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Source: 397,954 patients undergoing coronary angiography in the USA
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PREVALENCIA DE DISFUNCION MICROVACULAR Y
VASOESPASMO CORONARIO
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In patients with no obstructive coronary artery disease, approximately 42% of the cases were reported to have
CMD and/or cdfonary spasm.

|‘/=’ Migva N, De Bruyne B, Collet C et al JAHA 2021 in Press




2-INOCA: LAS CONSECUENCIAS

* Patients continue to experience recurrent angina with
impaired quality of life

* Repeated hospitalizations, unnecessary coronary angiography ]
and adverse cardiovascular outcomes in the short and long
term

'y

* Paradoxical reassurance by the treating physician
* Physician may even refute the underlying symptoms

Kunadian et al. EAPCI Consensus Document on INOCA.
Eur Heart J. 2020 Oct 1;41(37):3504-3520; Eurolntervention. 2021 Jan 20;16(13):1049-1069




Total 303 291 530

PRONOSTICO DE LA DISFUNCION MICROVASCULAR EN PACIENTES SIN
ENFERMEDAD CORONARIA OBSTRUCTIVA

A
Study name Statistics for each study Dead | Tatal
Odids Lower U CFR CFR
ratic  Wmit  lmit Z-Value p-Value Abnormal  Normal
Marks ** 312 120 815 233 002 12/60 8/108
Herzog @ 178 03 824 089 Q48 ¥R 417
Corfigiani * 441 327 696 067  0.00 10B/903 73/2645
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Murthy ™ 228 118 439 247 001 32/641 13/577
Gan * 875 222 3454 340 000 5/33 4200
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BS4  0.00 183/ 1970122/ 4661

Mortalidad

Odds ratio and 95% CI
——
n
—_—
—
R
—
. f
01 1 10 100

OR CMD 3,93

0.01

B
Study name ics for each study Hazard ratio and 95% CI
Hazard Lower Upper
ratio limit  limit Z-Value p-Value
Marks 7010 2.743 17917 4067 0.000
Herzog * 2880 1.241 6593 2.466 0.014 ——
Cortigian * 3310 2291 4782 6376 0.000 ||
Total 3619 2446 5354 6.437 0.000 .

0.1 1 10 100

No CMD CMD

HR CMD 3,62

P<0,001

Study name Statistics for each study MACE / Total Dbda ratio and 95% CI
Odds Lower Upper Abnormal  Hormal
ratio limit  limit ZValue p-Value CFR CFR
Herzag ™' 171 088 489 008 033 732 00T
Cartigiani 1027 730 1446 1335 0.00 1087318 641342
Ziad ™ 248 102 609 200 005 8/100 12/314
Lowanstein = 436 238 798 478 000 23/128 25/523 -
Murthy 16 261 155 442 359 000 S55/641 204577 E 3
Dikic 5667 1748 18369 673 000 16/22 B/178
Gan 395 152 1025 282 000 8/33  15/200
Lee 7 380 172 841 330 000 13/139 137482 ——
Monroy-Gonzalez ® 2075 11338262 204 004 6/M 0445
Total 516 281 947 520 000 245/ 1447 167/ 3742
0.01 0.4 1 10 100

MACE

No CMD CMD

B
Study name Statistics for each study Hazard ratio and 95% CI
Hazard Lower Upper
ratio  Wmit  limit Z-Value p-Value

Herzog ™ 160 100 25 185 005
Cortigiani Men 623 342 1134 589 000
Cortigiani Women 1848 7AT 3786 660 000
Ziadi * 240 137 421 308 000 B
Lowensten * (CFR1.75-1.88) 280 118 857 237 002 -
Lowensten ®  (CFR1.5-174) 470 180 1142 352 000
Lowensten (CFR <1.49) 540 250 1188 428 000
Dikic ** 1280 386 4340 415 000
Gan ™ 302 151 604 313 000 E =

- 489 210 1188 363 000
Total 442 279 701 633 000 <>

0.01 0.1 1 10 100

ORCMD 5,16
HR CMD 4,42

P<0,001

Mayor mortalidad y riesgo de MACE en pacientes con MCD

No CMD CMD

Gdowski MA et al. J Am Heart Assoc. 2020 May




3- TRATAMIENTO DIRIGIDO

Main Results:
Invasive Coronary Function Testing in Angina
(CorMicA): One Year RCT Outcomes Improved 122% 127%
Linked Diagnosis: | 0 : 1;5;5;:] 1:511:»::?
Randomized Microvascular angina | ! 1o P
151 Patients Vasospastic angina - /
Non-cardiac I' - .______...._——-0
<= Intervention
®- - Control
_ Baseline 6 Month 12 Month
Therapy: .
O:sntfll:::::emb Stratify Antianginals sum"‘e‘d BEHEﬂtS-
Non-pharmacological | Improved Angina and
Quality of Life

Ford, Berry et al. JACC 2018; ACC CV Int. 2019




Flow

MICROCIRCULACION: AUTOREGULACION DEL FLUJO CORONARIO

Arteriole

O

Changes in the arteriole tone

pressure # flow

Pressure

CONDUCTANCIA AUTOREGULACION Resting condition

Pressure

Increase in myocardial demands

Para valorar y cuantificar el compartimento microvascular necesitamos medir FLUJO Y RESISTENCIAS
” Capacidad de autoregulacion”




¢Cémo exploramos la microcirculacion:

Iy
1.

EQITORIAL

ESC guidelines, Chronic Coronary Syndromes
Angina without obstructive disease in the epicardial
: coronary arteries - INOCA

Macro-Confusion About the Coronary b
Recommendations

M I C rOC I rc U Iat'on Guidewire-based CFR and/or microcirculatory resistance measurements should

be considered in patients with persistent symptoms, but coronary arteries that
Alden Jeremans. MO MSC Tad A AL NDL DP are either angiographically normal or have moderate stenoses with preserved
iwFR/FFR.

Non-invasive methods lntracoronary' acetylcholine \n_nth ECG .momtoruf'lg may be considered during
angiography, if coronary arteries are either angiographically normal or have
moderate stenoses with preserved iwFR/FFR, to assess microvascular
vasospasm.

Scintigraphy

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

Epicardial Acetylcholine
Artery (ACh) Bolus

Invasive methods

Doppler Cont Thermodilution Bolus Thermodilution

Index of
Coronary Flow Microvascular
Reserve (CFR) Resistance (IMR)

—/

ACh infusion
(Microvascular spasm)

Ford TJ, Corcoran D, Berry C.
Heart 2017;0:1-9




~ Coronary
. Angiography + Myocardial bridging
T —— « ‘Flush’ ostial branch occlusion

e 1 :I:'_' Pressure/Thermistor or
' 2 ; Sy = Doppler wire
Guidewire —
{aden?mm] Caoronary flow }MEM - abnormal CFR £2.0
i Microvascular resistance - IMR 225 or HMR >2.4
] . Acelylcheline incremental
e e, Doses & belus
3 g = Symptoms, ECG & angio
Vasoreactivity

(acetyicholine)

* Microvascular vasospasm

Ay
Epicardial vasospasm

.“4 1. Microvascular angina

: Diagnosis - 2. Vasospastic angina

& Management = 3. Mixed angina

e e ‘h mmml‘n {n“m.l Im

“WASH OUT”” 24 HORAS ANTES

4 endotypes as a guide to therapy covering all possible
results of CFT

Abnormal Abnormal

vasodilatation

vasoconstriction

Normal Microvascular angina Microvascular spasm Vasospastic angina
Adenosine test normal Adenosine test abnormal Adenosine test 77 Adenosine test 7?
(CFR 2 2.0 and IMR <25 U) (CFR<2.0 and/or IMRz25 U) ACh test abnormal ACh test abnormal

ACh test normal ACh test normal (ECG changes + angina + no (ECG changes + angina + severe

severe epicardial constriction) epicardial constriction >90%)

* Russell C, Baillie JK. Current Opinion in Systems Biology. 2017(3):139-




il CFR/ IMR

Termodilucion con bolos de salino

Recording Replay Coroventis
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Hyperemic Agent

IC Adenosine 100 ug in the
RCA and 200 pg in the left
coronary artery

IV Adenosine 140
mcg/Kg/min

CFR / IMR

Termodilucion con bolos de salino

Hyp 067 061

X21.25
D 961

08:40:02

1 III3

Resume

<I@|.>




CFR / IMR

Termodilucion con bolos de salino

CFR (Coronary flow reserve) IMR (Miocardial Resistence Index)

* Dinamicidad microciculacion * Mecanismos estructurales
Hyperemic flow / resting flow R — Py
L Q

Tmn reposo / Tnm hiperemia Presidn distal x Tnm hiperemia
Valor normal > 2 Valor normal < 25
(Normal coronary flow reserve)
. Hyperemia (adenosine) Myocardial perfusion pressure = Pd - Pv

I 1
Increase o .
(Low corol Myocardial flow

reserve) — s

P, Right
atrium

Pressure




g T > Un 37% con resultado de CFR e IMR

e . discordante
Limitaciones
B0 Group CFR IMR Hazard Ratio (35% CI)
* Operador dependiente: variabilidad o i DD Releires)
* Necesidad de adenosina e High  High NA
, . — Low Low 2116 (0.386 - 11.589)
* Son indices, no valores absolutos s = T A i sl i

* CFR
* No especifico de la microcirculacion
* Alta dependencia de condiciones en reposo

Breslow P for Overall Comparison = 0.002

* Flujo basal aumentado

Cumulative Incidence of Events (%)
s
o

D
* Tiempo diastdlico acortado
* Presion intracavitaria aumentada 20-
A
* IMR ———¢
* Depende de la existencia de circulacion colateral 5 ‘:I ,-l B_
. o 7 . vé . I I I I I
* A veces la interpretacion de los resultados es dificil.... 0 500 1.000 1,500 2,000

Lee Joo Myung, Journal of the American College of Cardiology. 2016 Mar 15;67(10)




SECOND-GENERATION CORONARY PHYSIOLOGY

Absolute flow and absolute resistences
MRR index




Un paso mas alla: De la termodilucién en bolos a la termodiucién continua

Indicator Dilution Theory
The ‘indicator’ must be mixed to blood instantaneously
to be completely representative of blood flow

Bolus L i Continuous
Time Time
e "' v
A :
E BOLUS :
INJECTION 3
START "
INFUSION
Q= MA;:(t)dt o Q = V/Tmn Q= Qi * I" x 1.08

FLUJO CORONARIO ABSOLUTO (mi/min) Y RESISTENCIAS CORONARIAS ABSOLUTAS (UW)




Journal of the American College of Cardiology
Wolume 50, Issue 24, 11 December 2007, Pages 2294-2304

Clinical Research

Invasive Cardiology

Direct Volumetric Blood Flow Measurement in
Coronary Arteries by Thermodilution

Wilbert Aarnoudse MD, PhD "1+, Marcel van't Veer MSc "+ %, Nico H.. Pijls MD, PhD "t & &, Joost ter Woorst MD

1. Steven Vercauteren MD (f, Pim Tonino MD *, Maartje Geven M5c T, Marcel Rutten PhD T, Eduard van Hagen RN
", Bernard de Bruyne MD, PhD [, Frans van de Viosse PhD T

Circulation: Cardiovascular Interventions d

Volume 11, Issue 3, March 2018 Amerdcan

hitps:/idoi.org/10. 116 1/CIRCINTERVENTIONS  117.006 194 Heart
Association.

ORIGINAL ARTICLE

Catheter-Based Measurements of Absolute Coronary
Blood Flow and Microvascular Resistance

Feasibility, Safety, and Reproducibility in Humans

Panagiotis Xaplanteris, MD, PhD, Stephane Fournier, MD, Daniélle C.J. Keulards, MD,
Julien Adjedj, MD, Giovanni Ciccarelli, MD, Anastasios Milkas, MD, Mariano Pellicano,

MD, Marcel van't Veer, MSc, PhD, Emanuele Barbato, MD, PhD, Nico H.J. Pijls, MD, PhD,
and Bernard De Bruyne, MD, PhD

A Injector / Infusi

Dedicated infusion catheter
(RayFlow, Hexacath)

Pressure & Temperature Sensor
PressureWire X (Abbott Vascular)
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LA INFUSION CONTINUA DE SALINO GENERA UN ESTADO DE HIPEREMIA MAXIMA ESTABLE SIN NECESIDAD DE ADENOSINA




:-E winjector. /. InfUsion @h

Flujo coronario y resistencias vasculares

Termodilucion con infusion continua salino

Flujo coronario absoluto (Q) (termodilucion)
T=temperatura de la sangre homogénea mezclada con el s salino

Dedicated infusidn catheter

+  Ti=temperatura del s salino infundido medida en la salida del catéter ~

¢ Qi=ritmo de infusidon del s salino

Pressure
Temperature

/ Accuracy of 0.01°C

Ti (°C): infusion
temperature

Ti 2
Q= ? X 1,08 X QI (ml/min)

Qi (ml/min): T (°C): distal

flow of saline temperature

P

R= — (mm Hg.min.mL")

Coroventis

infusion [ \
\ \

Resistencias (Ohm)

., - Dedicated Software
¢ Pd= presiodn en coronaria distal

* Q-=flujo coronario

{Coroflow by Coroventis

PR B = M > 1 13 oo o
Dedicated software (Coroflow by Coroventis)

v,
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HIPEREMIA MAXIMA

v

L] =
Q) e i\
“NA T

' \\\\\\\\\\\\\\\

VASODILATACION MAXIMA
DE LA MICROCIRCULACION
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the pressure sensor is pulled back rather quickly

to the_location of|the salineinfusion
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Continuous thermodilution
Absolute Flow, Resistance, and MRR

Coroventis

Rest
(1Y [l
08 Th

Qums Rym
9% 770
Hyperema

0.81 bl
Qua  Rim
191 380
FFR 0.81

Hypeteire: 0,508
052 o4 0F

MRR 2.44

Operator dependant * Easy * Operator independant
Non-Quantitative * Longer (4-5 min) * Quantitative (mL/min)
* Dedicated infusion catheter * Highly reproducible

* Easy
¢ Fast(1-2 min)
* No extra material

-




ELSEVIE]

Contents lists available at ScienceDirect

International Journal of Cardiology

journal homepage: www.elsevier.com/locate/ijcard

Coronary microvascular dysfunction assessed by continuous
intracoronary thermodilution: A comparative study with index of
microvascular resistance

Fernando Rivero?, Alejandro Gutiérrez-Barrios®, Josep Gomez-Lara®, Manuel Fuentes-Ferrer 9, Javier Cuesta ?,
Danielle CJ. Keulards ¢, Ana Pardo-Sanz, Teresa Bastante?, Elena Izaga-Torralba®,
Joan-Antoni Gomez-Hospital ¢, Marcos Garcia-Guimaraes £, Nico H.J. Pijls €, Fernando Alfonso **

Rmicro >500 WU = IMR > 25

Rmicro se correlaciona major con Q coronario que IMR
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Limitaciones: EFECTO MASA

* Flujo absoluto y resistencias dependen de la masa miocardica: a mayor
masa miocardica , mayor flujo coronario y menores resistencias

* La masa miocardica tiene gran variabilidad interindividual y para cada
territorio vascular

* Por lo tanto, un gran rango de “valores normales’’ de flujo y resistencias
son esperables

e Para salvar esta limitacion, necesitamos:
e Ajustar por masa miocardica

* Normalizar los valores en hiperemia a los valores en reposo correspondientes:
concepto de “RESERVA” de flujo (CFR) y resistencias (MMR)




Flow (mL/min)

CORONARY INTERVENTION
CLINI A

CAL RESE

RC

3

Normal values of thermodilution-derived absolute coronary

blood flow and microvascular resistance in humans

Stephane Fournier'**, MD; Danielle C.J. Kenlards*, MD; Marcel van't Veer®, MSc, PhD; Iginio Colatori’, MD;
Giuseppe Di Gicia'~, MD); Frederik M. Zinwnermann®, MD; Takoya Mizukami®, MD, PhDD;

Sakura Nagomo', MD; Monika Kodeboina', MD; Mohamed El Farissi®, MD; Jo M. Zelis*, MD;

Jeroen Sonck'”, MDD, Carlos Collet'. MD. PhD); Nico HJ. Pijls** MD. PhDD; Bernard De Broyne'**, MD, PhD
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" ELUJO CORONARIO BASAL: ta

on de Aquiles de la fisiologia coronaria

Thermodilution-derived volumetric resting coronary blood X -
flow measurement in humans .

Emanuele Gallinoreo' <, M vessandro wdreva' MD: s

Lol MD: Monika Kodebi Wil
Stephane | i MDD T MT: G — T MD: leroen o D ‘
. e
" ]

| van 't Yeer AMS "hiD: Nico H). Piils MDY PRD- ¢ : . MD P




Vel. Doppler

p<0.001
p=0597 i

T T T T T —
Baseline 10 mli/min 20 ml/min Baseline 10 ml/min 20 ml/min.
Infusion rate Infusion rate o

LA TERMODILUCION CONTINUA CON SALINO A UN RITMO DE INFUSION BAJO (10 ml/min) PERMITE CALCULAR FLUJO
CORONARIO ABSOLUTO Y RESISTENCIAS ABSOLUTAS EN REPOSO




ABSOLUTE FLOW-DERIVED CFR

A
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Termodilucién continua: flujo absoluto en reposo

Coroventis X
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FLOW AND RESISTENCE

Coroventis X
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ABSOLUTE HIPEREMIC FLOW AND RESISTENCE
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09:16:13
34

<@g >

Coroventis X

FFR

Inf rate  Inf e
(mbmin)  (C) {C)

820 685 0,65




Coroventis @

Rest

Pd/Pa Pd

0.89 76
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Pijls, Fearon et al JACC 2021:1541

De Bruyne,




Microvascular Resistance Reserve R
for Assessment of Coronary
Microvascular Function

JACC Technology Corner

Bernard De Bruyne, MD, PuD,""* Nico H.J. Pijls, MD, PuD,>* Emanuele Gallinoro, MD,*" Alessandro Candreva, MD,*
Stephane Fournier, MD," Danielle C.J. Keulards, MD," Jeroen Sonck, MD,** Marcel van't Veer, MS, PaD,"’
Emanuele Barbato, MD, PuD,™* Jozef Bartunek, MD, PsD,” Marc Vanderheyden, MD,” Eric Wyffels, MD,”

Annemiek De Vos, MD, Mohamed El Farissi, MD," Pim A.L. Tonino, MD, PuD," Olivier Muller, MD, PuD.”
Carlos Collet, MD, PuD,* William F. Fearon, MD?

»= MRR: primer indice especifico de la microcirculaciéon
derivado del flujo absoluto

MMR

Parametro cuantitativo

100% Especifico de microcirculacion
Independiente de las resistencias epicardicas
Independiente de masa miocardica
Independiente de cambios en presion arterial
Independiente de operador

Procedimiento sencillo y rapido

CENTRAL ILLUSTRATION: Simultaneous Registration of Pressures, Tem-
perature, and Flow Velocity in the Right Coronary Artery

. Start saline infusion Start saline infusion
at 10 mL/min at 20 mL/min

Temperature Pres

Flow Velocity
100 cm/s

CFRpgppt 243
MRRpgpp 2.87

M FFR 0.94
CFR 2.35
MRR 2.62

T
Q  =108.=L.q
Ryrest =Pal Qrent

Rp, hyper = Pal thper

Q P
MRR _ hyper' o, rest

Qrest Pa, hyper

De Bruyne, B. et al. J Am Coll Cardiol. 2021;78(15):1541-1549.




VIR: epecifico de la mircocirculacion

: MRR = (true) R, .o; /R,

hyper

Resistencias microvasculares verdaderas (como serian en el hipotético caso de arterias epicardicas completamente normales) /
Resistencias microvasculares en hiperemia

How to calculate

(true) R 277 B

I, rest

* En caso de ausencia total de enfermedad epicardica:, P. = Pd

* En caso de enfermedad epicardica: Rﬂ.msf estarian
disminuidas por un estado compensador (autoregulacion)

(true) Rp, rest Pa, rest! Qrest (€9 1) (eq 1)

How to calculate

2727
Ru. hyper* **

Las resistencias en hiperemia no se ven afectadas por la
presencia de enfermedad epicardica

R

'y, hyper “p

o iywer] Qe equation(2)

MRR = Qmaxl Q-res! X Pg,rest/ Pg,hyp equaﬁon(s)




O expresado de otra forma....

MRR = Qo5 / Quest X Pa,rest/ Pop X Pa,hyp/ Pahyo

1

“traditional” CFR

as you know it, but
calculated with high
accuracy

I

compensation for
changes in blood
pressure

I

compensation for
presence of
epicardial disease

MRR = CFR / FFR

X Pg,rest f Pg,hyp

(equation 4)

* Arterias epicardicas normales: MRR= CFR

* Enfermerdad coronaria epicardica: MRR= Super-CFR ajustado a FFR

N =30
r=0.68

J Intercept = 0.88

Slope = 048
95% Cl: 0.43-0.84

P < 0.001 e

MRRThermo

MRRThermo = CFRpoppi

(0] N=30
© r=-0.60

Intercept = 4.95

Slope = -4.87

95% Cl: -0.79 to -0.31

O p<0.001

0.6 0.7 0.8 0.9 1.0

De Bruyne, Pijls, Fearon, et al; JACC 2021; 78: 1541-1549
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Parametro preciso, cuantitativo y reproducible

100% Especifico de la microcirculacion, de la masa miocardica y de los cambios en presion
arterial

En personas sanas MRR es similar a CFR
En pacientes con enfermedad coronaria epicardica, es un “super-CRF”’ especifico de
microcirculacion y ajustado a los cambios hemodinamicos, e independiente de la enfermedad

epicardica

Las variaciones de CFR debidas a heterogeneidad genética, edad siguen estando presentes en
MRR

Una dicotomia del 100% de los pacientes es dificil de alcanzar pero nos permite un diagndstico
mas preciso de enfermedad microvascular

Se quieren investigaciones futuras que validen su aplicacidn clinica




Una nueva aproximacion diagnostica...

LV angio + LV pressures + Coronary angiogram

H m
Hyperdyramic LV contractions

CFT
AcChol - AcChol + AcChol - AcChol +
IMR <25 IMR <25 IMR > 25 IMR > 25
R, <500 WU R, <500WU R, >500WU R, >S500WU
MRR> 3 MRR> 3 MRR<3 MRR< 3

Normal Abnormal Abnormal

vasoconstrictio vasodilatation

4 endotypes as a guide to therapy




TRATAMIENTO SEGUN ENDOTIPO

Normal

Abnormal

vasadilation

w

Search for other
causes of chest
pain?

Beta-blockers
ACE inhibitors
Statins
Lifestyle changes
Weight loss

Ahbnormal

vasoconstriction

CCB
Long-acting
nitrates
Reserve meds
Control CVRF
lifestyle changes

Mixed

Beta-blockers
ACE inhibitors
Statins
CCB
Long-acting
hitrates
Nicorandil
Reserve meds
Control CVRF
Lifestyle changes




CONCLUSIONES

La disfuncion microvascular es probablemente una condicion muY frecuente pero su prevalencia, relevancia y
a

fisiopatologia exactas todavia son poco conocidos en parte debido a la ausencia de medidas cuantitativas.

En la era de la medicina de precisidon, necesitamos parametros cuantitativos.

Los test dilag_nlésticos de segunda generacion suponen una expansion de nuestras herramientas para explorar la
microcirculacion.

El método de termodilucién continua y la estimacion del flujo coronario absoluto y resistencias absolutas
represental? una forma nueva, cuantitativa y operador independiente para la valoracion especifica de la funcién
microvascular.

MMR se presenta como un nuevo indice objetivo de la dinamicidad microvascular salvando las limitaciones del
CFR.

Estos nuevos parametros pueden ser utiles para caracterizar correctamente y estandarizar el diagnostico de
disfuncién microvascular, asi como para guiar su tratamiento.
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