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Mpu ronaima YacT oT NaLMeHTUTE C aHIMHO3Ha CUMNTOMATKA 1 0Ka3aTencTea 3a MUOKapaHa UCXeMUs niuncaa o6eTpy-
KTMBHa KOpOHapHa Gomnect. EAuH OT OCHOBHIUTE MEXaHWU3MU Ha UCXeMusi/aHmHa ¢ HeoBCTPYKTUBHA KOpOHapHa Borect
€ KopoHapHaTa MUKpOBackynapHa ANCHYHKLINS, KOSTO PAAKO Ce AMarHOCTULMPA B KIMHUYHATA NpaKTUKa W NaLueHTUTe
NpoAbXaBaT Aa GbaaT CUMMNTOMHM U 12 UMAT BIOLLEHO Ka4eCTBO Ha XMBOT. B Tekylnsa 0630p ca pasrneaaHu npeaum-
CcTBaTa, OrpaHMYeHIUsITa U Bb3MOXHOCTTA 3a MPUNOXEHUETO B KNUHUYHATA NPaKTUKa Ha (hIlyopOCKONCKUTE MEeToaM 3a
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Abstract. Alarge proportion of patients with angina and evidence of myocardial ischemia do not have obstructive coronary disease.
One of the main mechanisms of ischemia/angina with non-obstructive coronary arteries is coronary microvascular
dysfunction, which is rarely diagnosed in clinical practice and patients continue to experience symptoms and have a
reduced quality of life. The current review discusses the advantages, limitations, and clinical application of the fluoroscopic
methods for assessment of microvascular dysfunction.
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BbBEOQEHME INTRODUCTION

AHIVHa NEeKTOPUC € Han-4eCTUSIT CUMMTOM Ha M1CXe-
MuyHa Gornect Ha cbpueto (MBC) n 3acsra npubnu-
autenHo 112 mnH. Yoseka no ceeta [1]. Mpu oo 70%
OT nauueHTUTe, NpU KOUTO € MnpoBedeHa KOpOHapHa
apTtepvorpadusa nopagm aHrMHO3Ha cumnToMaTuka u
OaHHW 32 MUOKapAaHa Ucxemusl, nuncea obCTpyKTMBHA
KopoHapHa 6onect [2]. KopoHapHaTta MuKpoBackynap-

Angina pectoris is the most common symptom
of ischemic heart disease (IHD) and affects approx-
imately 112 million people globally [1]. Non-obstruc-
tive coronary artery disease (CAD) is presentin up to
70% of patients who undergo coronary angiography
due to angina symptoms and evidence of myocardi-
al ischemia [2]. Coronary microvascular dysfunction
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Ha OUCYHKUMSA € eOMH OT OCHOBHMWTE MOATWUMOBE Ha
ncxemums/aHrnHa ¢ HeobCTpyKTUBHA KOpoHapHa Gonect
(INOCA/ANOCA) [3]. MaTtodunamonormyHnaT MexaHu-
3bM npu nauneHtute ¢ INOCA ce guarHoctuumpa psia-
KO, KOETO € NpuyMHa Te fa He noryyasaT NepcoHanman-
paHa Tepanud. Te3n naumeHTU NpogbrxasaTt ga umar
aHIMMHO3Ha CUMMNTOMATMKA U BMOLLEHO Ka4eCTBO Ha XMu-
BOT, YECTW pexocnmTanm3auum 1 NOBTOPHN HEHYXKHW KO-
poHaporpadun, KakTo 1 No-rnoLua nporHo3sa [4].

lMoHacTosILEM HE CbLUECTBYBa METOAMKA, KOSATO Aa
Nno3BonsiBa AUPEKTHO BM3yanuavpaHe Ha KOpOHapHaTta
MUKpoumpKynauusa in vivo. CnegoBaTternHo oueHkata Ha
MUKPOLMPKYNaTOPHOTO PyCcrio Ce OCHOBaBa Ha WHOU-
PEKTHWN priyOPOCKOMNCKM TEXHUKA M Ha (OYHKLMOHAMHM
napamMeTpy Ha MuokapgHa nepdyaus, 4pes3 OUPEKTHO
WHBa3VBHO U3MEPBaHe Ha HanNsiraHEeTo AMCTASHO B KOPO-
HapHWUTE apTepyn N OTYATAHE Ha CKOPOCTTa Ha MOTOKA
npes Tax. Msuncnssa ce kopoHapHuat peseps (CFR) u
MUKpOBacKyrnapHaTa pe3ncTeHTHOCT, Ype3 Doppler-6asu-
paHn unu TepMoauIyLmMOHHN TEXHWKN [5]. NHaekehT Ha
MuokapgHa pesucteHTHocT (IMR) e npogykT Ha gucran-
HOTO KOPOHAPHO HansiraHe NpU MakCMMarHa XMnepemMmms,
YMHOXEHO MO CPeaHOTO TPaH3UTHO BpeMe B YCMOBMS Ha
MaKCUMarHa xmnepemusi n ce cyMTa 3a metog Ha nsbop
npu AvarHocTuuMpaHe Ha MUKpoBacKynapHa 6onecr,
KaTo npu CTOMHOCT = 25 MuKpoumpKynaTopHaTta qyHK-
uus ce npuema 3a HapylleHa [6, 7]. VismepBaHeTo Ha
IMR obaue Bce oLLe He e LUMPOKO 3acTblNeHO nopaau Ao-
MbIHUTENHUSI PUCK MPY NacvpaHe Ha Boday B KOPOHap-
HUTE apTepum 1 HeOoOXOAUMOTO AOMbLIHUTENHO MpoLe-
OypHO BpeMe 3a U3MbIIHEHWE Ha MeToaukaTa. HanmyHu
Ca N N3BECTHU OrPaHUYEHMUs!, KaTO MECTOMONOXEHNETO
Ha CeH3opa B CbAa, pasMepa Ha MuoKapaHata TepuTo-
pvsi, KpbBOCHabOsIBaHa OT TapreTHUs Cba M edpekTa oT
TEXHUKaTa Ha PbYHO MHXEKTUpaHe Ha onepaTtopa Bbp-
Xy nocTurHatuss obemeH gebut, BogeLum oo BapuabunHmu
pesyntatu [8, 9]. Tean orpaHuYeHns Morat ga OBsACHAT
HECBHOTBETCTBUSATA MEXAY HOPMASHUTE U NaToNOrMyHU-
Te ctonHocTh Ha IMR n ga gonpuHecat 3a nuncarta Ha
LMpoko npuemaHe Ha IMR B knnHnyHaTa npaktuka [10].

HacTtoawumar o63op uenv aa 0600wy onncaHnte B
nutepaTypata (priyopOCKOMNCKM MEeToAMN 3a OLeHKa Ha
MUKpOBacCKyrnapHa OUCHYHKLUNA, TEXHUTE NpeauMcTBa
N OrpaHVYEeHNsT 1 Bb3MOXHOCTTA 3a NPUIOXKEHNETO UM
B KMMHWYHATA NpakTuKa.

AHI'MOrPA®CKA OLEEHKA HA KPBBOTOKA
B ENUKAPOHWUTE CbAOBE

TIMI Flow Grade

KpbBOTOKLT MO X0[4a Ha enukapaHUTE KOPOHAapHU
apTtepuu crieq penepdysmns ce oLeHsiBa C NOMOLLTa Ha
TIMI flow grade. Knacudukaumata ce 6asvpa Ha BU-
3yarHa oueHka Ha KpbBOTOKa B 3acerHatata apTepus,
kaTo ce knacuduumpa B cteneH ot 0 go 3 (tabn. 1) [11].

(CMD) is a major subtype of ischemia/angina with
non-obstructive coronary arteries (INOCA/ANOCA)
[3]. The pathophysiologic mechanism underlying IN-
OCA is rarely diagnosed, which precludes the pre-
scription of personalized therapy. These patients
continue to experience angina symptoms, reduced
quality of life, frequent rehospitalizations, unneces-
sary repeat coronary angiographies, and a worse
prognosis [4].

Currently, no methodology enables direct in
vivo visualization of the coronary microcirculation.
Consequently, the assessment of microcirculatory
flow relies on indirect fluoroscopic techniques and
functional myocardial perfusion indices, obtained
through invasive distal coronary artery pressure
measurements and flow velocity analysis. Coronary
flow reserve (CFR) and microvascular resistance
are calculated using Doppler-based or thermodilu-
tion-based techniques [5]. The index of microcircu-
latory resistance (IMR), calculated as the product of
distal coronary pressure during maximal hyperemia
and the mean transit time under these conditions,
is the preferred diagnostic method for CMD. An IMR
value = 25 indicates impaired microcirculatory func-
tion [6, 7]. However, IMR measurements remain un-
derutilized due to the additional risks associated with
guidewire advancement in coronary arteries and the
extra procedural time required. Furthermore, sever-
al limitations exist, including sensor location in the
vessel, the myocardial territory supplied by the tar-
get vessel, and the impact of manual injection tech-
niques on achieved volumetric flow rates, leading to
variable results [8, 9]. These challenges may explain
discrepancies between normal and pathological IMR
values and contribute to the limited adoption of IMR
in clinical practice [10].

This review aims to summarize the fluoroscopic
methods for CMD assessment described in the litera-
ture, including their advantages, limitations, and poten-
tial applications in clinical practice.

ANGIOGRAPHIC ASSESSMENT
OF EPICARDIAL BLOOD FLOW

TIMI Flow Grade

The blood flow through epicardial coronary arteries
post-reperfusion is assessed using the TIMI (Thrombol-
ysis in Myocardial Infarction) Flow Grade. This classifi-
cation is based on a visual evaluation of the blood flow
in the affected artery and is categorized into grades from
0 to 3 (Table 1) [11].
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Ta6bnuua 1. Knacudumkaums Ha enukapaHma kpbBoTok no TIMI Flow Grade [11] // Table 1. TIMI Flow Grade [11]

TIMI 0
No perfusion, no antegrade flow beyond the occlusion

Hsima HvkakBa nepdy3unsi M MUNCBa aHTErpafeH KPbBOTOK Cries OKIy3usiTa

TIMI 1

KoHTpacT npeMuHaBa npes 3oHaTa Ha 06CTPYKLUMS, HO HE U3MbIIBa U3LATIO KOPOHApHaTa apTepust ANCTanHO OT OKIy3usiTa

Contrast passes beyond the area of obstruction, but fails to opacify the entire coronary bed distal to the obstruction

than those in the uninvolved arteries

[MpeMuHaBaHe Ha KOHTpacT npes3 O6CprKLl,l/1$|Ta 1 n3nbliBaHe U3LUANO Ha KOpOHapHaTa apTepua gUCcTanHo, Ho C no-6aeHa CKOopoCT
Ha n3nbnBaHe unn no-6aeeH KIMMPBHC Ha KOHTpacTa OT AucTtarnHarta 4acT Ha apTepuaTa CnpsamMo apTepunTe, KOUTO He Ca 3acerHatu

TIMI 2 Contrast passes through the obstruction and opacifies the entire coronary bed distal to the obstruction. However, the rate of
entry of contrast material into the vessel distal to the obstruction or its rate of clearance from the distal bed (or both) are slower

TIMI 3 C Ta3un B He3acerHatuTe aptepun

AHTErpagHvAT KpbBOTOK ANUCTANHO OT OKNy3unaTa U KNUMPbHCBHT Ha KOHTPACT OT 3acerHatarta apTepua ca CbC CKOPOCT eHaKBa

Antegrade flow distal to the obstruction and clearance of contrast from the involved bed occurs as promptly as in uninvolved arteries

Cneq ycnelwHa nbpBUYHa NepKyTaHHa KOpPOHapHa
nHTepBeHumst npu 30% OT MmaumeHTMTe nepcucTmpa
yBpexaaHe Ha Mukpoumpkynaumarta [12]. Toa sBne-
HMWe e M3BecTHo kaTo ,no-reflow” deHomeH [13, 14].
HanuuymeTo Ha knac, No-HUCHK OT BTOPW, NpU Nunca Ha
crnasbM, AMCeKauusi, CTEHO3a UM TpomMO, No3BonsiBa
noctaBsHeETO Ha AuarHosda no-reflow [12]. Cbuect-
BYBa SiICHa Bpb3ka Mexay no-Huckmsa knac no TIMI un
noBuLlEHaTa CMBbPTHOCT Criej MuWoKapaeH WHGapKT
[15, 16]. BusyanHaTta oueHka Ha KpbBoTOoka no TIMI
€ orpaHMyeHa OT pasnuuus B MHTepnpeTauusita Ha
OTAENnHWTe u3cregoBaTenn, Huckata craTucTMyecka
MOLLIHOCT 1 Bb3MOXHOCTTa 3a abHOPMEH KpPbBOTOK B
HenHMapKT-CBbP3aHUTe apTepum, KOUTO CIyxaT 3a Us-
mepBaHe Ha TIMI 3 kpbBoTOKa [17].

Corrected TIMI Frame Count

Gibson n cbTp. npe3 1996 r. npeacTaBAaAT HOB WH-
nekc, HapeyeH corrected TIMI Frame Count (cTFC),
KOWTO AaBa Bb3MOXHOCT 3a KONMYecTBeHa oLeHKa Ha
enuvkapgHusa KpbBOTOK [18]. To3n napameTbp ce OCHO-
BaBa Ha 6posi kagpu oT chnyopockonusaTa, Heobxoau-
MM 32 JOCTUraHe Ha KOHTPACTHOTO BELLECTBO A0 CTaH-
JapTuanpaHa guctarnHa Touka B KOpOHapHUTe apTepum
(Tabn. 2). cTFC kopenvpa ¢ BpeMeTO B CEKYHAU, HEOD-
XOAMMO 3a KOHTpacTa Aa NpeMyHe npes cbaa, Kopuru-
paHo 3a AbknHaTta Ha cbaa [19].

Despite successful primary percutaneous coronary
intervention (PCI), persistent microcirculatory impair-
ment is observed in 30% of patients. This phenome-
non, known as the “no-reflow” phenomenon, is char-
acterized by TIMI flow grades below 2 in the absence
of spasm, dissection, stenosis, or thrombus [12, 13].
Lower TIMI grades are strongly associated with in-
creased mortality following myocardial infarction [14,
15]. However, visual assessment of TIMI flow is limited
by inter-observer variability, low statistical power, and
the potential of abnormal blood flow in non-infarct-re-
lated arteries used as reference points for TIMI 3 flow
measurement [16].

Corrected TIMI Frame Count (cTFC)

Introduced by Gibson et al. in 1996, the corrected
TIMI Frame Count (cTFC) provides a quantitative as-
sessment of epicardial blood flow [18]. This param-
eter represents the number of fluoroscopic frames
required for contrast to reach a standardized distal
point in the coronary artery. The count is adjusted
for vessel length, with reference values provided in
Table 2.

Ta6nuua 2. Corrected TIMI Frame Count c pecepeHTHU cToriHOCTHU [18]

Table 2. Corrected TIMI Frame Count with reference values [18]

cTFC pecdepeHTHU CTONHOCTU cTFC npwu ckopocT 30 fi/s
cTFC with reference values cTFC at 30 fps

LAD 21.1+1.5*

LAD (HekopurmpaHa ctonHocT // uncorrected value) 36.2+26

LCx 222+4.1

RCA 20.3+3.0

*Mpwu kopekumsa 3a LAD ypes pasgensaHe Ha 1.7 // *Corrected for LAD by dividing by 1.7
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CTFC e konn4yecTBeH U 006EKTUBEH METO[, KOUTO
e ¢ gobpa NoBTOPSEMOCT U € CBbp3aH C pasMepa Ha
MWOKapOHWUst UH(PAPKT, EH3UMHUS U3NNB U NPEeXnBsie-
mocTTa [18-20].

CTFC Hag 27 (npwu ckopoct 30 f/s) cneg npuno-
XXEHVe Ha HUTPOIMULEPUH € ANarHoCTUYEH KpUTepun
3a MUKpoBacKkynapHa aHruHa [5, 21, 22]. Kakto Kpb-
BOTOKbT, oueHeH no TIMI, Taka n cTFC ca metoankn
3a OUEHKa Ha enukapgoHus KPpbBOTOK, HO Te 3aBUCAT
OT CbCTOAHMETO Ha MUKPOBACKYNAPHOTO Pycro 1 ca
WHOMPEKTHM METOAM 3a OLEHKa Ha NoToKa 1 Npoxoau-
MOCTTa Ha MUKpouupkynaumsaTa [16].

Myocardial Blush Grade

Korato KOHTpacTHUAT areHT € MHXEKTUPaH cenek-
TUBHO M aHrMorpadpCKUAT 3anuc € 4OCTaTb4yHO Npoab-
XUTENeH, N3MbIBAHETO HA MUOKapaHaTa MUKPOLMPKY-
natopHa Mpexa ce Bu3yanuampa kaTto “MaToBO CTbK0,
TO3n heHomMeH e HapedeH “myocardial blush”. Toau
obpa3 mMoxe ga ce u3nonsea B KaTeTepusauuoHHaTa
nabopaTopusi 3a BM3yarHa OLeHKa Ha M3MbIIBAHETO C
KOHTPAacT Ha MUKPOLIMPKYNATOPHOTO PYCrio HAa MUOKap-
[a v criegoBaTernHo Mo Hero Ja ce Cbau 3a Hanu4ne Ha
MUKpOBacKyrnapHa ancdyHkums n ,no-reflow* [23].

Myocardial Blush Grade (MBG) e geHcutomeTpu-
YeH MeTOo[ 3a OLeHKa Ha MakCUMariHUs MHTEH3UTET Ha
KOHTpacTMpaHe Ha MuoKapaHata MUKpOLMpKynaumsi
(tabn. 3) [24]. KnacudukaumaTta no MBG e paspabo-
TeHa oT van't Hof n cbTp. npu nauneHTn, noanoxeHun
Ha MbpBUYHA MEPKyTaHHa KOPOHapHa MHTEpPBEHLUS B
YCIOBUS Ha OCTbP MUOKapAeH MHGapKT cbe ST-ene-
Bauusa [24]. Peanua ronemu KAMHUYHUM NPOYy4YBaHUSA,
BKITHOYBALLM XMIAON NALMEHTH, ca YCTAHOBUIN BPb3-
KaTa mexgy cteneHta Ha MBG, pa3mepa Ha M1okapa-
HUSA MHAAPKT U CMBPTHOCTTA [25-27].

As an objective and reproducible method, cTFC
correlates with infarct size, markers of myocardial ne-
crosis, and survival outcomes [18-20].

A cTFC > 27 at 30 fps after nitroglycerin adminis-
tration is a diagnostic criteria for microvascular angina
[5, 21, 22]. TIMI flow and cTFC are methods of assess-
ment of the epicardial blood flow, however they are de-
pendent on the patency of the microvascular bed and
therefore can be used as indirect methods to evaluate
the microcirculation [16].

Myocardial Blush Grade (MBG)

When the contrast agent is selectively injected in the
coronary artery and the angiographic recording is suffi-
ciently prolonged, the perfusion of the myocardial micro-
vasculature becomes visible and has a “ground glass”
appearance, this phenomenon is referred to as “myocar-
dial blush” This imaging feature is used in catheterization
laboratories for the visual assessment of microcirculatory
perfusion and to identify the presence of microvascular
dysfunction or the “no-reflow” phenomenon [23].

The Myocardial Blush Grade (MBG) is a densito-
metric method that evaluates the maximal intensity of
myocardial microvascular contrast opacification (Table
3) [24]. Developed by van’t Hof and colleagues, MBG is
primarily applied in patients undergoing primary percuta-
neous coronary intervention (PCI) for acute ST-segment
elevation myocardial infarction (STEMI) [24]. Several
large clinical trials involving thousands of patients have
established the association between MBG grade, myo-
cardial infarct size, and mortality rates [25-27].

Ta6bnuua 3. JedumHnuum 3a Myocardial Blush Grade (MBG) [24]

Table 3. Definitions of Myocardial Blush Grade (MBG) [24]

CteneH 0 Jluncea muokapzaeH ,blush” B 3oHaTa Ha MHbapKT-CBbp3aHaTa apTepus

Grade 0 Failure of dye to enter the microcirculation. No myocardial blush in the distribution of the infract-related artery

CrteneH 1 MwuHumaneH mnokapgeH ,blush” B 3oHaTa Ha MHGapKT-CBbp3aHaTa apTepust

Grade 1 Minimal myocardial blush in the distribution of the infarct-related artery

CreneH 2 YmMepeH muokapzeH ,blush”, Ho B no-manka cteneH ot Tasu, nonyyeHa npu aHrorpadgumsa Ha KoHTpanarepanHa unm
uncunaTtepanHa apTepusi, KOATo He € UHapPKT-CBbp3aHa.

Grade 2 Moderate myocardial blush, but less than that obtained during angiography of a contralateral or ipsilateral non-
culprit artery

Crenen 3 HopmaneH munokapgeH ,blush”, B cteneH cpaBHMMa ¢ Ta3u npugobuta npu aHrmorpadusi Ha KoHTpanaTepanHa unm
uncunaTtepanHa apTepusi, KOSTo He € UH(apPKT-CBbp3aHa.

Grade 3 Normal myocardial blush, comparable to that obtained during angiography of a contralateral or ipsilateral non-culprit artery
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TIMI Myocardial Perfusion Grade

TIMI Myocardial Perfusion Grade (TMPG) namep-
Ba BpPEMETO, HeoOXoOMMO Ha KOHTpacTHaTa martepus
3a NPOHUKBAHE B U/MNW HamnyckaHe KOpoHapHaTa Mu-
Kpoumpkynauusi (taén. 4) [16]. Gibson n cbTp. onucear
TMPG npwu 762 nauneHTn ¢ MMokapaeH nHdapkT creg
Tpombonuaa, NpemMnHany paHHa nepkyTaHHa KOpoHap-
Ha MHTEepBEHLUMS B KMMHUYHOTO npoyysaHe TIMI-10B
[16, 28]. TexHuTe pe3dynTaTy NOKa3BaT, Ye 3anaseHaTta
MuokapaHa nepdysus, oleHeHa 4pe3 TMPG, e no-to-
YeH Mapkep 3a pegyuupaHa CMbPTHOCT OT HanMyneTo
Ha TIMI 3 kpbBOTOK. ABTOPUTE CbLLO Taka AOKNaaBar,
ye NaumeHTUTe C yCMewHO Bb3CTaHOBEH enuKkapaeH
kpbBOTOK (TIMI 3) M KpBBOTOK Ha TbkaHHO HUBO (TMPG
3) vmMaT 3HauuTenHo no-Hucka cmbpTHOCT (0,72%)
CMNpPSIMO NauUneHTUTe C HeonTUManeH KpbBOTOK no TIMI
n TMPG (10,9%) [16, 28]. BapnabunHocTtTa B n3mep-
BaHUATa MEXAy U3cneaoBaTennTe e orpaHnyeHmne Kak-
To Ha MBG, Taka n Ha TMPG [16, 24].

Coronary Clearance Frame Count

Coronary Clearance Frame Count (CCFC) e npeg-
NOXeH KaTo MEeTOA 3a OLEHKa Ha MMKpOBacKynapHaTa
dyHKUMS crie penepdys3nst B YCroBUst Ha OCTbP KOPO-
HapeH CMHOPOM M NpU NauueHTn cbe ,cnHapom X’ [29,
30]. MiHgekcbT ce onpedens kato 6pos aHrmorpadockm
Kagpw, U3MMHanM OT MbpBUSA Kadbp, B KOWTO KOHTpa-
CTBT Ce M34YMCTBA OT OCTUYMa Ha u3criefBaHata apTepusi
(noHe 70% oT QnameTbpa Ha apTepusTa € U3UNCTEH OT
KOHTPACT) [0 Kagbpa, B KOWTO KOHTPACTHOTO BELLECTBO
3anoyea Aa ce U34MCTBa OT AucTanHara 4acTt Ha apTepu-

TIMI Myocardial Perfusion Grade (TMPG)

The TIMI Myocardial Perfusion Grade (TMPG)
measures the time required for contrast to penetrate
and/or clear from the coronary microcirculation (Ta-
ble 4) [16]. Gibson et al. initially described TMPG in
762 patients with myocardial infarction treated with
thrombolysis and early PCI as part of the TIMI-10B
clinical trial [16, 28]. Their findings demonstrated that
preserved myocardial perfusion assessed by TMPG
is a more accurate predictor of reduced mortality
compared to achieving TIMI 3 flow alone. Patients
with restored epicardial flow (TIMI 3) and optimal
perfusion at the tissue level (TMPG 3) exhibited sig-
nificantly lower mortality rates (0.72%) than those
with suboptimal TIMI and TMPG flow (10.9%) [16,
28]. Both MBG and TMPG are limited by inter-ob-
server variability, which can affect their reproducibil-
ity [16, 24].

Coronary Clearance Frame Count (CCFC)

The Coronary Clearance Frame Count (CCFC) has
been proposed as a method for evaluating microvascu-
lar function following reperfusion therapy in acute coro-
nary syndromes and in patients with “Syndrome X" [29,
30]. This index measures the number of angiographic
frames elapsed from the initial frame where contrast
medium begins clearing from the vessel ostium (at
least 70% of the width of the artery has been cleared
of contrast) to the frame where contrast begins to clear
from the distal portion of the artery. The distal landmark

Ta6bnuua 4. TIMI Myocardial Perfusion Grade [16] // Table 4. TIMI Myocardial Perfusion Grade [16]

CteneH 0
apTepusi.

HeBb3MOXHOCT 3a KOHTPACT Aa HaBne3e B MUKPOLUMPKynaunaTa B 30HaTa Ha VIHCbapKT-CB'bp3aHaTa

Grade 0

Failure of contrast medium to enter the microcirculation in the distribution of the infarct-related artery

CreneH 1
cBbp3aHaTa apTepusi

MuHuManHo HaBnu3aHe 1 3abaBeHO HanyckaHe Ha KOHTPacT OT MUKPOLIMPKYaumuaTa B 3oHaTa Ha UHpapKT-

Grade 1

Contrast medium slowly enters but fails to exit the microcirculation. There is ground glass appearance
(blush) of the myocardium in the distribution of the artery that fails to clear from the microvasculature

CTteneH 2

3abaBeHo HaBnM3aHe u HanyCKaHe Ha KOHTPacCT OT MUKpOUMPKynauuaTa. KOHTpaCTMpaHeTO CUINHO
nepcucTupa no Bpeme Ha asaTta Ha OTMUBaHe cref 3 CbpAeyHU UMKba, UHTEH3UTETBT UK He HaMmansBa
nnn HamansiBa MMHMMarHoO No BpemMe Ha cbaaaTa Ha OTMMBaHe

Grade 2

Delayed entry and exit of contrast medium from the microcirculation. The ground glass appearance of the
myocardium in the distribution of the artery is strongly persistent after 3 cardiac cycles and either does not or
minimally diminishes in intensity during washout

CteneH 3

He3dacerHatute aptepum

HopmanHo HaBnu3aHe n HanyCKaHe Ha KOHTpacCT OT MUKpOLMPKynaumnaTa. KoHTpacTupaHeTo Ha M1okapaa B
30HaTa Ha BMHOBHaTa apTepua ce n34ncrtea HopmMariHO U n34yesBa Uinu Neko nepcuctupaty cnej 3 CbpaeyHn
UMKbna n 3Ha4nTesNIHo HamansaBea No MHTEH3UTET MO BpeMe Ha qaasaTa Ha OTMMBaHe, NogobHO Ha ToBa B

Grade 3

Normal entry and exit of contrast medium from the microcirculation. The ground glass appearance of the
myocardium in the distribution of the artery clears normally and is either gone or only mildly after 3 cardiac
cycles and noticeably diminishes during the washout
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siTa (3a OPUEHTMP Ce MU3MOoM3Ba Chbliata AucTanHa Todka,
npeanoxeHa npu naducnssaHe Ha cTFC) [29].

MbpBOTO Npoy4yBaHe, nanonasawio CCFC 3a oueH-
Ka Ha MuKpoBackyrnapHata nepdysus, skniousa 110
nauMeHTV crneq MbpBUYHA aHrvonnactvka no nosog
Ha OCTbp KOpOHapeH cuHapom. ABTOpuUTe AoKrnagsat
3HauMMa Bpb3ka Ha pesdyntatute ot CCFC ¢ pesyn-
TaTuTe OT U3BECTHUTE MHOEKCUM 3a MUKpOBAacKyrnapHa
nepcysms — MBG n TMPG. Kato rpaHuua Ha HopmaTa
ce onpenens CToMHocCT oT 54 kaabpa (npu ckopoct 30
f/s) ¢ wyBcTBUTENHOCT 75% W cneunduryHocT 70% 3a
nporHoaupaHe Ha TMPG 2 nnn 3 (Tabn. 5) [29].

CCFC e u3nonseaH npu nauueHT C [oKalaHa
MUOKapgHa Ucxemus Ypes HyKneapHOMEAMLMHCKO U3-
crnepfBaHe v aHrnorpadpCckm AaHHM 3a HeOOCTPYKTMBHA
KopoHapHa 6ornecT. BkntoyeHn ca 71 naumMeHTn B ak-
TMBHOTO pamMo 1 61 koHTponu (nauneHTn 6e3 aHrMHos-
Ha cuMnTOMaTKKa, HacoYeHU 3a NpoBexaaHe Ha Kopo-
HapHa aHruorpadusi nopagn KamepHu 1 HagkaMmepHu
apuTMnM 1 Npeaun cbpaedHa XMpyprusi no apyra npuym-
Ha). CpeaHuTte ctoriHocTn Ha CCFC-LAD, CCFC-LCX
n CCFC-RCA ca 6unu 3HaunTenHo no-BUCOKM Npw nu-
uarta ¢ gokasaHa MMoKapgHa UCXeMus B CpaBHEHWE C
KOHTponHaTta rpyna. Pesyntatute ca npectaBeHn Ha
Tabn. 6. ABtopute otuutat Hag 90% cbBnageHue Ha
pesyntatute oT oueHkata Ha CCFC npu pasnuynute
nacnegosarenu [30]. NpeanoXeHNaT MeTop, € NeceH 3a
N3MbJIHEHME, KONMYECTBEH M C AoOpa NOBTOPSEMOCT.
OnucaHoTo MNpoyYBaHe MMa WM3BECTHU OrpaHUY4eHust
— Marka rpyna naumeHTu, nuncea sBepuduumnpaHe Ha
pesyntatute cnpsamMo yTBbpAeHa MeToAuKka 3a oueHKa
MUKpOBackyrnapHaTta dyHkums kato IMR, nunca Ha me-
TOA 3a OLEHKa HAa UCXeEMUATA B KOHTpONHara rpyna.

Coronary Sinus Filling Time

Haridasan et al. pecomHupat Coronary Sinus Filling
Time (CSFT) kato BpemeTo, He0bX04MMO 3a KOHTpacT-

Tabnuua 5 // Table 5

used for CCFC is the same as the one used by the TIMI
group [29].

The first study employing CCFC to assess micro-
vascular perfusion included 110 patients after primary
angioplasty for acute coronary syndrome. The authors
reported a significant correlation between CCFC re-
sults and established microvascular perfusion indices,
such as MBG and TMPG. A normal threshold for CCFC
was established at 54 frames (30 fps), with a sensitiv-
ity of 75% and specificity of 70% for predicting TMPG
grades 2 or 3 (Table 5) [29].

CCFC has also been evaluated in patients with
angiographic evidence of non-obstructive coronary
disease and confirmed myocardial ischemia via nu-
clear imaging. A study involving 71 patients in the
active arm and 61 controls (referred for coronary an-
giography due to arrhythmias or pre-surgical evalua-
tion) demonstrated significantly higher CCFC values
in the ischemic group across all major coronary ar-
teries (LAD, LCx, RCA). Results are shown in Table
6. Results showed over 90% inter-observer agree-
ment for CCFC measurements [30]. Despite its sim-
plicity, reproducibility, and quantitative nature, CCFC
is limited by small sample sizes in studies and the
absence of validation against established methods
like IMR. Additionally, ischemia in control groups was
not evaluated.

Coronary Sinus Filling Time (CSFT)

Haridasan et al. define Coronary Sinus Fill-
ing Time (CSFT) as the time required for contrast

MapameTbp Bpow kagpu (ckopocT 30 f/s) Bpeme (cekyHam)

Parameter Frames (30 fps) Time (seconds)

CpepneH CCFC Mean CCFC 51 (36-72) 1.7 (1.2-24)s
CCFC npu TMPG 1 CCFC in TMPG 1 75 (53-100) 25(1.8-3.5)s
CCFC npu TMPG 2-3 CCFC in TMPG 2-3 42 (33-57) 1.4(1.1-1.9)s

Ta6bnuua 6 // Table 6

KopoHapHa apTtepus CCFC B aKTUBHOTO pamo

CCFC B KOHTpoOsHarta rpyna

CTtaTucTuyecka 3Ha4MmocCT

Coronary artery CCFC in the active arm CCFC in the control group Statistical significance
LAD 43.82 +8.50 37.21+7.95 P =0.002
LCx 40.87 +8.24 36.09+7.83 P =0.001
RCA 37.24+7.43 33.56 + 7.49 P =0.005
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HOTO BELLECTBO B envKapaHWUTE KOPOHapHW apTepuu
4a NpemMuHe npes3 MUKpoumMpKynaumsta n ga gocTurHe
HayanoTto Ha kopoHapHusi cuHyc [31]. CSFT npeacta-
BMNsiBa pasnukarta mexgy bpos Ha kagpute OT Makcu-
MarnHOTO KOHTpacTtupaHe Ha LAD [0 Ha4yanHoOTO KOH-
TpacTupaHe Ha KopoHapHusa cuHyc [32]. Haridasan et
al. nscnegsat CSFT npu 41 nauyueHTn ¢ TUNMYHA aH-
rmHa 6e3 obCTpyKkTMBHA KOpOHapHa 6onect cnpsimo 16
KOHTPOMNM (NauneHTn ¢ MuTpanHa CTeHo3a, HopMarnHu
KOpOHapHM apTepuu, 6e3 aHrMHO3Ha CUMMATOMAaTKKA).
Te poknaggart, Yye BpPeEMETO 3a NpeMmnHaBaHe Ha KOH-
TpacT B KOPOHAPHWS CUHYC € 3HAYUTENHO YObIKEHO
npv NaumMeHTUTe ¢ aHrmHa 6e3 obCTpyKTMBHA KOPOHap-
Ha BonecT (cpegHo Bpeme 4,25 + 0,72 s B rpynarta ¢
aHrnHa cnpsmo 3,46 + 0,99 s B KOHTponHaTta rpyna)
[31]. B npoy4uBaHe 3a onpegensaHe Ha NPOrHOCTUYHaTa
ctorHocT Ha CSFT, aBTOpuTe cbobLiaBaT, Yye nauu-
€HTUTe C No-AbNro BpeMe 3a U3nbNiBaHe Ha KopoHap-
HUSA CUHYC Ca UManu no-4yectn GOMHWYHU BU3UTU MO
nosofd Ha rpbaHa 6ornka [32]. Opyrn ABe NpoyyBaHus,
kouto uscnegsat CSFT npu naumMeHT C aHrMHo3Ha
cumMnToMaTmka cbC unn 6e3 OBEeKTUBHW [okasaTen-
CTBa 3a MMOKapgHa ncxemus cnpsmo nnauebo rpyna,
CbLLO OEMOHCTpMpaT 3Ha4YMMO YObIDKEHO Bpeme 3a
NpeMMHaBaHe Ha KOHTPacCT B KOPOHAPHWS CUMHYC Mpu
nauMeHTuTe C aHrMHa 6e3 obCTpyKTMBHA KOpOHapHa
oonect [33, 34]. NauncnseaHeto Ha CSFT e 6bp3 un
TEXHWYECKN NeceH MeTOA, KOWTO He e CBbp3aH C Ao-
MbITHUTENHN PUCKOBE 3a MauMeHTa U OOMbIHUTEMHU
pasxoau u Moxe Aa Obae noneseH MeTod 3a OueHka
Ha MuKpoBackynapHa ancdyHkums [35]. OrpaHnyeHus
Ha Npoy4yBaHMsATa ca: nunca Ha oBEeKTMBHO goKasaHa
NCXEMNS MPU BCUYKM MALMEHTU; 3a HanNaraHeTo B KO-
POHapHWsi CUHYC Ce Cban Mo CybeKkTMBHM exorpadcku
KpUTEpUM; HE € U3non3BaHa aBToMaTMyHa cucTema 3a
WHXeKTMpaHe Ha KOHTPAacT, KOETO BOAM OO0 M3BECTHa
BapnabuHOCT B CKOPOCTTa Ha MHxekTupaHe [31-35].

AHrnorpadyckm onpegeneH Index
of Microvascular Resistance

3a fga ce ocurypu no-Marko MHBa3MBEH Moaxomd,
HacKopo Ce MnosiBUXa HSAKOMKO WHAEKCa 3a oOueHKa
Ha KOpOHapHaTa MWKPOLUMPKyrauus, nonyyYyeHu oT
KOpoHapHaTa aHrnorpagusi, 6e3 HeobxogumocT oOT
npunaraHe Ha ageHo3wH u 6e3 u3non3BaHe Ha [A0-
NbIHUTENEH BOAay 3a W3MepBaHe Ha HansiraHeTo,
AucTanHo B KopoHapHaTa aptepus [36]. Tean TexHu-
KN ce onuTBaT Ada npecb3gagart dopmynarta 3a Index
of Microvascular Resistance (IMR), kato pa3uuTaT Ha
aHrnorpadcku aHanm3 3a eKcTpanonvpaHe Ha CKo-
pOCTTa Ha KOPOHAPHMSA KPBbBOTOK UMM CPELHOTO TpaH-
3uTHO Bpeme (Tmn), JokaTo n3BnNuyaT gUcTanHo Hans-
raHe ¢ MOMOLLTa Ha U34ncnNUTenHa dnymnaHa guHaMmyka
(CFD) mnmn KOHTPacTHO KONMMYECTBEHO CbOTHOLUEHWE
Ha kpbBoTOKa (CQFR) [37].

material in the epicardial coronary arteries to pass
through the microcirculation and reach the coronary
sinus [31]. CSFT is calculated as the difference in
the number of frames between the maximal opaci-
fication of the left anterior descending artery (LAD)
and the initial opacification of the coronary sinus [32].
Haridasan et al. examined CSFT in 41 patients with
typical angina and no obstructive coronary artery
disease, compared with 16 control patients (patients
with mitral stenosis, normal coronary arteries and
no anginal symptoms). They reported a significant-
ly prolonged CSFT in the group with angina without
obstructive coronary artery disease (mean: 4.25 +
0.72 seconds) compared to the control group (mean:
3.46 + 0.99 seconds) [31]. Another study assessed
the prognostic value of CSFT and found that pa-
tients with longer CSFT experienced more frequent
hospital visits due to chest pain [32]. Two addition-
al studies investigating CSFT in patients with angi-
nal symptoms, with or without objective evidence of
myocardial ischemia, compared to a placebo group,
also demonstrated significantly prolonged contrast
transit time in the coronary sinus among patients
with angina and non-obstructive coronary artery dis-
ease. [33, 34]. CSFT offers several advantages: it
is a quick, technically straightforward method that
involves no additional patient risk or cost. These
characteristics make it a potentially useful tool for
assessing coronary microvascular dysfunction [35].
However, certain limitations exist: some studies did
not confirm myocardial ischemia in all patients, sub-
jective echocardiographic criteria were used to eval-
uate coronary sinus pressure, and manual contrast
injection, lacking automation, might have introduced
variability in injection speed [31-35].

Coronary Angiography-Derived Index
of Microvascular Resistance

To enable a less invasive approach, several indi-
ces for evaluating coronary microcirculation have re-
cently been developed using coronary angiography.
These methods eliminate the need for adenosine ad-
ministration and the use of additional guidewires to
measure distal coronary artery pressure [36]. These
techniques aim to replicate the equation for the In-
dex of Microcirculatory Resistance (IMR) by utiliz-
ing angiographic analysis to extrapolate coronary
blood flow velocity or mean transit time (Tmn). Distal
pressure is derived using computational fluid dynam-
ics (CFD) or contrast-based quantitative flow ratio
(cQFR) [37].
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B npoyuBaHe, npoBegeHo ot H. Ai 1 cbTp. ce us-
cnepnBa HoB uHAekc calMR (6asvpaH Ha aHrmorpadwmsi
WHOEKC Ha MWKpPOBACKylapHa Pe3nCTEHTHOCT) CNpsiMO
nHBasneHuA IMR npu 56 nauneHTn ¢ aHrmHa nekTopuc
0e3 obCTpykTMBHA KopoHapHa 6Gonect. [duarHoctuu-
HaTa TOYHOCT, YYBCTBUTENHOCT U CNEUUPUYHOCT Ha
calMR ¢ rpaHuyHa ctonHocT 25 ca 84.2% (95% Cl:
72.1% po 92.5%), 86.1% (95% CI: 70.5% po 95.3%
), 81.0% (95% CI: 58.1% po 94.6%), cnpsimo IMR ¢
rpaHn4yHa ctonHocT ot 25 [38].

M. Tebaldi n cbTp. nscnegsat aHrmorpagckm mH-
[JEKC 3a oueHKa Ha MUKpOBacKynapHa pe3vCTEHTHOCT,
fasmpaH Ha cQFR, HapeyeH A-IMR (Angio-IMR) cnps-
MO nHasmeHusa IMR npu 200 naumeHTn. ABTOpUTE O
knageat gobpa Kkopenauus mexay ABete TexHuku [39].

Mejia n cbTp. cbllo NokaseaT gobpa Kopenauusi
mexay Angio-IMR v nHBasusHo nameperus IMR npu
104 nauueHTn [40].

[openocoyeHnTe MpoyyBaHUA OEeMOHCTpupart, ye
onpegensiHeto Ha IMR 6e3 n3nonssaHe Ha Bogad 3a
KOpoHapHa u3nonorMa n ageHo3nH e OCbLLEeCTBU-
MO. AHrvorpadpcknte metogun 3a maumcnerHne Ha IMR
B Obgewe OMxa mMormu ga enuMuHupar HyxgaTta oT
nnacvpaHe Ha Boday B KOPOHapHWTE apTepuu U no-
TEeHUManHo ga yBenu4yaT NpUnoXXeHMeTo Ha (PyHKUMO-
HanHaTa OLeHKa Ha MUKpoLMpKynauusita npu naumeH-
TW C MCXeMU4YHa BonecTt Ha cbpueTo. OrpaHnyeHre Ha
MeTogukaTa €, Ye UHAMBUAyanHaTa M1MKpoBacKynapHa
peakTUBHOCT MOXe Aa MOBMusie n34mcrneHara npeagno-
naraema CKOpPOCT MNpu Xunepemusi, KOeTo Aa Josefe
[0 OTKNOoHeHue B cTormHocTuTe Ha cQFR. Tesu oTkno-
HeHWs MoraTt ga AoBefaT Ao rpeLukn, 3acsrallim ypas-
HEHMATa 3a OnpedernsHe Ha OUCTanHOTO HansraHe,
KOUTO Aa ce MynTunnvumpar nNpuv crefBalimte n3dmc-
nexus [41, 42].

3AKNIOYEHUE

dnyopockonckiTe MeToau 3a oueHKa Ha MUKpO-
BacKyrnapHa AWCMYHKUMS Ca NEeCHU 3a U3MNbIHEHueE,
LLUMPOKO OAOCTBIMHU N HE Ca CBbp3aHu C OONbJTHUTENEH
pasxod 1 puck 3a naumeHTuTe. Te morat ga 6baaT Ha-
OEXOHW U C ronsiMa TOYHOCT Aja AoKaxaT HannyneTo Ha
MUKpOBacKyrapHa bornecrt.

He e deknapupaH KOHGAUKmM Ha uHmepecu
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