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PE3IOME

Copaeuynara GubOposa ce XxapakTepusupa ¢ HaTPyIBaHE W
npepasnpeeNieHne Ha CheJMHUTENIHA ThKaH B U3BBHKIIE-
THYHOTO IPOCTPaHCTBO. HacThIBa B pe3ynrar Ha MexaHu-
HU, XUMHYECKH U eIEKTPUIECKH JipazHuTend. Hamupanero
Ha TOYEH U JIOCTBIIEH METOJl 3a OLIEHKAa Ha MHOKapHaTa
(hndpo3a € OT Ba)KHO KIMHUYHO 3HaueHue. M3monsBar ce
WHBa3MBHHU U HEMHBA3UBHU METO/U. IHBa3UBHHUTE — €HJIO-
MHOKap/iHa OUOIICHS U €JIEKTPOAHATOMUYHH KapTH, Ca I10-
TPYJHO M3IBJIHUMH M M3UCKBAT ClienuaiHa TexHuka. Ot
HEMHBA3WBHUTE METOJU HAW-4EeCTO Ce M3IOJ3BAT €XOKap-
quorpadusita, sIPEHO-MarHUTHHUSAT PE30HAHC M U3CIIe/[BA-
HE Ha OMOMapKepH.

Krouoeu oymu: muoxapona ¢pubposa, uHeasusHu u HeuH-
8A3UBHU MEMOOU

Cepmeunara (ubpo3a TmpencTaBisiBa (GopMmupaHe
Ha HEKOHTPOIMpaHA JCTO3UIMS W Tpepasnpesere-
HUE Ha ChEJMHUTEIIHATA ThKAaH B EKCTpalleyIapHUs
MaTpHKC C IeJ aJanTaiusi KbM HOBU MaTOPH3HOIO-
TMYHU YCJIOBHSI M HamassiBaHe Ha e(eKTa OT mexa-
HUYHH, XUMHICCKU WM CIECKTPUUCCKH JPA3HUTEIIH.
To3u mporiec 3acsira U KIEThUHUTE KOMIIOHEHTH Ha
MHOKapza. B pe3ynrar HacThIIBa POMSIHA B FeoMe-
TpUSITA HA MHOKap/ia U pa3BUTHE Ha MPEACHhP/IHA Kap-
muomuomnatus (1-4). Pasmuaasar ce Tpu trma Gpuodpo-
3a — pernapaTuBHa, HHQUITPATUBHA WHTEPCTHIHATHA
(5) 1 peakTHBHA, KOWUTO MOTaT Jia CE Pa3BUBAT CIHO-
BpemeHHo (1). PemapatuBrara ¢ubposa ce pa3suBa
MPEJIMMHO B MHTEPCTHIIYMa U HACTHIIBA TIPH 3aryda
Ha MHOKapja. Moxe Jia e JIOKalIu3upaHa win Judys-
Ha (6,7). PeakTnBHaTa (pribpo3a ce HabOIrOMaBa KaTo
OTrOBOp Ha MPOMEHHUTE B MHUOKApHUS TOBAp WU B
pe3ynTaT Ha Be3majeHue. T Moxe ma 0b1ae audysHa
(8) mm cnemmduuano nepuBackynapua (9). Muadm-
TpaTWBHATa WHTEPCTUIMATHA (HUOpo3a ce HHIYIIH-
pa OT MPOTPECHBHO JIETO3MpaHe Ha HEPa3TBOPUMU
MPOTEHHU KaTO aMHJIOH] WJIM TIMKOC(UHTOIHITUIN
B ChbpacuHHS WHTepcTHIHMYM (Oomect Ha Anderson
Fabry) (10,11).

Muoxkapaaara ¢udpo3a CHITETCTBA CTapeeHETO Ha
CBPIIETO W Pa3IMYHUTE ChPJCYHU 3a00isiBaHus. Ts
MOXeE J]a Ce WHIYIMpa OT TEH3MOHHO WJIM OOEMHO
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ABSTRACT

Cardiac fibrosis is characterized by deposition and redis-
tribution of connective tissue in the extracellular matrix. It
occurs due to mechanical, chemical or electrical stimuli.
Finding an accurate and easy-to-use method for assessment
of myocardial fibrosis is of great clinical importance. Inva-
sive and noninvasive methods are taken into account. The
invasive — endomyocardial biopsy and voltage mapping,
are more difficult to perform and need special technique.
From the noninvasive ones - echocardiography, magnetic
resonance imaging and biomarkers, are often used.
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Cardiac fibrosis is associated with formation and un-
controlled redistribution of extracellular matrix in
order to adapt to new pathophysiologic conditions
and to reduce the influence of mechanical, chemical
or electrical factors. This process affects also the cell
components of the myocardium. The result is change
in the myocardial geometry and development of atrial
cardiomyopathy (1-4).

There are three types of fibrosis — reparative, infiltra-
tive interstitial (5) and reactive, which could develop
simultaneously (1). Reparative fibrosis develops
mostly in the interstitium as a result of myocardial
loss. It could be local or diffuse (6,7). Reactive fi-
brosis is observed as a reaction to the change in the
myocardial load or to inflammation. It could be diffuse
(8) or specifically perivascular (9). Infiltrative inter-
stitial fibrosis is induced from progressive deposition
of insoluble proteins such as amyloid and glycosphin-
golipids in the cardiac interstitium (Anderson Fabry
disease) (10,11).

Myocardial fibrosis accompanies heart aging and dif-
ferent cardiac diseases. It could be induced by ten-
sion or volume overload, which develops with arterial
hypertension, valvular diseases, heart failure, atrial
fibrillation, infarction, etc. The degree and type of dis-
tribution of cardiac fibrosis could be a marker for de-
velopment of morbidity, mortality (12) and prognosis
(13,14). Finding a precise and easy-to-use technique
for cardiac fibrosis measurement and evaluation is of
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oOpeMeHsIBaHe, KAKBUTO HACTBIIBAT NP apTepHaiHa
XHIIEPTOHUS, KIJIaITHU 3a00JsIBaHMS, ChpACYHA HET0C-
TaThYHOCT, NPEACHPIHO MBKACHE U UH(DAPKT U 1.
Crernenrta Ha pa3npoOCTpaHEHHE W THITBT Ha pasIpe-
JeneHne Ha puopo3aTa Moxe Ja Objie MapKep 3a pas-
BUTHE Ha 00JIECTHOCTTA, CMBPTHOCTTA (12) M MIPOTHO-
3ara (13,14). HamupaneTo u U3noa3BaHETO HA TOUCH
W JIOCTBIICH METOJ 32 M3MEpBaHe U OLIEHKAa MHOKap/I-
Harta GuOpo3a e OT roJIIMO KITMHUYHO 3HaYeHue (15).
Meroaurte 3a onjeHka Ha pudpo3ara OMBaT HHBAa3HMBHU
Y HEUHBA3WBHHU. TPaJMIIMOHHUTE HHBAa3UBHU METOIU
3a onpeJieNisiHe Ha KOJIAreHOBOTO ChIbpIKaHUE B MH-
TEpCTUIIMYMA Ca EHIIOMHUOKapAHATa OMOTICHS U U3TOT-
BsIHE Ha eNleKTpoaHaToMuyHu KapTtu (16). CpiecTBy-
BaT U pe/niia HeMHBAa3UBHU METOH. B choOpaskenue
BJIM3aT eXoKapauorpadusi, sIpeHO-MarHUTeH pe30-
HaHC C MPHJIOKEHHE Ha KOHTPACTHO BEIIECTBO Ta-
nonmuauyM (17), muokapana nepdy3voHHA CIMHTH-
rpadusi, MO3UTPOH eMHCHOHHA Tomorpadus (18) u
CepyMHHU OMOMapKepH, KOUTO MOTaT Ja Ce U3I0JI3BaT
KaTo CypOraTHHU IOKa3aTeu 3a MUOKapHa (udpo3a
(19).

Ennomuokapanara Ouoncusi mMo3BOJsIBA KayeCTBEHA
XHMCTOMATOJIOTHYHA OLIEHKA ¢ MUKPOCKOII CJIE/ OllBe-
TsBaHe 1o Masson’s Trichrome (20) u konn4ecTBeHa
OLICHKA Ype3 KOJIMYECTBEHA MOPPOMETPHUS C MHKPO-
CHpHYyC pel, KOeTo creuuuyHo ouseTsiBa (Huodpu-
JIapHUS KOJIareH Ha MoJisipu3rpana ceemivHa (21,22).
MeroabT mpeanara TOYHa OLEHKAa Ha MHOKapIHa-
Ta (ubpo3a, HO TOW MMa TPU TJIABHH HEJOCTAaThKa
— B3eMaHeTO Ha OWOIICHs CTaBa MO WHBA3UBEH ITBT,
BB3MOXKHO € JIa CE JIOIyCHE HETOYHOCT TPH JIOKAJIH-
3upaHa Guopo3a U HE € Bb3MOXKHO JIa CE OleHH (u-
OpPOTHYHOTO BBHBIMYAHE HA LETUst MHOKap (23).
EnexTpoanaToMuYHNTE Mapping CUCTEMH CE U3IOJI3-
Bat ot 90-te rox. (24) u ce pa3BuBar OBP30 Mpe3 IMo-
CIIEIHUTE TOJIMHH B KOHTEKCTa Ha IMPOLEAYpUTE 3a
abnanys py npeAcHPIHO MBxaeHe (25). Besika cuc-
TeMa Ce ChCTOM OT TPH YAaCTH: aKTHBALIMOHHU KapTH,
BonTaxkHa Kapta u 3D mn3zo0paszsiBane. M3cnensanero
€ MHBA3WBHO W M3UCKBA crieiuduyna TexHuka (26).
HennBasuBHUTE METO/AM 32 OIIEHKA HA MHOKapaHaTa
(hubOpo3a BKIIOYBAT OOpPA3HU METOIUKH U U3CIICBAHE
Ha HUpKyJIupamm onomapkepu. Exokapanorpadusra
(ExoKTI') uma kirodoBa posist pu cTpaTudUKausTa
Ha PHCKa M JICYCHHETO Ha MALUEHTHUTE C TIPEICHPIHO
mbxaeHe. TpancropakanHara ExoKI™ (TTE) nozBo-
nsiBa Obp3a W M3uUepraTesHa OLEHKa Ha ChpjedHaTa
anatomus U ¢yHkms (27). B cpoOpaxkeHue Bimzar
— M-mode, nBypasmepna (2D), ThkaHHEH HOIUIEp
(TDI), rpupasmepna ExoKI" (3D), kakto u usnon3sa-
HETO Ha HOBHTE JeopMaMOHHN MoAaitHocTH. [Ipo-
YUBAHUSATA BBPXY CTPYKTYPHOTO pEeMOJEIHpaHe NpU
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great clinical importance (15).

The methods for evaluation of fibrosis are invasive
and noninvasive. Traditional invasive methods for de-
termination of the collagen content in the interstitium
are endomyocardial biopsy and voltage mapping (16).
There are also a number of noninvasive methods such
as echocardiography, magnetic resonance imaging
(MRI) with gadolinium enhancement (17), myocar-
dial perfusion scintigraphy, positron-emission tomog-
raphy (18) and serum biomarkers, which can be used
as surrogate markers of myocardial fibrosis (19).
Endomyocardial biopsy allows qualitative evalua-
tion with a microscope after Masson’s trichrome stain
(20) and quantitative evaluation by morphometry with
picrosirius red, which specifically colors the fibrillar
collagen under polarized light (21,22). The method
offers precise assessment of myocardial fibrosis, but
has three main disadvantages — taking biopsy is an in-
vasive procedure, it is possible to miss the place in
localized fibrosis and it is not possible to evaluate the
fibrotic involvement of the whole myocardium (23).
Electro-anatomical mapping systems have been used
since 1990s (24) and have developed rapidly in the
last years in the context of ablation procedures for atri-
al fibrillation (AF) (25). Each system contains three
parts: activation cards, voltage card and 3D imaging.
The method is invasive and requires a specific tech-
nique (26).

Noninvasive methods for evaluation of myocardial
fibrosis include imaging and circulating biomarkers.
Echocardiography plays a key role in the stratifica-
tion of risk and treatment of patients with AF. Trans-
thoracic echocardiography (TTE) allows rapid and
comprehensive determination of the cardiac anatomy
and function (27). The most widely used methods are
M-mode, 2D, tissue Doppler (TDI), 3D echocardiog-
raphy and the new deformation modalities. Studies
on structural remodeling show higher sensitivity of
the atria, resulting in dilatation and accumulation of
connective tissue between the myocytes (28,29). The
presence of fibrosis provokes local intra-atrial con-
duction block, which leads to formation of multiple
reentry circuits. First, the left atrial (LA) anatomy is
examined. TTE is the preferred technique to study the
LA dimension, because transesophageal echocardiog-
raphy (TOE) often does not image the entire LA (31).
In clinical practice the most used parameter is still the
anteroposterior diameter, measured from parasternal
position on the long or the short axis. It is considered
the most reproducible dimension, bit it is not precise,
because LA is spherical and remodeling processes de-
velop non-symmetrically (32-34). The most exact and
important for the prognosis parameter is the indexed
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IIM noka3Bar NOBMILIEHA YyBCTBUTEIHOCT Ha IpPEJI-
CbpAMsTa C IOCJeABalla Auiaranus U HaTpylBaHe
Ha ChEIMHUTEIHA ThKaH MEXIy Muonutute (28,29).
Hanmnumero Ha ¢(ubpo3a mpeapasmonara mnpeachp-
IHsATa KbM 00pa3dyBaHe Ha JIOKaJeH WHTpaaTpHaieH
OJIOK B TPOBEKAAHETO, KOETO BOAW 10 BH3HMKBaHE
Ha MHOeCTBO Majku reentry kpbrose (30). IIspso-
HayaJHO Ce M3CJe[Ba aHaTOMHUATA Ha JISIBOTO IpPE-
cepaue (JIIT). TTE e npenopbuBaHata MeToanKa 3a
n3MepBaHe Ha pazmepa Ha JIII, Thil KaTO IpU TpaH-
ceso(areanna exokapauorpadus (TEE) uecto He ce
Busyanusupa 1sutoro JIIT (31). B npaktukara Bee orie
Hall-4ecTo M3MOJI3BAHUAT MapaMeThp € MpPeaHO-3a-
HuAT nuamerwsp Ha JIII, usmepen ot mapactepHaiHa
MO3ULMs 10 AbJrara WM Kbcata oc. Toil ce cumra
3a Hail-pernpoaylnupyemusi pasmep, HO TOKa3Ba He-
TOYHOCTH BBB BpB3Ka ¢ ToBa, ue JIII e cdhepuuno u
MPOLIECHTE Ha PEMOJICTMPaHe IPOTHYAT HECUMETPHY-
HO (32-34). Hali-TouHMST TIOKa3aTen 3a pa3MepuTe Ha
JIIT ¥ ¢ HaW-ronsIMO MPOrHOCTHYHO 3HAYEHUE € UH-
nekcupanusat ooem Ha JIIT (31,35-37). 3a Hopma ce
cumnrta uHnexcupan oodem Ha JIIT (LAVi) < 34 ml/m2
(31). Usmepranero Ha obema na JIII upe3 3D Exo-
Kr cobiio e Banmmaupan MeToa U 3aeaHo ¢ 2D moxe
Ja ObJie M3MOI3BAaHO 32 MPOCIIEASIBAaHE B €XKEAHEBHA-
Ta npaktuka (38). [lo-manko u3non3BaHa METOIMKa,
KOSITO MOXE J]a IOMOTHE 3a HICHTU(HIMpAaHE Ha
npeackpaHara Guopo3a, € M3MOJI3BAHETO HA WHTET-
pupanus backscatter METOJ M HETOBUTE HUKIMYHH
Bapuanumu (39).

Ocaen 3a anatomuunute ocodenoctu Ha JIIT, ExoKI"
e edpukacen meto 3a ouenka Ha JII1 ¢pynkuus. [Ipu
Bceku chpiedeH nukbi JIIT momyuaBa KpbB OT Oero-
IpoOHUTE BeHW 1o Bpeme Ha jeBokamepHara (JIK)
CHCTOJIa U CITy’KH KaTo pe3epBoap. [Ipe3 pannara qu-
acroja TO JEWCTBa KaTo KOHAYHT M TIACUBHO TpPaHC-
(depupa xkpbB KbM JIK, @ B KbCHaTA THACTOJIA U3ITOMII-
Ba aktuBHO KpbB B JIK (40). B HOpMa pesepBoapHara,
KOHAYWTHAaTa W U3NOMIIBalllaTa (baSI/I JOMPUHACAT
cboTBeTHO 3a 40, 35 1 25% oT npencbpaHaTa ChCTaB-
Ka Ha yJapHusi o0eM. TpaHCMUTpPaTHUAT KPBBOTOK,
H3MEepeH ¢ OMOIIITa Ha AOIJIep, JaBa 100pa nHdop-
mauus 3a mexanukata Ha JIII. ITukoBara ckopocT Ha
KbCHOTO JIMACTOJIHO IIbJIHEHE (A) oOaue He MOXKe Jia
ce M3cie/iBa MpHU MaIUeHTH, KOUTO ca B IPEICHPIHO
MBIK/IEHEe, HO CITy>KH 3a npocneasBane Ha JIIT ¢pyHk-
st cnen CEKB wnm paanodpexkBeHTHa KaTeThbpHA
abmamus (POKA) (41-43). IlukoBata cKOpocT Ha
MUTpAJIHUS aHYJIyC B KbCHaTa Jguacroia (A‘), uzme-
pena upe3 TDI, cbiiio Moxe j1a ObJie U3M0I3BaHa KaTo
TOYEH MapKep 3a npeacbpaHara yHkuus (44). [Ipes
MOCJIEIHUTE TOIMHHU BCE TIOBEYE Ce U3MOII3BAT JIeop-
MAaI[MOHHUTE TeXHHUKH — strain u strain rate (40,45).

LA volume (31,35-37). The normal value is <34 mL/
m2. Evaluation of LA volume with 3D echo is also
validated and can be used with 2D for follow-up (38).
Integrated backscatter and its cyclic variations are less
used methods, which can help in identifying LA fibro-
sis (39).

Echocardiography is an effective technique for as-
sessment of LA function. In every cardiac cycle LA
receives blood from pulmonary veins during left ven-
tricular systole and serves as a reservoir. In early dias-
tole it acts as a conduit and passively transfers blood
to the left ventricle (LV) and in late diastole it actively
pumps blood in LV (40). Normally reservoir, conduit
and pumping phases contribute to 40, 35 and 25%,
respectively, of the LA component of stroke volume.
Transmitral flow, measured by Doppler, provides
good information on LA mechanics. The peak late
diastolic filling velocity (A) is not measurable dur-
ing atrial fibrillation, but is useful for the follow-up of
the LA function after cardioversion or radiofrequency
catheter ablation (41-43). The peak velocity of the mi-
tral annulus in late diastole (A”), measured by TDI can
be used as an exact marker for atrial function (44). In
recent years the deformation techniques — strain and
strain rate are more often performed (40,45). They are
used in a number of studies and demonstrate that in
97% of the patients it is possible to have high qual-
ity images with intra- and inter-observer variations
between 2.9 and 5.4% (46). A positive peak is nor-
mally recorded with a 2D strain, which reflects the LA
reservoir function during LV systole and thus the LA
compliance. During ventricular diastole two negative
peaks are recorded — one corresponding to the pas-
sive early LV filling and second - reflecting the active
pumping of blood from LA to LV. In AF the second
peak is lost. In the presence of atrial fibrosis and loss
of compliance the worsening of reservoir function is
found before LA dilatation (30,40).

Nowadays MRI is an available noninvasive method
for evaluation of cardiac anatomy and function. It re-
veals detailed tissue characteristics. Adding a contrast
agent — gadolinium and late gadolinium enhancement
analysis gives additional accuracy and plays a leading
role in assessment of myocardial fibrosis (47).
Myocardial perfusion scintigraphy differentiates vital
from non-vital myocardium and determines the post-
infarction cicatrix (48). Animal studies are conducted
for more precise analysis of collagen accumulation
(49,50).
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Te3n MeTou ca M3MON3BaHU B HAKOJIKO MPOYYBAHUS
1 TIOKa3Bar, ye npu 97% ot naumenture ¢ [IM moxe
Jla ce MOoJy4r JoOpO KauecTBO Ha oOpasuTe, ¢ Bapu-
allvu TIPH €JMH W3CIIeI0BaTel MM MEXKAY OTICITHH
n3cnenoBatTenu mexay 2,9 u 5,4% (46). I1pu n3wp-
BaHe Ha 2D-strain B HOpMa ce 3ammcBaT MO3UTHBEH
MUK, Koo orroaps Ha JII1 pezepBoapHa (yHKUUsS
M0 BpeMe Ha BEHTPUKYJHATa CHUCTOJA W OTpa3siBa B
rojisiMa crened komiuiaiibHca Ha JIII. Tlo Bpeme Ha
KaMepHaTa JUacTolla ce PErucTpUpaT 1Ba HEraTHBHU
MIKa — AUHUAT, KOPECTIOHIUpall] Ha ITaCHBHOTO paH-
HO JIEBOKAMEPHO IThJIHEHE, ¥ IPYTHUSIT, OTPa3sIBallLl aK-
TUBHOTO M3nomnBane Ha KpbB ot JIIT B JIK. [Tpu IIM
HacTblBa 3aryba Ha BTOpus MUK. [Ipy Hamm4me Ha
npeacbpaHa Gudposa u 3aryda Ha KOMIUIAHBHC, BIIO-
LIaBaHETO Ha pe3epBoapHara (QyHKIHS ce yCTaHOBSBA
otle npeau Aa HacTenu aunatanus Ha JIIT (30,40).
[pe3 mocneqHNUTE TOAMHHU SIPEHO-MAaTHUTHHUAT PE30-
HaHC HaBJIe3€ KATO HEMHBA3UBHA METO/IMKA 32 OLICHKA
Ha aHaToMUsATa U QyHKUIUSITA HA MUOKapAa. MeToabT
JlaBa Bb3MOYKHOCT 3a JIeTalIHa ThKaHHa XapaKTepHc-
THKa. J]00aBIHETO Ha KOHTPACTEH areHT — raJoJINHHU-
yM, ¥ M3CJIEIBAHETO Ha KHCHOTO T'aJ0OJMHOBO yCHII-
BaHE J1aBa JOMBIHUTEIHA TOYHOCT M MPEUU3HOCT Ha
aHaIM3a Ha MUOKapAHAaTa ThKaH M UMa BOJEIA POJIs
B OLIEHKAaTa Ha MUOKapHata Gpuopo3a (47).
Muokapanara nepdy3noHHa cuuHTHrpadus pasrpa-
HUYaBa BUTAJICH U HEBUTAJICH MHUOKapA U yCTaHOBS-
Ba HAJIMYMETO HA MOCTUH(APKTEH LUKATPUKC (48).
[IpoBexnar ce nmpoyyBaHUsI BbPXY OMHUTHH KUBOTHU
3a MO-TOYEH aHaj M3 Ha KOJAareHOBOTO HATPyIBaHE
(49,50).

Adpec 3a KopecnoHOeHuun:
AnTonns Kumesa

®akynrert ,,MeauuuHa“
MenuuuHckn ynuBepeureT — Bapna
V. ,,Mapun punos* 55

9002 Bapna

e-mail: tony.kisheva@gmail.com

Address for correspondence:

Antoniya Kisheva

Faculty of Medicine

Medical University of Varna

55 Marin Drinov St

9002 Varna

e-mail: tony.kisheva@gmail.com

REFERENCES

1. Rockey D, Bell D, Hill J. Fibrosis — A Common
Pathway to Organ Injury and Failure. N Engl J Med,
2015;372:1138-49. DOI: 10.1056/NEJMral300575

2. Dzeshka, MS, Lip GY, Snezhitskiy V, Shantsila
E. Cardiac fibrosis in patients with atrial fibrilla-
tion. JACC, 2015; 66 (8) 943-59. doi: 10.1016/].
jacc.2015.06.1313.

3. YanmekoB, I['H. Kierpunma Owmornorus. Btopo
n3ganve. BapHa: YHHBEPCHUTETCKO HU3IATENCTBO.
MenumuHCKN yHUBepCcHuTeT — BapHa, 2014.

4. Goette A, Kalman JM, Aguinaga L, Akar J, Cabrera
JA, Chen SA et al. EHRA/HRS/APHRS/SOLAE-
CE expert consensus on atrial cardiomyopathies:
definition, characterization, and clinical implication.
Europace. 2016; 18 (10): 1455-1490.

5. Mewton N, Liu CY, Croisille P, Bluemke D, Lima
JA. Assessment of Myocardial Fibrosis with Car-
diac Magnetic Resonance. Am Coll Cardiol, 2011;
57(8): 891-903. doi: 10.1016/j.jacc.2010.11.013

6. Karamitsos TD, Francis JM, Myerson S, Selvana-
yagam JB, Neubauer S. The role of cardiovascular
magnetic resonance imaging in heart failure. J Am
Coll Cardiol, 2009; 54:1407-1424.

7. Mahrholdt H, Wagner A, Judd RM, Sechtem U,
Kim RJ. Delayed enhancement cardiovascular mag-
netic resonance assessment of non-ischaemic car-
diomyopathies. Eur Heart J, 2005; 26:1461-1474.

8. Weber, KT, Janicki JS, Shroff SG et al. Collagen re-
modeling of the pressure-overloaded, hypertrophied
nonhuman primate myocardium. Circ Res, 1988;
62, 757-765.

9. Weber KT, Brilla CG et Janicki JS. Myocardial fi
brosis: functional signifi canceand regulatory fac-
tors. Cardiovasc Res, 1993; 27 Ne 3, 341-348.

10. Shah KB, Inoue Y, Mehra MR. Amyloidosis and the
heart: a comprehensive review. Arch Intern Med,
2006; 166:1805-1813.

11. Zarate Y, Hopkin RJ. Fabry's disease. Lancet, 2008;
372:1427-1435.

12. Dweck MR, Joshi S, Murigu T, Alpendurada F, Jab-
bour A, Melina G, et al. Midwall fibrosis is an inde-
pendent predictor of mortality in patients with aortic
stenosis. J Am Coll Cardiol, 2011; 58:1271-9. doi:
10.1016/j.jacc.2011.03.064.

13. O’Hanlon R, Grasso A, Roughton M, Moon JC,



Methods for Assessment of Cardiac Fibrosis. Part I

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Clark S, Wage R et al. Prognostic significance of
myocardial fibrosis in hypertrophic cardiomyopa-
thy. J Am Coll Cardiol, 2010; 56:867-74.

Azevedo CF, Nigri M, Higuchi ML, Pomerantzeff
PM, Spina GS, Sampaio RO et al. Prognostic sig-
nificance of myocardial fibrosis quantification by
histopathology and magnetic resonance imaging in
patients with severe aortic valve disease. J Am Coll
Cardiol, 2010; 56: 278-87.

Diao K, Yang Z, Xu H, Liu X, Zhang Q, Shi K
et al. Histologic validation of myocardial fibrosis
measured by T1 mapping: a systematic review and
meta-analysis. Journal of Cardiovascular Magnetic
Resonance, 2016; 18:92.

Bailin S., Hoffman C, West R, Weers N. Substrate-
Based Atrial Fibrillation Ablation Guided by Volt-
age Gradient Mapping: A New Approach for Atrial
Fibrillation Ablation. The Journal of Innovations in
Cardiac Rhythm Management, 2012; 3 1034-1041 .

Noseworthy P, Holmvang G, Kostis W, Fradley M,
Barret C, Danik S et al. Visualization of Left Atrial
Fibrosis by Delayed Enhancement MRI: Correla-
tion to an Atypical Atrial Flutter Substrate During
Endocardial Mapping and Ablation. The Journal of
Innovations in Cardiac Rhythm Management, 2012;
3:1002-1005.

Gyongyosi M, Winkler J, Ramos I, Do Q, Firat
H et al. Myocardial fibrosis: biomedical research
from. Eur J of Heart Failure, 2017; 19: 177-191,
doi:10.1002/ejhf.696.

Jellis C, Martin J, Narula J, Marwick TH. Assess-
ment of Nonischemic Myocardial Fibrosis. J Am
Coll Cardiol, 2010; 56:89-97 .

Roberts WC, Siegel RJ, McManus BM. Idiopathic
dilated cardiomyopathy: analysis of 152 necropsy
patients. Am J Cardiol, 1987; 60:1340—1355.

Brooks A, Schinde V, Bateman AC, Gallagher PJ.
Interstitial fibrosis in the dilated non-ischaemic
myocardium. Heart, 2003; 89(10):1255-1256.

de Leeuw N, Ruiter DJ, Balk AH, de Jonge N,
Melchers WJ, Galama JM. Histopathologic findings
in explanted heart tissue from patients with end-
stage idiopathic dilated cardiomyopathy. Transpl
Int,2001; 14:299-306.

Schalla S, Bekkers SC, Dennert R, van Suylen RJ,
Waltenberger J, Leiner T et al. Replacement and re-
active myocardial fibrosis in idiopathic dilated car-
diomyopathy: comparison of magnetic resonance
imaging with right ventricular biopsy. Eur J Heart
Fail, 2010; 12:227-231.

Gepstein L, Hayam G, Ben-Haim SA. A novel
method for nonfluoroscopic catheter-based electro-
anatomical mapping of the heart. In vitro and in vivo
accuracy results. Circulation, 1997: 95:1611-22.

Rolf S, Hindricks G, Sommer P, et al. Electroana-

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

tomical mapping of atrial fibrillation: Review of
the current techniques and advances. Journal of
Atrial Fibrillation, 2014; 7(4):1140. doi:10.4022/
jafib.1140.

Knackstedt C, Schauerte P, Kirchhof P. Electro-an-
atomic mapping systems in arrhythmias. Europace,
2008; 10 (suppl 3): iii28-iii34. doi: 10.1093/euro-
pace/eun225.

Kim T and Ho-Joong Y. Role of Echocardiography
in Atrial Fibrillation. Journal of Cardiovascular Ul-
trasound, 2011; 19.2, 51-61.

Boyden PA, Tilley LP, Pham TD, Liu SK, Feno-
glic JJJr, Wit AL. Effects of left atrial enlargement
on atrial transmembrane potentials and structure in
dogs with mitral valve fibrosis. Am J Cardiol, 1982;
49:1896-908.

Boyden PA, Tilley LP, Albala A, Liu SK,Fenoglio
JJ, Wit AL. Mechanisms for atrial arrhythmias asso-
ciated with cardiomyopathy: a study of feline hearts
with primary myocardial disease. Circulation, 1984;
69:1036-47. doi.org/10.1161/01.CIR.69.5.1036

Longobardo L, Todaro MC, Zito C, Piccione MC,
DiBella G, Oreto L, et al. Role of imaging in assess-
ment of atrial fibrosis in patients with atrial fibril-
lation: state-of-the-art review. Eur Heart J Cardio-
vasc Imaging, 2013; 15 (1):1-5.

Lang RM, Badano LP, Mor-Avi V, Afilalo J, Arm-
strong A, Ernande et al. Recommendations for Car-
diac Chamber Quantification by Echocardiography
in Adults An Update from the American Society of
Echocardiography and the European Association of
Cardiovascular Imaging. European Heart Journal -
Cardiovascular Imaging, 2015; 16:233 - 271. doi:
10.1016/j.ech0.2014.10.003.

Olshansky B, Heller EN, Mitchell LB, Chandler M,
Slater W, Green M et al. Are transthoracic echo-
cardlographic parameters associated with atrial fi-
brillation recurrenceor stroke? - Results from the
atrial fibrillation follow-up investigation of rhythm
management (AFFIRM) study. J Am Coll Cardiol,
2005; 45:2026-2033.

Rusinaru D, Tribouilloy C, Grigioni F, Avierinos
JF, Suri RM, Barbieri A et al. Left Atrial Size Is a
Potent Predictor of Mortality in Mitral Regurgita-
tionDueto Flail Leaflets Results From a Large Inter-
national Multicenter Study. Circ Cardiovasc Imag-
ing, 2011; 4:473 - 481.

Lester SJ, Ryan EW, Schiller NB, Foster E. Best
method in clinical practice and in research studies
to determine left atrial size. Am J Cardiol, 1999;
84:829-832.

Tsang TSM, Barnes ME, Gersh BJ, Takemoto Y,
Rosales AG, Bailey KR et al. Prediction of risk for
first age-related cardiovascular events in an elderly
population: The incremental value of echocardiog-
raphy. J Am Coll Cardiol, 2003; 42:1199-1205.



Antoniya Kisheva, Yoto Yotov, Lilyana Mircheva

36.

37.

38.

39.

40.

41.

42.

43.

Vyas H, Jackson K, Chenzbraun A. Switching to
volumetric left atrial measurements:impact on rou-
tine echocardiographic practice. Eur J Echocar-
diogr, 2011; 12.

Gottdiener JS, Kitzman DW, Aurigemma GP, Ar-
nold AM, Manolio TA. Left atrial volume, geom-
etry, and function in systolic and diastolic heart
failure of persons > or = 65 years of age (The Car-
diovascular Health Study). Am J Cardiol, 2006;
97:83-89.

Enkins C, Bricknell K, Marwick TH. Use of real-
time three-dimensional echocardiography to mea-
sure left atrial volume: comparison with other echo-
cardiographic techniques. J Am Soc Echocardiogr,
2005; 18:991-7.

D’hooge J, Bijnens B, Jamal F, Pislaru C, Pislaru
S, Thoen J, et al. High Frame Rate Myocardial In-
tegrated Backscatter. Does this change our under-
standing of this Acoustic Parameter? Eur J Echo-
cardiogr, 2000; 1:32-41.

Todaro MC, Choudhuri I, Belohlavek M, Jahangir
A, Carerj S, Oreto L et al. New echocardiographic
techniques for evaluation of left atrial mechanics.
Eur Heart J Cardiovasc Imaging, 2012; 13:973-84.

Choong CY, Herrmann HC, Weyman AE, Fifer
MA. Preload dependence of Doppler-derived index-
es of left ventricular diastolic function in humans. J
Am Coll Cardiol, 1987; 10:800-808.

Manning WJ, Silverman DI, Katz SE, Riley MF,
Doherty RM, Munson JT et al. Temporal depen-
dence of the return of atrial mechanical function on
the mode of cardioversion of atrial fibrillation to si-
nus rhythm. Am J Cardiol, 1995; 75:624—626.

Thomas L, Thomas SP, Hoy M, Boyd A, Schiller
NB, Ross DL. ,,Comparison of left atrial volume
and function after linear ablation and after cardio-
version for chronic atrial fibrillation. Am J Cardiol,
2004; 93:165-170.

44,

45.

46.

47.

48.

49.

50.

Thomas L, Levett K, Boyd A, Leung DY, Schiller
NB, Ross DL. Changes in regional left atrial func-
tion with aging: evaluation by Doppler tissue imag-
ing. Eur J Echocardiogr, 2003; 4:92—100.

Yuda S, Shimamoto K, Watanabe N. Clinical appli-
cations of strain rate imaging for evaluation of left
atrial function. Rinsho Byori, 2010; 58:799-808.

Motoki H, Dahiya A, Bhargava M, Wazni OM, Sal-
iba WI, Marwick TH, et al. Assessment of left atrial
mechanics in patients with atrial fibrillation: com-
parison between two-dimensional speckle-based
strain and velocity vector imaging. Am Soc Echo-
cardiogr, 2012; 25:428-35.

Mewton N, Liu CY, Croisille P, Bluemke D, Lima
JA. Assessment of Myocardial Fibrosis with Car-
diac Magnetic Resonance. Am Coll Cardiol, 2011;
57(8): 891-903. doi: 10.1016/j.jacc.2010.11.013

Hachamovitch R, Rozanski A, Shaw LJ, Stone GW,
Thomson LEJ et al. Impact of ischaemia and scar on
the therapeutic benefit derived from myocardial re-
vascularization vs. medical therapy among patients
undergoing stress—rest myocardial perfusion scin-
tigraphy. Eur Heart J,2011; 32:1012—1024.

van den Borne SW, Isobe S, Verjans JW, Petrov A,
Lovhaug D et al. Molecular imaging of interstitial
alterations in remodeling myocardium after myocar-
dial infarction. J Am Coll Cardiol, 2008; 52:2017—
2028.

Sado DM, Flett AS, Moon JC. Novel imaging tech-
niques for diffuse myocardial fibrosis. Future Car-
diol, 2011; 7:643-650.



