HHHHHHHHHHHHHHHHHHH pbypr -+ 26 wions 2025 .
B KAPAMOKAUHMKE MYJIbTUMOZAJIbHAA ANATHOCTUKA B KAPANO0OTI A

OLEHKA MEXAHU3MA

NPEXOASLLEWN ULLEMUN
MUOKAPAA.

MHBA3SUBHbIE W HEMHBA3WUBHDIE
TEXHUKW

N.M. KOHCTaHTUHOB



New recommendations (7) @ESC

Recommendations Class Level

Functional assessment of epicardial artery stenosis seventy durmg invasive coronary angiography
During ICA, selective assessment of functionalseverity-of-intermediate diameter stenoses is

recommended-to guide the decision to revascularize, using the following techniques:

«—FFR/IiFR (significant <0.8 or <0.89, respectively); |

* QFR (significant <0.8). | B
In addition:

* CFR/HSR/CFC should be considered as a complementary investigation; lla

resting invasive measurement of Pd/Pa, dPR, RFR, or angiography-derived vessel FFR
may be-considered as alternative parameters. b

Systematic and routine wire=based-coronary pre e assessment-ofali coronary vessels is
not recommended.

o @
2024 ESC Guidelines for the management of chronic coronary syndromes
{European Heart Journal; 2024 — doi: 10.1093/eurheartj/ehael?7)




New recommendations (4) @ESC

Recommendations Class Level
Non-invasive tests in the initial diagnostic management of individuals with suspected chronic
coronary syndrome — stress echocardiography, if available and supported by local expertise

In individuals with suspected CCS and moderate or high (>15%—85%) pre-test likelihood of
obstructive CAD, stress echocardiography is recommended to diagnose myocardial I B
ischaemia and to estimate the risk of MACE.

During stress echocardiography, when two or more contiguous myocardial segments are

not visualized, it is recommended to use commercially available intravenous ultrasound I B
contrast agents (microbubbles) to improve diagnostic accuracy.

During stress echocardiography, myocardial perfusion using caommercially available

intravenous contrast agents (microbubbles) is recommended to improve B
diagrostic accuracy and to refine risk stratification beyond wall motion.

During stress echocardiography, Doppler left anterior descending coronary artery flow

reserve may be considered to improve risk stratification beyond wall motion and to assess = I B
microvascular function.

2024 FSC Guidehaes Re management of chronic coronary syndromes
{European Heart Journal; 2024 — doi: 10.1093/eurheartj/ehael?7)
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1.UccnepoBaHue CorMicA

2.9HAO0TUNbI NPEXOAALEN UWLEMUN MUOKAPAa
« QUKCHMpoBaHHas 06CTPYKLUS

- JIoKanbHblé CTEHO3bI

- Anddy3Hoe nopaxeHue

« KOpOHapHbIM cna3m

e  MukpoBacKynsipHas ULLIEMUS



3A4HEM OUEHWBATb MEXAHWU3M ULLEMWNI?
CORMICA TRIAL. ANU3AUH.

Invasive coronary

angiography
No Obstructive CAD No Obstructive CAD No Obstructive CAD
0 0 I
Pressure wire
assessment
(adenosing)
Normal Invasive Physiology Coronary Microvascular Dysfunction Normal invasive physiology
(FFR 0.B4, CFR 5.3, IMR 9) (FFR 0.95, CFR 1.3, IMR 33} (FFR 087, CFR 3.2, IMR 16)
O i
Vasoreactivity

(acetylcholine)

Vasospasm with ACh Endothelial dysfunction without No significant response to vasoreactivity
(resolves with nitrate) vasospasm to ACh testing
i\ it v—_j\
Vasospastic Angina Microvascular Angina Non-Cardiac Chest Pain
* Smolking cessation * Betablocker (e.9. Nebivolol) * Stop antanginal Rx
Diagnosis & L
« Calchum channel blocker * Lifestyle changes & weight loss « Discharge from cardiology
Management
* Long-acting Nitrate (Cardiac rehab, smoking cessation) « Consider non-cardiac investigation
» Lifestyle changes « Consider ACE| & Statin

JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY VOL. 72, NO. 23, 2018



C) 3AYEM OLIEHWBATb MEXAHM3M ULLEMUN?
¢ CORMICA TRIAL. PE3Y/IbTATHI.

* <+ Angina Summary Score

o o Angina Limitation

(W)
O

Angina Stability

0
0

Angina Frequency

Treatment Satisfaction

(=
o

o o Quality of Life
| 1 1
-10 0 10 20
Between Group Difference in SAQ
= >
Favors Favors
Control Intervention

JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY VOL. 72, NO. 23, 2018



@) CYBCTPATbI MPEXOAALLEN MLLEMUN MUOKAPA

PdukcMpoBaHHass 06CTpyKLUUS
- JIOKaJibHbl@ CTeHO3bl

- AMd@Py3Hoe nopaxeHune
MWKpOBaCKynsapHasa mnwemMung

KopOoHapHbIN cna3Mm



ONKCNPOBAHHASA OBCTPYKLMUA.
3 CYBOKKJTHO3UA TKA, TIM>XXA. CUMINTTOMBbI

13820537

31-March-1957 M

Coro
Coro

: 21.90 CRA: 23.20

6529 mA 98,20k

WL:

128 Wl

256

«MocneaHuin Mecsil s He MOry HOpMasbHO
XOO4UTb»

«Kak 6yaATO KTO-TO CeN MHE Ha rpyab»

. «Kaxable 100 MeTpoB 4 A0KHA

OCTAHOBUTbCA»

«Yepe3 2 MUHYTbI NOC/e OCTAHOBKM BCe
MpoOXoAnno»

«ecnun 6bl 9 He npuwen Toraa, To MeHs 6ol
yXxe He 6blsio»



ONKCNPOBAHHASA OBCTPYKLUNA. CYBOKKITHO3UA TTMXKB.
CTPECC-2XOKI

Cacdiof linic
vivi ]
28-August-2023 10:4

ST: 0.00 am

WL: 128 W: M50 e - WL: 128 WW: B
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ONKCNPOBAHHAA OBCTPYKLIUA
METOZbl MHBASUBHOW OLEHKW

Microcirculation

Epicardial Coronary Artery

i

—

~_

L J L

Specific to Epicardial Coronary Artery  Specific to Microcirculation
FFR, iFR, cFFR, resting P/P, IMR, hkMR

" -—

Entire Coronary Tree
CFVR, CFR Thermo

W.F. Fearon, Y Kobayashi Circulation: Cardiovascular InterventionsVolume 10, Issue 12, December 2017



@9 ®UKCMPOBAHHAS OBCTPYKLINS.
MHBA3VBHAS OLIEHKA.

®PAKLUMOHHbIN PE3EPB KPOBOTOKA.

e [1na namepenna ®PK ncnonblyetca npoBoAHUK C AaTYUKOM AAB/IEHUA
* [poOBOAHUK 3aBOAMNTCA 338 MECTO CYKEHMA KOPOHAPHOM apTeEpPUN

* TpebyeT Bazoannatauun : HUTPaATbl + aAEHO3UH

* [loporosoe 3Ha4yeHue: 0.8

Distal Coronary Pressure (Pd)

FFR =

Proximal Coronary Pressure (Pa)

(During Maximum Hyperemia)




@9 ONKCNPOBAHHASA OBCTPYKLWA.
MHBASVNBHASA OLIEHKA.
MOMEHTAJIbHbI PESEPB KPOBOTOKA.

Calculation of the instantaneous wave-free Ratio (iFR)
from resting pressure traces

CooTHoLlLleHne aaBneHnsa Ao n nocne o

M WAVE-FREE
CTeHO3a B onpeaenieHHy ga3sy " PERICD
cepaeyHoro uukna r

He TpebyeT BBeAeHUS aleHO3MHA

Cepas 30Ha 0.87-0.93 ; ‘ N

Pressure

Pressure
(mmHg)
=

. »)
Distal coronary pressure (Pd) Pd wave-free period IFR

— Proximal aortic pressure (Pa) Pa




OUNKCUPOBAHHAA OBCTPYKLMUA.
@9 MHBA3SMBHASA OLUEHKA. OT YEIO 3ABNCUT FFR?

- CTeneHb Cy>XeHusa apTepuu
- [1pOTAXXEHHOCTb CTEeHO03a
- 30Ha KpoBOCHabXxeHus

- [lons xun3HecnocobHoro Mmokapaa B obnactu
KPOBOCHabXXeHuns

- QyHKUMS KonnaTtepanen



KopoHaporpadus

AHI'MOIPAOUNA VS OPK
3HAYNUMbIN CTEHO3 INMM>XXB

B

Preliminary Resulis
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@9 AHIMOIPADUA VS OPK.
HESHAYUMbIN CTEHO3 OB JIKA
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@9 ONKCUPOBAHHAA OBCTPYKLNAL.

COMNMOCTABJIEHUE NHBA3NBHbIX N HEMHBA3UBHbLIX OAHHbBIX

FFR Detection of Ischemia

100

o
(=]

vs Stress Echo

o
Qo

w— S Stress Thallium
w5 Exercise ECG

. vs Echo & Thallium & ECG

True-Positive Rate (sensitivity)

40
s s Echo | Thallium | ECG *
m= ® FFR<0.70

20 y
A FFR<0.75* (Pijlset al)
® FFR<0.80

0
0 20 40 60 80 100

False-Positive Rate (100-specificity)

Y. Kuge et al. (eds.), Perspectives on Nuclear Medicine for
Molecular Diagnosis and Integrated Therapy



@) CYBCTPATbI MPEXOASALWEN NLEMNKA MUOKAPIA

dunKcMpoBaHHas 0bCTpyKLUUS
- NIOKasNbHble CTEHO3bI
- AMd@Py3Hoe nopaxeHune

KopoHapHbIA cnia3sm
MunKpoBacKynsgpHasa uweMus



@9 KOPOHAPHbIN CMA3M. CTEHOKAPWS.

- HeT cBSA3M C ODM3NYECKOM Harpyskom
- [IpoBOKauna xosoaoMm

- HouHbIe npucTynsl

- D(P@PEKT aHTAaroHNCTOB KasbLUS

- Ycyrybnenne beta-6nokatopamm



@9 KOPOHAPHbI CMA3M.
HEWHBA3VBHAS OAMATHOCTUKA.

CyTo4yHOe moHuTopmuposaHme IKI

UL AT | St & e Lot Vl s s s MPT e xonoposon npobon
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KOPOHAPHbIN CMA3M.
CTAHOAPT AUATHOCTUKN —

MHBASWBHASA MNMPOBA C ALETUJIXOJTMHOM.
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CYBCTPATbI MPEXOAALLEN ULLEMUN MUOKAPIA

duKkcmpoBaHHas obCcTpyKums
- JIoOKanbHblé CTEHO3bl
- Andpdy3Hoe nopaxeHue

- KopoHapHbIn cna3m

MukKpoBacKyJispHasa uweMusa



@9 «MNKPOBACKYJIAPHAA» CTEHOKAPANA

- Heqapkoe onucaHue
- bonn moryT 6bITb ANUTENbHLIMU
- bonn yacTo He 3acTaBngeT OCTaHOBUTLCSH

- CywecTtByeT AINTENbHO



MUKPOBACKYJIAPHASA NWLEMKAL.
@9 HEMHBASUBHAA ANATHOCTUKA CTPECC-2XOKI C ATO

PACHET KOPOHAPHOI'O PESEPBA KPOBOTOKA

KPK <2.5 = nonouTtenbHbIX TecT
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MNKPOBACKYJIAPHAA ULLEMWAL.
NHBA3VNBHAA ANATHOCTUNKA

\ Epicardial Coronary Artery

. U
VI

| J \

Specific to Epicardial Coronary Artery  Specific to Microcirculation
FFR, iFR, cFFR, resting P/P, IMR, hkMR

xkcrocirculation

Entire Coronary Tree
C" VR ’ CI' ‘R Thermo

W.F. Fearon, Y Kobayashi Circulation: Cardiovascular InterventionsVolume 10, Issue 12, December 2017
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NHOEKC MUOKAPANATTIbHOW PE3UCTEHTHOCTMW.
NW3MEPEHWE KPOBOTOKA U OABJIEHUA

‘ Estimation of Coronary Flow

Proximal

“Th tor” Distal i
e Thermistor/Pressure CaICUIat'o_n Of
mean transit time

temperature (‘C){

relative sensor

De Bruyne, et al. Circulation 2002;104:2003



@9 NHOEKC MUOKAPANATTIbHOW PE3UCTEHTHOCTMW.
PACHET

| Derivation of IMR:

m Resistance = A Pressure / Flow

= A Pressure = P,-P Flow=1/T,,

= IMR=P,P,/(1/T,,)

_ at maximal
= IMR = Pd X Tmn hyperemia...

Pian fe-
<

Circulation 2003;107:3129-3132.



@) NHOEKC MUKPOBACKYJTAPHOIO COMNMPOTUBIIEHNA (IMR)

A B
ot 100+ IMR<40
=0 , B
Q
5 — _—
b g o T
66 ot
ET o £
$5:2 e *P=0.018
Leu »
s &
.Z o 4
€S
AL 70 , . - . . 70 . - .
0 1 2 3 0 1 2 3
Years Years
No. at risk: No. at risk:
IMR <40 173 148 138 76 IMR =40 173 154 149 84
IMR >40 80 63 55 28 IMR >40 80 69 63 33

Figure 3. A, Kaplan-Meier curves dispiaying the relationship between index of microcirculatory
resistance (IMR) and survival free of death or rehospitalization for heart failure after primary
percutaneous coronary intervention (PCl) for ST-segment-elevation myocardial infarction (STEMI). B,
Kaplan-Meier curves displaying the relationship between IMR and survival free of death after primary
PCi for STEMI. Reprinted from Fearon et al'™ with permission. Copyright ©2013, the American Heart
Association, Inc.
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MEXAHW3Mbl NMPEXOAALWEN NLLEMUN MUOKAPIA

NS
.@R

FFR:
Pa
Epicardial Pd

ssel
Thermodilution
curves (CFR):

Hyperemic
Baseline

Microcirculation
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FFR
\N
CFR

IMR
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:
G
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N
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IMR

t

E
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Circulation Volume 128, Issue 24, 17 December 2013; Pages

2557-2566
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NPAKTUYECKN AJITOPUTM AN OLEHKK
MEXAHWU3MA NMPEXOAALLEN ULLEMNIA

1. Crpecc-IxoKI nepen kopoHaporpaduein Bceraa Koraa BO3MOXHO

2. KopoHaporpadusa ¢ BO3MOXHOCTbIO M3MepeHust ppakLMOHHOIo
pe3epBa KpoBOTOKaA.

3. TIpn «4ncTbIX» apTepusx/He3HaYNMbIX CTEHO3ax —=> CTpecc-IXoKI
c AT® n pacyeToM KOPOHaApHOro pe3epBa KPOBOTOKaA.

4. OueHKa KOPOHApHOro crnasma rno KJAMHNYECKOM
KapTuHe/cyTo4YHOMY MoHuTOpy IKI/MPT c xonoaoson npobown
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TEPANWSA BEPUOULIMPOBAHHOW ULLEMIU

-+

Medications post-randomization for the randomized population overall, and by

randomized treatment group. Treatment groups compared using Fisher's Exact Tests.

Randomized

All Patients  Non-disclosed Disclosed p-value
Overall N 151 76 75
Aspirin 117 (77.5%) 56 (73.7%) 61 (81.3%) p=0.331
Beta-blocker 74 (49.0%) 37 (48.7%) 37(49.3%)  p=1000
@mﬂ 75(49.7%)  27(355%) 48 @
Isosorbide mononitrate 61 (40.4%) 30 (39.5%) 71 (41.3%) p=0.86g9
Nitroglycerin spray 109 (72.2%) 45 (59.2%) 64 (85.3%) pP<0.001
Nicorandil 25 (16.6%) 14 (18.4%) 11 (14.7%) p=0.662
Diuretic 27 (24.5%) 20 (26.3%) 17 (22.7%) p=0.706
ACE inhibitor or Angiotensin receptor
79 (52.3%) 36 (47.4%) 43(57.3%)  p=o.255
blecker
122 (Bo.8%) 56 (73.7%)

66 (B8.0%) p=0.038

Medications at 6 month follow-up for the randomized population overall, and by

randomized treatment group. Randomized treatment groups compared using Fisher's

Exact Tests.
Randomized
All Patients ~ Non-disclosed  Disclosed p-value
Overall N 151 76 75
Aspirin 106 (70.2%) 48 (63.2%) 58 (77.3%) p=0.0750
Beta-blocker 64 (42.4%) 33 (43-4%) 31 (41.3%) p=0.8696
wmoem 54 (35.8%) 16 (21.1%) 28 [50E
Isosorbide mononitrate 47 (31.1%) 18 (23.7%) 29 (38.7%) P=0.0543
Nicorandil 17 (11.3%) 6 (7.9%) 11 (14.7%) p=0.2086
Diuretic 38 (25.2%) 17 (22.4%) 21 (28.0%) P=0.4578
ACE inhibitor or Angiotensin receptor
72 (47.7%) 28 (36.8%) 44(58.7%)  p=o0.0092
blocker
Q 107(70.9%)  41(53.9%) 66 (88. o%)D
Ranolazine 3(2.0%) 2 (2.6%) 1(1.3%) P=1.0000
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CNAC1BO 3A BHNMAHMUE!




@) NHOEKC MUKPOBACKYJTAPHOIO COMNMPOTUBIIEHNA (IMR)

Index of Microcirculatory Resistance
Derivation and Validation of IMR

IMR, first described in 2003, leverages the ability of the sensor of the PressureWire
(Abbott Vascular) to act as a thermistor and also measure temperature. With
commercially available software, the pressure sensor of the wire acts as a distal
thermistor, whereas the shaft of the wire serves as a proximal thermistor. In this
manner, the mean transit time (T,) of room-temperature saline injected into a
coronary artery can be determined from a thermodilution curve. De Bruyne et a
and Pijls et al'® applied the thermodilution technique in an experimental model and
found a strong correlation between the inverse of T, (1/Tmn) and absolute coronary
flow.

|12

1
Tmn

Absolute coronary flow =

They also showed that the thermodilution-derived CFR (CFRthermo), defined as the
resting Tmn (TmnRest) divided by the hyperemic Tmn (TmnHyp), correlated well with
standard CFR, both in their experimental model and in humans.

1
Coronary flow at hyperemia  TmnHyp _ TmnRest

CFR = -
Coronary flow at rest 1 TmnHyp

TmnRest



@) NHOEKC MUKPOBACKYJTAPHOIO COMNMPOTUBIIEHNA (IMR)

In the coronary circulation, voltage is analogous to the difference in pressure across
the microvasculature (the mean distal coronary pressure [P4] minus venous pressure
[P,]) and the current is myocardial flow (1/Tmn). The minimal achievable resistance is
calculated by making the measurement during maximal hyperemia. Therefore, IMR is
defined as

IMR = @ at maximal hyperemia

Tmn

Because Py is generally negligible relative to Py, it is eliminated from the formula.

Pd
1

TmnHyp

IMR =

IMR is calculated as a following formula in its simplest form.

IMR = Pd x TmnHyp



@9 NHOEKC MUKPOBACKYJTAPHOIO COMNMPOTUBIIEHNA (IMR)

[Z OPEN IN VIEWER

IMR =57x0.24 =14




