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Densidad vascular coronaria
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Componentes de |la Microcirculacién coronaria
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Mecanismos de isquemia miocardica

Inflamacion
— N
Plaquetas y

coagulacion
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Disfuncion
microvascular

CFR, IMR

Marzilli et al. J Am Coll Cardiol 2012;60:951-6



Mecanismos de disfuncidon microvascular coronaria
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Impacto clinico de la disfuncién microvascular coronaria

En mujeres sin enfermedad coronaria aterosclerotica

Women without CAD

All Women
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Asociacion significativa entre la reserva coronaria y el prondstico cardiovascular en
mujeres con clinica de cardiopatia isquémica sin enfermedad coronaria.

Pepine et al. ] Am Coll Cardiol 2010;55:2825-32



Impacto clinico de la disfuncién microvascular coronaria

En pacientes con estenosis coronarias estables

313 pacientes (663 vasos) con FFR > 0.80

¢ 407 Breslow p for overall comparison = 0.002
o
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Lee et al. ] Am Coll Cardiol. 2016 Mar 15;67(10):1158-69



Cumulative MACE rate (%)

Impacto clinico de la disfuncién microvascular coronaria

En pacientes con estenosis coronarias estables

1102 pacientes sin enf coronaria obstructiva (FFR > 0.80)
5 anos de seguimiento
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Coen K.M. Boerhout et al. Eurolntervention. 2022 Oct 21;18(9):719-728



Impacto clinico de la disfuncién microvascular coronaria
En pacientes con IAMCEST
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Hyperemic IMR = 25 U, n(%)

Impacto clinico de la disfuncién microvascular coronaria

En pacientes con angina post-ICP
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Li et al. Canadian Journal of Cardiology 31 (2015) 989e997



Impacto clinico de la disfuncién microvascular coronaria
En la calidad de vida
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Impacto clinico de la disfuncién microvascular coronaria

Normal coronary flow reserve (CFR) is strongly associated with a

reduced risk of death and major cardiovascular events (MACE)

Mortality (16 studies, HR 3.78
8446 subjects) I = i
MACE (60 studies, HR 3.45
35498 subjects) b 5= i
-1 0 1 2 3 4 5 6
Hazard ratio
< B
Favours abnormal Favours normal CFR
CFR

A systematic review and meta-analysis of 79 studies and 59740 individuals
across multiple modalities of CFR measurement.

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



Impacto clinico de la disfuncién microvascular coronaria

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI

SCA 3.2.1 Acute Coronary Syndromes
Van De Hoef 2013 1.4085 06342 52% 4.09[1.18, 14.18] —
Subtotal (95% CI) 5.2%  4.09[1.18, 14.18] i
3.2.2 Chronic Coronary Syndromes

SCC Gebhard 2018 (Females) 05878 05605 5.7% 1.80[0.60, 5.40] ]
Gebhard 2018 (Males) 0.6931 0.2606 7.6% 2.00[1.20, 3.33] e -
Cortigiani 2012 11969 0.188 8.0% 3.31[2.29,4.78] —
Cortigiani 2013 1.3635 0.3682 7.0% 3.91[1.90, 8.05] —_—
Marks 2004 19473 04793 62% 7.01[2.74,17.93] —
Cortigiani 2020 (High heart rate reserve) 19906 03593 7.0% 7.32[3.62,14.80] —
Cortigiani 2020 (Low heart rate reserve) 25603 03223 73%  12.94[6.88,24.34] -
Subtotal (95% Cl) 48.7% 4.41[2.61,7.44] E

ICC ’\:> 3.2.3 Heart Failure
Pereira 2010 02054 0.0623 8.4% 1.23[1.09,1.39] Ead
Yang 2020 1.2698 0.581 5.5% 3.56 [1.14,11.12] —
Subtotal (95% Cl) 13.9% 1.79 [0.66, 4.84] ~l—
3.2.4 Aortic Stenosis

EA Banovic 2014 25006 12148 2.6% 12.19[1.13,131.84] >
Subtotal (95% CI) 2.6% 12.19[1.13,131.84] e
3.2.5 Heart Transplant
Trasplante > Tona 2015 09163 03874 6.8% 250[1.17,5.34] —=
Feher 2020 1.0188 03705 6.9% 2.77[1.34,5.73] —=
McArdle 2014 1.861 0.7034 4.8% 6.43 [1.62, 25.52] T
Subtotal (95% CI) 18.5% 2.95[1.81,4.82] <t
Heterogeneity: Tau?=0.00; Chi* = 1.44, df=2 (P = 0.49); I?’= 0%
Test for overall effect: Z = 4.33 (P < 0.0001)
S . 3.2.7 Sepsis

epSIS lkonomidis 2014 0.783 03701 6.9% 2.19[1.06, 4.52] =

Subtotal (95% Cl) 6.9%  2.19[1.06,4.52] e

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



Main mechanisms of myocardial ischaemia @ ESC

in chronic coronary syndromes
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! No Coronary Microvascular
| Dysfunction Present

FFR + CFR + IMR*

FFR>0.8
CFR2 2.0
IMR < 25

FFR>0.8
CFR< 2.0
IMR 2 25

Coronary Microvascular Dysfunction
Present

1.No or <90%

diameter
reduction

2.No angina
3.No ischaemic
ECG changes

1.290%
diameter
reduction

2. + angina

3. + ischaemic
ECG changes

Epicardial
Vasospastic

1. No or < 90% or
2 90% diameter
reduction

2. + angina

3. + ischaemic ECG
changes

Microvascular
And Epicardial

Kunadian. EAPCI Expert Consensus. EHJ 2020 IROCA ERUEES



Stress-induced angina, or equivalent, @ ESC
with obstructive CAD

Stabilized phase
after ACS, PCI, or CABG

Angina or equivalent
with no obstructive CAD
(ANOCA/INOCA)

Clinical spectrum
of suspected, or

confirmed,
chronic coronary
syndromes
Asymptomatic with abnormal LV dysfunction or heart
coronary anatomical failure of ischaemic origin

or functional test



Management of INOCA

1. Lifestyle factors

) X A

Nutrition Exercise Weight management Smoking cessation Coping with stress

2. Risk factor management

TesS

Dyslipidaemia

—

Consider statins and
ACEI/ARB

Betablocker

Calcium channel blocker
alciu blo Calcium channel blocker

Nicorandil
Ranolazine
Ivabradine
Trimetazidine

Long-acting nitrate
Nicorandil

Kunadian. EAPCI Expert Consensus. EHJ 2020



New recommendations @ESC

Recommendations Class Level
Functional assessment of epicardial artery stenosis severity during invasive coronary angiography
During ICA, selective assessment of functional severity of intermediate diameter stenoses is
recommended to guide the decision to revascularize, using the following techniques:

* FFR/iFR (significant <0.8 or <0.89, respectively); | -
* QFR (significant <0.8). | B

In addition:
 CFR/HSR/CFC should be considered as a complementary investigation; lla B

* resting invasive measurement of Pd/Pa, dPR, RFR, or angiography-derived vessel FFR
may be considered as alternative parameters.

Systematic and routine wire-based coronary pressure assessment of all coronary vessels is
not recommended.

e @

2024 ESC Guidelines for the management of chronic coronary syndromes
(European Heart Journal; 2024 — doi: 10.1093/eurheartj/ehael77)



New recommendations @ESC

Recommendations Class Level
Selection of individual diagnostic tests in individuals with suspected chronic coronary syndrome

To rule out obstructive CAD in individuals with low or moderate (>5%—50%) pre-test

likelihood, CCTA is recommended as the preferred diagnostic modality. | B
CCTA isrecommended in individuals with low or moderate (>5%—-50%) pre-test likelihood
of obstructive CAD if functional imaging for myocardial ischaemia is not diagnostic.

Invasive coronary angiography with the availability of invasive functional assessment is
recommended to confirm or exclude the diagnosis of obstructive CAD or ANOCA/INOCA in | | B
individuals with an uncertain diagnhosis on non-invasive testing.

In patients with a known intermediate coronary artery stenosis in a proximal or mid
coronary segment on CCTA, CT-based FFR may be considered. lb B

2024 ESC Guidelines for the management of chronic coronary syndromes
(European Heart Journal; 2024 — doi: 10.1093/eurheartj/ehael77)



New recommendations @ESC

Recommendations Class Level

Recurrent or refractory angina/ischaemia
In patients with refractory angina leading to poor quality of life and with documented or

suspected ANOCA/INOCA, invasive coronary functional testing is recommended to define
ANOCA/INOCA endotypes and appropriate treatment, considering patient choices and | B

preferences.

e @

2024 ESC Guidelines for the management of chronic coronary syndromes
(European Heart Journal; 2024 — doi: 10.1093/eurheartj/ehael77)



Revised recommendations @ESC

2019 Guidelines Class Level 2024 Guidelines Class Level
Diagnosis and management of patients with angina/ischaemia with non-obstructive coronary arteries
Guidewire-based CFR and/or In persistently symptomatic patients
microcirculatory resistance despite medical treatment with
measurements should be considered suspected ANOCA/INOCA (i.e. anginal
in patients with persistent symptomes, symptoms with normal coronary
but coronary arteries that are either arteries or non-obstructive lesions at
angiographically normal or have non-invasive imaging, or intermediate
moderate stenoses with preserved Il B stenoses with normal FFR/iFR at I
iwFR/FFR. coronary arteriography) and poor B

quality of life, invasive coronary

functional testing is recommended to

identify potentially treatable

endotypes and to improve symptoms

and quality of life, considering patient

choices and preferences.

o

2024 ESC Guidelines for the management of chronic coronary syndromes
(European Heart Journal; 2024 — doi: 10.1093/eurheartj/ehael77)



Revised recommendations @ESC

2019 Guidelines Class Level 2024 Guidelines Class Level
Diagnosis and management of patients with ANOCA/INOCA cont.
Intracoronary acetylcholine with ECG In persistently symptomatic patients
monitoring may be considered during despite medical treatment with
angiography, if coronary arteries are suspected ANOCA/INOCA (i.e. anginal
either angiographically normal or symptoms with normal coronary
have moderate stenoses with arteries or non-obstructive lesions at
preserved iwFR/FFR, to assess non-invasive imaging, or intermediate

microvascular vasospasm. stenoses with normal iFR/FFR at
coronary arteriography) and poor
quality of life, intracoronary
functional testing is recommended to
identify potentially treatable
endotypes and to improve symptoms
and quality of life, considering patient

choices and preferences.

Iib B

2024 ESC Guidelines for the management of chronic coronary syndromes
(European Heart Journal; 2024 — doi: 10.1093/eurheartj/ehael77)



New recommendations @ESC

Recommendations Class Level

Diagnosis and management of patients with angina/ischaemia with non-obstructive coronary arteries
Management of ANOCA/INOCA

In symptomatic patients with ANOCA/INOCA, medical therapy based on coronary .
functional test results should be considered to improve symptoms and quality of life. lla
For the management of endothelial dysfunction, ACE-| should be considered for symptom
control.
For the management of microvascular angina associated with reduced
coronary/myocardial blood flow reserve, beta-blockers should be considered for symptom |3 B
control.

For the treatment of isolated vasospastic angina:

* calcium channel blockers are recommended to control symptoms and to prevent |

ischaemia and potentially fatal complications;
* nitrates should be considered to prevent recurrent episodes.

lla B

lla B
In patients with evidence of overlapping endotypes, combination therapy with nitrates,

calcium channel blockers, and other vasodilators may be considered. Ib B

2024 ESC Guidelines for the management of chronic coronary syndromes
(European Heart Journal; 2024 — doi: 10.1093/eurheartj/ehael77)



Métodos de fisiologia coronaria

Técnicas
Indices
Farmacos



Técnicas

Métodos no invasivos

Scintigraphy




Indices

NO, EDHF, TXA,, PGs,

Pre- and Large
Arterioles

Adrenergic regulation:
a-receptors, B-receptors

Intermediate
Arterioles
[40 - 100 um]

Small
Arterioles

[< 40 pm]

Capillaries

Myogenic regulation:

Metabolic regulation:
PCL, PKC'

CO,, ROS, Adenosine

CFR

@
IMR, HMR, RRR




Dos farmacos

Vasoespasmo coronario Disfuncion coronaria microvascular

Remodelling ; Rarefaction : Compression .  Plugging

O-0 A 10-¥ Q6

Acetilcolina Adenosina

Epicardial Microcirculatory
vasospasm vasospasm




[nvasive functional coronary angiography

Set—up

wPreparation of the patient:

wAvoid caffeine and nicotine for
=24 hours.

woWithdraw of vasodilators (CCB,
nitrates) =18 hours before the
procedure.

wLAD (pre—specified target
vessel).

=RCA or LCx, if indicated by
regional abnormalities in non-—

Thermodilution wire



Set—up

wProjection showing long axis of target vessel €

woFull heparinization (50 -70 U/kg, ACT>250 s).

Contraindications to adenosine:
Asthma

2nd or 3rd grade atrioventricular block without
pacemaker

Contraindicat
Asthma

2nd or 3rd grade atrioventricular block without
pacemaker

Paroxysmal atrial fibrillation



How to
proceed

Ach- and adenosine-based vasoreactivity protocol

Ach testing performed after at least 24 hours of washout from CCB and nitrates

Baseline Final

) Repeat angiogram after each dose : CFR /MR
angiogram angiogram

Continuous Doppler flow monitoring, | 2-lead ECG and symptom monitoring

Ach 2 pg?i.c. Ach 20 pg? i.c. Ach 100 pg?i.c.  Ach 200 pg?i.c. NTG Adenosine
over 60 s over 60 s over 60 s over 60 s 200 pgi.c. 200 pgi.c.b



1

A Intermediate
stenosis

l

Adenosine

l

Simultaneous assessment of FFR, CFR and IMR/HMR

2

l

Acetylcholine test

' '

“Normal” coronary

artery
1 Acetylcl'lmline test
Epicar|dial spasm Microvasculalr spasm
2 Adefwosine

i

Epicardial spasm Microvascular spasm

Simultaneous assessment of FFR, CFR and IMR/HMR

wNitroglycerine half-life: 2 min > only 3% at 10 min.




Grupo Método Dosis utilizadas Tiempo de Comentarios
de infusion administracién
por dosis
Grupo de Infusién por 4 diluciones de 107, 10°5, 105 2 minutos - |deado para valorar la funcidn endotelial
Harvard® microcatéter y y 10-* por litro (infusion - Se estima una concentracion final de 10-%, 10-8, 10-7 y 10-%(equivalente
bomba de infusion a 0,8 ml/min) en la Cl a una dosis total selectiva en una arteria de 0,03, 0,3, 3 y 30 g}
- Serealizaenla Cl
Clinica Mayo® Infusion por 3 diluciones de 105, 105y 10* 3 minutos - Protocolo mixto para valorar la funcion endotelial (equivalente a 0,5,
microcatéter y por litro (infusion a 1 ml/min) (el bolo final 5y 50 ug selectiva por arteria) y el vasoespasmo con bolo de 100 pg
bomba de infusién seguidas de un bolo de 100 ug durante - Incluye una valoracién funcional de la microcirculacién con guia

{por el mismo microcatéter)

20-30 segundos)

Doppler durante la infusién de acetilcolina
- Se realiza enla Cl

Grupo de Korea™

Infusién manual
por catéter guia

3 dosis de 20, 50 v 100 pg
en la Cl

1 minuto

- Se realiza en la CI

Way of
administration
Number of doses
Whole amount of
Ach

Infusion
duration

Japanese Infusién manual 3 dosis de 20, 50 y 100 g en la Cl 20 segundos - Provocacion de vasoespasmo en la Clyla CD
Circulation por catéter guia Si no hay vasoespasmo - Se recomienda la implantacion de un electrocatéter
Society'® se recomiendan 2 dosis para su realizacion
de 20y 50 ug en la CD
Grupo de Infusién manual 4 dosis de 20, 50, 100 y 200 pg 1 minuto - Se realiza enla Cl
Standford" por catéter guia en la Cl
Grupo de Infusién manual 4 dosis de 2, 20, 100 y 200 pg 20 segundos - Estudiala Clyla CD
Stuttgard™ por catéter guia en la Cl

En ausencia de vasoespasmo
en la Cl se recomienda una dosis
de 80 ug en la CD

Estudio CorMicA

Infusion mixta

3 dosis crecientes de 0,18, 1,82

2 minutos para

- Se realiza en la Cl tras el estudio de la microcirculacion

¥ grupo con bomba v 18,2 png/ml infundidas por bomba cada dosis con adenosina mediante guia de presion

COVADIS5 y manual en el catéter guia y 20 segundos - Valora la funcién endotelial y la provocacién de vasoespasmo
Finaliza con un bolo manual para el bolo final  en el mismo procedimiento
de 100 pg (50 g en la CD)

Protocolo Infusion manual 3 dosis de 2, 20y 100 ug en la Cl 20 segundos - Si se quiere valorar la funcion endotelial las dosis deben

de la ACI-SEC por catéter guia En caso de sospecha de administrarse mas lentamente, durante 2-3 minutos

(presente vasoespasmo de CD se empieza - Serealiza enla Cl

documento) la prueba en esta arteria

con dosis de 2, 20 y 50 pg




Assessment oI endotnelium—dependen

function
Acetvylcholine

test

wPreparation of acetylcholine:

woDrug unstability = preparation just before the procedure (valid for
consecutive studies).

1 mL (10 mg) in 500 mL of saline = 20 ug/mL

Coronaria izquierda: o Coronaria derecha:
1. ACH IC 2mcg. Coger 1cc, diluir hasta 10cc (2mcg/ml). 1. ACH IC 2mcg. Coger 1cc, diluir hasta 10cc
Desechar 9cc, y volver a diluir hasta 10cc = (2mcg/10ml) (2mcg/ml). Desechar 9cc, y volver a diluir hasta
f_ﬂ 2. ACH IC 20mcg. Coger 1cc (20mcg) y diluir hasta 10cc SSF= 10cc = (2mcg/10ml)
- (20mcg/10ml) 2. ACH IC 20mcg. Coger 1cc (20mcg) y diluir hasta
3. ACH IC 100mcg. Coger 5cc (100mcg) y diluir hasta 10cc 10cc SSF= (20mcg/10ml)
SSF= (100mcg/10ml) 3. ACH IC 80mcg. Coger 4cc (80mcg) y diluir hasta
20 mg 2 mL 4. ACH IC 200mcg.Coger 10cc (200mcg) = (200mcg/10ml) 10cc SSF= (80mcg/10ml)




Spasm provocation

wIncreasing doses of Ach:
wleft coronary artery: 2 = 20 = 100 pg (= 200 pg).
2oRight coronary artery: 2 = 20 = 50 ng (= 80 ug).

wAdministration as a bolus (20-30 s) + slow flush with
saline.

=2 min between doses.

e Symptoms (reproduction).
e ECG ischaemic abnormalities. Epicardial vs microvascular
e Epicardial spasm. spasm

2oNitroglycerine (200-300 ng).



Epicardial spasm

Symptoms

ECG ischaemic abnormalities

Reduction in coronary diameter
>90% from baseline

Microvascular spasm

Symptoms

ECG ischaemic abnormalities

No epicardial spasm (<90%
reduction in coronary artery

diameter)
Ong P, Int J Cardiol. 2018




Assessment O endotnelium—l1ndependen

function

wUse of a dedicated guidewire

Thermodilution

Doppler

. .

——

ComboWire XT Flowire




PressureWire X & Coroventis management

Coroventis @

Pd : '-i‘““ ﬂ
“No Wire
EQUALIZE

™ 0.00

g

150
140
130
120
110
100
0
L
]
1]
50
40
30
2
10
0

1086

1/3 Place AO transducer at heart level |,

Flush guide .
Open AO fo Air wFlush the guide

Click ZERO AO catheter

w/Zero 1n aortic
pressure



PressureWire X & Coroventis management

Coroventis ®

?ﬁpVWm

™ 0.00 ’I

d9/3  Connecting... Tumn ON PressureWire Now

wFlush
PressureWire X

wDo not turn 1t on
YET



Coroventis

Advance PressureWire to catheter opening
Click EQUALIZE EQUALIZE




Coroventis

< 66

EQUALIZE -10

3 0.90

RFR v

RFR 0.80
FFROS3

FFR
RFR
= Pullback

CFRIMR

IMR.
Temp

P wFlush guide
catheter

wSelect measure
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WARAY

Coroventis @

EQUALIZE -10

|
“*.0.09

Induce

Hyperemia
& Press here

Click to
End and Save

@3 1ntracoronary
injections of saline
(3-4 ml) at room

temperature. . ,
> Resting mean transient time

wEnsure correct
catheter canulation

wMost frequent alarms

wDiscordant values



Coroventis ®

FFR Pd
095 75
PdPa Pd
094 65
CFR CF R

Inf Inf

R MR-

0 O

RAR
Inf

Resing 0925 090 089 096  Hypeemc I |
Rty & wSteady—state

hiperemia: intravenous
adenosine (140

U g/kg/min).

4 4 a4 4 a8 [ ] 2 B o L ] iz 1 i# id 2 22 M4 W 3 12 4 18 1] 4 a3 4 48 a3 g

- = e = - - X0 09:52-05
RPN @ D-1175 w <@ >

] | Abbott |

wAlternative: bolus of
adenosine (200 ung for
LCA, 100 g for RCA ).




Assess hemodynamic markers of coronary hiperemia:

1) “Ventricularization” of the distal pressure
waveform.

2) Disappearance of distal dicrotic pressure
notch.

an aortic and distal pressures
wWait until stable hyperemia is

achieved.

wThen, click in “Induce Hyperemia

7 N Press here”
Induce )

| Hyperemia
& Press here



I\

N

T L ‘m/' Nt A nas)

s e N
T mwmmw

Resting 0.54s 0.57 0.56 0.50@emic 011s 0.10 0.12 0.12 Resume

g
2
3
4
5
¥
7
8 "

8 4 42 44 : ;
10:03:20 < @ S

@At steady—state hyperemia: 3 new injections.

> Hyperemic mean transient time



