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» dnes jiz rutinni a bézna soucast moderniho katetrizaCniho centra

« zhodnoceni rozsahu zuZeni tepny lékarem dle angiografie

» v pripadé hranicni stendzy (40-70 %) doporuceno provest funkéni mérfeni hemodynamické vyznamnosti
léze (pomoci hyperemickych ¢i nehyperemickych) indexu

P, (stiedni tlak distalné za stenozou)
P, (stredni aortalni tlak)

« vysledek muze byt vyjadren vztahem:

e - P
 normalni zdrava tepna p—“z 1

a

« pfFitomnost stendzy — pokles tlaku v distalni Casti (za stendzou) oproti tlaku v ¢asti proximalni
« cut-off = 0,80
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v virtulni FFR
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* neinvazivni metoda odhadu FFR na zakladé angiografickych snimku a
vypocetnich mat. modelu

 princip - 3D rekonstrukce postizené koronarni tepny z angiografickych
snimku

» analyza tlakového gradientu pomoci matematickych modelu proudéni krve

* Navierova-Stokesova rovnice, Bernoulliho rovnice a Hagenuv-

Poiseuilluv zakon — popis mechaniky tekutin

* vyvinuto nékolik systému
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prehled dostupnych VFFR systemu
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Coronary angiography based FFR technique

Angiographic
projections required

>2 orthogonal images
for each vessel
>2 orthogonal images
for each vessel

>2 orthogonal images
for gach vessel

CA angle
requirement

>30 degrees

>25 degrees

>30 degrees

CA-based FFR Company Mathematical solution
technique
VFFR (VIRTUheart™) University of Sheffield 3D pseudotransient CFD based on
Navier-Stokes equation
QFR Medis, Leiden, Analytical equations based on laws of
Netherlands and Pulse  Bernoulli and Poiseuille. Empiric flow
Medical Imaging, China velocity (fQFR), TIMI frame
counting-derived contrast velocity at
baseline (cQFR) and under hyperaemia
(aQFR)
FFRangio Cathworks Ltd., Simple analytical equations based on
Kfar-Saba, Israel Bernoulli and Poiseuille
CAAS-vFFR Pie medical, Simple analytical equations based on
Maastricht, The Bernoulli and Poiseuille
Netherlands

> 2 orthogonal images
for each vessel

> 30 degrees

caFFR (FLASH FFR)

vFAI

Rainmed Ltd., Suzhou, CFD based on post angiography TIMI

China frame counting of flow velocity
Pie medical, 3D-QCA and steady state CFD
Maastricht, The

Netherlands

>2 orthogonal images
for each vessel

>2 orthogonal images
for each vessel

>30 degrees

>30 degrees

Key scientific
reference

(51, 53)

(55, 60, 60-62)

(57, 63, 64)

CA, Coronary angiography,; 3D, Three dimensional; QCA, Quantitative coronary angiography; VIRTUheart™, (University of Sheffield); QFR, Quantitative flow ratio (Medis, Leiden,
Netherfands and Pulse Medical Imaging, China); FFRangio, 3D functional coronary angiography mapping with coronary flow analysis (Cathworks Ltd., Kfar-Saba, Israel); CAAS-
vFFR, Cardiovascular Angiographic Analysis System (Pie medical, Maastricht, The Netherlands); caFFR, Coronary-angiography based FFR (FLASH software); vFAI, Virtual Functional
Assessment Index.
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Q? VFFR predmetem vyzkumu
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FAST

100 probandu, 1.validaéni studie FFR x VFFR — potvrdila providitelnost, vFFR hodnoceno offline, 1 centrum, 2020
+ stfedni hodnota FFR 0,82 * 0.08
+ stfedni hodnota vFFR 0,84 * 0,07

* velmi silna linearni korelace mezi vFFR a FFR (r=0,89; p<0,001)

FAST Il

» 334 probandl, multicentricka (6 center), vFFR hodnoceno offline, vFFR méfeno v core lab a site lab, 2022

+ strfedni hodnota FFR 0,83 £ 0.08

» stredni hodnota VFFR (core lab) 0,83 * 0.09, stredni hodnota VFFR (site) 0,82 # 0.10

» silna linearni korelace mezi vFFR (core lab) a FFR (r=0,74; p<0,001)

* vysoka diagnosticka pfesnost detekce hemodynamicky vyznamné léze = FFR < 80 (sensitivita = 81 %, specificita 95 %, pfesnost 90 %)
FAST Il

« aktualné probiha, 2228 pacientu v 7 evropskych zemich, pfiblizné 35 center
» srovnani FFR guided PCI x VFFR guided PCI po 12 mésicich

* vysledky — Cervenec 2025 ?

* srovnani délky vykonu FFR a vypoctu VFFR
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L\ S Porizeni vhodnych projekci
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« podani nitroglycerinu — prevence vazospasmu

» 2 ortogonalni projekce porizené katetrizujicim lekarem, dop. rozdil 90°,
min. rozdil 30°

« nahravani s frekvenci min. = 12 snimku/s

« zadny pohyb stolu v prubéhu akvizice

« minimalni prekryv tepen — vybér vhodnych projekci, eliminace sumace
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Q? TR ok vypocet VFFR
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« vybér optimalniho snimku z nahravky — synchronizace s EKG (auto. vybér 75%
RR intervalu), vybér end-diastolickych snimku

« detekce kontury postizené tepny (od prox. k dist.)

« manualni uprava kontur a velikosti tepny (soft x hard korekce)

 kontrola epipolarnich linii — odrazi vzajemné natoCeni a polohu obou snimku vuci
sobe

« pozice CIP (common image point) — bod na stejném anatomickém misté v obou
snimcich (samotna Iéze Ci odstup bocni vétve)

« zadani aortalniho tlaku

« vypocet hodnoty VFFR + 3D model tepny + vypocCitané diametry a stenéza v %
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Ukazka vypoctu VFFR
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Male, 57 yo o = CAAS\admin &6 v

LAQ 284" / CRA. 3 9
Coro CARE Alt

3/3/2025 5:09:07 PM
LAO 284° /CRA9.3°
15 fps
0.1135 mm/px
RAO 284° / CRA 21[
Report
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O B & cass\admin & v (AAS Angio

VFFR 0.65

Pressure drop 30 mmHg
Lesion diameter 133 mm
Stenosis 53 %
Reference diameter 280 mm
Pressure input 110/75 mmHg

Diameter

D
bow@

LAO 68.7° / CAU 26.5°
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»

O B & cansadmin 2o v (18 Angio

1SO: 750imm

VvFFR 0.65

Pressure drop 30 mmHg
Residual vFFR 0.92
Residual pressure drop 7 mmHg
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Q? Limitace VFFR
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« akutni infarkt myokardu s pritomnosti ST elevaci
» tachykardie (> 100 tep/min)

» kardiogenni Sok

 fibrilace sini

 hemodynamicka nestabilita pacienta
* myokardialni mustky

* léze s vyskytem trombu

« CTO

» culprit léze pfi AIM

« ostialni léze ACS a ACD

* bypassy

« tepny s retrogradnim plnénim
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g J Co rici zaverem...
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» odpada potreba zavedeni tlakového vodice

* neni tfeba navazovat farmakologickou hyperemii

* rychlost provedeni?

« zatim neni klinicka validace, nema stejnou diagnostickou vahu jako FFR

» vysoce zavisla na kvalité angiografickych snimku a anatomii koronarnich tepen
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