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Kam se ubira koronarni fyziologie

* Detekce lézi prokazatelné * Renesance hodnoceni koronarni
zpusobujicich ischémii myokardu mikrocirkulace a koronarnich spasmu
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FIGURE 3. Influence of extent of coronary disease on expected cu-
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FIGURE 4. Cumulative survival of patients with 70 percent or greater
narrowing proximal to the first left anterior descending (LAD) septal
branch (41 patients), 70 percent or greater narrowing in a coronary
segment distal to the first anterior descending septal branch (27 pa-
tients), and those patients without r greater narrowing in
either the antenor descending or left-main-eeronary arteries (10 pa-
tients).

Platia E. Am J Cardiol[|1980/46:543-552
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FIGURE 4 Relationship Between Jeopardized but Viable Myocardial Segments and Early Revascularization
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PCl vede k redukci vzniku infarktu myokardu

__FFR_]
1 44%

5 years

PRIMULTI
N=627

) 0%

5 years

COMPARE REVIVED-
Acute eyl (e BCIS2

N=885 N=700

\51%

5 years 3 years 5 years

132%  (33%  ,45%

3.5 years

N = 12.320 patients, reduction of ~ 30% in spontaneous Ml
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ORIGINAL ARTICLE

REVIVED-BCIS2

Percutaneous Revascularization for Ischemic

Left Ventricular Dysfunction

Divaka Perera, M.D., Tim Clayton, M.Sc., Peter D. O’Kane, M.D.,

PCl: 129 events (in 37.2% of patients)
Optimal medical therapy: 134 events (in 38.0% of patients)

Hazard ratio, 0.99 (95% Cl, 0.78-1.27)
P=0.96

Optimal medical therapy .
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Years since Randomization

Severe Left Ventricular Systolic Dysfunction
+ Extensive Coronary Disease + Myocardial Viability
N=700

PCI vs srovnani s OMT vede k:
- 12% snizeni kardiovaskularni
mortality

- 44% redukci vyskytu
spontanniho infarktu myokardu
- 58% redukci adekvatni terapii
z implantovaného defibrilatoru
- zlepSeni kvality Zivota

Perera D. NEJM 2022;387:1351-1360



@ ESC European Heart Journal (2024) 00, 1-123 ESC GUIDELINES

European Society https://doi.org/10.1093/eurheartj/ehae177
of Cardiology

2024 ESC Guidelines for the management
of chronic coronary syndromes

Revascularization to|improve outcomes

In chronic coronary syndrome patients with left ventricular ejection fraction >35%

n atients wi >35%, myocardial revascularization is recommended, in addition to guideline-directed medical therapy, for
In CCS patients with LVEF >35%, myocardial larization i ded, in addition to guideline-directed medical therapy, f
patients with functionally significant left main stem stenosis to improve survival,”'®71%:859.860

n atients wit >3057%, myocardial revascularization is recommended, in addition to guideline-directed medical therapy, for
In CCS pati ith LVEF >35%, myocardial larization i ded, in additi guideline-di d medical therapy, f
patients with functionally significant three-vessel disease to improve long-term survival and to reduce long-term cardiovascular mortality 1

; ol . 55.56,317.732-734
and the risk of spontaneous myocardial infarction.

In CCS patients with LVEF >35%, myocardial revascularization is recommended, in addition to guideline-directed medical therapy, for
patients with functionally significant single- or two-vessel disease involving the proximal LAD, to reduce long-term cardiovascular mortality 1

: ol . 55,56,317.719,732-734
and the risk of spontaneous myocardial infarction.”>>>~ """

In chronic coronary syndrome patients with left ventricular ejection fraction <35%

In CCS patients with LVEF <35%, it is recommended to choose between revascularization or medical therapy alone, after careful evaluation,
preferably by the Heart Team, of coronary anatomy, correlation between coronary artery disease and LV dysfunction, comorbidities, life 1

expectancy, individual risk-to-benefit ratio, and patient perspectives.

In surgically eligible CCS patients with multivessel CAD and LVEF <35%, myocardial revascularization with CABG is recommended over I
medical therapy alone to improve long-term survival.”>>*74%8¢1
In selected CCS patients with functionally significant MYD and LVEF <35% who are at high surgical risk or not operable, PCI may be

iib
considered as an alternative to CABG.>*%"?’

Revascularization to|improve symptoms

50,321,402,732,734,757

In CCS patients with persistent angina or anginal equivalent, despite guideline-directed medical treatment, myocardial revascularization of I -

functionally significant obstructive CAD is recommended to improve symptoms.



E S C European Heart Journal (2024) 00, 1-123

European Society pttps://doi.org/10.1093/eurheartj/ehae177
of Cardiology

ESC GUIDELINES

2024 ESC Guidelines for the management

of chronic coronary syndromes

Recommendations

Class® Level®

During ICA, selective assessment of functional severity of intermediate®

diameter stenoses is recommended to guide the decision to revascularize,

using the following technigues:

« FFR/IFR (significant <0.8 or <0.89,
49,308,310,311,313,321-323,332,373

respectively);
+ QFR (significant 50_3}_315.355.3?4.3?5
In addition:

» CFR/HSR/CFC should be considered as a

complementary investigation;*~*360.366-368.37

* resting invasive measurement of Pd/Pa, dPR, RFR,
or angiography-derived vessel FFR may be

considered as alternative pameters.jﬂj??

Systematic and routine wire-based coronary

pressure assessment of all coronary vessels is not

recommended, &>

C

© ESC 2024




Koncept frakéni pratokové rezervy

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

Qn

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

_ AP
Q_T

FFR =

3) Pfi maximalni hyperemii je rezistence minimalni:
Pd - Pv
Pa - Pv

4) VIliv centralniho Zilniho tlaku je ve vét§iné pfipadtl zanedbatelny:

FFR =

AP = f1(1/A52,.’. d) 4 f2(1/A‘2. 1/An2’ C.)z)

FFR = 2 i
VISCOUS SEPARATION

Pa




Non-hyperemic indices

S. Jerdbek. Interv. Akut. Kardiol. 2020



Pullback za pouziti klidovych indexu

RFR Recording ; : . RFR Recording

g
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1

Recordings: 29 Mar 2022

1201°RFR PBK - |
e e— 12:00 FFR  0.61
Recordings: 06 Jun 2022 v 11:59 FFR 073

11:55 FFR  0.83

11:54 FFR  0.83
09:24 FFR 057 - ; 00:22 11:53 FFR  0.85
09:23 FFR  0.56 -
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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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Hodnoceni FFR/NHI po provedené PCl

: 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



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
e ok -0
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

A Death, Myocardial Infarction, or Revascularization

Angiography-Based Physiology to Guide
Coronary Revascularization

Joost Daemen, M.D., Ph.D.,! Jari A. van der Eijk, M.Sc.,'! Marco Barbierato, M.D.,?

FAST Il I'nvestigato rs*

100+ 10 Risk difference, -0.02 percentage points
90 (95% Cl, -2.25 to 2.21)
g 80 8~ P=0.004 for noninferiority ;g
E 709 6 FFR guidance
2 604
E 50 4+ vFFR guidance
o
= 40+
= 24
_E 304
6 20 0 T T T 1
104 0 3 6 9 12
c T T T 1
0 3 6 9 12
Months of Follow-up
No. at Risk
FFR guidance 1095 999 981 969 953
vFFR guidance 1116 1033 1012 999 972
B Study-Vessel Failure
100+ 57 Risk difference, -0.62 percentage points 46
90 (95% Cl, -2.35 to 1.10) '
E‘E‘ 80 4+ . 4.0
= FFR guidance
g 704
g *
= 60+ vFFR guidance
7]
£ 50 2+
o
2 40
i 14
_E 304
'3 204 0 - T 1
104 0 3 6 9 12
0_ — T T T 1
0 3 6 9 12
Months of Follow-up
No. at Risk
FFR guidance 1095 1011 996 989 973
vFFR guidance 1116 1045 1029 1017 957

NEJM 2026, DOI:
10.1056/NEJM0a2601841
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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




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



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;



Méreni CFR a IMR

Room Patient Live C orove nﬁ S (l)
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CFR/HSR/CFC should be considered as a " B
a
complementary investigation;*>¢0:66-368.376 Kovarnik T. Vnitf Lék 2020; 66(3): 152-159



Meéreni absolutniho prutoku

bez adenosinu, kontinualni infuze FR do koronarni tepny

p— : : | CoroVentis I Paint | e [DRaeN X % Coroventis ®

20 FFR P
200 0,74
180 | Sens T 701 1 3
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0,87
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e 20 271 0,13

Infrate Inftemp Mix temp
(ml/min) (C) (9}

a
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80

| T “‘
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Q:L:mm'\ Qﬂc'm
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1.2

zacatek

pullback

Rf mmHg/(L/min))

832

Rw: mmHg/(L/min))

170

14 infuze vodice

-18

73, 1M 15 120 15 130 1% M40 M5 150 155
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LADProx v - 3 X 103,52 132%9 <A >

LADProx + L] X112,48 13:42:14
Vel gg < @ >

MRR > 2.7-3.0 — normalni mikrocirkulace

CFR = Qmax / Qrest MRR < 2.1- 2.3 — mikrovaskularni dysfunkce

MRR — Qmax . Pa,hyp . Pg rest
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

—
X
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o
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-
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e
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o
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($)]

Resting Flow Hypermic Flow IMR/MRR

M Bolus thermodilution M Continuous thermodilution

Gallinoro E. Eurointervention 2023;19:e155-e166



¥ 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



Testovani koronarni vasoreaktivity za pouziti
intrakoronarni aplikace acetylcholinu

Ach- and adenosine-based vasoreactivity protocol

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

Baseline Final

y 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?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

a @ESC—



Beyond Coronary Artery
Disease
Assessing the Microcirculation

INOCA Suspected

Stress PET

Stress CMR  sell)>-

Stress Echo

\ Stenosis >70%

FFR <0.8

Non-invasive

Invasive Coronary
Artery Evaluation

\

Stenosis <70%
FFR >0.8

\

Microvascular testing with Hyperemia
(Doppler or thermodilution)

l v

CFR<2.0-2.50r <50% increase

S

<90% diameter

IMR =25 in coronary Vasoreactivity studies stenosis; + mr<
blood flow to D Intracoronary ACh m— No chest pain
ACh (without or ECG
spasm)® v * changes

>90% diameter
stenosis + angina or

No epicardial spasm
+Chest pain, ECG

Coronary
Microvascular
Dysfunction

Endothelial-
Non-cardiac chest pain

Management of
Obstructive CAD

CFR > 2.

Non-invasive
assessment of
ischemia and CFR

0-2.5
25

Sonal Pruthi, mD?, Emaad Siddiqyi, MD?,



Invazivni funkcni vysetfeni ma v aktualnich ESC doporuceni
tridu doporuceni IA

Komplexni vysetreni zahrnujici vysetreni 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







16. rocnik
Q WORKSHOP OCT, IVUS, NIRS, FFR/iFR, RFR

Akce konana pod zastitou Ceské asociace intervenéni kardiologie

Dne 1 1 3 20 2027’ 9.00 = 16.00 hOdin

Kardiocentrum CINRE, Nemocnica Bory, Ul. Ivana Kadlecika 6851/2, 841 03 Bratislava IV, SK

CESKA ASOCIACE INTERVENCNI KARDIOLOGIE




