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Réseau coronaire épicardique:

L’ arbre qui cache la forét . . ...



Arteres épicardiques : seulement 5% des résistances totales

Epicardial Arteries
>400 um

Structure

Conduit vessels

Function
5%

Epicardial arteries

Total resistance (%)

Taqueti, V.R. et al. ] Am Coll Cardiol. 2018;72(21):2625-41.
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Microvascular disease

How can we diagnose what we cannot see?

Yolande Appelman* MD, PhD
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Coronary Microvascular Dysfunction
Across the Spectrum of
Cardiovascular Diseases
JACC State-of-the-Art Review

Marco Giuseppe Del Buono, MD,” Rocco A. Montone, MD, PuD,” Massimiliano Camilli, MD,*

Salvatore Carbone, PuD,“" Jagat Narula, MD, PuD,” Carl J. Lavie, MD," Giampaolo Niccoli, MD, PuD,"

Filippo Crea, MD™"

CENTRAL ILLUSTRATION Role of Coronary Microvascular Dysfunction Across Different Cardiovascular Diseases

CARDIO-
INOCA/MINOCA MYOPATHIES

» Variable combination
of functional and
structural mechanisms

Coronary Microvascular
Dysfunction

IATROGENIC

« Embolization

« Increased sympathetic
tone

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




Coronary Microvascular Dysfunction
Across the Spectrum of
Cardiovascular Diseases

JACC State-of-the-Art Review

FIGURE 2 Role of CMD in Determining Ischemia

Structural mechanisms
Plaque rupture/ Stable Bridge
Epicardial mechanisms erosion plaque

of ischemia
@ e @

Marco Giuseppe Del Buono, MD,” Rocco A. Montone, MD, PuD,” Massimiliano Camilli, MD,*
Salvatore Carbone, PuD," Jagat Narula, MD, PuD,* Carl J. Lavie, MD," Giampaolo Niccoli, MD, PuD,*
Filippo Crea, MD™"

RISK factors

Functional mechanisms

Diabetes Hypercholesterolemia

Hypertension Obesity " : \
# ——- .)-'V_/.' Epicardial spasm
/ stress \
' v v
INO 1ROS 1Adhesion
availability superoxide molecules

Microvascular mechanisms of

| Endothelium A Endothelial
dependent-vasodilation activation

ischemia
Structural mechanisms Functional mechanisms
siiobl e » Abnormal vascular remodeling (VSMC proliferation
g? ‘»‘“’w",/;f' 10pm and activation, perivascular fibrosis. microvascular , Endothelial ,
%_’ Aiaton 'T\“::':;::':\;'V‘ II]ﬂ(IUH”OtIO”) ) /' dysfunction y
' Recuitment  Monocytes « Luminal obstruction (Intravascular plugging) / Yo b
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Figure 4 Microvascular response to risk factors. NO, nitric oxide; ROS, reactive oxygen species.

Ischemia may be cause by subtended by epicardial and/or microvascular structural and functional mechanisms. Epicardial causes determining ischemia indude acute
plaque disruption with lumen occlusion and epicardial coronary spasm, myocardial bridge, or progressive obstruction with vessel narrowing. CMD can result from an

abnormal vasodilatory ability of the microvasculature, compressive external forces affecting the intramural microvessels, or microvascular spasm. CAD — coronary artery

disease; VSMC — vascular smooth muscle cells




Exploration de la microcirculation
coronaire en 2024

B

« Comment ?
* Pour quel patient ?

* Pourquoi?
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GURE 1 Coronary Artery Circulation and Diagnostic Tools for CMD Assessment nuasweassessment of CMD
EPICARDIAL PRE ARTERIOLES ARTERIOLES capitealfles ?;;e;:m;r;tn::: both epicardial and microvascular Assessment of microvascular compartment

ARTERIES .
+ CFR (with Doppler or thermodilution technigue) «[MR (with thermodilution technique)
Ratio between coronary blood flow at maximal Product of the distal coronary pressure and mea

hyperemia and under resting condition transit time of a saline bolus during may]
hyperemia

+ Intracoronary Provocative Testing (Acetylcholine) ~ « HMR (with dual Doppler and pressure wire technique)
Pressure distal to a stenosis (or in the absence of a

Assessment of vasoconstriction disorders (epicardial
or microvascular spasm) stenosis distal coronary pressure) divided by the distal
average peak velocity during maximal hyperemia,

during the whole cardiac cycle

Main TRANSPORT REGULATION EXCHANGE
Function
sl 0 ) O ) Noninvasive assessment o.f CMP |
to flow % 20% 60% 15% Assessment of both epicardial and microvascular compartments
(%) o o . . . : . :
v BCROCRCLATION 1 » CFRV (with Doppler transthoracic echocardiography technique): Ratio between coronary blood flow at maximal
E—l 1 ] hyperemia and under resting condition
500 100 10
Myocardial g i ol » MPR (PET, CMR, CT-scan technique): Ratio between myocardial blood flow at peak stress and rest
Pressure
« MPRI (CMR technique): Ratio of myocardial blood flow at hyperemia/rest for the whole myocardium and

Coronary Microvascular Dysfunction
Across the Spectrum of

Cordiovacculor Diconsos separately for the 16 segments
JACC State-of-the-Art Review

Marco Giuseppe Del Buono, MD,” Rocco A. Montone, MD, PuD,” Massimiliano Camilli, MD,*
Jagat Narula, MD, PuD,” Carl J. Lavie, MD,” Giampaolo Niccoli, MD, PuD,"

Salvatore Carbone, PuD,
Filippo Crea, MD*"



SRRy [Comment 2J§

at maximal hyperemia

Myocardial resistance = A Pressure / Flow (simplified)

—
~
Myocardial resistance
A Pressure = Pd - Pv = Pd (assuming Pv = 0)
Flow=1/T.,,

IMR = Pd / (1/ T,)

IMR=PdxT,,, (at maximal hyperemia)




IMR-Procedure (3)

® Maximal hyperaemia will be induced using 140 pug/kg/min of intravenous
adenosine via a central venous catheter preceded by a 2 ml intracoronary
bolus of 200 ug nitrate.
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IMR-Procedure (5) _

or, more simply, multiplying the mean distal

coronary pressure by the hyperaemic transit time
¢ The mean aortic and

(mm Hg x s, or U) where s are seconds and U: units
distal coronary pressures will be

recorded during peak hyperaemia. The IMR = Pd x Tmn Hyp X

IMR is defined as distal coronary

pressure divided by flow during peak

hyperaemia and calculated by dividing 2002.02-19 10:04
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Exploration invasive fonctionnalité coronaire

: mean resting transit time/mean hyperaemic transit time

: Pd x mean transit time
at maximal hyperaemia

:Pd/ Pa
at maximal hyperaemia

: RI / IMR
RI= resting Pd x mean resting transit time



@ ESC Furcpean Heart Jourral (2020) 41, 354351 SPECIAL ARTICLE

European Society doil 109 Mewhear§/aiaas I3 Ischaemic heart disease
of Cardislagy

An EAPCI Expert Consensus Document on
Ischaemia with Non-Obstructive Coronary

Table | Diagnostic criteria for microvascular angina

Criteria Evidence Diagnostic parameters

Symptoms of myocardial ischaemia® Effort or rest angina

Exertional dyspnoea
2 Absence of obstructive CAD (<50% diameter Coronary CTA
reduction or FFR >0.80) Invasive coronary angiography
3 Objective evidence of myocardial ischaemia® Presence of reversible defect, abnommality or flow reserve ona

functional imaging test

4 Evidence of impaired coronary <lmpaired coronary flow reserve (QULOff S2.0), invasive or

microvascular function noninvasively determined

Cmrunaz microvascular spasm, defined as rEPdeUCtiUﬂ of symptoms,

ischaemic ECG shifts but no epicardial spasm during acetylcholine testing

. IMR. >25

microvascular resistance indices (e.

Abnormal corona




Review Article

Coronary microvascular dysfunction and myocardial infarction with
non-obstructive coronary arteries: Where do we stand?

Abdul-Quddus Mohammed ™', Fuad A. Abdu™', Lu Liu”, Guoqing Yin", Redhwan M. Mareai °,
Ayman A. Mohammed ®, Yawei Xu®, Wenliang Che >

European Journal of Internal Medicine 117 (2023) 8-20

Table 2
Methods to identify specific dysfunction., pathological mechanisnys, armnd hemo-
dvnamic profile of CNII».

Specific dysfunction Methods

Impaired dilation (Functioszal) CFER (Dopplers thermodilution), TIDE,
(Endorthelial-independent MPRI, MBF (byv non-inwvasive rechnigues)
dwsfunction)

Microvascular spanis (Endothelial- Provocation spasin test (ACH  Ergs)
dependent dysfuncrion)

Structural remodelinges IMIER, HMIR, callvilR

Pathological mecharnisrms Hemodyrarnmric
profile
Adenosine test Wasoreoaoctivitys
(acetvicholine test)
Coronary microvascular CFR 2.0 MNo or =—90%%h diarmmeter
Ay sfuncrion Strwuctuweal HMER 1.9 reduction MNo angina amd
remvoddelime IME =25 EEKG changes
Coronary microwvascular CFR-=—22.0 MNo or =90%% diarmeter
dwsfuncrion Microvascular HMERB =1 .9 reductiomn
SPASITL IMEB —25% -+ Aansina and EKG changes
Coromnary microwvascular CFR-=—2.0 MNo or =-90%0 diarmmeter
Awsfuncrion Structwural HMR=—1.9 reducticomn

remodeling and Microvasculan IMEB =25 4+ Angina and EKG changes
SPaasIil

CFR: coronary flow reserwves; TDE: Transthoracic doppler echocardiograply;
MPERI: mivocardial perfusion reserve index:; WIBF: mayvocardial blood flow:; ACH:
Moocetyvlcholine; FErg: ergonowvine; HFIWMER: hyvperemic microvascular resistance; INMER.:

index of mEicrovascular resistance; calWIR: coronary angiography derived index
of microvascular resistance; EKi{G: electrocardiograpliw.



IMR: preuves cliniques ?

DISCIPLINE

No child's behind left behind.




ESC Working Group on Coronary
Pathophysiology and Microcirculation position
paper on ‘coronary microvascular dysfunction
in cardiovascular disease’

@ ESC Cardiovascular Research (2020) 116,741-755

European Sociely doi10.1093ovr/owalid
of Cardiology

No-reflow phenomenon

Microembolization Microvascular structure

Loss of viable cell-cell junctions
+» Obstructive emboli Leaky capillaries
+» Platelet-neutrophil aggregates Endothelial inflammation

Endothelial swelling

Microvascular obstruction

Figure 3 Pathophysiological mechanisms of microvascular dysfunction associated to the non-reflow phenomenon.




Predictive Value of the Index

of Microcirculatory Resistance in Patients
With ST-Segment Elevation Myocardial Infarction

William F. Fearon, MD, Maulik Shah, MD, Martin Ng, MD, Todd Brinton, MD,
Andrew Wilson, MD, Jennifer A. Tremmel, MD, Ingela Schnittger, MD, David P. Lee, MD,
Randall H. Vagelos, MD, Peter J. Fitzgerald, MD, PHD, Paul G. Yock, MD, Alan C. Yeung, MD

Stanford, California
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Compared to standard measures, IMR appears to be a better predictor of

microvascular damage after STEMI, both acutely and in short term follow-up.
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g
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IMR <32 IMR>32

Peak CK With Low Versus High IMR

A comparison of the average peak creatine kinase (CK) in patients presenting
with an index of microcirculatory resistance (IMR) less than or equal to the median
value with those presenting with an IMR greater than the median value.

- 10 4

IMR < 32 IMR > 32

Three-Month Wall Motion

Rl s ore With Low Versus High IMR

A comparison of the wall motion score at 3 months in patients presenting with
an IMR less than or equal to the median value with those presenting with an
IMR greater than the median value. Abbreviations as in Figure 1.

Journal of the American College of Cardiology

© 2008 by the American College of Llrdloluq\ Foundation
Published by Elsevier Inc.




, The Kaplan—Meier curves displaying the relationship between IMR >40 and survival free of
death or rehospitalization for heart failure.

IMR - Déces et

Hospitalisations pour IC IMR>40

Survival Free from Death or
Rehospitalization for Heart
Failure (%)

No. at risk:
IMR =40
IMR >40

IMR>40

IMR -Mortalité

Survival (%)

4 American
Heart
Association,




Patient 46 ans IDM ant H+3

IMR=48 MaR=42%



Patient 46 ans IDM ant H+3

Résultats

Le ventrcule gauche nest pas dilaté (VTDVGI - 72 mLm?) i hypertrophié (Masse VGi - 51 gime).
Séquelle ASA

La FEVG st mesurég a 43%.

Pas d'hypoperfusion Sur es séquences de fer passage.

Rehaussement myocardique pathologique ASA quasi transmural Sur les séquences tardives.
Pas d'anomalie endo cavtaire.

Aspect nomal du ventricule drot.

Pas d'épanchement ou de rehaussement pathologique du péricarde

PA - 109/63

Conclusion

VG de dimensions normales.

Akingsie ASA.

FEVG 43%.

Rehaussement tardif ASA sous endocardique quasi transmural.

IRM a 6 mois FEVG=43%



Patient 56 ans IDM ant H+2

IMR=17 MaR=32%



Patient 56 ans IDM ant H+2

Résultes

Ventcle gauche nondié, on yperophié avec vlume eédastoiue st 64 mimd, voume
syt mestré a 20 i

Lamasse VG estevaluée a 2.l

Fracton diecfon sub omae mesurée s de 0%,

e ne Pypokése,

Absence dedemeen T2STR

Absence dhypoperisonors  frpassage namiue du proct e contaste

10 minte e ecion,présence un rehausement i paholoiue sseneement sus endocardie
Oeprteanéro seple o ¢ apica

Conclusion

Cardopaleschémigue avecackon diecion v gauche congenee asocant ne ypolinése
a0 eptal S modeeée esseelement moyene faicale a0 4 un reussementsus
endocardique émignant dune écros & hvea mais aec ersisance dune bomn viaie e et
Absence de (hromous apica,

IRM a 6 mois FEVG=60%



Evaluation de la microcirculation en 2024
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Du syndrome X a I’angine microvasculaire...

1. CARACTERISTIQUES CLINIQUES

* Présence d’angine typique et coronaires normales;

* Présence d’ischémie ou de dysfonction endothéliale;
Exclusion des DRS non cardiaque (Gl. pericardite. etc.)

Patients jeunes
2. EXAMENS DIAGNOSTIQUES
* Dépression segment ST lors de I'épreuve d’effort:
* Absence de spasmes a I'ergonovine ou acétylcholine; Prédominance féminine

* | débit sanguin a I'adénosine ou résonance cardiaque.

3. CO-MORBIDITE & PRONOSTIC
* Sidysfonction endothéliale — traitement plus agressif;
* Résistance a I'insuline? Inflammation? |estrogéne? —
agressivité selon impact sur la qualité de vie.

Figure 2. Approche diagnostique du syndrome X
cardiaque™&

pathologie ne répond pas a tous les antiangineux. Le traitement actuel proposé consiste a .

a introduire un bétabloquant et de la nitroglycérine au besoin. Pour traiter en deuxieme ligne la perception inadéquate de
la douleur, on pourrait envisager I'imipramine. Le suivi clinique est souvent important. Les nombreux examens engendrés
n'apportent pas toujours les réponses escomptées et provoquent chez le patient un sentiment de découragement ou d’anxiéte.




Microvascular disease: tres fréquente...

JACC: CARDIOVASCULAR IMAGING, VOL. 8, NO. 2, 2015

FEBRUARY 2015:210-20

Angina pectori, the most common symptom of ischaemic heart

dsease (HD), afects approsimately 112 millon people globaly.
management of paients with chronic coronary syndromes (CCS. A

Ancina wihout coronary atery iseas (CAD) as substandZCorcty and is present i 10% o 30% ofpatent undeE:
g 1 angioguatT:Coronary microvasula ysfunction (CMID) i present in 50% to 5% o these patient. TRl

eatment of hscohort i ndefied. We perfomed astematic eview toxluateteatment trateges for objctvly
d Ained CHDinthe absenceof CAD.Weincuded tucies assssing therapyinhuman ubjectswith angina and coronary low

large proportion of patients (up to /(%) undergoing coronary angi-

esenve o myocaria pefusonreseve <25y postonemision omography, aca magnec esonance magng ography because of angina and evidence of myocardial ischaemia do

o metho o tacoronar Dol et of cny ey s 250% or st et e, [ NOC ave: obstructive: coronary arteries but have demonstrable

Only 8 papers mek thetricincusion ritia, Te papes were heteoqeneous,using ferent reatments, endpoint, and

schaemi, Studies camied out in the past two decades have

EEEEEEEEEEEEEE

of Cardiclagy

Coronary Microvascular Dysfunction,
Microvascular Angina, and Treatment
Strategies

An EAPCI Expert Consensus Document on
Ischaemia with Non-Obstructive Coronary



Microvascular disease: MACE...

FIGURE 9 Graph of MACE
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>0%-<5% 25%-<10% =210%-<15% =215%-<20% 220%-<25% 225%
% of Left Ventricle

- CFR1.0tol.5 —&—CFR>15t020 ®— CFC severe

Graph of major adverse cardiovascular events (MACE) for severely reduced CFC, severely reduced CFR, and moderately reduced CFR with

progressive size regionally as percent of the LV by objective quantitative HeartSee software (approved FDA 510(k) number 171303) (see text).

Abbreviations a in Figure 1.

Gould and Johnson JACC VOL. 72, NO. 21, 2018
CFR and Microvascular Angina NOVEMBER 27, 2018:2642-62
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15%

10%
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Coronary Flow Reserve

P<0.0001 (CFR) \

P=0.56 (gender) — CFR <2.0
/

\
— Male — CFR 22.0
— Female !
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Stratified Medical Therapy Using Invasive

Coronary Function Testing in Angina

The CorMicA Trial

FIGURE 1 Stratified Medical Therapy Guided by an IDP in Patients With Angina but No Obstructive CAD

Invasive coronary
angiography

Pressure wire

(adenosine)

Normal Invasive Physiology
(FFR 0.84, CFR 5.3, IMR 9)

i
N

Vasoreactivity
(acetylcholine)

Vasospasm with ACh
(resolves with nitrate)

Vasospastic Angina

: 3 - Smoking cessation
Diagnosis &

B Z « Calcium channel blocker
Management

- Long-acting Nitrate
- Lifestyle changes

No Obstructive CAD
Il

Coronary Microvascular Dysfunction
(FFR 0.95, CFR 1.3, IMR 33

Endothelial dysfunction without
vasospasm to ACh

iyt
Microvascular Angina
» Betablocker (e.g. Nebivolol)
« Lifestyle changes & weight loss
(Cardiac rehab, smoking cessation)
- Consider ACEi & Statin

Normal invasive physiology
(FFR 0.87, CFR 3.2, IMR 16)
{1

No significant response to vasoreactiv
testing
M

.
&

Non-Cardiac Chest Pain
- Stop antianginal Rx
» Discharge from cardiology
» Consider non-cardiac investigation

jity




UNDATION

Stratified Medical Therapy Using Invasive
Coronary Function Testing in Angina
The CorMicA Trial

TABLE 3 Primary Outcome and Changes in Health Status at & Months

Control (n = 75) Intervention (n = 73) Intervention Effect®

6 Months  Change From Baseline 6 Months  Change From Baseline Estimate 55% Cl p Value

Primary efficacy endpoint—
Seattle Angina Questionnaire

Angina summary score 51.8 £+ 26.1 31+ 213 675+ 23.0 14.4 + 20.1 499 t018.37  0.001
Angina limitation 50.9 + 31.2 -1.6 + 22,1 65.4 £ 27.7 126+ 225 732102167  <0.001
Angina stability 463+ 259 5.0 +37.2 572 + 24.] 89 +33.4 4.3 -6.88101549 0.452
Angina frequency 55.9+30.3 1.6 + 271 745+ 22.2 10.1 + 27.5) 0.49t018.09 0.040
Treatment satisfaction 7.9+ 23.6 -99 + 258 83.9 £18.9 21 +£19.0 473t019.37 0.002
SAQ quality of life 48.8 + 28.2 93+ 275 619 +27.5 19.5 + 23.7 218 t018.79 0.015

Clinical events (6 months)
Major adverse cardiac and cerebrovascular events i 0.14-7.39 1.000




ESC GUIDELINES
_ @ ESC European Heart Journal (2019) 00, 1-71 Sl

European Society doi:10.1093/eurheartjlehz425 ' ARN
of Cardiology . el

2019 ESC Guidelines for the diagnosis and

management of chronic coronary syndromes

Guidewire-based CFR and/or microcirculatory resistance measure-
ments should be considered in patients with persistent symptoms,

but coronary arteries that are either angiographically normal or

have moderate stenoses with preserved iwFR/FFR.

CFR <20 or IMR >25 units,




Personalized Medicine Using Coronary Microvascular Function Measured in Patient with Percutaneous

Coronary Intervention in Angina

DECISIONING

Etude Multicentrique

RANDOMISATION
au cath-lab

stratifiée sur IMR pré-PClI

GROUPE INTERVENTIONMNEL GROUPE CONTROLE
Medecine personnalisee, IMR en ouvert Soins courants, IMR en aveugle

IMR = 25
Mise en place du
Traitement de la

CNVD

\

IMR < 25 IMR = 25 IMR < 25

Pas de Soins Soins

traitement de la courants EEnn s
CchNVD

g

CRITERE DE JUGEMENT

PRINCIPAL

OBJECTIF PRINCIPAL

Démontrer un effet positif de la « médecine personnalisée » sur l'angine de
poitrine chez les patients ayant eu une rewvascularisation épicardique par

angioplastie et avec une CMVD significative mesurée par I'lIMR pré-PCI.

CRITERE DE JUGEMENT PRINCIPAL

Le critére de jugement principal est la différence moyenne de sévérité de IY'angor
alan, évaluée par le Seattle angina questionnaire summary score (SAQSS) entre

les patients avec un IMR pré-PCl anormal dans le groupe interventionnel

comparé avec les patients avec un INMR pré-PCl anormal dans le groupe contrdle.



Review

Pathophysiology and diagnostic pathway of myocardial infarction with 13
non-obstructive coronary arteries

updates

un Takahashi (MD, PhD, FJCC) *, Sho Onuma (MD), Kiyotaka Hao (MD, PhD), Shigeo Godo (MD, PhD),
akashi Shiroto (MD, PhD), Satoshi Yasuda (MD, PhD, FJCC)

Department of Cardiovascular Medicine, Tohoku University Graduate School of Medicine, Sendai, Japan

Journal of Cardiology 83 (2024) 17-24
Definition of myocardial infarction with non-obstructive coronary arteries (MINOCA)

Detection of a rise and/or fall in cTn
values with at least one value above the
99th percentile upper reference limit

AMl defined by the Clinical evidence of myocardial
‘Fourth Universal ischemia as shown at least 1 of the
Definition of MI' criteria following: . _

- Symptoms of myocardial ischemia

- New ischemic ECG changes

- Development of pathological Q waves

- Imaging evidence of new loss of viable

myocardium or new RWMA
- Identification of a coronary thrombus

Non-obstructive No stenotic lesion angiographically
coronary arteries on 50% or greater in the major epicardial

angiography coronary artery

Alternate diagnosis includes as follows;
No other cause of the - Sepsis

. - Pulmonary embolism
acute presentatlon - Cardiac Contusion

- Other conditions with non-cardiac causes of
cardiac troponin elevation




ESC Guidelinas

Coronary embolism
Coronary microvascular dysfunction
+ Coronary spasm
» Coronary thrombaosis
* Myocardial bridging
Plagque rupture/erosion
Spontaneous coronary artery dissection

2023 ESC Guidelines for the management
of acute coronary syndromes

Cardiac trauma

@ ESC | _\h - . Cardiomyopathy

Cardiotoxins

European Society Myocarditis

of Cardiology + Strenuous exercise

+ Takotsubo cardiomyopathy
« Transplant rejection

Acute respiratory distress syndrome
Allergichypersensitivity reactions
+ End-stage renal failure
+ Inflammation
+ Pulmonary embolism
Sepsis
Stroke

WESC—

Figure 15 Undarlying causes for patients with a working diagnosis of myocardial infarction with non-obstructive coronary arteries. This figure cutlines

some of tha potential differantial diagnoses in patients with 2 working diagnosis of MINOCA, after coronary angiography, but this list is not edaustive




Original Investigation | Cardiology

o . . . o, 7
Mortality in ST-Segment Elevation Myocardial Infarction GraVIte s
With Nonobstructive Coronary Arteries and Mimickers
Odayme Quesada, MD; Mehmet Yildiz, MD; Timothy D. Henry, MD; Seth Bergstedt, MS; Jenny Chambers, MBA; Ananya Shah; Larissa Stanberry, PhD; Lucas Volpenhein;
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Santiago Garcia, MD; Scott W. Sharkey, MD With Nonobstructive Coronaries (MINOCA) and MINOCA Mimickers in Comparison With Obstructive Disease

Key Points 10-
Question Is 5-year mortality different in k
patients with ST-segment elevation
myocardial infarction (STEMI)
presenting with nonobstructive
coronaries (MINOCA) and MIMNOCA
mimickers (takotsubo cardiomyopathy.
myocarditis. or nonischemic
cardiomyopathy) as compared with
patients with obstructive disease?
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Findings In this cohort study of 8560
consecutive patients with STEMI,
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compared with obstructive disease,
5-year mortality hazard risk was higher
in patients with MINOCA and similar in
patients with MINOCA mimickers.

Meaning The findings of this study N%b‘?hrliklwe disease

suggest that STEMI without obstructive MINOCA
disease is a morbid disease. emphasizing

the need to diagnose the underlying

cause of MINOCA and MINOCA

mimickers at the time of the event.

Obstructive disease

Figure 2. Adjusted 5-Year Mortality Risk in ST-Segment Elevation Myocardial Infarction (STEMI) Presenting
With Nonobstructive Coronaries (MINOCA) and MINOCA Mimickers in Comparison With Obstructive Disease
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Fig. 3. (A) Kaplan-Meier curves for freedom from MACE according to the result of calMR (< 43 and >43) in MINOCA patients. (B) Kaplan-Meier curves for freedom
from angina rehospitalization according to the result of calMR (<43 and >43) in MINOCA patients. MACE, Major adverse cardiac events; calMR, coronary
angiography-derived index of microcirculatory resistance.




Recommendations Class® Level®

2023 ESC Guidelines for the management In patients with a working diagnosis of MINOCA,
of acute coronary syndromes CMR imaging is recommended after invasive

544,545

@ ESC angiography if the final diagnosis is not clear.

European Society

of Cardioloay Management of MINOCA according to the final

established underlying diagnosis is recommended,
consistent with the appropriate disease-specific

guidelines 546,550,552

In all patients with an initial working diagnosis of
MINOCA, it is recommended to follow a diagnostic

algorithm to determine the underlying final diagnosis.




The MINOCA diagnostic algorithm

Assessments to consider®

Climical history Physical exam ECG assessment

Detailed angiographic niravascular Assess for coronary
assessment £ LY iImaging microvascular dysfunction
angiography (incl. LVeDP) {(WVUSICCT) + vasoreactivity (ACh testing)

2023 ESC Guidelines for the management
of acute coronary syndromes

@ E S C Climical history Physical exam ECG assessment Echocardicgraphy

Assessments to consider?
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Blood tests? CTPAYCT brain®

Assessments to consider®

Fodlow -up clinic Repeat Cardiac
evaluation echocardiography rehabilitation
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The MINOCA diagnostic algorithm

Assessments to consider?

Clinical history Physical examg

Detailed angiographic Intravascular Assess for coronary
assessment + LV imaging microvascular dysfunction
angiography (incl. LVeDP) (IVUS/OCT) + vasoreactivity (ACh testing) I

2023 ESC Guidelines for the management @) esc
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Dissection spontanée
hématome disséquant

Erosion endothéliale Plaque détergée

12115{2011 12:40:14 1210812010 12:57:02
0001 0001
+  Rupture de plaque IVA
ISR ENS
N
S : %
* o e
¥
5 &
7. i )
3 7 —
2 X 5
= A e
J / )
=\ “J) )
fw%x
RS o o

i

A cEzn R \‘:{

R s

b, “, =
b Y 3 o |
"4 "
ks
g o
: - 9
o nﬂ‘“’
IR © ©®
Zoom: 2.4x

Intérét de I’imagerie endocoronaire - OCT



Microvascular disease

Ce qui n’ est pas une dysfonction microvasculaire....

Cardiomyopathie -TAKOTSUBO

Cardiovascular Revascularization Medicine
Volume 13, Issue 1, January-February 2012, Pages 66-68

Case Report

Takotsubo cardiomyopathy: reversible elevation in

microcirculatory resistance #

Jamie Layland ¥ b B Robert Whitbourn b, Andrew Maclsaac® b,Jithendra Somaratne ®, Andrew Wilson b

Intérét de 1’angiographie et de 1’échographie
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MINOCA

Initial work up

IVUS/OCT/CMR

If negative

Coronary hemodynamic evaluation

Vasodilation Vasoconstriction
(Adenosine) (Acetylcholine)
symptoms/EKG changes/no

epicardial spasm)
Microvascular dysfunction

Positive spasm test (ischemic

Diagnosis and management of CMD
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A Systematic Review and Meta-Analysis
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Psychosocial Factors of

Women Presenting With Myocardial
Infarction With or Without Obstructive
Coronary Arteries
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ABSTRACT

BACKGROUND Women with myocardial infarction (MI) are more likely to have elevated stress levels and depression
than men with MI.

3\ y
N\ y/

OBJECTIVES We investigated psychosocial factors in women with myocardial infarction with nonobstructive coronary
arteries (MINOCA) and those with MI and obstructive coronary artery disease (CAD).

High Perceived Stress (PSS5-4 26) High Depressive Symptoms (PHQ-2 22)

P =0.021

METHODS Women with MI enrolled in a multicenter study and completed measures of perceived stress (Perceived
Stress Scale-4) and depressive symptoms (Patient Health Questionnaire-2) at the time of MI (baseline) and 2 months
later. Stress, depression, and changes over time were compared between MI subtypes.

RESULTS We included 172 MINOCA and 314 MI-CAD patients. Women with MINOCA were younger (age 59.4 years vs
64.2 years; P < 0.001) and more diverse than those with MI-CAD. Women with MINOCA were less likely to have high
stress (Perceived Stress Scale-4 =6) at the time of MI (51.0% vs 63.0%; P = 0.021) and at 2 months post-MI (32.5% vs
46.3%; P = 0.019) than women with MI-CAD. There was no difference in elevated depressive symptoms (Patient Health
Questionnaire-2 =2) at the time of MI (36% vs 43%; P = 0.229) or at 2 months post-MI (39% vs 40%; P = 0.999). No
differences in the rate of 2-month decline in stress and depression scores were observed between groups.

P=0.019 P = 0229 P =0.999

Baseline 2-mo Post-MI Baseline 2-mo Post-M|
= MINOCA = MI-CAD = MINOCA = MI-CAD
(N =172) (N =314) (N =172) (N = 314)

CONCLUSIONS Stress and depression are common among women at the time of and 2 months after MI. MINOCA

patients were less likely to report high stress compared with MI-CAD patients, but the frequency of elevated depressive
symptoms did not differ between the 2 groups. Stress and depressive symptoms decreased in both MI-CAD and MINOCA
patients over time. (J Am Coll Cardiol 2023;82:1649-1658) © 2023 by the American College of Cardiology Foundation.

Hausvater A, et al. J Am Coll Cardiol. 2023;82(17):1649-1658.

High perceived stress (Perceived Stress Scale [P55-4] =6) around the time of myocardial infarction (MI) and 2 months after Ml was significantly higher among women
with myocardial infarction with obstructive coronary artery disease (MI-CAD) compared with those with myocardial infarction with nonobstructive coronary arteries
(MINOCA). There was no difference between high depressive symptoms (Patient Health Questionnaire [PHQ-2] =2) among MINOCA and MI-CAD patients both at the
time of Ml and 2 months after MI.
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: méthode simple,
quantitative d’évaluation de la

microcirculation coronaire.
Spécifique de 1a microcirculation
indépendante du tonus basal,

Table 1

An overview of methods to assess CMD.

Methods

Measure/
Index

Pros

Invasive
Coronarv
angiography

Provocation
spasm test
(ACH/Erg)

Intracoronary
thermodilution

Intracoronary
thermodilution

(TIMI-2/
TFC
count=25
F/S)

CFR doppler
(<2-2.5)

IMR (=>25)
or (>40)

Simple and readilv
available, without
additional costs

Simple and safe can

assess epicardial
JSmicrovascular

spams, doesn’t

require additional
equipment

Easily accessible, can

assess vasodilatory
capacity of
microvessels

Widely used method,
readily available,
specific to
microvascular
compartment, and
unaffected by resting
hemodynamic or
basal tone.

Semi-quantitative,
unable to elucidate
information
regarding the
underlyving
mechanisms of CMD
i.e. impaired
vasodilation or
microvascular
spasms

Requires additional
contrast, Lack of
availability risk of
potential
arrhythmias

Not specific to
microvascular
compartment.
Doesn’t differentiate
between epicardial
and microvascular

disease, affected by

perturbations
Requires guidewire
manipulations,
additional need for
hyperemic agents,
varying cut-off
values among
different patient
population
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> Redresser des diagnostics (faux positifs....)

» Amélioration pronostic et qualité de vie

» Outils diagnostics (invasifs, non-invasifs)

» Pourquoi ne pas valider un jour le principe du BVS.....(INOCA)
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Figure | Structural and functional alterations of coronary circulation responsible for persistence or recurrence of angina after percutaneous cor-
onary intervention.
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ESC Working Group on Coronary
Pathophysiology and Microcirculation position
paper on ‘coronary microvascular dysfunction
in cardiovascular disease’

—— No-reflow phenomenon

Microembolization Microvascular structure

Loss of viable cell-cell junctions
» Obstructive emboli Leaky capillaries
» Platelet-neutrophil aggregates Endothelial inflammation

Endothelial swelling

Figure 3 Pathophysiological mechanisms of microvascular dysfunction associated to the non-reflow phenomenon.
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Assessment of coronary microvascular function

Non-invasive assessment: TDE-CFR, calMR, MPR (PET, D-SPECT, CMR), MPRI (CMR).

Invasive assessment: Provocative spasm testing, CFR (doppler/thermodilution),
IMR/HMR.
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Prognostic impact of coronary microvascular dysfunction in patients with
myocardial infarction with non-obstructive coronary arteries

Fuad A. Abdu®, Lu Liu“, Abdul-Quddus Mohammed “, Guoqing Yin®, Bin Xu”, Wen Zhang®,
Siling Xu“, Xian Lv“, Rui Fan", Cailin Feng“, Tingting Shi
Wenliang Che ™~

European Journal of Internal Medicine

, Yunlong Huo b Yawei Xu™*,

Background: Myocardial infarction with non-obstructive coronary arteries (MINOCA) has been and remained a
puzzling heterogeneous entity. The index of microcirculatory resistance (IMR) is a quantitadve and specific index
for the assessment of microvascular function. However, the role of IMR in MINOCA has not yet been studied. This
study aimed o evaluare the prognostic value of coronary microvascular functon, as assessed by coronary
angiography-derived index of microvascular resistance (calMR) in MINOCA partients.

Method: This study included 109 MINOCA patients. Microvascular function was assessed by calMR and was
analyzed in 280 coronary arteries. The primary endpoint of the study was MACE, defined as cardiovascular
death, nonfatal MI, heart failure, stroke and angina rehospitalization. The best cut-off of calMR was derived from
ROC analysis based on MACE prediction.

Resulrs: The patents were classified into high calMRB (calMR>43LU) and low calMR (calMB.<43U) based on a
calMBR cut-off value of 43U, High calMR was observed in 55 (50.5%) patients. A total of 27 MACE occurred
during the 2 years of follow-up. MACE rate was significantly higher in patients with high calMR than in patients
with low calMR (36.4% vs 13.0%, P=0.005). The Kaplan—Meier curves showed a significantly increased risk of
MACE in patients with high calMR (log-rank P=0.001). Cox multivariate analysis showed that calMR =43 was a
highly independent predictor of MACE (HR, 3.03; 95% CI, 1.13 - 8.35; P-0.027).

Conclusions: calMR is a strong predictor of clinical outcome among MINOCA patients. The evaluation of IMR can
provide an objective risk stratification method for patients with MINOCA.
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Coronary Microvascular Dysfunction
Across the Spectrum of
Cardiovascular Diseases

JACC State-of-the-Art Review

Marco Giuseppe Del Buono, MD,” Rocco A. Montone, MD, PuD,"” Massimiliano Camuilli, MD,*

Salvatore Carbone, PuD,““ Jagat Narula, MD, PuD,” Carl J. Lavie, MD,"' Giampaolo Niccoli, MD, PuD,’
Filippo Crea, MD""

ABSTRACT

Coronary microvascular dysfunction (CMD) encompasses several pathogenetic mechanisms involving coronary micro-
circulation and plays a major role in determining myocardial ischemia in patients with angina without obstructive coronary
artery disease, as well as in several other conditions, including obstructive coronary artery disease, nonischemic car-
diomyopathies, takotsubo syndrome, and heart failure, especially the phenotype associated with preserved ejection
fraction. Unfortunately, despite the identified pathophysiological and prognostic role of CMD in several conditions, to

date, there is no specific treatment for CMD. Due to the emerging role of CMD as common denominator in different

clinical phenotypes, additional research in this area is warranted to provide personalized treatments in this “garden
variety " of patients. The purpose of this review is to describe the pathophysiological mechanisms of CMD and its
mechanistic and prognostic role across different cardiovascular diseases. We will also discuss diagnostic modalities and
the potential therapeutic strategies resulting from recent clinical studies. (J Am Coll Cardiol 2021;78:1352-1371)

© 2021 by the American College of Cardiology Foundation.
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ABSTRACT

Coronary microvascular dysfunction (CMD) encompasses several pathogenetic mechanisms involving coronary micro-
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date, there is no specific treatment for CMD. Due to the emerging role of CMD as common denominator in different

clinical phenotypes, additional research in this area is warranted to provide personalized treatments in this “garden
variety " of patients. The purpose of this review is to describe the pathophysiological mechanisms of CMD and its
mechanistic and prognostic role across different cardiovascular diseases. We will also discuss diagnostic modalities and
the potential therapeutic strategies resulting from recent clinical studies. (J Am Coll Cardiol 2021;78:1352-1371)
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FIGURE 2 Role of CMD in Determining Ischemia
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Ischemia may be cause by subtended by epicardial and/or microvascular structural and functional mechanisms. Epicardial causes determining ischemia indude acute
plaque disruption with lumen occlusion and epicardial coronary spasm, myocardial bridge, or progressive obstruction with vessel narrowing. CMD can result from an
abnormal vasodilatory ability of the microvasculature, compressive external forces affecting the intramural microvessels, or microvascular spasm. CAD — coronary artery

disease; VSMC — vascular smooth muscle cells
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TABLE 2 Invasive Tools for Evaluation of CMD

Diagnostic
Maodality Technigue Agent Parame ter Threshold Pros Cons
Coronary Dynamic passage of lodine-contrast  TIMI flow  TIMI-2 + Do not necessitate additional Do not provide information
angiography  angiographic contrast  agent TFC TFC =25 frames costs regarding the mechanism of CMD
(impaired dilation vs microvascular
Lpasm)
Semiquantitative parameter
Limited sensitivity
Usually calculated after coronary
angiagraphy
Intracoronary Estimate of coronary ~ Adenosine CFR CFR <2- 2.5 « CFRand IMR allow a CFR does not distinguish between
temperature-  blood flow using bolus  Papavering IMR IMR =25 U combined assessment impaired microvascular and epicardial
pressure wire  (calculating the mean  Saline solution vasodilation and microvascular disease
transit time) or hy perconstrictive response Cut-off walues for IMR still
continuous +« IMR is specific for microcircula-  debated
thermodilution tion and is not affected by Worse correlation with PET than
techniques (does not resting hemodynamics HMR
need pharmacological « HMR is independent of
agents to induce resting coronary flow
hyperemia) + FFR using the standard technique
can be measured simultaneously
Intracoronary Direct measurement of Adenosine CFR CFR <25 « CFR and HMR allow a combined » CFR does not distinguish between
Doppler flow- coronary peak flow HMR HMR =17 mm Hg/  assessment impaired vasodilation  microvascular and epicardial
pressure wire  velocity cmjs and microvascular hyper- disease

Intracoronary
provocative
testing

Intracoronary infusion
of vasoactive agents

Acetylcholing
Ergonovine

constrictive response

HMR is independent of

resting coronary flow

FFR using the standard technigue
can be measured simultaneously

Easy to assess
Evaluated at the time of
coronary angiography
Do not necessitate
additional equipment

Cut-off
debated

values for HMR still

Additional contrast and radiation
Do not provide direct evidence of
microvascular spasm

Risk of archythmias

Lack of availability

tomogea phy

CFR = comnary low réeserve; ECG = elactrocadiography; FFR = fractional Now resarve; HMR = hyperemic microvasaular resistance; IMR = index of micmvasaular resstance; PET = positron amission
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ABSTRACT

BACKGROUND Women with myocardial infarction (MI) are more likely to have elevated stress levels and depression
than men with MI.

3\ y
N\ y/

OBJECTIVES We investigated psychosocial factors in women with myocardial infarction with nonobstructive coronary
arteries (MINOCA) and those with MI and obstructive coronary artery disease (CAD).

High Perceived Stress (PSS5-4 26) High Depressive Symptoms (PHQ-2 22)

P =0.021

METHODS Women with MI enrolled in a multicenter study and completed measures of perceived stress (Perceived
Stress Scale-4) and depressive symptoms (Patient Health Questionnaire-2) at the time of MI (baseline) and 2 months
later. Stress, depression, and changes over time were compared between MI subtypes.

RESULTS We included 172 MINOCA and 314 MI-CAD patients. Women with MINOCA were younger (age 59.4 years vs
64.2 years; P < 0.001) and more diverse than those with MI-CAD. Women with MINOCA were less likely to have high
stress (Perceived Stress Scale-4 =6) at the time of MI (51.0% vs 63.0%; P = 0.021) and at 2 months post-MI (32.5% vs
46.3%; P = 0.019) than women with MI-CAD. There was no difference in elevated depressive symptoms (Patient Health
Questionnaire-2 =2) at the time of MI (36% vs 43%; P = 0.229) or at 2 months post-MI (39% vs 40%; P = 0.999). No
differences in the rate of 2-month decline in stress and depression scores were observed between groups.

P=0.019 P = 0229 P =0.999

Baseline 2-mo Post-MI Baseline 2-mo Post-M|
= MINOCA = MI-CAD = MINOCA = MI-CAD
(N =172) (N =314) (N =172) (N = 314)

CONCLUSIONS Stress and depression are common among women at the time of and 2 months after MI. MINOCA

patients were less likely to report high stress compared with MI-CAD patients, but the frequency of elevated depressive
symptoms did not differ between the 2 groups. Stress and depressive symptoms decreased in both MI-CAD and MINOCA
patients over time. (J Am Coll Cardiol 2023;82:1649-1658) © 2023 by the American College of Cardiology Foundation.

Hausvater A, et al. J Am Coll Cardiol. 2023;82(17):1649-1658.

High perceived stress (Perceived Stress Scale [P55-4] =6) around the time of myocardial infarction (MI) and 2 months after Ml was significantly higher among women
with myocardial infarction with obstructive coronary artery disease (MI-CAD) compared with those with myocardial infarction with nonobstructive coronary arteries
(MINOCA). There was no difference between high depressive symptoms (Patient Health Questionnaire [PHQ-2] =2) among MINOCA and MI-CAD patients both at the
time of Ml and 2 months after MI.
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* 94.3% with ABCD score 24
had a positive ACh test.

« All patients with an ABCD
score 26 presented a positive
ACh test response
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Figure 3 Pathophysiological mechanisms of microvascular dysfunction associated to the non-reflow phenomenon.
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Figure 5 Invasive assessment of coronary physiology and intravascular imaging for patients with non-obstructive CAD. Ach, acetylcholine; ACS, acute




ESC Working Group on Coronary
Pathophysiology and Microcirculation position
paper on ‘coronary microvascular dysfunction
in cardiovascular disease’

OMT for seconday prevention

c search (2020) 16, 741-755
European Soclely dor10.9093ovr/oaaid
of Cardiology

Beta-blockers
o Initiate oral administrations if no
contraindications
» Avoid in variant angina *
» Counteract proischemic effects
» Reduce myocardial oxygen demand
» Reduce adregenic tone
» Endothelium-dependent vasodilator
» Reduce cardiovascular pvents and mortality

v In AMI reduces infarct size

Initiate aspirin for seconday prevention
atlow dose (81-100 mq)

Reduces mortality
Ticagrelor** may have protective effects
through adenosine-mediated vasodilation

* Calcium-channel blockers are the first line treatment in patients with variant angina

** Clinical studies investigating the protective role of ticagrelor on the microconduction are ongoing

Flf,;urc 6 Secondary prevention strategies in patients with microvascular dysfunction or MINOCA (i) Contraindications to beta-blockers include decc




ESC Working Group on Coronary

Pathophysiology and Microcirculation position
paper on ‘coronary microvascular dysfunction

in cardiovascular disease’

Both structural and functional defects contribute and interact to cause
a progressive impairment of coronary microvascular blood flow.
There is a need to clarify the relative impact of each one in the di-
verse forms of presentation of CMD.

There are no therapeutic strategies focused on specifically treating
CMD and the microvasculature. There is an urgent need to identify
novel and specific targets for therapy.

There is a need to better understand the anatormic and physiologic
features that predispose a higher burden of microvascular dysfunction
iN WOormen.

There is a need of new research to improve CMD assessment and
the diagnostic methodologies now available.

The management of patients with non-obstructive CAD and ACS or
inducible myocardial ischaemia does not currently have a consensus
strategy. hese patients should be studied for the evaluation of endo-
thelial and CMD , since they may influence outcome.

Clinical studies and double-blind randomized clinical trials in patients

with non-obstructive disease specifically designed to assess the effect

of conventional and nowvel anti-ischaemic therapies are required.
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Figure 2 Mechanisms of myocardial ischaemia in INOCA and obstructive coronary artery disease. CAD, coronary artery disease; FFR, fractional
flow reserve.
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Figure 4 Invasive evaluation of INOCA. CFR, coronary flow reserve; FCA, functional coronary angiography; FFR, fractional flow reserve; IMR,
index of microvascular resistance; LVEDP, left ventricular end-diastolic pressure. And negative non-invasive or invasive testing for epicardial ischae-
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Figure 5 Management of INOCA. ACE|, angiotensin-converting enzyme inhibior, ARB, angictensin receptor bloder.
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Figure 1 Example of a IHOCA case (50-year-old female) with combined epicardial spasm and microvascular dysfunction.
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Patients with suspected angina pectoris

Conclusions This first international study provides novel evidence that MVA is an important health problem regardless of sex
or ethnicity that a diagnosis of MVA portends a substantial risk for MACE associated with hypertension and previ-
ous history of CAD, and that women have a lower quality of life than men despite the comparable prognosi.

Screening

- Patient information

- Mon-invasive testing

- Seattle Angina Questionnaires (SAQ)

- Coronary angiography or coronary CT

Invasive assessment of coronary artery disease

- Coronary microvascular functional testings

Criteria for microvascular angina (MVA)

2. Absence of obstructive CAD

1. Signs and/or symptoms of myocardial ischemia Suspected MVA : Signs and/or symptoms of myocardial

3. Objective evidence of myocardial ischemia one of the following only; objective evidence of myocardial
4. Evidence of impaired microvascular function ischemia or evidence of coronary microvascular dysfunction.

Definitive MWVA : All 4 criteria were present

ischemia and absence of obstructive CAD were present but

.

2 2

Definitive MVA
374 patients

Suspected MVA
330 patients

. 4

¥

| 704 patients with MVA were enrolled |

Figure 1 Patient enrolment and follow-up.

% 18 patients lost to follow-up

' 686 patients were included in follow-up analysis
(Definitive MVA 362 patients, suspected MVA 324 patients)
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patients with microvascular angina: an
international and prospective cohort study
by the Coronary Vasomotor Disorders
International Study (COVADIS) Group
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Figure 2 Kaplan—Meier curves for MACE in the overall cohort. Kaplan—Meier curve for (A) the primary composite outcome and (B) each compo-
nent of the composite outcome.
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Sex difference

Conclusions

Follow-up (months)

No. at risk

Male 248

238 216 120

Female 430 405

351 133

MACE (Caucasian vs. Asian).
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Ethnic difference

This first international study provides novel evidence that MVA is an important health problem regardless of sex
or ethnicity that a diagnosis of MVA portends a substantial risk for MACE associated with hypertension and previ-
ous history of CAD, and that women have a lower quality of life than men despite the comparable prognosi.
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Follow-up (months)
No. at risk

Asian

59 Caucasian 413

393

190

358 111 88 44

162

126

94

69

Figure 3 Kaplan—Meier curves for MACE by patient group. (A) Sex difference in the incidence of MACE. (B) Ethnic difference in the incidence of
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Table 2 Prognostic factors for MACE in patients with MVA (Cox proportional hazard model)

Univariable analysis Multivariable analysis

95% CI P-value HR 95% CI P-value
0970-1.004
0857-2.152

1.148-2.831

Female sex

Hypertension 1.067-2.681

Dyslipidaemia 1.362 0.877-2.115 0.17
Diabetes mellitus 1.461 0.887-2.407 0.14
Current smoking 0.868 0479-1.572 0.64
Previous history of CAD 2.233 1.448-3.442 0.005 2.032 1.312-3.147 0.00

Family history of CAD 1.700 1.093-2.645 0.02

CAD, coronary artery disease including acute coronary syndrome and stable angina pectoris; Cl, confidence interval; HR, hazard ratio; MVA, microvascular angina
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Figure | Structural and functional alterations of coronary circulation responsible for persistence or recurrence of angina after percutaneous cor-
onary intervention.







Coronary flow velocity reserve predicts adverse
prognosis in women with angina and no
obstructive coronary artery disease: results
from the iPOWER study
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Coronary flow velocity reserve predicts adverse
prognosis in women with angina and no
obstructive coronary artery disease: results
from the iPOWER study

Assessment of CFVR by echocardiography is feasible and predictive of adverse outcome in women with angina and
obstructive CAD. Results support a more aggressive preventive management of these patients and underline

the need for trials targeting CMD.
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Endothelial dysfunction in patients with angina and non-obstructed
coronary arteries is associated with an increased risk of mayor
cardiovascular events. Results of the Spanish ENDOCOR registry

b

Lilian Grigorian-Shamagian ™ ¢, Juan Francisco Oteo“, Alejandro Gutiérrez-Barrios °,

Endothelial dysfunction was defined by wvisually detectable vaso-
constriction in any coronary segment (12). Vasoconstriction was
assessed semi-quantitatively (Fig. 2) and defined as mild (10 — 30%),
moderate (31-70%) and severe (>70%). Vasoconstriction was also
further defined as local or diffuse depending on its distribution.
Although, the assessment of the microvascular function was not an in-
clusion criterion, we also collected the results of those patients in whom
the evaluation was done.




Endothelial dysfunction in patients with angina and non-obstructed
coronary arteries is associated with an increased risk of mayor
cardiovascular events. Results of the Spanish ENDOCOR registry
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Endothelial dysfunction in patients with angina and non-obstructed
coronary arteries is associated with an increased risk of mayor
cardiovascular events. Results of the Spanish ENDOCOR registry
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Endothelial dysfunction in patients with angina and non-obstructed
coronary arteries is associated with an increased risk of mayor
cardiovascular events. Results of the Spanish ENDOCOR registry
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Microvascular disease

Tableau |. Mécanismes physiopathologiques de la Figure 1: Abnormalities of Coronary Microvascular
dysfonction microvasculaire : causes structurales, Function and Tests Suggested to Investigate these
fonctionnelles et extravasculaires Mechanisms in Patients with Suspected Microvascular
(Modifié de Camici PG, Crea F. N Engl ] Med 2007'). Angina

Causes structurales

Coronary

Obstruction luminale * Microembolisation de matériel throm-
microvascular dysfunction

botique suite a la recanalisation de la
coronaire responsable d'un infarctus aigu

Raréfaction artériolaire Cardiomyopathie hypertrophique
et fibrose périvasculaire Sténose aortique
Hypertension artérielle

Infiltration de la paroi Cardiopathies infiltratives (par exemple Q
vasculaire maladie de Fabry)
2 N

Causes fonctionnelles Impaired Increased

Dysfonction endothéliale | « Hyperlipidémie vasodilation vasoconstriction

Diabeéte
Tabagisme

¢ Acetylcholine
* Ergonovine
Dysrégulation vasomotrice Cardiomyopathie hypertrophique * Hyperventilation

des cellules musculaires Hypertension artérielle Endothelium Endothelium « Mental stress/handgrip
lisses independent dependent

Dysrégulation vasomotrice Recanalisation de l'artére responsable * Adenosine * Acetylcholine
sur stimulation alpha- d’un infarctus * Dipyridamole ¢ Cold pressor test

adrénergique

Invasive assessment

Causes extravasculaires

Compression extramurale | = Cardiomyopathie hypertrophique - A S -
B Primary’ Microvascular Angina: Clinical Characteristics,

« Hypertension artérielle Pathogenesis and Management

Gaetano Antonio Lanza’', Antonio De Vita' and Juan-Carlos Kaski?




., . Coronary artery disease: physiology and prognosis

1. Diffuse epicardial and microvascular 2. Focal epicardial stenosis (with
disease, including focal epicardial preserved microvascular function)

Stenosis FFR Y . IMR A FFRY . IMRWY

3. Isolated microvascular disease 4. Diffuse epicardial and microvascular
disease

FFR A . IMR FFR A : IMR



http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehx226

d
. JACC: CARDIOVASCULAR INTERVENTIONS, VOL. 7, NO. 5, 2014
Radico et al.
MAY 2014:453-63
Tests for Angina Without Obstructive CAD
Table 3. Continued
Test Protocol Mo nitoring Interpretation Ref. #
Myocardial contrast Intravenous administration of an Contrast images are acquired in an apical Positive for coronary microvascular (46)

echocardiography

Adenosine stress perfusion
cardiac magnetic
resonance

Positron emission
tomography perfusion
imaging

Multislice detector
computed tomography

ultrasound contrast agent
(microbubbles of sulfur hexafluoride
surrounded by a phospholipid shell)
and adenacsine (0.14 mg/kg/min

for 90 s).

Intravenous administration of gadolinium
contrast and adenosine .14 mg/kg/
min for 3 min).

Intravenous administration of a spedfic
cardiovascular radioisotopic tracer
("*NH,, H,"*0, and **Rb) and
adenosine (or dipyridamole).

Intravenous administration of iodinated
contrast and adenosine {0.14 mg/kg/
min for 5 min).

4-chamber view, and myocardial
opacification is quantified in the
posterior interventricular septum and
lateral left ventricular by a spedfic
software.

CFR assessment: comparison of contrast
intensity at rest and at peak adenacsine.

Perfusion cardiac magnetic resonance
images: adenosne gadolinium first-
pass imaging for assessment of stress
perfusion repeated after 15 min for
assessment of rest perfusion.

MBF assessment is achieved by the
quantification of the myocardial
radioisotopic-tracer uptake

CFR assessment: ratio of MBF in
hyperemic conditions and at rest.

Images are analyzed by measuring the
attenuation changes over time in basal
and hyperemic conditions and plotting
time-attenuation curves.

CFR:ratio of area under the curve for the
hyperemic temitory to the remote
termitory.

endothdium-independent
dysfunction: CFR <2.0 in the absence
of significant epicardial coronary artery
stenosis

Positive for coronary microvascular

dysfunction:

Reduced or even absent gadolinium
enhancement in the coresponding
subendocardial layer.

Positive for coronary microvascular

endothdium-independent
dysfunctior: CFR <25 in the absence
of significant epicardial coronary artery
stenosis

Positive for coronary microvascular

endothdium-independent
dysfunction: CFR < 2.5 in the absence
of significant epicardial coronary artery
stenosis

(47)

(48)

CFR = comonary flow reserve; CFV = coronary flow velodty; ECG = deactrocasdiographic; FFR = fractional flow msenve; GTN = glyceryl trinitrate, nitrogly cerirg IMR = index of microdreulatory resistance;
ISDN = isosorbide dinitrate; LCA = left coronary artery; MBF = myocardial blood flow; RCA = right cosonary artery.




Microvascular disease, what little we know

Yolande Appelman* MD, PhD

Chair Thinktank Women & Health VU University Medical Center, Member of EAPCI-Women

Signs and symptoms of
myocardial ischaamia
Coronary angiography

Coronary artery stenosis

tes

Negative test Positive test Positive test

— Vasoconstriction <90% — Vasoconstriction <90% — Vasoconstriction 290%

— No reproduction of ptoms — Reproduction of symptoms — Reproduction of symptoms
— No ischaemic ECG changes — Ischasmic ECG changes — Ischaemic ECG changes

Intracoronary flow Spasm of coronary Spasm of epicardial
measurements microcirculation coronary arteries

Coronary microvascular No coronary microvascular
dysfunction dysfunction detected

B Eurcintervention 2018




‘Primary’” Microvascular Angina: Clinical Characteristics,
Pathogenesis and Management

Gaetano Antonio Lanza', Antonio De Vita! and Juan-Carlos Kaski?

Figure 2: Therapeutic Approach in Patients with Primary
Stable Microvascular Angina

Traditional Second-choice Further
anti-ischaemic drugs drugs forms of treatment

Ranolazine
Ivabradine
Symptom EIHEIEE ST Rohabilitation programmes

B-blockers persistence FNel= s 8 persistence Imipramine
Ca,, -antagonists Statins Spinal cord stimulation
Xanthines EECP

Oestrogens*

Effective Others

Continue )
Effective

Continue

*In selected subgroups of post-menopausal women.
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patients with microvascular angina: an
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Initial treatment after diagnosis, n (%)

Statin

Nitrate

Calcium channel blocker

Beta-blocker

Angiotensin-converting enzyme inhibitor

Angiotensin Il receptor blocker

424 (62)
295 (43)
249 (36)
249 (36)
169 (25)
117 (17)

141 (57)
83 (33)
106 (43)
83 (33)
57 (23)
41 (17)

283 (65)
212 (48)
143 (33)
166 (38)
112 (26)
76 (17)




Table 1
Differences between INOCA and MINOCA.
Cardiac Risk Factors

Age, Hypertension, Hyperlipedmia,
Diabetes, Smoking, Obesity, Estrogen loss,

Symptoms Yes Autoimmune Disease
Resting EKG Possible

abnormalities . )
\ o . Inflammation Sympathgtic Hormona'l
Exercise EKG L.|SUEL“.}’ JAT Dysfunction Dysregulation

abnormalities “o sl *| [Norepinephrine ek
Abnormal wall motion on Possible, but usually not T l
stress echo
Abnormal perfusion on Possible, but usually “breast artifact” or
SPECT “probably normal”
Abnormal PET-derived If yes, diagnose CMD ’
myocardial flow reserve  If no, could still be CMD due to a [ Epicardial | (Pre-Arterioles| | Arterioles Copiarian
vasocontrictor problem; definitive "fm—um' g o e
diagnosis requires invasive coronary . ®
function testing
Troponin elevation May have a prior history of wroponin
elevation, and now recurrent non-MI
chest pain

INOCA MINOCA

Pressure Metabolites

Coronary Flow Reserve
Index of Microcirculatory Resistance

Diameter No Epicardial Vasoconstriction, Positive
Response EKG Changes + Chest Pain

@ Adenosine

Coronary Blood Flow (Calculated)

* Not applicable in acute coronary syndrome. Fig. 2. Coronary vascular dysfunction.

P.K. Mehta et al. Atherosclerosis 363 (2022) 8-21
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An EAPCI Expert Consensus Document on
Ischaemia with Non-Obstructive Coronary

invasive

Step 2: Non-invasive evaluation
Functional Imaging
+ Coronary CT Angiography

=
(=]
=

Invasive
evaluation

Epicardial Microwvascular
Vasospastic And Epicardial
Angina

INOCA ENDOTYPES

Management of INOCA

1. Lifestyle factors 2. Risk factor management 3. Antianginal medications




Chest pain without obstructive CAD- (M)INOCA
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Tamis-Holland et al
Diagnosis and Management of Patients With MINOCA
Circulation. 2019;139:¢891-908



SC European Heart Journal (2021) 42, 46014604 EDITORIAL

European Society doi:10.1093/eurheartj/ehab534
of Cardiology

Microvascular angina: quo tendimus?

Epicardial spasm . .
Myocardial bridge

Microvascular Angina
Microvascular spasm
Endothelial dysfunction

Arteriolar remodelling
(e.g. intimal thickening, smooth muscle
cell proliferation, perivascular fibrosis)

Pre-arteriolar

Arteriolar o - Coronary Microvascular Dysfunction
Structural Endotype

QO — O Imability to dilate
High vascular Low wascular . 3 O —
tone at rest tone at stress . High vascular High wvascular
- - . tone at rest tone at stress
Normal rest CBF Capillaries h
Mormal steas CBF R 7 A ) W= Functional Endotype
MNormal CFR " Exhausted T'rfafow
Normal nMR o capacity Mormal stress CBF
- 4 CFR

Capillary rarefaction Low vascular Low wascular
tone at rest tone at stress

Normsd rest CBF

Mormal hiR

Graphical abstract Summary of known mechanisms that cause ischaemia with normal coronary arteries at the level of both the epicardial cor-
onary arteries (coronary vasospasm and intramyocardial muscle bridging) and the coronary microcirculation [microvascular spasm, endothelial dys-
function, arteriolar remodelling, two endotypes of coronary microvascular dysfunction (structural due to failure to maximally vasodilate and
functional due to exhausted vasodilatory capacity), and capillary rarefaction]. cMVD, coronary microvascular dysfunction; CBF, coronary blood flow:
CFR, coronary flow reserve; hMR, hyperaemic index of microcirculatory resistance.




Microvascular disease

Ce qui est une dysfonction microvasculaire....
Coronary Microvascular dysfunction:

endothelium-independent decreased ability for dilatation of the
microvascular coronary arteries

Impaired microvascular Increased microvascular
dilatation constriction

Hyperreactivity to

Reduced CFR constrictor stimuli

Drugs reducing J Microvascular Vasodilators
O, consumption \ a ngi na

N =
N =
— o

Drugs reducing visceral
pain perception

=
=
<

=
Enhanced
cardiac pain perception

Treatment of microvascular angina: the need for
precision medicine

@ European Heart Journal (2016) 37, 1514-1516
EurorsAN
G CIE FY OF
2 /oo oy

Figure 1 Pathophysiological mechanisms that can variably be in-
volved in determining microvascular angina. CFR, coronary flow
reserve.

doi:10.109 3/eurheartj/ehw021

Filippo Crea* and Gaetano Antonio Lanza
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