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Background: ischemia and non-obstructive CAD

• 20-30% of patients presenting with chest discomfort characteristic of 
angina demonstrate no signs of obstructive CAD (NOCAD).

• Frequent clinical scenarios :

• Angiographically normal coronary arteries

• Functionally non-obtructive CAD (non-ischaemic iFR/FFR)

• Persistent post-PCI angina

• Causes severe impairment of quality of life and large healthcare costs.

Melikian N et al. Prog Cardiovasc Dis. Jan-Feb;2008; 50(4):294–310
Parsyan A et al. an J Cardiol 2012; 28(2 Suppl):S3–6.
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Study Population and Rates of Obstructive 
Coronary Artery Disease

397,954 patients at 663 sites37.6%

Multivessel CAD 53.0%

2-vessel CAD 30.5%

1-vessel CAD 46.7%

3-vessel CAD 22.5%

Obstructive CAD
(n=149,739)
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Symptom characteristics

Atypical symptoms
No symptoms
Angina

Patel et al: N Engl J Med 362:886, 2010

Results of noninvasive tests

Diagnostic yield of angiography and non-diagnostic tests
Best posible scenario: 

angina + demonstrated ischaemia:

>45% have no obstructive CAD (ANOCA)



• From Syndrome X to NOCAD

• From a single physiological index to combined tests

• From microcirculatory disease to endotypes of vascular 
dysfunction

• From cardiovascular events to patient symptoms

Knowledge shifts in INOCA over last 10 years



1985 2019

Syndrome X
Unknown etiology
Diagnosis by exclusión
Considered a benign condition

INOCA
Clear dysfunction pathways
Diagnosis based on objective evidence
Entails a bad prognosis

From Syndrome X to INOCA



Abnormal CFR in women with INOCA

AlBadri A et al JACC 2019; 73:684–93

Low CFR

High CFR



• From Syndrome X to NOCAD

• From a single physiological index to combined tests

• From microcirculatory disease to endotypes of vascular 
dysfunction

• From cardiovascular events to patient symptoms

Knowledge shifts in INOCA over last 10 years



Epicardial 
vessels

Main function:
Conductance

Tests :
-FFR, iFR

Interrogating epicardial vessels and the microcirculation

Micro-
circulation

Main function:
Regulation blood supply + conductance

Tests: 
-CFR (endothelial- and non-endothelial dependent)

-Minimal resistance (i.e. decreased
conductance)



FFR

CFR

High iMR
Normal IMR 

Echavarría-Pinto M, Escaned J et al Circulation 2013

Status of coronary flow regulation (CFR)

Minimal (pasive) resistance of the
microcirculation (IMR, HMR)

Contribution of obstructive disease to 
myocardial blood flow impairment (FFR)

Combining FFR, CFR and microvascular resistance



FFR

CFR

High iMR
Normal IMR 

FFR

CFR Predominant
MCD

Diffuse vessel 
disease

Combining FFR, CFR and resistance

Echavarría-Pinto M, Escaned J et al Circulation 2013



• From Syndrome X to NOCAD

• From a single physiological index to combined tests

• From microcirculatory disease to endotypes of vascular 
dysfunction

• From cardiovascular events to patient symptoms

Knowledge shifts in INOCA over last 10 years



From microcirculatory disease to endotypes 
of vascular dysfunction

Kaski JC et al Circulation. 2018;138:1463–1480.

2017

Mejía-Renteria H, Escaned J et al Int J Cardiovasc Imaging. 2017;33:1041-1059
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Mejia-Renteria H, Escaned J et al. Int J Cardiovasc Imaging 2017 / DOI 10.1007

A resistive map of the coronary circulation
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Mejia-Renteria H, Escaned J et al. Int J Cardiovasc Imaging 2017 / DOI 10.1007

Preferred tests:

Acetylcholine
testing
Exercise

Vasomotor INOCA endotype



Female patient, prior stenting LAD/DX, persisting angina



Q
R

P

s

ao
P

d
R

d>100μm
R

cap
R

d<100μm

Rmicro

P zf

Metabolite
mediated
dilation

Endothelial 
cell mediated 
constriction

Capillary
recruitment

Endothelial 
cell mediated 
constriction

Vasomotor INOCA endotype



Persistent angina after stent implantation
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Structural microvascular remodelling INOCA endotype

Preferred tests:

CFR
Resistance
Conductance
Exercise



Escaned J, Lerman LO Eur Heart J 2020 

Microvascular remodelling in HTN



Validation of physiology measurements against endomyocardial biopsies. 
Both arteriolar obliteration and myocardial capillary rarefaction are independent contributors 
to decreased microvascular conductance.

Escaned J et al. Circulation. 2009; 20;120:1561-8

IHDVPS

Microcirculatory conductance and structural remodelling
of arterioles and capillaries

Microcirculatory 
Conductance
(cm/s/mmHg)



Female patient, hypertension + LVH, positive ET (LBBB)



• Reduced CFR (1.4)

• High resting flow (41 cm/s)

• High microvascular
resistance (HMR = 2.6)

• Reduced CFR (1.6)

• High microvascular
resistance (IMR = 31)

Clinical case #1

Clinical case #2

Case examples of structural microvascular remodelling



Doppler + pressure

• CFR≤2.5

• HMR>2.5 mmHg/cm/s

EKG / Angio

• EKG changes (12 lead)

• Epicardial / arteriolar 
spasm (↓ flow)

• CFR Ach ≤1.5 (Doppler)

Endothelium-independent
pathways of dysfuntion (adenosine)

Endothelium-dependent
pathways of dysfuntion (Ach)

Thermo + pressure

• CFR≤2.0

• IMR>25 units

Assessment of pathways of dysfunction in a nutshell

Structural endotype Vasomotor endotype



• From Syndrome X to NOCAD

• From a single physiological index to combined tests

• From microcirculatory disease to endotypes of vascular 
dysfunction

• From cardiovascular events to patient symptoms

Knowledge shifts influencing ESC guideline recommendations



• Structural remodeling? (Low 
CFR/high IMR)

Stratified treatment of INOCA in a nutshell

→Reduce VO2 (BB, CCB) and control 
triggering factors of MV remodeling (CRF and 
other), statins.

• Vasomotor disorders? (abnormal 
Ach testing)

→Control vascular tone (CCB, nitrates, 
vasodilators), ACE inhibitors, statins

• Pain triggered by adenosine or 
iodinated contrast?

→Consider aminophylline / 
caffeine, tricyclic antidepresants

In all cases: lifestyle modification, quantification of therapeutic progress (SAQ)



CORMICA study population / 6 and 12 month FU

Ford TJ et al JACC Interv 2020;13:33–45. 



C
u

m
m

u
la

ti
ve

M
A

C
E 

(%
) 

   
  

Days from index procedure

Overall study population
Stratified by CFR and IMR 

Lee MG, Koo BK et al JACC 2016;67:1158-69.

Structural microvascular remodelling and prognosis

High resistance
Low CFRC
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Index of microcirculatory
resistance

CFR and IMR in stenoses with FFR>0.80



Mohammed SF et al. Circulation. 2015 Feb 10;131(6):550-9.

Microcirculatory rarefaction in HFpEF



Recommendations Class Level

Guidewire-based CFR and/or microcirculatory resistance measurements should 
be considered in patients with persistent symptoms, but coronary arteries that 
are either angiographically normal or have moderate stenoses with preserved 
iwFR/FFR.

IIa B

Intracoronary acetylcholine with ECG monitoring may be considered during 
angiography, if coronary arteries are either angiographically normal or have 
moderate stenoses with preserved iwFR/FFR, to assess microvascular 
vasospasm.

IIb B

Transthoracic Doppler of the LAD, CMR, and PET may be considered for non-
invasive assessment of CFR.

IIb B

Microvascular vasomotor disorders

Microvascular structural remodelling

ESC Guidelines on Chronic Coronary Syndromes

2019 ESC guidelines recommendations / Microvascular angina



Additional information: EAPCI consensus document

EAPCI Consensus document ANOCA / Eur Heart J 2020 / doi: 0.1093/eurheartj/ehaa503



Thank you for your attention


