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Pestome. CbpaeyHata ammnnougosa, JOCKOPO npuemaHa 3a psgko 3abonssaHe, € cepruosHa W nporpecupalla kapamoMmuonaTus,
OTNMYaBalla Ce C eKCTpaLenynapHo HaTpynBaHe Ha HEMPaBWIHO HarbHaTW MPOTEMHW B KAMepHUs MUOKapA. [AuarHo-
CTMLMpPaHeTO Ha CbpfeyHaTa amurionzo3a B paHeH eTan e KIio4oBO 3a MpOorHo3ata Ha nauueHTuTe, NpesocTaBsiikm
MMEHHO TOraBa LUMPOK CMEKTbP OT TepaneBTUYHM Bb3MOXHOCTI, CBbp3aHu ¢ NogobpsiBaHe Ha NporHosata uinnm npego-
TBpaTsABaHEe Ha NoTeHUManHo HeobpaTma 3aryba Ha chmnanyecka (yHKLWS 1 KAYECTBOTO Ha XMBOT, KAaTO CbBPEMEHHNTE
[aHHW coyaT, Yye Mmo-ronsmarta vacT OT MauneHTUTe He nonyyaBaT HaBpEMEHHa AuarHosa. aumeHTuTe CbC CbpaeyHa
amMnnounzo3a B paHeH eTan He nokaseaT pefyKLust Ha neBokamepHaTa rnobanHa cucTonHa yHKLMs, HO MoraT ja passusT
CUMMTOMM Ha CbpAeYHa HeJOoCTaTbYHOCT ChC 3anaseHa dpakuus Ha ustnacksane (HFpEF), kato CA ce cuuta 3a egHa ot
npeHebpersanuTe eTnonorun Ha HFpEF npu Bb3pacTHu. CbpaeyHata amunonao3sa e NporpecBHo 3abonseaHe ¢ nowa
nporHo3a, ako ce octasw 6e3 neyeHne. CpegHaTa NPOABIMKMTENHOCT Ha XMBOT Ha HENeKyBaHUTe nauueHTy ¢ AL-cbpaey-
Ha amunonaosa e no-mManka ot 6 mecelia, a Tasu Ha naumeHTuTe ¢ ATTR-CA e 2.5-3.5 rogunn. CrefoBaTenHo paHHaTa
KNMNHWYHa I/I,CleHTI/I(bI/IKaLI,I/IFI € OT CbLLIeCTBEHO 3Ha4YeHKe.
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Abstract. Cardiac amyloidosis, once considered a rare disease, is a severe and progressive cardiomyopathy characterized by
extracellular deposition of misfolded proteins in the ventricular myocardium. Early diagnosis of cardiac amyloidosis is
essential for improving patient prognosis, as it allows for a broader range of therapeutic options that can enhance outcomes
and/or prevent potentially irreversible loss of physical function and quality of life. Current data suggest that a majority of
patients do not get a timely diagnosis. Patients with early-stage CA do not exhibit reduced global left ventricular systolic
function but may develop symptoms of heart failure with preserved ejection fraction (HFpEF), with CA considered as one
of the overlooked etiologies of HFpEF in the elderly. Cardiac amyloidosis is a progressive disease with a poor prognosis if
left untreated. The average life expectancy of untreated patients with AL cardiac amyloidosis is less than 6 months, while
that of patients with ATTR-CA is 2.5-3.5 years. Therefore, early clinical identification is essential.
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BbBEAEHME

CbpgeyHata amuniongosa, AOCKOPO MpuemMaHa 3a
psigko 3abonsiBaHe, € cepro3Ha 1 Nporpecupalla kapamo-
MMonaTus, OTNMYaBalla ce C eKcTpauenynapHo HaTpyn-
BaHe Ha HEMPaBUITHO HarbHaTK NPOTENHN B KAMEPHUSI MU-
oKapg, KaTo XapaKTEPHUAT XUCTONornyeH Gener e 3eneHo
OBOMHO npedynBaHe npu HabntogeHne nog, KpbCTOCaHO
nonspuanpaHa ceetnmHa cnep ougetasaHe ¢ Congo Red
[1]. Mo gaHHM OT nocregHOTO AeceTuneTve, cbpaevHarTa
amunovaosa e noAueHsiBaHa npuyMHa 3a YecTu cbpaey-
HM 3abonsBaHUSA UMM CUHOPOMU KaTo: CbpAevHa Hemoc-
TaTbYHOCT CbC 3anaseHa fieBokamepHa opakums Ha us-
TnackBaHe (HFpEF), aoptHa cTeHo3a mnm HeobsicHMMa
JIKX, ocobeHo npu Bb3pacTHU NauneHTu [2].

Hapg 30 npoTtenHa ca cnocobHu ga arpervpar Kato
amuroung in vivo, HO caMo JeBET pasfu4yHU Tuna ce
HaTpynBeaT B MMokapaa, 3a 4a NPUYUHST CUTHUPUKAHT-
HO cbpaeyHo 3abonsiBaHe [3]. Hakoun dhopmu (AApOoAl,
AApoAll, AApoAlV, AB2M, AFib, AGel) ca uskniouu-
TENHO pedKkun, KakTto u cbpaevHata amunongosa (CA)
BCNeACTBME HA XPOHUYHW Bb3NANUTENHU U UHGEK-
unosHn 3abonsBaHus (AA). Hain-yecTto cpeluaHuTe
Tvnoee CA BKNHOYBAT MOHOKIOHamNHa UMyHornoodynum-
HOBa nekoBepwkHa amunongosa (AL) n TpaHcTupeTu-
HoBa ammnoungosa (ATTR), B HelHaTa HacneacTBeHa
(ATTRv) unu npugobuta (ATTRwt) cdopma [2]. KbMm
MoMeHTa ceHunHata AT TRwt ce cunTa 3a Han-yecTarta
dopma Ha cbpeyHa amunongosa B CBETOBEH Malual.

OUWATHOCTUYHU KPUTEPUU

OnarHocTnumpaHeTo Ha cbpaevHaTa amunongosa
B paHEH eTarn € KI40oBO 3a NporHo3arta Ha nauneHTu-
Te, NPeaoCTaBANKN UMEHHO TOraBa LUMPOK CNEKTbP OT
TepaneBTUYHN Bb3MOXHOCTU, CBbpP3aHn ¢ nogobpsiea-
He Ha nporHo3aTta w/unu npegoTBpaTsiBaHe Ha MOTEH-
umanHo HeobpaTtuma 3aryba Ha pusmyecka OyHKUMSA
N Ka4eCTBOTO Ha XMBOT, KaTo CbBPEMEHHUTE OaHHU
couar, 4ye no- ronsiMata 4acT OT NaumeHTUTe He Mony-
YyaBaT HaBpeMeHHa amarHosa [4].

CobpaoedHata amunonosa ce AuarHoctviuupa npuv
Hanuyne Ha aMmunougHn mMbpunu B CbpaeyHaTa TbKaH.
HanuuHn ca nHBasvBHM (NPUNOXUMK 3a BCUYKU DOpMU
Ha CA) 1 HeuHBa3uBHM (camo 3a ATTR) amarHoCTUYHM
Kputepun. MHBa3nBHaTa AmarHo3a BKIOYBA CbpaeyHa
ouvorncus, nonoXutenHa 3a amunovi, He3aBUCUMO OT
creneHTa Ha JIKX nnv antepHaTMBHO — eKCTpakapananHa
Takasa, Npuapy>eHa OT XapakTepHu exokapaunorpadckm
unn MPT npusHauun 3a ammnoungosa, npy nunca Ha an-
TepHaTvBHa npuudmHa 3a JIKX (cur. 1). 3nateH ctaHgapTt
3a HeobOXOAMMOTO NocneaBaLlo TUNM3npaHe Ha amuno-
naa octaBa MacCnekTpoMETpUsTa, MMyHOXUCTOXUMKATA
UN1 UMYHOENEKTPOHHATa MUKPOCKOMMUS, U3MON3BaHU py-
TWUHHO B crieLanmanpaHin LeHTpose [5].

INTRODUCTION

Cardiac amyloidosis, once considered a rare dis-
ease, is a severe and progressive cardiomyopathy
characterized by extracellular deposition of misfold-
ed proteins in the ventricular myocardium, with the
hallmark histological feature being green birefrin-
gence under cross-polarized light following Congo
Red staining [1]. Recent data from the last decade
indicate that cardiac amyloidosis is an underesti-
mated cause of common cardiac diseases or syn-
dromes, such as heart failure with preserved ejection
fraction (HFpEF), aortic stenosis, or unexplained left
ventricular hypertrophy (LVH), particularly in elderly
patients [2].

Over 30 proteins are known to aggregate as amy-
loid in vivo, yet only nine different types accumulate in
the myocardium to cause significant cardiac disease
[3]. Some forms (AApoAl, AApoAll, AApoAlV, AR2M,
AFib, AGel) are extremely rare, as is cardiac amyloi-
dosis (CA) resulting from chronic inflammatory and
infectious diseases (AA). The most common types of
CA include monoclonal immunoglobulin light chain am-
yloidosis (AL) and transthyretin amyloidosis (ATTR), in
its hereditary (ATTRv) or acquired (ATTRwt) forms [2].
Currently, senile ATTRwt is considered the most preva-
lent form of cardiac amyloidosis worldwide.

DIAGNOSTIC CRITERIA

Early diagnosis of cardiac amyloidosis is essen-
tial for improving patient prognosis, as it allows for a
broader range of therapeutic options that can enhance
outcomes and/or prevent potentially irreversible loss of
physical function and quality of life. Current data sug-
gest that a majority of patients do not get a timely di-
agnosis [4].

Cardiac amyloidosis is diagnosed by identifying
amyloid fibrils in cardiac tissue. Diagnostic criteria are
available in both invasive (applicable to all forms of CA)
and non-invasive (only for ATTR) approaches. Invasive
diagnosis includes a positive cardiac biopsy for amy-
loid, regardless of the degree of left ventricular hyper-
trophy (LVH), or alternatively, an extracardiac biopsy
accompanied by characteristic echocardiographic or
MRI findings indicative of amyloidosis, in the absence
of an alternative cause of LVH (Fig. 1). The gold stan-
dard for the necessary subsequent amyloid typing re-
mains mass spectrometry, immunohistochemistry, or
immunoelectron microscopy, routinely utilized in spe-
cialized centers [5].
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HevHBa3nBHWUTE KpUTEPUN Ca NPUMOXUMM CaMO Npu
TPaHCTUPETMHOBa aMUITOMA03a, KaTo BKIKOYBAT Hanmyu-
€TO Ha criegHUTe TPWU TOUKW: CTENEH 2 unn 3 Ha HaTpyn-
BaHe Ha pagmodhapmaneBTka B MMOKapaa Npy NpOBeX-
AaHe Ha KocTHa cumHTurpadums ¢ 99mTc-pyrophosphate
(PYP), 99mTc-3,3-diphosphono-1,2-propanodicarboxylic
acid (DPD) nnn 99mTc- hydroxymethylene diphosphonate
(HMDP), oTpuuateneH pesynTar 3a MOHOKIOHanHa ra-
mManaTus (HeraTuBHa UMyHOMVKCaLMSA Ha CepyM 1 YpyHa,
HOPMasIHO CbOTHOLLIEHWE Ha FTEKV BEPUIK, OTCbCTBUE Ha
cBOBOOHN NeKV BEpUrK B cEpyMa) U MOSOXUTENHU eX0-
kapguorpadyckm unv MPT Haxogku [7, 8]. KocTHaTta cumH-
Turpachusi He Moxe da audbepeHumpa AMBUS TUM amu-
nowaosa ot HacneacTeeHata AT TR, kaTo e HeobxoanumMo
reHeTU4YHO m3crnedBaHe, He3aBMCUMO OT Bb3pacTTa Ha
nauWeHTa, 3a fa ce OLeHN HannuneTo Ha TTR myTauun.

JlexocTeneHHO MNOBULLEHNS MOHOKITOHAnNeH npo-
TEWH UNN ymepeHaTa enesaunsi B CbOTHOLLEHMETO Ka-
na:namdga (FLC cboTHOLLEHNE) MOXe Aa e TPyaHO 3a
WHTepnpeTauus, kKato NogobHM OTKNOHEeHUs MoraT aa
ObaaT HanMYHM NpU NAUMEHTU C XPOHUYHO BGBOPEYHO
3abonsiBaHe vnu Npu nyiua ¢ MOHOKMOHaHa ramana-
TVS C HeonpegeneHo 3HadeHne (MGUS).

[narHo3ata TpaHCTUPETMHOBA aMuriongo3a Moxe
4a ce npegnonara no4ty Ha 100% npu nunca Ha oTKpu-
BaeM MOHOKIIOHaneH npoTenH u/vnnm abHOPMHO CbOT-
HoLLeHWe kana:nambaa npy MMyHodmMKcaums Ha cepym
W ypuHa, Npyu HanmMuue Ha cteneH 2 unun 3 Ha HaTpynBea-
He Ha paguodapmauesTuk (PP) B MMokapaa OT KOCT-
Ha cumHTUrpadms [7]. He Tpabea ga ce nponycka, 4e
B pedku cuTyaumm Moxe Aa nma animnBononoxuTen-

®ur. 1. buoncus Ha e3wuk, ouetaBaHe ¢ Congo
red npu yeBenunyeHne x200 nop nonspusvpaHa
CBeTNMHA, OTNaraHeTo Ha aMunouns, Aasa A6bIKo-
BO-3€M1eHO ABOWHO MpeyynBaHe [6]

Fig. 1. Tongue biopsy, Congo red stain x 200
under polarized light, amyloid deposits giving
apple green birefringence [6]

Non-invasive criteria apply only to transthyretin
amyloidosis (ATTR) and include the following three
points: grade 2 or 3 radiotracer uptake in the myocar-
dium during bone scintigraphy with 99mTc-pyrophos-
phate (PYP), 99mTc-3,3-diphosphono-1,2-propanodi-
carboxylic acid (DPD), or 99mTc-hydroxymethylene
diphosphonate (HMDP); negative results for monoclo-
nal gammopathy (negative serum and urine immuno-
fixation, normal kappa-to-lambda free light chain ratio,
and absence of free light chains in serum); and pos-
itive echocardiographic or MRI findings [7, 8]. Bone
scintigraphy does not differentiate wild-type from he-
reditary ATTR amyloidosis, so genetic testing is re-
quired, regardless of patient age, to assess for TTR
mutations.

Mildly elevated monoclonal proteins or a moder-
ately abnormal kappa-to-lambda free light chain (FLC)
ratio may be difficult for interpretation, as similar devi-
ations are present in patients with chronic kidney dis-
ease or with monoclonal gammopathy of undetermined
significance (MGUS).

A diagnosis of transthyretin amyloidosis can be
almost certainly presumed if there is no detectable
monoclonal protein or abnormal kappa-to-lambda
ratio on serum and urine immunofixation, with grade
2 or 3 radiotracer (RT) uptake in the myocardium on
bone scintigraphy [7]. It is essential to recognize that,
in rare cases, false-positive or false-negative cardiac
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HO unn danwmnBooTPULATENHO CbPAEYHO NOEMaHe Ha
P®. Hanpumep npu anonunonpoteunH Al ammnovgosa v
B2-mukpornobynuH ammunongosa npn 6u6peyHo 3acsra-
He, M3UCKBALLO OOMbIHUTENHA XUCTOMNOMMYHa Bepudu-
Kaums. CbLLO Npy CKOPOLLEH MMOKapAEH MHapKT (nog
YeTnpu cegmMuum) Tpsbea goyTouHsiBaHe ypes SPECT.

CKPUHUHI 3A CbPAEYHA AMUNTIOUOO3A

Cnopep, NpenopbkuTe 3a kapavomuonatum ot 2023
r. Ha EBponenckoto KapauonorMyHO OpYXeCTBO CKpu-
HWHT 3@ CbpAeYHa amnnonao3a € pe3oHeH Npu NauneHTm
¢ JIKX =2 12 mm un Hannyne Ha olle noHe eauH YepBeH
donar: nauneHTn Ha/Hag 65 rogvHu CbC CbpaeyHa He-
OOCTaTbYHOCT W/Mnn aopTHa CTEHO3a, JaHHWU 332 XMMNOTO-
HUS U HOPMOTOHUS NpY NpefLecTsalla apTepuanHa
XVNEPTOHUSA, CEH30PHO 3acsraHe, aBTOHOMHA AUCKYHK-
unsi, nepudpepHa NonMMHeEBpPONaTns, NPOTENHYPUS, Nec-
HO MOCMHsIBaHe Ha Koxarta (skin bruising), oBycTpaHeH
CVMHOPOM Ha KapnarHus TyHen, pynTypa Ha CyXOXUIMETO
Ha OBYrMaBuS MyCKyn Ha MULIHWLUATA, cybeHaokapaeH/
TpaHcmypaneH LGE (kbCHO ragonnHneBO KoHTpacTupa-
He) unun nosuwweH ECV (ekctpauenynapeH obem), Tvnu-
YeH 00pa3 Ha pedyumMpaH NOHMUTYAMHANEH CTPENH CbC
CpaBHUTENHO 3ana3eHn CTOMHOCTU Ha CbpPOEYHNS BPDBX,
HUCHK QRS-BONTaX Ha eneKkTpokapanorpamMma HecboTBe-
TEH Ha NleBoKamepHaTa xunepTpodusi, nceeno Q-3voum
Ha EKI/ncesnovHdapkTeH obpas, AV npoBOaHO HapyLLe-
HWe, BeposTHa hamurHa aHamHesa 3a AT TR, XpOHWMYHO
MOBMLUEHN HMBA Ha TPOMOHWH, WU3BECTEH MYNTUMNIEH
muenom mnn MGUS [2]. HenponopumoHanHo BUCOKUS
N-TepmuHaneH npo-B-tun HatpuypetnyeH nentug (NT-
proBNP) crnpsmo ,00eKTUBHUTE" Haxo4KM OT exokapau-
orpacusita n CTeneHTa Ha CbpAeYHa HEeAOCTaTbyHOCT,
,HEO0sICHMMaTa" OsicHa cbpgeYHa HEQOCTaTbYHOCT MpU
Hanuyve Ha MPUBMAHO ,HOPMarHa“ KamepHa 1 KnanHa
YHKUMS, ManonaTnyeH” neprkapgeH Ua3nme, NOCTOSIHHO
NoBMLLIABAHE HA TPOMOHMHA UMK pPaHHO 3abonsBaHe Ha
npoBogHaTa cucTeMa CbLLUO ca NpusHauwW, npegnonara-
LM cbpaedHa amunongosa [1].

Hanuuneto Ha npusHaum n cumntomu, EKI, ExoKI
nnn MPT, nogckasealum 6enesn 3a cbpaeyHa ammnonao-
3a, usmnckea nposexgaHeto Ha 99mTc-DPD/PYP/HMDP
cumHTUrpadmss cbc SPECT 1 xemartonornyHu TectoBe
(konmyecTBeHO onpedensiHe Ha CepymMHUTE CBOOOOHM
NEKV BEPUTM U UMYHOMKCALIMS HA CEPYM M YPUHA), KaTo
cnepf ToBa ca Bb3MOXHW CIieqHUTE BapuaHTu:

1.CumHTurpadmns 6e3 OaHHM 3a CbpPAEYHO HaT-
pynBaHe Ha P® u oTpuuatenHu nacnenBaHus 3a Mo-
HOKMOHanHu npotevHu. B To3n cnyyan BepoATHOCTTa
3a CbpAeyYHa aMuronao3a € MHOro HUcka 1 Tpsioea aa
ce pasrnefa antepHatvMBHa guarHosa. [pu npoabn-
XaBalla cycnekuusa Tpsabea ga ce npeueHn OTHOCHO
npoBexaaHe Ha MarHUTeH pe3oHaHc, nocregBaHo oT
€HAOMMOKapaHa Unn ekcTpakapauanHa buoncus, Tbit

RT uptake may occur. For example, this may happen
with apolipoprotein Al amyloidosis and 32-microglobu-
lin amyloidosis with renal involvement, which requires
additional histological verification. Also, after a recent
myocardial infarction (within four weeks), further eval-
uation with SPECT is needed.

SCREENING FOR CARDIAC AMYLOIDOSIS

According to the 2023 European Society of Cardi-
ology guidelines for cardiomyopathies, screening for
cardiac amyloidosis is warranted in patients with left
ventricular wall thickness (LVWT) = 12 mm and the
presence of at least one additional red flag: patients
aged 65 years or older with heart failure and/or aortic
stenosis, evidence of hypotension or normotension
in patients with a history of hypertension, sensory
involvement, autonomic dysfunction, peripheral poly-
neuropathy, proteinuria, easy skin bruising, bilateral
carpal tunnel syndrome, rupture of the biceps tendon,
subendocardial/transmural late gadolinium enhance-
ment (LGE), increased extracellular volume (ECV),
a typical pattern of reduced longitudinal strain with
relatively preserved apical values, low QRS voltage
on electrocardiogram inconsistent with left ventricular
hypertrophy, pseudo Q-waves on ECG or pseudo-in-
farct pattern, AV conduction disturbances, a possible
family history of ATTR, chronically elevated troponin
levels or known multiple myeloma or MGUS [2]. An
disproportionately high N-terminal pro-B-type natri-
uretic peptide (NT-proBNP) level compared to the
.objective® findings from echocardiography and the
degree of heart failure, ,unexplained” right heart fail-
ure in the presence of seemingly ,normal“ ventricular
and valve function, ,idiopathic* pericardial effusion,
persistent troponin elevation, or early conduction sys-
tem disease are also indicators suggestive of cardiac
amyloidosis [1].

The presence of signs and symptoms, ECG,
echocardiography, or MRI findings indicative of car-
diac amyloidosis requires further evaluation with
99mTc-DPD/PYP/HMDP scintigraphy with SPECT
and hematological tests (quantitative serum free light
chain measurement and immunofixation of serum and
urine). The subsequent pathways may include the fol-
lowing options:

1. Scintigraphy without evidence of cardiac ra-
diotracer uptake and negative tests for monoclonal
proteins: In this case, the likelihood of cardiac am-
yloidosis is very low, and an alternative diagnosis
should be considered. If suspicion persists, MRI
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KaTO KOCTHaTa CUMHTUrpadus mMoxe Oa € HeratuBHa
nNpu HAKOW MyTaLuKn Ha HacneacTBeHaTa TPaHCTUPETU-
HoBa amunoungosa (ATTRv) u npu peaku noaTunose Ha
cbpaevHa ammnonaosa.

2. lNpwn 2-pa vnn 3-Ta cTeneH HaTpynsaHe Ha U30Ton
B MMOKapga OT KOCTHA CUMHTUrpacmsa n oTpuuaTternHm
OLIEHK/ 32 MOHOKITOHamHM NPOTENHN, MOXe a Ce NOCTaBu
aviarHosa TpaHCTMpeTuHoBa amunougosa (ATTR), cnen
KOETO TpsibBa Ce NPOAbITKM C FEeHETUYHO U3crneaBaHe, 3a
Oa ce gudepHumpa mexay cdopmute ATTRvV n ATTRwt.
B cnyyar 4e cbpaeqHOTO yCBOsIBaHE € 1-Ba CTENEH, He e
Bb3MOXHa HEVHBA3VIBHO MOCTaBsHE Ha AuarHo3a u e He-
obxoauma xmcTornormyHa Bepudukaums Ha ammnouns,.

3. Mpun nunca Ha MUOKapAHO HaTpynBaHe Ha U30TomN
OT NpoBeAeHa CUMHTUrpadUs N HanMume Ha rnoHe eauH
NONOXWUTENEH TECT 3@ MOHOKIOHANHN NPOTEWNHW, JIEKO-
BEpWKHaTa ammnongosa MHoro 6bp3o Tpsibea ga 6bvae
M3KIYeHa KaTo BeposiTHa anarHosa, a MPT moxe ga ce
13ror3ea 3a NoTBbPKAaBaHe Ha CbpAEYHO aHraxvpaHe.
AKO HaxofKuWTe OT MarHWTHUS PE30HaHC He MoaKpenaT
CA, ounarHosata e Marnko BeposiTHa. B cnyyanm ye pga-
HHUTE oT MPT ca nogkpensiliy U HeECUrypHu, e Heob-
X0o4MMa XMCTOMOrMYHa Bepudukaumsa Ha ammunons vpes
OuoncKsa Ha cbpue UNn Apyr KIMHUYHO 3acerHat opraH
(4epeH opob, 6LOpPekK, e3nk, NOAOKHA MacTHa TbkaH) 3a
avarHoctuumpaHe Ha AL amunonaosa. AKo npoBexaaHe-
TO Ha MarHUTEH Pe30HaHC He € Bb3MOXHO [a ce peanu-
3upa 6bp30, ce 0BMUCHA OMPEKTHO MPEMUHaBaHe KbM
6uoncus, 3a Aa ce nsberHe 3abassHe Ha anarHo3arta [9].

4. CumHTUrpacmsaTa 4EMOHCTPUPA CbPAEYHO HaT-
pynBaHe 1 NoHe eauH OT TECTOBETE 3a MOHOKITOHAMHN
npoTerHn € aHoMarneH. B T1asn cutyauus e Bb3MOX-
Ha TpaHCTUPETMHOBa amurioungosa ¢ npuapyxasalla
MGUS (nnu gpyro xemaTornornyHo 3abonsaeaHe, npo-
n3eexgawo FLC), AL amunongosa unum cbLLecTByBa-
He Ha aBeTe AL n ATTR amunouposa. dunarHosarta 3a
cbpaevHa ammnonaosa B TO3U criydan N3mckBa XMCTo-
nornsa ¢ TUNu3MpaHe Ha amunounga, obUKHOBEHO Ype3
eHgomunokapgHa buoncus.

EXOKAPOANOIrPA®CKU XAPAKTEPUCTUKU

KnuHu4HMTE NposBM Ha cbpaeyHa amunongosa B
paHeH eTan Ha 3abonsiBaHETO He ca O4YeBUAHMN N YECTO
NOCTaBAHETO Ha AnarHosa ce 3abaBsi, HO CbCTOSTHUETO
NecHO MOXe Aa aBaHcupa o pedpakTepHa CbpaeyHa
HeQoCTaTbYyHOCT € fowa nporHo3a. Exokapaworpa-
usTa € Han-4eCcTo NpuraraHUAT HEUMHBA3MBEH METOL
3a BM3yanu3auus Ha CbpAeYHUTE CTPYKTYPU U (PyHK-
UMW, nopagm KOeTo e npegnodvMTaHa npu CKPUHKHT 1
noeHTudmkaumsa Ha naumeHTn, nogo3putenHu 3a CA
[10]. B npenopbknte 3a kapamooHkonorus ot 2022 r.
Ha EBponeinckoTo KapamMonornyHo ApyXecTBO exoKap-
anorpadusaTa e nocoveHa kato knac IB npenopbka 3a
anarHoctuumpare Ha CA [11].

should be conducted, followed by endomyocardial
or extracardiac biopsy, as bone scintigraphy may be
negative in some mutations of hereditary transthyre-
tin amyloidosis (ATTRv) and in rare subtypes of car-
diac amyloidosis.

2. Grade 2 or 3 radiotracer uptake in the myo-
cardium on bone scintigraphy with negative as-
sessments for monoclonal proteins: A diagnosis of
transthyretin amyloidosis (ATTR) can be made, after
which genetic testing should be conducted to differ-
entiate between ATTRv and ATTRwt forms. If the
cardiac uptake is grade 1, a non-invasive diagnosis
is not possible, and histological verification of amy-
loid is required.

3. In absence of myocardial radiotracer uptake from
scintigraphy and at least one positive test for monoclo-
nal proteins: Light chain amyloidosis must be rapidly
excluded as a probable diagnosis, and MRI may be
used to confirm cardiac involvement. If MRI findings do
not support amyloidosis, the diagnosis is very unlike-
ly. If MRI data are supportive or uncertain, histological
confirmation of amyloid through biopsy of the heart or
another clinically affected organ (liver, kidney, tongue,
or subcutaneous fat) is necessary to diagnose AL am-
yloidosis. If MRI cannot be performed promptly, direct
transition to biopsy should be considered to avoid the
delay of the diagnosis [9].

4. Scintigraphy shows cardiac radiotracer uptake,
and at least one of the tests for monoclonal proteins
is abnormal: In this scenario, transthyretin amyloidosis
with accompanying MGUS (or another hematological
condition producing free light chains), AL amyloidosis,
or coexistence of both AL and ATTR amyloidosis is
possible. The diagnosis of cardiac amyloidosis in this
case requires histology with amyloid typing, typically
through endomyocardial biopsy.

ECHOCARDIOGRAPHIC CHARACTERISTICS
OF CARDIAC AMYLOIDOSIS

Clinical manifestations of cardiac amyloidosis
(CA) in the early stages of the disease are often sub-
tle, leading to delays in diagnosis; however, the con-
dition can progress rapidly to refractory heart failure
with a poor prognosis. Echocardiography is the most
commonly used non-invasive method for visualizing
cardiac structures and functions, making it the pre-
ferred choice for screening and identifying patients
suspected of having CA [10]. The 2022 guidelines for
cardio-oncology of the European Society of Cardiol-
ogy suggest echocardiography as a Class IB recom-
mendation for diagnosing CA [11].
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AmunongHute ubpunu npu cbpgevHa amuno-
naosa morat ga ce genosvpat B KamepuTe, CbAOBETE
W KnanuTe, KOETO CbOTBETHO BOAM A0 XMNepTpodus Ha
CTeHuTe, pegyuupaHe Ha obema Ha nsiBaTa Kamepa,
aunataumsi Ha gBeTe npencbpaus n 3agebensiBaHe
Ha knanute. [NepukapaeH 1 NneBparneH M3nue, KakTo
N gunataumsi Ha BeHa KaBa ce npeamsBuKBaT Nopaau
nporpecusita OT guMactonHa ANCAHYHKUNS OO0 pecTpuk-
TMBHa kapanomuonaTusa [10].

JleBokamepHata xuneptpodus (JIKX) e Han-yectata
exokapavorpadcka Haxodka npu naumeHT CbC Cbpaey-
Ha amunoungosa [12] (cdowur. 2). o gaHHM Ha reHeTUYHO
nscnegBaHe novtn 5% OT maumeHTUTe, MbpBOHAYanHo
OVarHoCTULMpaHu C XUNepTpodmnyHa KapauoMmonaTus,
B KpaiHa CMeTKa ca AvarHocTuuMpaHu ¢ HacnencteeHa
TpaHcTupeTMHoBa amunonaosa ATTRv [13]. JIKX obuk-
HOBEHO € CMMEeTpUYHa Npu naumeHtn ¢ AL ammnnonaosa
1 acumeTpuyHa npu naumeHTn ¢ ATTR [10].

Enektpokapaunorpadckute XapakTepucTukM  Ha
JIKX npu cbpagedHa amurniovpgosa ce pasnuyasaT OT
Tean npu JIKX, npuunHeHa ot apyrm daktopu. Otnu-
ynTenHu 6enesn, Ho camo npu 40-76% OT NaumneHTuTe
cbc CA, ca: Hucek QRS-Bontax Ha EKI HecboTBETEH
Ha neBokamMepHaTa xunepTpodwus, ncesgo Q-3vbduM,
nowa nporpecus Ha R-3bbela B gecHuTe oTBEXAaHUS
N 3HaYMTErNHO pegyumpaH BonTax Ha R-3bbeua B oT-
BexxaaHusa V5 n V6 [14]. OebenuHa Ha JIK > 12 mm un
AunacTonHa AMCyHKLMSA BTOpa UIu No-B1coka CTerneH,
npyu nunca Ha 3abonsiBaHe Ha aopTHaTa knana unu
TeXKa apTepuariHa XMnepToHusl, ca CepUO3eH Npeank-
TOp 3a cbpaevHa ammnongosa [15]. He e 3a nogueHs-
BaHe obauye, 4Ye OKOMo efHa TpeTa OT NauMeHTUTe CbC
CA moxe ga vmat HopMmarnHa gebenvHa Ha cTeHaTta
Ha JIK, creqoBaTtenHo rnesokamepHaTta xuneptpodus
He e 3aOblMKUTENHO CBbp3aHa CbC CTeNneHTa Ha amu-

Amyloid fibrils in cardiac amyloidosis can de-
posit in the chambers, vessels, and valves, leading
to wall hypertrophy, reduction of the left ventricular
(LV) volume, dilation of both atria, and thickening of
the valves. Progression from diastolic dysfunction to
restrictive cardiomyopathy can result in pericardial
and pleural effusions and dilation of the inferior vena
cava [10].

Left ventricular hypertrophy (LVH) is the most
common echocardiographic finding in patients with
cardiac amyloidosis [12] (Fig. 2). According to genet-
ic studies, nearly 5% of patients initially diagnosed
with hypertrophic cardiomyopathy are ultimately di-
agnosed with hereditary transthyretin amyloidosis
(ATTRv) [13].

The most common echocardiographic finding in
patients with CA, with approximately 5% of patients
initially diagnosed with hypertrophic cardiomyopathy
ultimately diagnosed with hereditary transthyretin
amyloidosis (ATTRv) [13]. LVH is typically symmetri-
cal in patients with AL amyloidosis and asymmetrical
in those with ATTR [10]. The electrocardiographic
characteristics of LVH in CA differ from those caused
by other factors. Distinctive features observed only
in 40-76% of CA patients include low QRS voltage
on ECG, not typical for left ventricular hypertrophy,
pseudo Q-waves, poor R-wave progression in the
right leads, and significantly reduced R-wave voltage
in V5 and V6 [14].

The presence of LV wall thickness > 12 mm and
diastolic dysfunction of Grade Il or higher, in the ab-

+IVSd
= LVIDd
= LVPWd
EDV (2D-Teich)
RWT
IVSILVPW (2D)

®dur. 2. [laHHK 3a NeBokamepHa xunepTpodus
OT MmapacTepHaneH cpe3 Mo gbnarata oc npu
nauveHT ¢ AUB TN TPaHCTUPETUHOBa amMumo-
nposa. JlnyeH apxus

Fig. 2. Data on left ventricular hypertrophy
from a parasternal long-axis view in a patient
with wild- type transthyretin amyloidosis.
Personal archive
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nouvaHa genosunums [16]. OtnaraHeTo Ha HenpaBUITHO
HarbHaTKM amunongHn ubpunu nNpu cbpaedHa amu-
novaosa Moxe ga aHraxupa kakto JIK, Taka n gacHa
Kamepa, npeacbpandarta n MexaynpeacbpaHust centym
(MIC). Ako OK e 3acerHata, gebenvHarta Ha cTeHaTa
n Moxe ga Hagsuwm 5 mm. lNpoyyBaHe nokasea, ve
nebenvHa Ha MINC Hag 6 mm e 100% cneumdunyHa 3a
anarHoctmumpade Ha CA [15, 17, 18].

Henosnumata Ha ammnouns B KamepuTe BOAU 0 XU~
nepTpocusi HA CTEHUTE UM 1 4O AMACTOMNHA AUCHYHK-
UMsi, KOETO MOBMLIABA KAMEPHOTO HansiraHe u pesyr-
TMpa B MepacbpgHa gunatauus u xuneptpodus Ha
npeacbpaHUTe CTeHw. JleBonpeackpaHaTa gunartaums
MOXe [a OTpa3u CTeneHTa 1 A4aBHOCTTa Ha AnacTornHa-
Ta ANCYHKLMSA, KAaTO NO TO3U HAYMH CIYXM KaTo Map-
Kep Ha paHHWU CyOKITMHUYHM NPOMEHU NpU TpaHCTUpe-
TUHOBa kapgnomuonatus [19] (dwr. 3).

OunatupaHoTo J11 e CbLLO 1 BUCOKOPUCKOB dhakTop
3a Tpomb03a, KaTo TakaBa Moxe Aa 6bae Habnogasa-
Ha MpU HSAKOW MaUVEHTM CbC CbpAeYHa amuiongosa u
[a ce CBbpXe C HapyLUeH eHaOMMOKapA, NpeacbpaHo
pemMofenMpaHe U MexaHu4Ha OUCKYHKUMS, XUMepKo-
arynaumoHHN CbCTOSIHUSI U CcTasa Ha KpbBTa, 4OpPU U
cnepn ageksatHa Tepanusi ¢ aHTukoarynaHt [20].

AopTtHata cteHo3a (AC) u cbpaedyHata amwuro-
noosa ca [Be pasnuyHM NaTonornm, Ho CbLLecTByBaT
MHOXXeCTBO 06LLN pUCKOBKN haKTopu, KaTo ce OToensas-
Ba, 4Ye okono 15% ot nauyueHtnte ¢ AC umat n CA.
Mpun oueHka Ha AC, naumeHTuTe cbe CA moraTt ga ce
npe3eHTUpaT ¢ HUcKkoaebuTHa aopTHa CTeHO3a C Hu-
Cbk TpaHcknaneH rpagueHT (low-flow and low-gradient
AS) npu 3anaseHa dpakuMs Ha uatnackeaHe Ha JIK
(PUJIK), T.e. DUTIK > 50%, TpaHCcKknaneH rpagmneHT <
40 mm Hg, nnowy Ha knanHusa oteBop < 1 cm? N NHOEKC
Ha ygapHus obem < 35 mi/m? [17].

MaumeHTUTE CbC CbpaevHa amuomgosa B paHeH
€eTan He MoKasBaT PenyKUMs Ha NieBokamepHata rnobar-

sence of aortic valve disease or severe arterial hyper-
tension, serves as a serious predictor for CA [15]. It
is noteworthy that about one-third of CA patients may
have normal LV wall thickness; hence, LV hypertrophy
is not necessarily correlated with the degree of amyloid
deposition [16]. The deposition of misfolded amyloid fi-
brils can also affect the RV, atria, and interatrial septum
(IAS). If the RV is involved, wall thickness may exceed
5 mm. Studies show that with a septal thickness great-
er than 6 mm is 100% specific for diagnosing CA [15,
17, 18].

Amyloid deposition in the chambers leads to wall
hypertrophy and diastolic dysfunction, elevating cham-
ber pressures, resulting in atrial dilation and hypertro-
phy of atrial walls. Left atrial dilation may reflect the ex-
tent and duration of diastolic dysfunction, thus serving
as a marker for early subclinical changes in transthyre-
tin cardiomyopathy [19] (Fig. 3).

Dilated left atrium is a high-risk factor for throm-
bosis, which can occur in some CA patients and can
be associated with endomyocardial dysfunction, atrial
remodeling, and mechanical dysfunction, leading to hy-
percoagulable states and blood stasis, even after ade-
quate anticoagulation therapy [20].

AS and CA, though two different pathologies, share
many common risk factors. Approximately 15% of pa-
tients with AS also have CA. In assessing AS, patients
with CA may present with low- flow, low-gradient aortic
stenosis with preserved left ventricular ejection fraction
(LVEF) (i.e., LVEF > 50%), transvalvular gradient < 40
mmHg, valve area < 1 cm?, and stroke volume index <
35 ml/m? [17].

Patients with early-stage CA do not exhibit re-
duced global left ventricular systolic function but may

®ur. 3. [JaHHn 3a guna-
TnpaHo JIIN. HamaneH ne-
BOMNPEACHPAEH CTPeNH Ha
NnauueHT C reKoBepwkHa
amunoungosa. JlndyeH apxve

Fig. 3. Data on dilated left
atrium. Reduced left atrial
strain in a patient with
light chain amyloidosis.
Personal archive
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Ha cucTonHa OyHKLUMS, HO MoraT Aa pasBusT CUMMTOMM
Ha CbpaeyHa HeOCTaTbYHOCT CbC 3anaseHa pakLms Ha
natnackeaHe (HFpEF), kato CA ce cunTa 3a eaHa ot npe-
HebpersanuTte etnonorum Ha HFpEF npw Bb3pactHu [21].

3a amunomngosarta e TMNMYHa pecTpuKTUBHATa au-
acTonHa gmcdyHkums (dwr. 4), npuapyxeHa oT yBenu-
YEHO CbOTHOLLIEHME Ha paHHaTa AMacTofiHa MuTparnHa
CKOPOCT Ha MOTOKa CMpsSIMO KbCHAaTa AuacTorHa MuT-
panHa ckopocT (E/A > 1.5) n cbkpaTeHa nNpoabimkn-
TEeNHOCT Ha Aeuenepaums Ha E-BbnHaTa (< 150 ms)
[22]. HanaHeTo Ha nbnHeHe Ha JIK ce nosuwaga npu
CbOTHOLLEHWE Ha paHHaTa guacTorHa MuUTparHa cKo-
POCT Ha MOTOKa CNpPsiMO CKOPOCTTa Ha ABWXEHUE Ha
MuTpanHua npbeTeH (E/e’) > 14. TbkaHHUAT gonnep
Ha muTpanHusa adynyc (cpur. 5) nokassa ,mogen 5-5-
5% Toect €’-, a’-, n s’-BbnHUTE ca < 5 cm/s [14], koeTo
€ 3Haumma mHgukaumsa 3a CA, HO MOXe ga He ce 3a-
Genexn B paHHUsi CTagui Ha 3abonsBaHeTo [22], kaTo
e 3a oTbensasBaHe oule, ye CA He moxe aa 6bae au-
arHocTMumMpaHa camo Mo AaHHW 33 PECTPUKTUBEH TUM
ONacTonHa AMCHYHKLMS.

develop symptoms of heart failure with preserved
ejection fraction (HFpEF), with CA considered as
one of the overlooked etiologies of HFpEF in the el-
derly [21].

Restrictive diastolic dysfunction is typical for amy-
loidosis (Fig. 4), accompanied by an increased ratio of
early diastolic mitral flow velocity to late diastolic mitral
flow velocity (E/A > 1.5) and a shortened deceleration
time of the E wave (< 150 ms) [22]. The left ventricular
filling pressure increases with an early diastolic mitral
flow velocity to mitral annular motion velocity ratio (E/e’)
> 14. The tissue Doppler imaging of the mitral annulus
(Fig. 5) shows a “5-5-5" pattern, meaning that e’-, a’-,
and s’-waves are < 5 cm/s [14], which is a significant
indication of cardiac amyloidosis (CA), but it may not
be noticeable in the early stages of the disease [22].
It should also be noted that CA cannot be diagnosed
solely based on data for restrictive-type diastolic dys-
function.

Adult Echo
X5-1 e : s
54Hz . : M3
17cm * 7 :

TIS0.7 MIO.7

+ MV Peak E Vel
Vel 88.7 cmis
PG 3 mmHg
Decel Time 130 ms
Slope 683 cm/s?

P%t 38 ms
. MV Peak A Vel
Vel 36.8 cmis
{ PG 1 mmH;
MVA (P%at) 5.79 cm?
24

®ur. 4. [laHHM 32 peCTPUKTUBEH TWN AMACTONHA AUCHYHKLMSA
npv NauMeHT ¢ TpaHCTUPETMHOBa aMmunongosa, ave Tun. Jn-
YeH apxvB

Fig. 4. Data on restrictive type diastolic dysfunction in a
patient with wild-type transthyretin amyloidosis. Personal
archive
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®ur. 5. PeructpmpaHun HACKU CTOMHOCTU Ha TbKaHeH aonnep
Ha MUTpareH aHynyc npu nauneHT ¢ TPaHCTUPETUHOBA amu-
nowposa, ave Tvn. JlnueH apxve

Fig. 5. Low values of Tissue Doppler at the mitral annulus in
a patient with wild-type transthyretin amyloidosis. Personal . ) ) . ) ) ) ) o T e
archive GEORINE
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HaTpynBaHeTo Ha amunougHn ¢ubpunu B nepu-
KapaHaTa KyxuHa npeamsBuKBa NosiBa Ha nepukapaeH
N3NMB, KOMTO MPU NAUUEHTUTE CbC CbpAevHa aMuro-
ngosa obMyanHoO € ManbK UM MHOFO MasbK, HAKOU
naumMeHTn mMoraT ga cTpagaTt OT MHOrOKpaTHO peunan-
BMpaLL, XPOHWYEH nepukapaeH n3nms [23, 24].

[moGanHunat noHrutyauHaneH crpenH (GLS) upes
CMeKbIT-TPEKMHI exokapauorpadgmsta, € paHeH 4yBCT-
BUTENEH MHAMKATOP 3a OLEHKa Ha CYOKIMMHWUYHWUTE Npo-
MEHN B nsBaTa cbpgevHa yHKUMs, JonpuHacsl, 3a
OVarHocTukarta 1 NporHo3UpPaHETo Ha CbpAeYHOTO 3abo-
nasaxe, gosero o JIKX [25]. MHoro xapakTtepHa Haxoa-
Ka npu Cbpaie4yHa aMmunonao3a e nposeara Ha anvkanHo
3anaseaHe (apical sparing), ¢ MHOro TUNMYHa pegyKums
Ha rmobanHusa noHruTyauHaneH crpeviH Ha JIK ¢ Hama-
NeH NOHIUTYyAMHaneH cTpenH B 6asanHute n cpegHute
CErMEHTU N HE3HAYMTENHO HamareH NoruTyauHaneH cr-
PEVH B anukanHusi cermeHT [26, 27], (dur. 6). deHome-
HbT Ha anuKanHoTO 3anasBaHe Mmpeqronara, Yye noeeve
amunongHu mbpunm Moxe ga ce HatpyneaT B 6asara
Ha cbpueTo. TepHakbn U CbaeT. [28] AeMoHcTpupart, ye
anvikarneH NOHIUTyAMHaneH cTpeviH > -14.5% vHavkvpa
TEXKO CbPAEYHO 3acsiraHe M e He3aBWCMM PUCKOB hak-
TOp 32 HeONaronpuATHWU CbpAEYHO-CbAOBU CLOUTYUS.

Ha 6asata Ha GLS u rmobanHus umpkyMmdepeHTeH
ctperiH (GCS), rmobanHus ctpenH Ha nnowta (GAS),
norny4yeH ot TpumamepHa (3D) cnekbn-TPeKnHr exokap-
anorpadus, € HOB KOMMSIEKCEH NHAMKATOP, OTpa3sBaLy,
MUoKapaHaTa NOABUXKXHOCT BbB BCUYKU MOCOKM. Jlen n
CbaBT. MpoOBeXAaT Npoy4YBaHe 3a U3MepBaHe Ha Moka-
3aTtenn Ha naumeHTn cbe CA, Kato 4acT OoT AaHHuTe
nokaseart, Ye GAS < -19% u 6a3aneH NoHrnTyanHaneH
ctpenH < 13.07% morat ga cnyxar KaTo NPOrHOCTUYHMU
dakTopu npu naumeHTn cbe CA [29, 30, 31].

OK 4ecTo CcbLO € aHraxvnpaHa npv naumMeHT cbC
cbpdedHa amurnonaosa, Kato v TyK NOHMUTYOUHANHUS
CTperH Ha AsiCHa KaMepa MoXe fa aosefe [0 anuvkarn-
HO 3ana3BaHe, NogobHo Ha heHomMeHa, cBbp3aH ¢ GLS
Ha JIK [32, 33] (chur. 7).

Amyloid accumulation in the pericardial space
can lead to pericardial effusion, which is typically
small or very small in patients with CA. Some may
suffer from recurrent chronic pericardial effusions
[23, 24].

Global longitudinal strain (GLS) via speckle-track-
ing echocardiography serves as a sensitive early in-
dicator for assessing subclinical changes in left heart
function, aiding in the diagnosis and prognostication
of heart disease leading to LVH [25]. A hallmark find-
ing in CA is apical sparing, characterized by reduced
GLS with diminished longitudinal strain in the basal
and mid segments, while apical strain remains rela-
tively preserved [26, 27] (Fig. 6). The phenomenon of
apical sparing suggests that amyloid fibrils may ac-
cumulate more in the base of the heart. A study by
Ternacle et al. demonstrated that apical longitudinal
strain > -14.5% indicates severe cardiac involvement
and is an independent risk factor for adverse cardio-
vascular events [28].

Utilizing GLS and global circumferential strain
(GCS), along with global area strain (GAS) obtained
from three-dimensional (3D) speckle-tracking echo-
cardiography, provides a new composite indicator re-
flecting myocardial motion in all directions. Lee et al.
found that GAS < -19% and basal longitudinal strain <
13.07% can serve as prognostic factors in patients with
CA[29, 30, 31].

The RV is often involved in patients with CA,
and here too, longitudinal strain of the right ven-
tricle may exhibit apical sparing similar to the phe-
nomenon associated with GLS of the left ventricle
[32, 33] (Fig. 7).

®wur. 6. CunHo pegyuvpaHa fnoH-
TMTyAMHanNHa @YHKUMA Ha ns-
BaTa Kamepa CbC CpaBHWUTENHO
3anaseHn CTOWHOCTUM Ha Bbpxa
Ha Byll eye cnpsmo 6asanHute u
CpefHVTE CErMEHTV NpU NaumneHT
C nekoBepwxkHa amunongosa. -
YeH apxvB

Fig. 6. Significantly reduced LS
of the left ventricle with relatively
preserved values at the apex of
the Byll eye compared to the basal
and mid segments in a patient
with light chain amyloidosis.
Personal archive
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[varHo3ata cbpaeyHa amunongosa He Moxe fa
ObOe noTBbpAeHa 4pe3 exokapauorpadusi, HO KoMou-
HaumaTa Ha HAKOM, Ha NPBbB Nornes HeCbLUECTBEHN Xa-
PaKTEPUCTMKM, € CUIIEH NMPEOVKTOP Ha 3abonsiBaHeTO U
MOXe [ia yrecHW MoCTaBAHETO Ha AmarHo3a. OcBeH ToBa
OHec, B epaTta Ha uHoBauunTe 1 Bce No-6bp3o pa3suBa-
LUMTE ce TEeXHOMOMM, aHanM3bT Ha exokapauorpadms-
Ta, BasnpaH Ha nskycTeeHus nHTenekT (Al), moxe ga ce
Npunoxu 3a ngeHtndunympaHe etnonorusata Ha JIKX [34].

JIEMEHUE

CobpgedHata amunongosa € nporpecuBHo 3abo-
nsiBaHe C fowa nporHosa, ako ce octaBu 6e3 neve-
Hue [2]. CpegHaTa NPOOBLILPKUTENHOCT Ha KMBOT Ha
HernekyBaHuUTe nauneHTn ¢ AL-cbpaeyHa amunongosa
e no-marnka ot 6 meceua [35], a Tasan Ha naumMeHTU-
Te ¢ ATTR-CA e 2.5-3.5 rognHu [36]. CnegoBartenHo
paHHaTa KNMHWYHA MaeHTUdUKauusa e oT CbluecTBe-
HO 3HayeHue. 3a cbxarneHne obaye, CbBPEMEHHUTE
OaHHW MoKa3Bar, Ye no-ronisiMaTa Yact oT nauneHTuTe
C TPaHCTUPETMHOBA KapAuoMMuonaTusi He nory4vaeat
HaBpeMeHHa AmarHosa, Kato crnopepg npoy4ysaHe TS ce
nocTaBs B paMKuTe Ha 6 Mecela cnef nosisa Ha CUMM-
ToMu camo npu 35% ot naumeHtuTe ¢ ATTRv 1 46%
npyu ATTRwt [37,38]. Npun nogo3peHne 3a CA eBEHTY-
arHa HernpasuWiiHa OKOHYaTenHa gvarHosa e npegnoc-
TaBKa 3a M3KIMYUTENHO HEONAronpuATHU Nocrneanuu,
npenBua 3HAYUTENHUTE PasfnuKM B NMOAXo4a 3a nede-
Hue n nporHo3aTta Ha AL-CM cnpsamo ATTR-CM [39].

Moxem ga pasgenvm Tepanusita Ha CA B ABe OCHOB-
HY rpynu. EaQHaTa e cebp3aHa C NeYeHnEeTo 1 NpeBeHLn-
ATa Ha YCINOXHEHNATa, a Apyrarta BKo4Ba crieumgunyHa
Tepanus 3a crnvpaHe unun 3abaBsHe Ha OTMaraHeTo Ha
amunong. lpwxkata 3a naumeHtTute cbc CA obxBawa
pegvua CbpAeYHW YCIIOXKHEHUST 1 KOMOpPOUaHoCTU: Tex-
KaTa aopTHa CTeHO3a ce CBbp3Ba C JloLla MporHo3sa, a
HannyHa AT TRwt e puckoB chakTop 3a nepunpolenypeH
AV — 6nok. TAVR nogobpsiea nporHo3sata. [pu cbpaeyHa

®dur. 7. PegyuupaHa nOHrMTyauHanHa
dyHKUMSA Ha AscHa kamepa, ocobeHo Ha
cesobogHaTa cTeHa npu NauueHT C feko-
BepwikHa amunoungosa. Jinuen apxus

Fig. 7. Reduced LS of the right ventricle,
particularly of the free wall, in a patient
with light chain amyloidosis. Personal
archive

While echocardiography alone cannot confirm a
diagnosis of cardiac amyloidosis, a combination of
certain seemingly insignificant characteristics serves
as a strong predictor of the disease, facilitating a
diagnosis. Furthermore, with the advancements in
technology, artificial intelligence- based echocardio-
graphic analysis may aid in identifying the etiology
of LVH [34].

TREATMENT

Cardiac amyloidosis is a progressive disease with
unfavorable outcome, if left untreated [2]. The average
life expectancy of untreated patients with AL cardiac
amyloidosis is less than 6 months [35], while that of pa-
tients with ATTR-CA is 2.5-3.5 years [36]. Therefore,
early clinical identification is essential. Unfortunately,
however, current data show that the majority of patients
with transthyretin cardiomyopathy do not receive a time-
ly diagnosis, with a study indicating that diagnosis is
made within 6 months of symptom onset in only 35%
of patients with ATTRv and 46% with ATTRwt [37,38].
In cases where cardiac amyloidosis is suspected, any
potential incorrect final diagnosis poses extremely unfa-
vorable consequences, given the significant differences
in treatment approach and prognosis between AL-CM
and ATTR-CM [39].

We can divide the therapy for cardiac amyloidosis
into two main groups. One is related to the treatment
and prevention of complications, while the other includes
specific therapy to stop or delay amyloid deposition.
Care for patients with cardiac amyloidosis encompass-
es a range of cardiac complications and comorbidities.
Severe aortic stenosis is associated with a poor prog-
nosis and the presence of ATTRwt is a risk factor for
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HepgocTaTbyHOCT (CH) e BaXkeH € KOHTPOMbT Ha TeYHO-
cTn. Hama pokasatenctsa, NoaKpenswy M3non3BaHeTo
Ha cTaHgapTHa Tepanua 3a CH, KosiTo 4ecTo He ce noHa-
cs1 fobpe, ¢ u3knoveHve Ha anypetuumte [40]. MNpegno-
ynTa ce genpeckpunums Ha 6eta briokepuTe n n3bsreaHe
ynotpebata Ha ACE/ARB nopagun Hegobpa NnoOHOCMMOCT,
TbW KaTo BMOLIABAT XWUMOTOHMSATA M MOTUCKAT KOMMEH-
caTtopHaTa CMHycOBa TaxvKapaus, BOAELO OO XeMOoau-
HammyHa HecTabunHoct [41]. LVAD He e ymecTeH npu
noseyeTo naumeHTn. CbpaeyHa TpaHCNIaHTauus Moxe
Aa ce obcwxaa B n3bpaHu cnyvan. TpomboemMOonMyHNAT
pYCK € BUCOK. 3a0bIKUTENHO € HeobXxoamma aHTuKoary-
naums (Hesasncmumo ot CHADSVASC score) npy Hanmu-
HO MPeaCbPAHO MbXAEHe, a MpU NauMeHTU B CUHYCOB
pUTBM — Aa ce nmMa npeasua B n3bpaHn crnyydan. Amu-
O0ApPOH € NPeanoYNTaHUAT aHTUAPUTMUK NPU OaHHW 3a
npeacepaHo MbxaeHe (MM). OurokcvH moxe ga ce us-
nons3ea npv nosuleHo BHMMaHue. EKB (3agbrmxkutenHo
€ npegBapuTenHO Aa Ce U3KIMKYM Hanmmune Ha Tpomb B
J1) Kpne 3HaUMM PUCK OT YCIOXKHEHWS, KaTo peLeamB Ha
MM e yect. [JaHHMTe 3a abnauusi npu MM ca npotrBope-
ymBK. CbpgeyHaTa amunongosa ce CBbp3ea C NosiBa Ha
NMPOBOAHM HapyLUEHUs1 KaTo cuMnTomMaTnyiHa Opaamkap-
anst n AV 6nok. KnuHUYHMAT npar Ha nHankauus 3a nen-
cMelnkbp Tpsibea Aa Obae HUCHK, Thil kaTo 3abonsiBaHe-
TO aBaHcupa 1 UMNNaHTaumsaTa Nno3Bongaesa agantupaHe
Ha cbpaeyvHaTta YecToTa npu u3ny4ecko HaToBapBaHe 1
KOpeKuMs Ha MegukameHTosHaTa Tepanus [1, 42]. Pons-
Ta Ha ICD npu cbpgedHata amunongosa 3a npegoTspa-
TSIBAaHe Ha BHE3anHa CbpAevyHa CMbPT Nopaan KamepHU
Taxvkapauuv e npu BTopudHaTa npeseHums [1].

CneuundmyHa Tepanusa npu AL amunounaosa

Bbnpekn 3HauumoTo pas3suTMEe U nogobpeHuTe
pesyntatu B YNPaBMEHMETO HaA NNA3MOKIETbYHUTE
3abonsBaHus, AL ammnovgo3arta octaBa npeansBuka-
TENCTBO B AMarHOCTMYEH M TepaneBTuyeH nnaH [43].
YecToTa 1 HapacTBa C Bb3pacTTa M TOBa € Hal-4ecTo
CpeLLaHnaT TUM CUCTEMHa aMuIiongo3a, HO BbIpPeku
TOBa OCTaBa MHOro psiako 3abonsiBaHe ¢ okono 4,000
HOBM NauuneHTa roamwHo B CbeanHeHnTe watu [44, 45].

Cneundun4HOTO neYeHvie crieqBa fa ce peanuavpa
OT MyNTUAMCUMIMITMHAPEH EKWM, BKIOYBALY, XemaTosnor u
Kapauoror, a Npu Bb3MOXHOCT NaumeHTuTe TpsibBa fa ce
Haco4at KbM cneumanusnpanu ueHtpose [1].0cHoBHUTE
TepaneBTVYHU MeToau Npu AL amunongosarta ca XummoTe-
panust nnu aBTONOXHa TpaHCMnaHTaumsi Ha CTBOMIOBU
knetkn. boptesomunb, Luknodochammag n gekcamerasoH
CbCTaBNABAT HAN-YECTUTE HaYanHN XUMMOTEPANEBTUYHN
CXeMu, BodeLm 40 YAOBMNETBOPUTENHW pe3ynTaTtu [46].

CneuundmyHa Tepanusa npu ATTR

Ll,enTa Ha TepanunTe, noenmnaBall TPAHCTUPETUHO-
BaTa amuriongosa, BKMOYBa 3arnywasaHe Ha TTR, cta-
oununsmpaHe Ha TTR u paspywaaHe Ha TTR [47]. MNpu

periprocedural AV block. TAVR improves prognosis. In
heart failure (HF), controlling fluid balance is important.
There is no evidence to support the use of standard
heart failure therapy, which is often not well tolerated,
except for diuretics [40]. Deprescribing beta-block-
ers is preferred, and the use of ACE/ARB should be
avoided due to poor tolerance, as they worsen hypo-
tension and suppress compensatory sinus tachycar-
dia, leading to hemodynamic instability [41]. LVAD is
not appropriate for most patients. Heart transplantation
may be discussed in selected cases. The thromboem-
bolic risk is high. Anticoagulation is mandatory (regard-
less of CHADS-VASC score) in the presence of atrial
fibrillation and in patients in sinus rhythm, it should be
considered in selected cases. Amiodarone is the pre-
ferred antiarrhythmic for patients with atrial fibrillation
(AF). Digoxin may be used with caution. Cardioversion
(it is mandatory to rule out the presence of thrombus
in the left atrium beforehand) carries significant risk of
complications, with recurrence of AF being common.
Data on ablation for AF are conflicting. Cardiac amyloi-
dosis is associated with the occurrence of conduction
disturbances such as symptomatic bradycardia and AV
block. The clinical threshold for pacemaker indication
should be low, as the disease progresses and implan-
tation allows for adjustment of heart rate during physi-
cal exertion and medication correction [1, 42]. The role
of ICD in cardiac amyloidosis for preventing sudden
cardiac death due to ventricular tachycardias is for sec-
ondary prevention [1].

Specific therapy for AL Amyloidosis

Despite significant advancements and improved
outcomes in the management of plasma cell disorders,
AL amyloidosis remains a challenge in both diagnostic
and therapeutic aspects [43]. Its incidence increases
with age, and it is the most common type of systemic
amyloidosis, yet it remains a very rare disease, with
around 4,000 new patients annually in the United
States [44, 45].

Specific treatment should be carried out by a mul-
tidisciplinary team that includes a hematologist and a
cardiologist, and whenever possible, patients should
be referred to specialized centers [1]. The main ther-
apeutic methods for AL amyloidosis are chemotherapy
and/or autologous stem cell transplantation. Bortezo-
mib, cyclophosphamide, and dexamethasone consti-
tute the most common initial chemotherapy regimens,
leading to satisfactory results [46].

Specific therapy for ATTR

The goal of therapies affecting transthyretin am-
yloidosis includes silencing TTR, stabilizing TTR,
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naLueHTn ¢ TpaHCTUpeTuHoBa Kapauomuonatus -1l knac
no Hiomopkckata cbpaeyHa acoumaums, Tadammuaunc,
KOMTO e cneumdmryeH cTabunusaTop Ha TPaHCTUPETMHA,
e edeKkTMBHa Tepanus, KaTto HamarsiBa CMbpPTHOCTTA
Mo BCsIKaKBa MPUYMHA U XOCMUTanNmU3auumTe, CBbp3aHu
CbC CbpaeqHO-CbaoBK 3abonasaHus npn ATTR [46, 48].
MauuneHTuTe c HacneacTeeHa AT TR kapgunomumona-
TN MoraT [a ce OUeHAT 3a YepHogpobHa TpaHcnnaH-
Tauus, Lensuwa oTCcTpaHsBaHe Ha MyTaHTHWUS aMuIlo-
nporeHeH TTR, Tbi KaToO U3TOYHUKBT MY € YEepHUST
apob. MaTtucupaH (Manka mHTepdepupalla puboyk-
nemHosa kucenuHa) n VHoTpeceH (aHTUCEHC Hykne-
oTua) ca Tepanun, HacoveHn kbm PHK, noenusasaiim
cuHTe3arta Ha TTR B YepHUs apob, KaTo MO TO3N HAYMH
HamansBaT CNOCOBGHOCTTa Ha HemnpaBUITHO CrbHATUSA
MOHOMep fa obpasyBa amunongHu otnaraHus [46].
Hanvue e HapacTBalla HanNMYHOCT Ha HOBM U ecbek-
TUMBHM TEPANEBTUYHN PELLUEHUS 3a TPaHCTUPETUHOBATA
amMunonagosa, Kato paHHOTO AnarHoCTMUMpaHe € OT Cb-
LLIeCTBEHO 3HayeHue. HoBM cbeamHeHus ca B npouec
Ha uacnegBaHe, BKIMOYUTENHO areHTW, HaCOYeHU KbM
OTCTpaHsIBAaHETO Ha amunongHute dombpunn [1].

3AKNIOYEHUE

CbpoeyHaTa amunongosa e npeavsBukaTerncTeo B
AVarHoCTUYEH 1 TepaneBTUYeH MNiaH, KaTo paHHaTa au-
arHosa nogo6psiBa NporHosaTta yYpes Bb3MOXHOCTTa 3a
MHULIMMPaHe Ha oNTUMarnHa TepaneBTUYHa cTpaTerus.

He e deknapupaH KOHpIUKM Ha uHMepecu
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