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DEFINICE VYZNAMNE KORONARNI
STENOZY

Gould et al 1974

Urceni vztahu mezi anatomickou zavaznosti
stendzy a rezistenci kladené krevnimu prutoku v
experimentalnim modelu

75 % redukce ploc
redukce diametru
koronarniho pruato
prubéhu zatéze

Ny lumen cévy (tzn. 50 %
umina) nutné vede k omezeni
<u a inducibilni ischemii v

Stendza > 50 % je hemodynamicky vyznamna



LIMITACE KORONARNI
ANGIOGRAFIE

Pouze luminogram

Nevyhody dvourozmeérného zobrazeni (krizeni,
excentricita stenodzy, rozdilné proudéni kontrastu,
tortuozity, angulace, projasnéni...)

Problematické hodnoceni pfi chybéni
referencniho ,,zdravého” useku cévy nebo pri
diskongruenci proximalniho a distalniho useku

Vyznamna intra- i interobserver variabilita
(zejména v hodnoceni kmene ACS)

,Okulostenoticky” reflex



LIMITACE KORONARNI
ANGIOGRAFIE

Plane 2 Why does the angiogram fail? :

20%
Stenosis

40%
Stenosis

60%
Stenosis




DEFINICE HRANICNI KORONARNI
STENOZY

50 % ?77?

40-70 % ??7?

30-80 % ???

POCHYBNOSTI O VYZNAMNOSTI STENOZY AZ U
20-30 % INTERVENOVANYCH LEZi



KDY REVASKULARIZOVAT ?

Extent of CAD (anatomical and/or functional) Class® | Level®

Left main disease with stenosi$ >50%?

Any proximal LAD stenosis|>50%"

; Two-vessel or three-vessel disease with
or prognoss stenosiF >50%* }vrth impaired LV function (LVEF<40%)*

Large area of ischaemia (>10% LV)

Single remaining patent coronary artery with stenosis
|| >50%*

Any coronary stenosis| >50% §n the presence of
limiting angina or angi lent, unresponsive to

medical therapy

European Journal of Cardio-Thoracic Surgery 46 (2014) 517-592



JAK PREKONAT LIMITACE
KORONAROGRAFIE ?




JAK PREKONAT LIMITACE
KORONAROGRAFIE ?

ALL PATIENTS European Heart Journal (2013)34, 2949-3003
o A’“‘:‘m“’"""""“ : ——— | Symproms consistent with unstable angina ——— | (FOlIOW specific

-

> S Comorbidities or QoL make ‘ : b
1 Consider comorbidities and QoL I —_— S e e _— Medical therapy

-

Yo
’ Cause of chest pain other than CAD? I-—es-;l Treat as appropriate I
Blo l Yes rve'vascuhrinlticA ifuital:le
Yes on s
LVEF <50%? | —————> |  Typical angina? ]<
No l No See Fig. 2 for selection
of test

Assess pre-test-probability (PTP) (see Table 13)
for the presence of coronary stenoses

/\
[l —

Non-invasive testing for diagnostic purposes Proceed to risk stratification (see Fig. 3).
In patients with severe symptoms or clinical
See Fig. 2 for decisions based on non-invasive testing constellation suggesting high risk coronary

and choice between stress testing and coronary CTA anatomy initiate guideline-directed

medical therapy and offer ICA
See Fig. 3 for further management pathway




Patients with suspected SCAD and
intermediate PTP of 15% - 85%
l
Consider:
» Patient criteria’/suitability for given test
* Availability
* Local expertise
R — Exercise ECG if feasible - stress
Stress testing PTP 15-65% i imaging testing® preferred

JAK PREKONAT LIMITACE
KORONAROGRAFIE ?

‘ LVEF 250% | if local expertise and
| availability permit
| Stress imaging* (echo®, CMR,
PTP 66-85% or i | SPECT®, PET®), ECG exercise
L5 | LVEF <50% without |——»| stress testing possible if

\ S0
| resources for stress imaging
| not available

typical angina

European Heart Journal (2013)34, 2949-3003

2nd
(imaging)

stress test |

(if not
done
before)’

Coronary
CTAin
suitable
patient®

(if not done
before)* |

ICA
(with FFR
when
necessary)

| Coronary CTA? in patients at low intermediate PTP (15% - 50%)
* If suitable candidate®
* If adequate technology and local expertise available

-

} Unclear

T 1

Determine patient
characteristics and
preferences®

¥ Ischaemia
} No ischaemia

] No stenosis

i Stenosis

|
‘ Unclear

Consider functional CAD
Investigate other causes

Diagnosis SCAD established
further risk stratification
(see Fig.3)

Ischaemia testing using stress
imaging if not done before'




JAK PREKONAT LIMITACE
KORONAROGRAFIE ?

(QCA — Quantitative Coronary Analysis)

CFR — Coronary Flow Reserve

FFR — Fractional Flow Reserve

iFR — Instantaneous wave free ratio

(IVUS — Intravascular Ultrasound)
(OCT — Optical Coherence Tomography)

V navaznosti na diagnostickou koronarografii
Zavadeéci katetr, intrakoronarni vodic, heparinizace
Nesou vsechna rizika intrakoronarni manipulace



CORONARY FLOW RESERVE
CFR

Spectral Doppler —_—
Spectral Doppler A —0.8
flow velocity PD -

—04
—0.2

m/s

CFR = PDV,, /PDV,,,




CORONARY FLOW RESERVE
CFR

80 80
60 Intravenous of Adenosine 60
| g (0.14 mg/kg/min) ia
. 20 20
0 (cmisec) 0 (cmisec)
Basellne During Hyperemia

Mean Diastolic Velocity during Hyperemia B
CFVR = Mean Diastolic Velocity at Baseline A




CORONARY FLOW RESERVE
CFR

Norma: >3 (az 5)
Cutoff hodnota: < 2
Posuzuje sumarne epikardialni flow i mikrocirkulaci

Zavisla na radé parametru: tachykardie, hypertenze,
anémie, hyperthyredza, diabetes, aortalni stendza
etc...

Sensitivita: 54-100 % Specificita: 75-96 %



FRACTIONAL FLOW RESERVE
FFR

Distal Coronary Pressure (Pd)

FFR =

Proximal Coronary Pressure (Pa)

(During Maximum Hyperemia)

Navozeni maximalni hyperemie: adenosin I.C., 1.V.
papaverin, nicorandil,
regadenoson




FRACTIONAL FLOW RESERVE
FFR

Pomér prutoku stenotickou tepnou ku prutoku
stejnou tepnou pri teoretické absenci stenozy

Norma: 1
Cutoff hodnota: 0,80
Lesion specific pro epikardialni sten6zu

Nezavisla na mikrocirkulaci, zmeénach
hemodynamiky nebo kontraktility

Sensitivita: 88-100 % Specificita: 87-100 %



FFR - DEFER

Event-free Survival (%) Cardiac Death and Acute MI after 5 Years
100
k\ﬁ__\_\‘__;_\ P=0.002
- 20%1 P=0,003 |
75- e 00 l
15.7
50 = Defer 15%7
I o P=0.21
—— Perform p=0.03 — l
254 p=0.17 10%
~ Reference ' 79
(FFR<0.75)
0 T T T T \ 506 -
0 1 2 3 4 5 %
Years of Follow-u -
No. at risk : 0
Defer group 91 85 80 74 73 72 Defer Perform Reference

Peformgroup 90 80 75 70 67 b4

FFR = 0.75 FFR<0.75
Reference group 144 115 106 9 90 88

Pijls NHJ, J Am Coll Cardiol 2007;49:2105-11



FFR - FAME
angiography-guided PCl x FFR guided PCI
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Pijls NHJ, Jam Coll Cardiol 2010;56:177-84




FFR — FAME 2
FFR guided PCI x optimal medical treatment

A Primary End Point B Death from Any Cause
359 pCl vs. medical therapy: 359 pClvs. medical therapy:
Hazard ratio, 0.32 (95% CI, 0.19-0.53); P<0.001 Hazard ratio, 0.33 (95% Cl, 0.03-3.17); P=0.31
g 30 peivs registry: g 301 peivs registry:
Hazard ratio, 1.29 (95% Cl, 0.49-3.39); P=0.61 Hazard ratio, 1.12 (95% Cl, 0.05-27.33); P=0.54
25 Medical therapy vs. registry: 254 Medical therapy vs, registry:
Hazard ratio, 4.32 (95% CI, 1.75-10.70); P<0.001 Hazard ratlo, 2.66 (95% CI, 0.14-51.18); P=0.30
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C Myocardial Infarction D Urgent Revascularization
357 Pl vs. medical therapy: 357 pCl vs. medical therapy:
Hazard ratio, 1,05 (95% CI, 0,51-2.19); P=0.89 Hazard ratio, 0.13 (95% CI, 0.06-0.30); P<0.001
z 304 peiys. registry: z 304 pcivs. registry:
Hazard ratio, 1.61 (95% CI, 0.48-5.37); P=0.41 Hazard ratio, 0.63 (95% Cl, 0.19-2.03); P=0.43
g 257 Medical therapy vs. registry: g 254 Medical therapy vs. registry:
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therapy therapy
PCl 447 414 388 352 309 278 244 214 177 157 119 94 54 PCI 447 421 395 356 315 285 248 217 180 160 119 93 43
Registry 166 156 145 134 118 107 95 75 65 53 42 26 13 Registry 166 156 145 133 117 106 94 75 65 53 42 26 13

De Bruyne B, N Engl J Med 2012;367:991-1001



FRACTIONAL FLOW RESERVE
FFR

« UNIVERZALNI pfi spravném provedeni a indikaci
Single lesion vcetné left main
Bifurkacni léze
Ostialni stendzy bocnych veétvi
Hodnoceni efektu stentingu

 OBTIZNEJSI HODNOCENI
Aortoostialni lokalizace stenoz
Sériové stenozy
Difuzni koronarni postizeni

* NEJASNY VYZNAM
Akutni koronarni syndrom
CABG



FRACTIONAL FLOW RESERVE
FFR

Extent of CAD (anatomical and/or functional) Class® | Level®

Left main disease with stenosi$ >50%?

Any proximal LAD stenosis|>50%"

Two-vessel or three-vessel disease with

RO PrOgne st stenosif >50%* }nth impaired LV function (LVEF<40%)*

Large area of ischaemia (>10% LV)

Single remaining patent coronary artery with stenosis
>50%*

Any coronary stenosisl >50%? }\ the presence of
limiting angina or angina equivalent, unresponsive to
medical therapy

a) with documented ischaemia or FFR < 0.80 for diameter stenosis <90%.

European Journal of Cardio-Thoracic Surgery 46 (2014) 517-592



INSTANTANEOUS WAVE FREE RATIO
IFR

120+

re (mm Hg)

0 100 200 300 400 500 600 700 800 900

Time (ms)

iFR Modality




DEFINE-FLAIR
Largest Physiology prospective
clinical outcome dataset

n=patients in the physiological
guided group

DEFER FAME FAME 2 iFR-SwedeHeart Define-FLAIR




IFR versus FFR

0.6 0.7 0.8 0.89 1.0
I N N RN

FFR

iFR / FFR

0.50 0.60 0.70 0.80 0.90 1.0

[} '} L '} >

Highly likel
igniy likely Highly improbable



INTRAVASCULAR ULTRASOUND - IVUS

BOSTON SCIENTIFIC

-
-

Mechanical Transducer
Single transducer rotates on a drive shaft, 1800 rpm
40 MHz, penetration 6 mm, pullback length 150 mm

VOLCANO

Synthetic Phased Array / Solid State Transducer
Multiple (64) stationary transducers
40 MHz, pullback length unlimited



IVUS TERMINOLOGIE

LUMEN AREA (MLA, MLCSA)
- minimal lumen diameter (MLD)
- maximal lumen diameter

PLAQUE BURDEN (PB)
% plochy cévy okupované
aterosklerotickym platem




IVUS
KVANTITATIVNI HODNOCENI STENOZY

e L e |
O O

12,56 mm2 3,14 mm?2 12,56 mm2

50 % REDUKCE DIAMETRU ODPOVIDA 75 % REDUKCI PLOCHY LUMEN
AREA STENOQOSIS - AS




KVANTITATIVNI HODNOCENI STENOZY
IVUS - CUT OFF HODNOTY

. Diagnostic L L
Study Cut-off value AUC 8 Sensitivity Specificity
accuracy
Takagi A et al, 1999 [14] MLA: 2 36 mm? NP MP MLA:83.0%  MLA 92.3%
Briguori C et al, 2001 [15] MLD:19mm  MLD:79% MP MLD: 100.0%  MLD: 66%
MLA-39mm2  MLA 79% MLA 92.0%  MLA: 56%
Jasti V et al, 2004 [16] MLD: 2.8 mm NP MLD: 96% MLD:93%  MLD: 98%
MLA: 5.9 mm? MLA: 94% MLA: 93% MLA: 94%
Costa MA et al, 2007 [17] MLA: 3.33 mm? NP NP NP NP
Lee CH et al, 2010 [18] MLA: 2.0 mm? NP MP MLA: 82 35% MLA: 80.77%
Kang Sl et al, 2011 [19] MLA: 2 42 mm2  MLA- 80% MLA: 68% MLA: 90% MLA: 60%
Koo BK et al, 2011 [20] MLD: 1.5 mm NP NP MLD:69%  MLD: 63%
MLA: 2 75 mm2 MLA: 63% MLA: 65%
Ben-Dor | et al, 2012 [21] MLA-3.09mm2  MLA: 73% NP MLA- 692%  MLA 79.5%
Gonzalo M et al, 2012 [9] MLD: 159 mm  MLD:67%  MLD: 66% MLD:67%  MLD: 65%
MLA: 2 36 mm?  MLA: 63% MLA: 66% MLA: 67% MLA: 65%
Kang Sl et al, 2012 [22] MLA: 2.4 mm2  MLA 77% MLA: 69% MLA: 84% MLA: 63%
Cui M et al, 2013 [23] MLD: 188 mm MLD:64.8%  MLD:69%  MLA 714% MLA 67.0%
MLA-3.27 mm2  MLA-709% MLA- 73 .6%
Waksman R etal, 2013 [24]  MLA-3.07 mm2  MLA: 65% NP MLA-64%  MLA- 64.9%
Lopez-Palop Z et al, 2013 [25]  MLA: 3.1mm? MLA: 77% NP MLA: 96% MLA: 53 6%
Kang S) et al, 2013 [26] MLA- 251 mm2  MLA: 76 2% NP MLA: 82% MLA: 62%
Han JK et al, 2014 [27] MLA: 2. 75 mm®  MLA64.6%  MLA: 62% MLA: 61% MLA: 63%
Naganuma T etal, 2014 [28] MLA: 270 mm® MLA:822% MLA: 77.3%  MLA:79.5%  MLA: 76.3%
Voros S et al, 2014 [29] MLD: 1.73mm  MLD: 71% MLD: 61% MLD:80%  MLD:57%
MLA- 2 62 mm2  MLA: 75% MLA: 78% MLA: 70% MLA: 80%
Yang HM et al, 2014 [30] MLA 32 mm®  MLA 78% NP MLA-851%  MLA 66.7%
Park SJ et al, 2014 [31] MLD:19mm  MLD:75% NP MLD:64%  MLD: 75%
MLA: 45 mm2  MLA 83% MLA: T7% MLA: 82%

Pro epikardialni tepnu > 3 mm:

MLA 2,36-3,27 mm?2

Pro kmen levé véncité tepny:

MLA 4,5-6 mm?2

tepna > 3,5 mm MLA < 3,6 mm2
tepna 3-3,5mm MLA< 2,7 mm2
tepna 2,5-3 mm MLA < 2,4 mm2

Ben-Dor | et al, Cardiovasc Revasc Med 2012; 13(3):177-82



OPTICKA KOHERENCNI TOMOGRAFIE

\ Optical Lens
\ ' .
\ |
"\\ - |
|
T~ : Proximal Marker |

Lens Marker




OPTICKA KOHERENCNI TOMOGRAFIE

Guidewire exit port
Distal tip marker
Proximal marker

T —— T ——
20 mm span for segment
length assessment

Optical lens in forward position ready Finely tapered tip for smooth tracking through

* Near infrared light (NIR)

* Vlnova délka 1,3 um (neviditelna lidskym okem)

* Nutnost odstranéni krevnich elementl z vySetfované cévy
intenzivnim nastrikem kontrastni latkou

e Penetrace 4-6 mm (tzn. céva maxim. diametru 8-12 mm)

* AXIALNI ROZLISOVACI SCHOPNOST CCA 10 UM




OCT

KVANTITATIVNI HODNOCENI STENOZY

A Area: 8.20mm* 10/ 107, A Area: 7.34mm 10/29/2014 10:47:03 AM
Mean Diameter: 3.23mm Mean Diameter: 3.05mm
Min: 3.06mm Max: 3.33mm Min: 2.85mm Max: 3.20mm 0222
B Area: 11.53mm? B Length: 4.37mm

Mean Diameter: 3.83mm
Min: 3.74mm Max: 3.99mm
-

Tmm




KVANTITATIVNI HODNOCENI STENOZY
OCT - CUT OFF HODNOTY

MLA 1,62-2,43 mm?2

Study ut-off value AUC Diagnostic Sensitivity Specificity

accuracy
Stefano GT etal, NP NP NP NP NP
2011 [6]
ShionoYetal, ~ MLD:135mm MLD:92% MLA:90% MLD:855% MLD:90.3% MLD: 80.6%
2012 [8] MLA: 1.91 mm? MLA:854% MLA-935% MLATTA%
GonzaloNetal, MLD:134mm MLD: 74% MLA: 73%  MLD: 73% MLD:82%  MLD:67%
2012 [9] MLA: 1.95 mm? MLA:72%  MLA:82%  MLA:63% LAD >3 mm 2,96 mm2
PawlowskiTet  MLD:128mm  MLD: 90% MLA:91% MLD:87%  MLD:71%  MLD:84%
al, 2013 [10] MLA: 2.05 mm? MLA:ST%  MLA:75%  MLA:90% <3 mm 1,85 mm2
Pyxaras SAetal, MLD:153mm  MLD: 88% MLA'89%  MLD: 80% NP NP RCX >3 mm 2,96 mm2
20.13 [11] MLA: 2.43_mm- MLA: 87% <3mm 2,03 mm?2
Reith 5 et al, MLD: 1. 305 mm MLD: 83% MLA: 84% NP MLD:86.3% MLD: 69.4%
2014 [12] MLA: 164 mm? MLA:78.8%  MLA: 75.8% RCA >3 mm 2,25 mm?2
ZafarHetal, MLD: 1.23mm  MLD: 76% MLA: 80% NP MLD:70%  MLD: 87%
2014 [13] MLA: 1.62 mm? MLA:70%  MLA: 97% <3mm 1,84 mm2

Pawlowski et al Int J Cardiovasc Imaging (2013)
29:1685-1691



IVUS - KVANTITATIVNI HODNOCENI
STENOZY

Atypické obtize,
normalni EFLK
Ostium RIA:

MLCSA =4,9 mm?2
Distalni kmen:

MLCSA = 6,1 mm2
Ostium RPLS:

MLCSA = ?7?7?
Indikovan k LIMA-RIA
a AKB-RMS...




IVUS - KVANTITATIVNI HODNOCENI
STENOZY — KONTROLA PO 14 MESICICH

DOBUTAMINOVA STRESSECHOKARDIOGRAFIE:
prokazana ischemie ve dvou segmentech posterolateralné —
odpovida povodi RPLS...




ZAVEREM:

Koronarni angiografie casto selhava v urceni skutecné
hemodynamické vyznamnosti angiograficky hranicni stenozy.

Zavedeni invazivnich neangiografickych (zejména funkénich,
méneé jiz morfologickych) metod v poslednich letech
jednoznacné prokazalo a obhajilo svou prioritni pozici v
hodnoceni hemodynamické vyznamnosti angiograficky
hranicnich stendz. Tyto metody precizuji rozhodovaci proces
|ékare a vykazuiji klinicky benefit pro pacienta.

Renesance neinvazivnich zatézovych testu v detekci ischemie
myokardu je zadouci. (stress-echo, stress-MRI, SPECT, PET...)

Dalsi existence pojmu ,,angiograficky hranicni stenéza“, v
prognosticky zavaznych lokalizacich koronarniho recisté je v
soucasné dobé jen obtizné obhajitelna.



NENI ZUZENI JAKO ZUZENI...




