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Overview

ÅIschemia non-obstructive coronary arteries (INOCA) 

ïEpidemiology

ïPathophysiology

ïPrognosis

ÅWhy INOCA is of interest to diagnose



INOCA ïDanish study

Å 11223 with SA with 

angiography

Å 5705 in healthy cohort

Å EP of MACE

Å HR of 1.52 for normal 

CAD and 1.85

Å HR of 1.29 and 1.52 

for death

Å 65% of women and 

33% of men had non-

obstructive/normal

Jesperson et al. EHJ 2012;33:734.



INOCA ïDanish study

Jesperson et al. EHJ 2012;33:734.



INOCA - Methods

Kissel et al. BMC CV diseases 2018;18:173-



ÅOverall APPROACH population ï70% male

ÅNormal EF population ï68% male

ÅNO CAD population (<50%) ï51.5% male

ÅCohort with normal EF 

ï45% of women had NOCAD

ï23% of men had NOCAD

ÅCohort with normal EF and SA presentation

ï58% of women had NOCAD

ï32% of men had NOCAD

ÅCohort with normal EF and ACS presentation

ï40% of women had NOCAD

ï18% of men had NOCAD

INOCAïResults



Results ïSurvivor analysis for Women

Kissel et al. BMC CV diseases 2018;18:173-



INOCA

ÅPathophysiology

ÅUnrecognized plaque rupture with clot dissolution

ÅAbnormalities of vasomotion or microvascular dysfunction

ÅAnatomical abnormalities ïdiffuse atherosclerosis, SCAD 

ÅMetabolic abnormalities and ischemia

ÅAltered pain perception 

ÅMetabolic syndrome



Microvascular - anatomy
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Taqueti et al. JACC 2018;72:2625-



Microvascular - physiology
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Taqueti et al. JACC 2018;72:2625-



LAD-D5W LAD- Ach 10-6

Mild Coronary Dilation

Endothelial Function and Atherosclerosis



Ach patterns ïDiffuse spasm

Sato et al. JAHA Aug 2014

Diffuse spasm

Of endothelial dysfunction



Sato et al. JAHA Aug 2014

Focal spasm in LAD

Ach patterns ïVariant angina



Ach patterns ïMicrovascular spasm

Peter Ong, Chest pain with normal CA, p 247



Ach vasoreactivity testing - INOCA

Ong et al. JACC, Circ 2014;129:1723

921 pts with chest 

pain and minimal 

CAD, 362 men

200 mcg left and 80 

mcg RCA over 3 

min

No pacemaker

European 

population
Only 9 with Prinzmetals angina



Microvascular dysfunction- how to assess

Camici et al. Nature reviews Cardiol 2015;12:48-

ÅCoronary flow reserve ïusually adenosine stress

ïTransthoracic Doppler of LAD

ïMyocardial contract echo

ïPET ïRb 82

ïCMR stress perfusion

ÅQualitative assessment of ischemia

ÅSemi-quantitative MPRI

ÅFully quantitative assessment of MBF

ÅStress T1 mapping changes

ïCT derived CFR

Å Invasive measures

ïTIMI frame count, myocardial blush score

ïCFR to adenosine

ïEndothelium dependent increases in CBF to Ach

ïHyperemic microvascular resistance

ï IMR



Microvascular dysfunction INOCA

Sara et al. JACC Int 2015;8:145-

1439 subjects 

with CP NOCAD

65% women, 

mean age 51 y

Overall 64% had 

abn of 

microvascular Fx

Only predictor 

was increasing 

age, not gender

No correlation 

with stress tests



Microvascular dysfunction INOCA

Lee et al. Circulation  2015;7:131:1054-

139 CP and 

NOCAD

Full cath lab 

studies

77% women

Overall 2/3 had 

some abnormality



CorMica Study ïOne year follow-up 

Ford et al Circ CV interv; Dec 

2019 ahead of press

391 with angina, 184 with 

INOCA

INOCA pts had more 

dyspnea, lower QOL, fewer 

risk factors, 2x more likely 

female

151 with vasoreactivity 

testing

Ischemia on testing and 

exercise angina were 

associated with 

microvascular angina on 



WISE CVD study 

Quesada et al. AHJ 2020;220:224-

WISE ï437 women, 374 

CMR, 279 vasoreactivity 

studies

212 one year follow-up

Adenosine, Ach infusions 

with no bolus,CPT

Doppler wire but not 

combi-wire

CMR ïadenosine, CPT

37% CFR <2.5, 50% 

conduit vessel endo dys 

(not spasm), 50% micro 

endo dysfunction



INOCA  

Suda et al. JACC 2019;74;2350-

187 Japanese patients ï113 

men

Ach bolus and iv adenosine

Combi wire

68% vasospastic and 75% 

with vasomotion abn

10 cardiac events in f/u

Rho kinase inhibitor

IMR correlated with events


