocardial Ischaemia

EAPCI Expert Consensus Document

Kunadian et al. Eur Heart J. 2020;41(37):3504-3520
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Methods used for evaluation of microvascular disease

10

Kunadian V et al. EuroIntervention 2021;16:1049-1069.
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FFR fractional flow reserve – obstructive epicardial disease (≤0.80)
IMR index of microcirculatory resistance – microvascular dysfunction (IMR≥25) 
CFR coronary flow reserve – vasodilatatory capacity (CFR<2.0)

Comprehensive assessment of the structural and functional components of the 
epicardial and microvascular compartments of the coronary tree. 
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Coronary flow

Normal:

CFR >3-5 

Pathological:

CFR <2.0 

Pathophysiology – coronary flow reserve
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Diagnostic Criteria for Ischemia, or 
Angina with Non-Obstructive Coronary Arteries

Kunadian et al. Eur Heart J. 2020;41(37):3504-3520

--> INOCA / ANOCA
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Invasive Evaluation 
of INOCA/ ANOCA

Kunadian et al. Eur Heart J. 2020;41(37):3504-3520
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Microvascular angina in the COVADIS registry

Epidemiology

15
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Prognosis of Angina with no obstructive CAD

• N = 5,705 - Asymptomatic Reference

• N=11,223 - Symptomatic No CAD, CAD

• Danish National Patient Registry

• MACE: All-cause & CV death, 

readmission for MI, HF, or stroke

Jespersen et al Eur Heart J 2012:33;734–44

• Normal = smooth, 0%
• Diffuse No CAD = 1-49%
• 1-3VD = CAD ≥50%
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ESC Guidelines CCS 2024

Vrints et al. Eur Heart J 2024 ;45(36):3415-3537
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ACC/AHA Clinical Decision Pathway for INOCA

Gulati et al. Circulation. 2021;144:e368–e454
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Methods of Quantifying Coronary Microvascular Function in the 
Cath Lab

Fawaz, Karamasis, Keeble et al. Interv Cardiol. 2023;18:e07
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Cath Lab Indices of 
Microcirculatory Function

Fawaz, Karamasis, Keeble et al. Interv Cardiol. 2023;18:e07
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Coronary Flow Reserve (CFR) & Index Microcirculatory Resistance (IMR)

Hard/Software for Bolus Thermodilution Measurements

* Pressure & temperature sensor

*
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Coronary Bolus Thermodilution Method
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IMR and CFR measurements

Mean Resting Transit Time

Resting Temperature Curves 

Mean Hyperaemic Transit Time

Hyperaemic Temperature Curves 

Normal CFR > 2.5

Normal IMR < 25
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Moderate/poor agreement between different methods

Fawaz, Karamasis et al. Int J Cardiol Heart Vasc 2024:51:101374
Tsai et al. JACC Cardiovasc Interv 2025 Oct 25:S1936 8798(25)02686-X
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Microvascular Obstruction/Injury in STEMI

Pre PPCI

Post PPCI

MVO on CMR

De Waha et al European Heart Journal 2017;38:3502–10
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Prognostic Value of IMR in STEMI

El Farissi M, et al. J Am Coll Cardiol Intv. 2023;16(19):2383–2392.
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Management of INOCA / ANOCA

Kunadian et al. Eur Heart J. 2020;41(37):3504-3520



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Management of INOCA / ANOCA

Kunadian et al. Eur Heart J. 2020;41(37):3504-3520
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Currently Available Medical Treatment Options for INOCA

Hwang D, et al. JACC: Asia. 2023;3(2):169–184
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Functional assessment in INOCA

Ford et al.  JAm Coll Cardiol Intv 2020;13:1847–64
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Ford et al. J Am Coll Cardiol. 2018;72(23):2841–55
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Invasive Coronary Function Testing in Angina
CorMicA RCT

Stratified Medical Therapy
Improvement on Health Status

Ford  et al J Am Coll Cardiol. 2018;72:2841–55
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1-Year Outcomes of Invasive Coronary Function Testing in Angina
CorMicA 1-Year

Ford et al. J Am Coll Cardiol Intv. 2020;13(1):33–45
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Ongoing Studies for Evaluating the Prevalence, Prognosis, and 
Management of INOCA

Hwang D, et al. JACC: Asia. 2023;3(2):169–184
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Conclusions

• A significant number of symptomatic patients does not have obstructive CAD

• MVD carries a strong prognosis predictive value

• Microvascular function can be assessed in the cath lab

• Invasive assessment of microcirculatory function is supported by 

International guidelines

• Bolus thermodilution is a simple method to quantify MVD in the cath lab

• More research is needed regarding prognosis and most importantly 

therapeutic options
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Thank you for your attention

g v l a c h o j a n n i s @ g m a i l . c o m
SOTIRIA ATHENS

THORACIC DISEASE HOSPITAL
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