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FIGURE 4 Relationship Between Jeopardized but Viable Myocardial Segments and Early Revascularization
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COMPLETE CARDIAC CHARACTERIZATION

IMR = Resistance (au) Micro-circulation only
IMR=PyX Tn,

r | \

FFR RFR ‘ _\;’ < ' “-:'
Epicardial disease only o ” <

S Sy : Absolute Flow/Resistance
] Quantified assessment of microcirculatory
Flow (I/min) and Resistance (woods)

[

| i Tl

Affected by epicardial AND

micro-circulatory disease .
CoroVentis

FR = Flow at rest vs Flow at Hyperemia (<:|u)jL
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Morphological consequences of pressure gradient

Importance of Plaque Composition
(Thin Cap Fibro Atheroma)|’ /_ag

Ford T. JACC CVI. 2017;10:2539-2467



Frakcni prutokova rezerva

FFR=Pd/ Pa =0.7

+ FFR/FR (significant <0.8 or <0.89,
respectively);*308310.311:313,321-323332,373

* QFR (significant <0.8).323335:374.375



Circulation Journal 0R|G|NAL ARTICLE

Circ J 2023; 87: 783-790
doi: 10.1253/circj.CJ-22-0771 Coronary Intervention

Diagnostic Accuracy of Artificial Intelligence-Based
Angiography-Derived Fractional Flow Reserve
Using Pressure Wire-Based Fractional
Flow Reserve as a Reference

Hiroyuki Omori, MD; Yoshiaki Kawase, MD; Takuya Mizukami, MD, PhD; A
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Koncept frakéni pratokové rezervy

1) Pomér maximalni pritoku ve stenotické tepné a normalni pritoku pri teoretické
absenci stenodzy: QS

FFR =0

2) Pratok je rovinu podilu tlakového rozdilu a myokardidlni rezistence:

_ AP
Q—T

3) PFi maximalni hyperemii je rezistence minimalni:

Pd - Pv
Pa - Pv

4) Vliv centralniho Zilniho tlaku je ve vétiné ptipadd zanedbatelny:

FFR =

AP = (a2l Q) 4 (Va2 Va2 éz)J
FFR = Pa VISCOUS SEPARATION

Stegehuis V. European Cardiology Review 2018;13:46-53




Definice iFR

120+

Wave-free period

Wave-free period

? i

Pressure (mm Hg)

Wave-free period

0 100 200 300 400 500 600 700 800 900

Time (ms)
iFR is a pressure gradient measured during the phase of minimal vessel resistance,

so called wave free period
Pd — distal pressure
Pa — proximal pressure

Wfp — wave free period



Non-hyperemic indices

S. Jerdbek. Interv. Akut. Kardiol. 2020
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Comparison of Different
Diastolic Resting Indexes to iFR
Are They All Equal?

CrossMark

Marcel van’t Veer, MSc, PuD,*" Nico H.J. Pijls, MD, PuD,*" Barry Hennigan, MB BCx BAO, BMepScz,®¢
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Eurolntervention 2018:14:806-814

VERIFY 2 + CONTRAST Pooled Analysis: DFR
Showed Equivalency to iFR

E *
e 064 " Sensitivity = 96%
054 Specificity = 999

". Accuracy

AUC =0.997

Circulation: Cardiovascular Interventions. 2016:9:e004016



FFR a klidoveé indexy

FFR negativni

FFR / Rl negativni

FFR pozitivni / Rl negativni
FFR negativni / Rl pozitivni

FFR / Rl pozitivni




Hodnoceni seriovych stendz a difuzniho
postizeni

FFR( A)pred =

Pd o [(Pm/Pa) X Pw]

(Pa_ Pm) + (Pd o Pw)

s Maximum Flow
FFR(A+B) = P4 / P, g7
FFR{A}opp = P / Pa | 52 |
FFR(B}am — Pﬂ- / F}m 8 : Resting Flow

Diameter narrowing (%)

Gould et al., Am J Cardiol 1974;33:87-94 (from Braunwald’s Heart Disease 2005)

(Pm_ Pd).(Pa_ Pw)

FFR(B)pred= 1= PaX(Pm_Pw)

Pijls N. Circulation 2000;102:2371-7



FFR pullback
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Measurement of Hyperemic Pullback L)
Pressure Gradients to Characterize
Patterns of Coronary Atherosclerosis

Carlos Collet, MD,** Jeroen Sonck, MD,*"* Bert Vandeloo, MD,® Takuya Mizukami, MD, PuD,*¢
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Pullback za pouziti klidovych indexu

RFR Recording ; : . RFR Recording
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How to deal with low post-PCl FFR/NHI

: Medical
High 5
follow-up
FI;:S)E :?R Intracoronary
[ : ‘ Major pressure step-up ‘ IMAsing
oW . Pullback tracingto | —» el ol > and/or
clarify causes ’ ! g Additional
- Inadequate stent coverage procedure
- Plaque prolapse
- Stent underexpansion
- Edge dissection . .
IEcdontocediren| & .| Residual .| Consider
P focal disease "| additional PCI
related causes
- Drift - N
- Inadequate hyperemia > .Major pressurestep-up: | | Medical
. Accordion phenomenon in non-stented Segment & / fOllOW'Up

- Vasospasm
PCI risk > benefit

| Residual
"| diffuse disease

PClI risk < benefit

\ Consider

additional PCI

Hwang D. Korean Circ J. 2021;51:189-201 NHI: non-hyperemic indexes
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MACE

Coronary microvascular dysfunction (CMD)

* INOCA — ischemia caused by non-obstructive coronary
artery disease

Coronary Flow Reserve
25%

Severe

P<0.0001 (CFR)
P=0.56 (gender % .
0% 56 (gender) /s CFR <2.0

15%
10% /
— Male / )— CFR >2.0
— Femal
> eme /)/

0%

Clinical Risk

Severity of CMD
Mild-Moderate

Normal

(0] 1 2 3 No Non-obstructive Obstructive
Atherosclerosis CAD CAD

Years
Severity of Atherosclerosis

CFR/HSR/CFC should be considered as a

359,360,366—368,376 Taqueti. JACC 2018

complementary investigation;



Mikrovasku

arni dysfunkce (CMD

Coronary Microvascular Dysfunction Abnormal Structure and Function of Coronary Macro and Microcirculation

Abnormal Vascular Structure Vascular Dysfunction Oiff
Structure . o clerosis
!,I. Focal A(herosde;oh

Focal atheroma Intimal thickening {Capillary density

Diffuse atherosclerosis Smooth Muscle Cell (SMC) {Capillary diameter

Coronary remodeling thickening Capillary obstruction
SMC proliferation
Perivascular fibrosis

Normal Function

Vasodilatory Enhanced
Dysfunction Vasoconstriction

Molecular Mechanisms

NO ET-1--ETs ETe
EDHF  Prostaglandin H2
Vasoconstriction Vasodilatation Prostacyclin  Thromboxane

Vascular Lumen Reduction Endothelium-independent <--» Endothelium-dependent ‘/.\

Thickened Blood Vessel Wall
Sparse Capillary

- SMC dysfunction # Endothelial cell

s EOthelial dysfunction =

N L

Taqueti V. JACC 2018;72:2625-2641

Corresponding Ischemic Symptoms Appear

Yang Z. Biomedicine & Pharmacoterapy 2023;164:115011



Vypocet koronarni prutokove rezervy (CFR)

F at hyperemia

F at rest

CFR > 2.0 mm = physiologic vascular
function

V -
(T ) at hyperemia

mn

Vv
T. at rest

Assuming the epicardial volume (V) remains unchanged, CFR can
be calculated as follows.

CFR=

T, at rest

©) CFR= T, at hyperemia

De Bruyne B. Circulation 2001;104:2003-6



Vypocet intramyokardialni rezistence (IMR)

Imuncor. =Pd 'Tmn

Q=P/R
R=P/Q Q=V/Tmn IMR,, =Pa-Tmn-(Pd_Pw)
. Pa-Pw
R=Pd-Pv V=1
V/ Tmn Pv=0
IMR > 25 mm (Hg x sec) = strukturalni
postizeni mikrocirkulace
R =Pd
1/ Tmn

IMR = Pd x Tmn (mmHg x sec)

Pagonas N. Eurointervention 2014;9:1063-68
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Mereni absolutniho prutoku

Bolus
Injection

Concentration
of the indicator

f

Start
Infusion

Concentration
of the indicator

L
uumniu!l(lllll

Pressure WireX Coroventis Rayflow Catheter™ Medrad Infusion Pump Candreva A. JACC CVintv
Abbott Vascular Hexacath, France :
’ 2021;14:595-605




Meéereni absolutniho prutoku a absolutni resistence

bez adenosinu, za kontinualni infuze FR do koronarni tepny
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CFR = Qmax / Qrest MRR — Qmax , Pahyp . Parest MRR < 2.5-2.7 — mikrovaskularni dysfunkce
Qrest Pd.hyp Py rest

de Vos JACC CV Interv 2023;16:470-481



Bolusova vs kontinualni termodiluce

102 patients
with ANOCA

Continuous thermodilution

w
o

Bolus thermodilution

Randomised 1:1 p<0.001

N
($)]

p<0.001

Bolus Continuous
thermodilution thermodilution
assessment assessment
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Resting Flow Hypermic Flow IMR/MRR

M Bolus thermodilution M Continuous thermodilution

Gallinoro E. Eurointervention 2023;19:e155-e166



Testovani vasoreaktivty prostrednictvim i.c
podani acetylcholinu

4 .

Ach- and adenosine-based vasoreactivity protocol

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

Ba.sellne Repeat angiogram after each dose Ifinal 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?ic.  Ach 200 pg?i.c. NTG Adenosine
over 60 s over 60 s over 60 s over 60 s 200 pgi.c. 200 pgicb

s @ESC—



¥ Effect of Acetylcholine on Coronary Perfusion

Dual (Paradoxical) Effect Depending on Endothelial Function

Normal Endothelium
e Acetylcholine stimulates M3 receptors on endothelium _.
y P Diffuse spasm pattem
{ v X -

e - Release of nitric oxide (NO) s

e - Vasodilation of coronary arteries
e = 1 Coronary blood flow (perfusion)

< Result: Improved myocardial perfusion

! Endothelial Dysfunction

¢ Impaired NO production
¢ Acetylcholine acts directly on vascular smooth muscle

Control CAG Nitroglycerin'

e - Vasoconstriction [ coronary spasm
e« - { Coronary perfusion Sato K. JAHA 2013;e000227

< Result: Myocardial ischemia (e.g., vasospastic angina)

© Al



Beyond Coronary Artery
Disease
Assessing the Microcirculation

INOCA Suspected
s : Stress PET Non-invasive
Non-invasive Stress CMR q assessment of
Stress Echo ischemia and CFR

Invasive Coronary
Artery Evaluation

‘ \ Stenosis >70%

Stenosis <70% FFR <0.8
FFR >0.8

\

Microvascular testing with Hyperemia

l (Doppler or thermodilution) l

CFR < 2.0-2.5 or <50% increase <90% diameter + CFR > 2.0-25
IMR 2 25 in coronary Vasoreactivity studies stenosis: IMR < 25
blood flow to < fmmmm— Intracoronary ACh m— No chest pain

ACh (W|thout or ECG
spasm)? v * changes

Management of
Obstructive CAD

No epicardial spasm >90% diameter
+Chest pain, ECG stenosis + angina or

Coronary
Microvascular
Dysfunction

Endothelial-
Non-cardiac chest pain

Pruthi S. Interventional Cradiology Clinic 2023;12:119-129



Epicardial
artery
 dependent %ACAD-
function Ach
Endothelial
e independent | %ACSA-
function NTG

Kanaiji Y, et al. J Am Coll Cardiol Intv. 2024;17(4):474-487.

Micro-
vasculature

<<

%ACBF-
Ach

CFR

Treatment of ANOCA/INOCA

Treat for ANOCA-INOCA and evaluate symptoms

Invasive coronary functional testing if persisting symptoms

FFR, iFR: distal pressure drop ~ focal or diffuse epicardial atherosclerosis?

Abnormal vasodilation?

Endothelium- Endothelium-
independent dependent
Adenosine
Clile Lov? (::Ihose
IMR >25 2-20 ug i
HMR >2.5 Hg 1.C.

Abnormal vasodilation

!

Microvascular
 Beta-blocker
« CCB

* Ranolazine

* Trimetazidine
¢ Ivabradine

ESC GUIDELINES

Abnormal vasoconstriction?

Epicardial Microvascular
Ach Ach
High dose High dose
100-200 pgi.c. 100-200 pg i.c.

Abnormal vasoconstriction

! !

Microvascular Epicardial
« CCB « CCB
e 2nd CCB * Nitrates
* Nitrates * Nicorandil

European Heart Journal (2024) 00, 1-123







Invazivni funkcni vysetreni ma tridu doporuceni IA pro
intermedialni stendzy v aktualnich ESC doporuceni

Komplexni vysetreni zahrnujici vysereni koronarni
mikrocirkulace ma uroven doporuceni IIA

Je patrna renesance testovani koronarni vasoreaktivity za
pouziti intrakoronarni aplikace acetylcholinu

Zasadnim problémem zUstava terapeuticky pristup u
pacientl s prokazanou mikrovaskularni dysfunkci







