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Pestome. TpaHCcTUpeTHHOBaTa CbpAeYHa amMurionao3a e pecTpukTueHa kapanomvonatust (ATTR-KMI), pesyntaT oT 13BbHKIe-
TBbYHO HaTpynBaHe Ha Hepa3TBOPUMM TPAHCTUPETUHOBN ammunonaHn dubpunu B Muokapaa. Mima nporpecupaly xog u
€ Bb3MOXEH NeTaneH 13xod B pamkuTe Ha 2-6 roguHu OT nocTaBsiHe Ha AuarHosata. busa aBa Buga — HacneacTeeHa
1 anB TvN. [JaHHW OT NocnegHUTe roguHu nokasear, Ye aneuat Tun ATTP-KMIT e oTHoCMTENHO YecTa NpuynHa 3a Cbp-
[leyHa HeOCTATbYHOCT ChC 3anaseHa ppakums Ha uTtnackaHe, 0cobeHo Npu No-Bb3pacTHU MbXe. B CbLioTO BpeMe
B Bbnrapus HacnegcTBeHaTa TPaHCTMPETUHOBA aMuIongo3a He e TOMKoBa psgka. [uarHoCTULMPHN ca NeT pasnnuyHi
naTonoriyHu mytauuun. Hair-pasnpoctpaxeHa e p.Glu89GIn, kato no gaHHu oT toHn 2019 1. uma yctaHoBeHM 62 HeCBbp-
3aHu cemeicTBa cbe 117 naunenTn n 72-ma Hocutenu. nartozata ATTP-KMIT yecTo ce noctaBs CbC 3aKbCHEHME
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WnM ce Npomnycka, a HEMHOTO PaHHO AMArHOCTULMPaHE € U3KIKYMTENHO BaXHO, Thil KaTo UMa 0fobpeH MeaukameHT
(cTabunnsatop Ha TpaHCTUPETUHA), KOMTO e No-edovKaceH NPUOXKEH B HaYaneH CTaguii Ha 3abonsesaxeTo. Jpyrv me-
OVKAMEHTM Ca B KMUHWYHY u3nuTaHus. JuardoctuumpadeTo Ha ATTP-KMIT e npouec, n3nckealy, MyntuancLuninHapeH
MOLXOZ C y4acTUeTO Ha MOATOTBEHW CeLManmcTyi, MynTuMoganHa obpasHa auarHoctuka, [obpe obopyaBaHm xuctona-
TONMOTMYHA U reHeTYHa nabopatopuu. MarpaxaaHeTo Ha eKCnepTHU LEHTPOBE Ha (yHKLMOHaNeH npuHUMN Bu morno
[a JONPUHECE 3a NO-PaHHOTO OTKPKBAHE, CBOEBPEMEHHOTO NIEYeHNe 1 NpocneasBaHeTo Ha nauyeHTute ¢ ATTP-KMIM,
KOETO CbOTBETHO fa NoAobpM TAXHaTa NPOrHoaa.

TpaHCTMPETNHOBA aMmnnonao3a, KapamoMmmonartusa, guarHo3a, nevyeHne

Jou. a-p Mapuana l'ocnoauHoBa, 6yn ,Ckobenes” 79, 1606 Codous, Ten.: +359898254738, e-mail maryvg2009@yahoo.com

Transthyretin cardiac amyloidosis is a restrictive cardiomyopathy ((ATTR-CM), caused by an extracellular deposition
of insoluble amyloid fibrils in the myocardium. It is a life threatening disease with life expectancy of 2 to 6 years after
diagnosis. There are two types — hereditary and wild type. Recent data reveal that the wild type ATTR-CM is a common
cause of heart failure with preserved ejection fraction, especially in elderly men. Hereditary ATTR amyloidosis is not
so rare in Bulgaria. Five different mutations have been diagnosed, the most common being p.GIu89GIn, identified in
62 unrelated families with 117 patients and 72 mutation carriers. ATTR-CM diagnosis is often delayed or even missed,
however its early recognition has become very important as a new drug, which is a transthyretin stabilizer is now available
and other drugs are under development. Updated knowledge about the clinical presentation, diagnostic algorithm,
available and future therapeutic options for ATTR-CM are a prerequisite for an early identification, timely treatment and
better prognosis of the affected patients. The diagnosis requires a multidisciplinary approach with the participation of
experienced specialists, multimodality imaging, well equipped histopathological and genetic laboratories. Establishing
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centres of expertise could improve the management of the patients with ATTR-CM.
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BbBEOQEHMUE

TpaHcTupetuHoBata (ATTP) amunonposa e uHBa-
nuausnpallo 3abonsiBaHe ¢ Nporpecupall Xxog U ¢ Bb3-
MOXEH IeTaneH n3xon B paMkuTe Ha 2-6 roguHu oT noc-
TaBsiHe Ha gnarHosarta [1]. ATTP cbpaeyHa amunovgosa
€ pecTpuktuBHa kapauomuonatusa (ATTP-KMI1), pesyn-
TaT OT U3BLHKIETBYHO HATpyrnBaHe Ha HepasTBOPMMM
TPaAHCTUPETMHOBU aMuUIonaHn omnbpunmn B Muokapaa [2].
3abonaBaHeTo OMBa ABa BWOa — HacrneacTseHa U OB
T1n ATTP amunounaosa, nocriegHara U3BecTHa oLe KaTo
ceHurnHa amurioudosa [3, 4]. TpaHCTUPETUHBT € NPeKyp-
COpHUAT amunonaoreHeH 6enTbk npu aAegata suga ATTP
amunovaosa. CuHTe3npa ce NpeaunekLMoHHO B YepHUS
Apo6 1 cnyXu KaTo TPaHCMNOPTEH NPOTENH Ha TUPOKCUHA
N Ha PETUHOMN-CBBbP3BALLMS MPOTEVH, OTKbLAETO MPOU3-
XOXOa MMETO My — TpaHCNopTMpa TUPOKCUH N PETUHON.
HopmanHo ToW uMpKynupa KaTto TeTpamep OT YeTvpu
WMOEHTUYHM cybeamnHMUM, HO Noa Bb3AENCTBUETO Ha pas-
NNYHM OaKTOPU CTAOMITHOCTTA MM Ce HapyLLaBa U TAXHa-
Ta gucoumaums Bogy 0o obpasyBaHe Ha 3HaYUTENHU KO-
nnyecTBa MOHOMEPW, KOUTO CE OpraHM3NpaT B OfMromMe-
py 1 NpoTOhMOPUIN 1 ce HaTpynBeaT B ekcTpalenynap-

INTRODUCTION

Transthyretin (ATTR) amyloidosis is a debilitat-
ing disease with life expectancy of 2 to 6 years after
diagnosis [1]. ATTR cardiomyopathy (ATTR-CM) is a
restrictive cardiomyopathy, caused by an extracellu-
lar deposition of insoluble fibrils in the myocardium
[2]. It can be either hereditary or wild type, the last
also known as senile amyloidosis [3,4]. Transthyretin
is the precursor protein, produced mainly by the liv-
er and circulating in the plasma as a tetramer, com-
prised by four identical subunits. Its name is derived
from its function, which is to transport thyroxin and
retinol-binding protein. As a result of a genetic mu-
tation or because of not well understood factors yet,
associated with aging, ATTR tetramers may become
unstable and their dissociation leads to the formation
of monomers, which aggregate to form oligomers
and protofibrils deposing as insoluble amyloid fibrils
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HOTO MPOCTPAHCTBO Ha Pas3nuyYHM TbKaHu nod copmara
Ha Hepa3TBOpPMMUW amunouaHn mbpunm [5, 6]. Hacnep-
ctBeHata ATTP amunongosa ce npuunHsBa oT MyTauum
B TP@HCTUPETUHOBUS FEH U MMa aBTO30MHO AOMWHAHTHO
yHacnegsBaHe, KaTo NOHACTOsALLEM ca U3BeCTHU Hag 130
MyTauwmm [7, 8]. AMBMAT TUN TPAaHCTUPETUH € HOPMarnHUAT
NPOTEUH, KOUTO Ce CUHTE3MPa B YepHUS APO6 1 KOWTO Mo-
paau BCe OLLE HEHAMbHO U3SICHEHW MPUYMHK, CBbP3aHn
C Bb3pacTTa 1 CTapeeHeTo, CTaBa CTPYKTYPHO HecTabu-
MNeH 1 amunoungoreHeH [4].

[pyraTta Han-4eCcTo cpellaHa amurionaosa, 3acsra
CbpLETO, € NeKOBEpPMKHATa aMmmriongosa, Koato camo
B okono 15% oT cnyyanTe e cBbp3aHa C MynTUMMEH
mMuenom. Mpu To3n Bug ammnongosa e Hanuue nartorno-
MMYeH KIMOH OT Nia3mMaTUYHU KIETKN B KOCTHUSA MO3bK,
KOWTO NMpou3Bexaa MOHOKITOHAMHN NeKM BEPUTU A Unu
K, KoUto chopmmpat ammnongHn dundpunu [9]. Neko-
BEPWXKHATA amunongosa mmMa M3KIIYUTENHO Hebna-
rornpusiTHa NPOrHo3a C NPeXmnBaemMocT mexay 6 n 12
Mecela cneq ycTaHOBsSIBaHE Ha CbpAEYHO 3acsiraHe,
KOETO Hanara npu Bb3HMKHANO CbMHeEHWE, He3abaBHO
AunarHocTuumpaHe 1 3anoysaHe Ha nedvenue [10].

PA3NPOCTPAHEHUE U KIIMHUYHA
KAPTUHA

Oue Tun ATTP amunoungosa

Oueunat tun ATTP ammnnonpgosa obrnkHOBEHO 3acsira
No-Bb3pPacTHW MauMeHTW, NpeauMHO MbXe Hag 60-ro-
OMLLIHa Bb3pacT, KaTo B NOCMEeOHNTE TOAMHN Ce YCTaHo-
BSIBA W NMPW XeHW, HO ¢ okono 10 roamHmn no-KbCcHa n3siea
[11, 12, 13]. MpenmyLLEeCTBEHO aHraxunpa CbpLETO, KaTo
YeCTW eKCTpakapauanHu MmposiBM ca CUHOPOM Ha Kap-
narnHus KaHar, CTeHO3a Ha CMVHanHWA KaHarm, KakTo U
pynTypa Ha CyXOXUIMETO Ha ABYrNaBnsi MyCKymn Ha MULL-
Huuarta [14, 15]. NoHacTodALweM, nsdmncneHaTa Yyecrorara
Ha pasnpocTtpaHeHne Ha ameua Tun ATTR ammnongosa
e 2,8 cnyyasa Ha 10 000 3a Teputopusita Ha EBponeit-
ckms cbto3 (https://www.orpha.net). Mybnukauum ot no-
crnegHVTe roavHW NOKas3Bart, Ye YectoTara Ha ABUS TUM
ATTP-KMI e 3HauntenHo nogueHeHa. Npu egHo natoa-
HaTOMWYHO NPOyYBaHEe ce yCTaHoBsABa Hanunyve Ha TTP
amMunonaHn Aeno3ntu B Muokapga npu okono 25% ot
ayToncupanute naumeHtute Hag 80 roguHum [16]. Knu-
HUYHUTE OaHHM coyat, Ye npu okono 13% oT Bb3pacT-
HUTe nauueHTn (> 60 rod.) cbC CbpAeYHa HeaoCTaTby-
HocT (CH) n 3anaseHa dpakumsa Ha natnackesaHe (OU) un
npu okono 16% OT NaumMeHTUTe C TEXKa aopTHa CTEHO3a,
NOAJSIOKEHN Ha TpaHCKaTETbpHA MOAMsiHA Ha aopTHaTa
knana, ce ycraHossisa ATTP-KMI [11, 17, 18].

HacnepgcrtBeHa ATTP amunouposa

Hacnencteenata ATTP amunouaosa e guarHocTu-
umpaHa B bbnrapusa 3a nbpeu nbT npe3 2008 r. oT eku-

in the interstitial space of different tissues [5, 6]. The
hereditary ATTR amyloidosis or according to the last
amyloid nomenclature document — variant ATTR (AT-
TRv) amyloidosis, is an autosomal-dominant disease
caused by a mutation in the TTR gene [7]. More than
130 mutations are known so far [8]. In wild type ATTR
(ATTRwt), the normal transthyretin, becomes structur-
ally unstable and amyloidogenic [4].

The other most common type affecting the heart is
the light chain (AL) amyloidosis, in which a pathological
clone of plasmatic cells in the bone marrow produces
monoclonal light chains k and A, which aggregate to
form the amyloid fibrils [9]. In about 15% of the cases,
AL amyloidosis is associated with multiple myeloma.
AL amyloidosis is a rapidly progressive disease with
survival duration between 6 and 12 months after cardi-
ac involvement identification. Suspicion for AL amyloi-
dosis must be managed as a medical emergency with
prompt diagnosis and treatment [10].

PREVALENCE AND CLINICAL
PRESENTATION

ATTRwt amyloidosis

ATTRwt amyloidosis affects mainly elderly men
above 60 years of age, but women may also be af-
fected, about 10 years later [11,12,13]. The heart is
the predominantly involved organ, but bilateral carpal
tunnel syndrome and spinal stenosis are also com-
mon findings [14, 15]. The estimated prevalence of the
ATTRwt amyloidosis is 2.8 cases per 10 000 for the
European Union (https://www.orpha.net), but there is
an increasing number of publications revealing that
it is underdiagnosed. Autopsy study results revealed
TTR amyloid deposits in the myocardium of 25% of de-
ceased patients above 80 years of age [16]. Recent
publications reported ATTRwt amyloidosis in 13% of
the elderly patients (> 60 years) admitted with symp-
toms of heart failure with preserved ejection fraction
(HFpEF) and in 16% of the patients with severe aortic
stenosis, in whom percutaneous aortic valve replace-
ment was performed [11, 17, 18].

ATTRv amyloidosis

ATTRv was diagnosed for the first time in Bulgaria
in 2008 in two families as familial amyloid polyneurop
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na Ha npod WN. TbpHEB M OO MOMEHTa B CTpaHaTta
Cca W3BECTHU NeT pasnuMyHu MmyTaumm: p.Glu89Gin,
p.Val30Met, p.Ser77Phe, p.Gly47Glu n p.Ser52Pro
[19]. p.Glu89GIn e Hamn-pa3npocTpaHeHaTa MyTauus u
e ycTaHoBeHa B 62 HecBbp3aHuW cemencTBa cbe 117
nauneHT u 72 HocUTENU Ha naTonorMyHata myTtaums
[20]. CpegHaTa Bb3pacT Ha 1u3sBa Ha 6onectta e Mex-
Ay 50 n 60 r. YcTaHOBEH € eHaeMnyeH painoH, obxea-
waw, bnaroesrpagcka un KiocteHguncka obnact, HO B
pe3yntar Ha MWUrpauMOHHU MPOLIECU, MaLMEHTU CbC
chbllata MyTaums ce cpeLiart U B MHOTO APYrv PErMOHM
Ha cTpaHata. p.Val30Met, Han-pasnpocTpaHeHaTa B
cBeTa MyTauus, e psgka 3a bbnrapus n e yctaHoBeHa
B 9 cemencTBa, NpPoM3XoXaaLln rmaBHO OT Hron3Toy-
Ha Bbbnrapus u pernoHa Ha rpag CMOMsiH, HO CbLUO
Taka ca AuMarHocTyuMpaHu nauuMeHTV U B pervoHa
Ha rpag Codmsa. Odpyra psgka 3a Bwnrapusa myTtaums
(p-Ser77Phe) e ycTaHoBeHa npu 8 ceMencTBa, BCUYKU-
Te Npomu3xoxaalun oT panoHa Ha c. Bakapen, Cocdun-
cka obrnact. Camo egHO CeMencTBO e AnarHocTuumpa-
HO ¢ MyTauusaTa p.Ser52Pro n npomnsxoxaa OT permoHa
Ha Benuko TvpHoBO. MyTaumata p.Gly47Glu e gnar-
HOCTUUMpaHa B OBe POMCKU ceMencTBa oT PyceHckna
pernoH, 3acsira mnaam xopa (mexagy 30 1 40 rog.) n ce
XapakTepusupa C U3KIMYMTENHO arpeCcuUBEH XOA.

Mpu Hag 90% oT nauuneHTuTe B Bbnrapus ce Ha-
ontogaBa cMeceH beHoTUN ¢ eHOBPEMEHHO 3acsraHe
Ha nepucpepHaTa HepBHaA CUCTEMa M CbPLETO, KaTo
Makap 1 psigko ce HabnogasaTt M NauMeHTy ¢ Npegum-
HO CbpAeyeH nnun HespororudeH geHotun [21]. Mepu-
depHaTa nonuHesponaTuss 06UKHOBEHO 3ano4vBa CbC
CETUBHM HapyLLEeHMs B NPBbCTUTE Ha kpakaTa, ¢ 6bp3a
nporpecus KbM MO-NPOKCUMAnNHUTE YacTu Ha AOMHUTE
KpanHMuM KaTo MOCTeNeHHO obxBaLLaT v ropHUTE Kpau-
HMuW. Hapywasa ce yceTbT 3a Bonka n temnepartypa.
lMocTeneHHO ce 3acsaraT No-rofemMuTe CETMBHU U MO-
TOPHW HEPBW, KOETO BOAM A0 nporpecupalia cnaboct
n atpodus. MoTopHUAT 4edmunT CbLLO Nporpecupa u
BOOW 00 3aTpygHeHMs B XxodeHeTo. B pamkuTte Ha Hs-
KOMKO FOAWHM NauMEHTUTE ce HyXOasiT OT MOMOLLHO
CpencTBO MpU XOAEHE WM UHBanuAHa Konuvdka. AB-
TOHOMHAaTa HepBHa CUCTEMA, raCTPOUMHTECTUHANHUAT
TPaKkT U OpYyrn OpraHy CbLUO Ca aHraxupaHu. Xapak-
TEPHU CUMMTOMU Ca OPTOCTaTUYHA XUMNOTOHWUA, Auna-
pus, pegyBalla ce CbC 3arnek UM caMocTosATeNnHa ns-
siBa Ha 3anek unu guapus, rageHe, nospbllaHe cneq
HaxpaHBaHe, NecHo 3acuLiaHe, Npobnemm Npu ypuHu-
paHe, epekTurnHa gucdyHkuus. Yecto ce Habnogasa
HEMOTUBMPaHa pPedyKLUs Ha Terrno, NoHsiKora 4o Tex-
Ka kaxekcusl. MHOro OT nauMeHTMUTe ca C aHamHes3a 3a
ABYCTPaHEH Kapnan TyHen CUMHAPOM, KOMTO MOXe [a
Obae nbpBata nposiea Ha 6onecTTa 1 Aa npealwlecTsa
pasrpbLiaHeTO Ha MbiiHaTa KIMHUYHA KapTuHa ¢ 10-
15 roguHn. BbbpeyvHoTo 3acsiraHe e psigko npyu ATTP
amuriongosa 3a pasnvka OT NeKOBepuxHaTa amuro-

athy by a neurologist team, headed by Prof. Tournev.
Since then five different mutations have been identi-
fied: p.Glu89GIn, p.Val30Met, p.Ser77Phe, p.Gly47Glu
and p.Ser52Pro [19]. p.Glu89GIn was the most com-
mon mutation found in 62 unrelated families with 117
patients and 72 mutation carriers [20]. The age of dis-
ease presentation is usually between 50 and 60 years.
The majority of the Bulgarian patients originated from
an area in the southwestern part of the country. An en-
demic region was identified, involving Blagoevgrad and
Kyustendil region, but because of internal migration
processes, patients with this mutation were diagnosed
in many other regions of the country. p.Val30Met, the
most common mutation globally is relatively rare in
Bulgaria. It was found in 9 families, originating mainly
from the south-eastern part of the country. Another rare
for our country mutation — p.Ser77Phe was found in 8
families, all originating from the small village of Vakarel,
situated near the capital. p.Ser52Pro mutation was di-
agnosed in one family from the region of Veliko Tourno-
vo. p.Gly47Glu mutation was diagnosed in two Roma
families from the region of Russe, affecting young peo-
ple (between 20 and 40 years) with a very aggressive
course of the disease.

The majority (= 90%) of the Bulgarian patients
with ATTRv amyloidosis have mixed phenotype with
both neurological and cardiac involvement, but there
are patients with predominant cardiac or neurologi-
cal phenotype and nonparallel progression [21]. The
peripheral nervous system involvement is character-
ized by sensorimotor symptoms, usually beginning in
the distal lower limbs with relatively fast progression
to the more proximal parts and to the upper limbs.
Loss of temperature and pain sensations is one of
the first symptoms. Gradually, larger sensory and
also motor nerves are involved, motor deficiency
progresses, which leads to walking disability. In a
few years the patients need a walking stick or be-
come wheel chair dependent. Autonomic dysfunction
presents as orthostatic hypotension, disturbances
of gastrointestinal motility, most commonly diarrhea
alternating with constipation but also constipation,
diarrhea, nausea, and vomiting, neurogenic bladder
and erectile dysfunction. Unmotivated weight loss is
a common initial symptom, which could progress to
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nao3sa. lNo-psako, HoO MHOMo cneundUYHO e oTnaraHeTo
Ha aMUnoua B CTbKNOBUAHOTO TAMO.

ATTP-KMN

ATTP-KMIN e pectpuktneHa KMI1, npu kodATo
TPaHCTUPETMHOBM amunongHn bubpunu ce otnarat B
MUoOKapga Ha nsiBaTta u gscHaTta kamepa, B npeacbp-
OusATa, CbpaevyHUTe Knanv v nepuBackynapHo B Marn-
KATe CbOOBe, aHrakupaHa e 1 nposogHaTa cucTema.
Hain-yectata KnuMHWYHa M3siBa e nporpecupalia cbp-
JeyHa HeJocTaTbYyHOCT Npu 3anaseHa W, kaTo Hen-
HaTa u3siBa ce MpeaLwecTBa OT PasfnMyHO OAbNbr 6es-
CMMMTOMEH Nepuog, Npe3 KOWTO HAaCcTbMNBa NPOrpecuB-
HO MHUNTPMPaHE Ha MMoKapga ¢ amunouns. Hanmum-
€70 Ha noHmwkeHa O He u3kno4Ba ToBa 3abonseaHe,
Tb/ KaTo ecTecTBeHWAT xo Ha Gonectra Boau A0
NOTUCKaHe Ha CUCTONHaTa PYHKLMS, KaKTO € Bb3MOX-
HO M HaNM4YMeTO Ha NpUApPY>KaBaLlM CbpAeyHN 3abons-
BaHua [12]. MNposBuTe Ha CbpAaevHa HeaoCTaTbYyHOCT
MoraT Aa 6bAaTt MackMpaHu OT HamaneHarta gpurarten-
Ha aKTMBHOCT BbB Bpb3Ka C nepudepHaTa nofiMHeBpPO-
natna npu HacnegcteeHaTta AT TP amunongosa. Yecto
cpellaHa e aHrMHo3HaTa cuMniTomaTtvka B pesynTtart
Ha oTraraHe Ha amuroug B MarnkuTe cbAoBe 6e3 cur-
HUUKAHTHM CTEHO3W Ha enuKkapgHuTe cbpoBse [22].
PUTbMHO-NpOBOAHUTE HapyLUeHWs, KaTo npeacbpa-
HO MBbXOeHe M cbpaeyeH Onok, ca YecTun, HepsaKo ce
Hanara uMmnnaHTMpaHe Ha MOCTOSIHEH enekTpoKapau-
octumynartop. [peacbpAHOTO MbXAEHe MoBuLLIaBa
pucka oT embornmyeH Mo3byveH MHCYNT. Han-vectara
npuyMHa 3a CMbPT NpU NaUMEHTUTE C HacneacTeBeHa
ATTP ca nporpecupallarta cbpaeyHa HeqoCTaTbyYyHOCT
M BHe3anHata CbpAevyHa CMbpT, HaW-4ecTo nopagu
ereKkTpo-MexaHnyHa aucounaums [23].

Mpn HAKOWM OT NauUMEeHTUTE CbPAEYHOTO YyBpexaa-
He € MOrpeLlHo MHTEPMNPETMPAHO KaTo XMMNEPTOHUYHO
cbpLe, A0pW NpY Nunca Ha aHaMHECTUYHW OaHHM 33
apTepvarnHa XMnepToHus, a Npu NauneHTn ¢ no-uspase-
Ha nesokamepHa (J1K) xuneptpodus 4ecTo ce nocrassi
AunarHosata xunepTpoduyHa kapanommonatus (XKMIT).
lMpoy4yBaHe nokasea, Ye 35% ¢ ATTP-KMIT ca 6unu no-
rPeLIHO AvarHOCTULUMpaHu C Opyru rno-4ecTo cpeLlaHu
CbpAEYHO-CbA0BM 3a00NsBaHUsi, OT TAX CbOTBETHO C
xunepToHnyHa KMIT (35%), XKMIT (23,5%), ncxemuyna
bonect Ha cbpueto (11,8%), cbpoeyHa HegoCTaTbuy-
HOCT cbC 3ana3eHa ®U (8,8%) n aopTtHa cTeHo3a (8,8%)
[12]. B opyru cnyyam, nauneHTy ¢ NnpeallecTealla apte-
pvanHa XvnepToHUst UM HOPMOTOHUSI Ce OMMakeaT oT
HUCKO apTepuarnHo HansaraHe, KOETO MOXe [a Hacouu
KbM pas3BuTME Ha CbpaevHa aMuonaosa.

OVATrHO3A

Tl kato ATTP-KMI1 ce cmsTa 3a psigko 3abonsiBa-
He CbC CUMNTOMMW, NOAOBHN Ha Te3n Npu ApYru No-vYec-

cachexia in the advanced stage. Many patients have
a history of bilateral carpal tunnel syndrome, which
could be the first presentation of the disease, pre-
ceding the other symptoms for 10 to 15 years. Kid-
ney involvement is rare in ATTR amyloidosis. A rare,
but specific finding is the amyloid deposition in the
vitreous body.

ATTR-CM

ATTR-CM is a restrictive cardiomyopathy, caused
by a deposition of TTR amyloid fibrils in the myocardi-
um of the left and right ventricle, in the atria, the heart
valves, in the small vessel walls and the conduction
system. HFpEF symptoms are the most common clin-
ical manifestations, but they are preceded by an as-
ymptomatic period of progressive infiltration in the
myocardium. Reduced EF could also be observed
during the natural course of the disease or caused by
concommitant cardiovascular diseases [12]. In ATTRv
amyloidosis, heart failure symptoms may be masked by
the disability, caused by the peripheral nervous system
involvement. Angina symptoms are common, because
of amyloid deposition in the small vessel walls, without
significant obstruction of the epicardial vessels [22].
Rhythm and conduction disturbances, such as atrial
fibrillation and heart block are common. Pace-maker
implantation is frequently required. Atrial fibrillation in-
creases the risk for embolic strokes. The most common
cause of death is progressive heart failure and sudden
death, most frequently caused by pulseless electrical
activity [23].

Published data reveal that 35% of ATTR-CM pa-
tients have been incorrectly diagnosed with other
more common cardiovascular diseases, such as hy-
pertensive heart (35%), HCM (23.5%), ischemic heart
disease (11.8%), HFpEF (8.8%) and aortic stenosis
(8.8%) [12]. A suggestive sign for cardiac amyloidosis
is low blood pressure and intolerance to antihyperten-
sive drugs in patients with previously high or normal
blood pressure.

DIAGNOSIS

ATTR-CM diagnosis is frequently delayed or even
missed. Apart from being misdiagnosed, it has been
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TU CbpAEYHO-CHA0BM 3abonsaBaHus, T 0OGUKHOBEHO ce
AnarHocTuumpa CbC 3aKbCHEHVE unu ce nponycka. o
N3BECTHA CTEMNEH CbLLECTBYBA N HUXMUITUCTUYEH NOAX0S
KbM TOBa 3abonsBaHe ¢ npe3ymMnuusTa, Ye nuncea cne-
uncmyHo nedeHue [24]. Hackopo Gelwe ogobpeHo Ta-
KoBa neveHune (tTacdpammamc 61 mg) 3a ATTP-KMI1 kakto
HacnencTeeHa, Taka u ave Tvn. Tadammaunc e ctabunum-
3aTop Ha TPaHCTMPETMHA 1 NPe3 NOCNeqHNTE FTOANHN ce
13rona3sa npu NaumMeHTn ¢ HacneacTBeHa TPaHCTUPETU-
HoBa nonuHesponaTtus B aosa 20 mg. EdekTsT OT ne-
YeHneTo e No-4o0bp KakTo Npu nepudepHa HeBpona-
TUS, Taka 1M NpU KapauomMmnonaTusi, Korato ce Npunoxmu
B MO-paHeH cTaguin Ha 3abonssaHeTo [25]. OrpaHuya-
BaLLyM dpakTopw npu gnarHoctuumpaHeto Ha AT TP-KMTI
Ca CbLUO: Hy)XaaTa B HAKOW Criydaun OT npoBexaaHe Ha
eHgomunokapgHa ouoncus (EMB), koato e MHBasuBHO
n3crnegBaHe N Kpue U3BECTHU PUCKOBE OT Bb3HUKBaHe
Ha CEepMO3HU YCMOXHEHWS, KakTO U HeobxogumocTTa
OT Hanuyne Ha Jobpe obopyaBaHa nmaTonorMyHa na-
OopaTtopusi 1 NOAroTBEHM CreuuanicTi, 3a ga ce noc-
TaBM TOYHA XMCTOMOMMYHa AuarHosa. HapacTtBawmsar
Opon HoBoamarHocTMumpaHu naumeHTn ¢ ATTP-KMI
npes nocrneaHuTe roguHN ce ObMXWM Ha U3MOn3BaHeTo
Ha KoCTHaTa cuuHTurpadusl, 3a KOSTO Uma OaHHU, ye
€ MHOrO YyBCTBUTENEH M BUCOKOCNeunpmnyeH HenHea-
3MBEH AMarHoCcTM4eH MeTog npu ToBa 3abonssaHe [26].

OwarHocTnyeH an ropuTbBM™M

Ha 6asarta Ha ycTaHOBeHWTe Jocera OaHHU U Ha
obLonpreT MeXaoyHapo4eH KOHCEHCYC npeanarame
cnegHust anropuTbMm 3a gumarHoctuka Ha AT TP-KMI
B bbnrapus (dur. 1) [26, 27, 28]. Bcudkn naumeHTy,
npu KOUTO MMa CbMHEHNE 3a CbpaeyYyHa aMuUnonaosa,
ca nokasaHu 3a MNpoBexdaHe Ha KOCTHa CUUHTUrpa-
dua 1 TectoBe 3a NOTBbPXKOABAHE UIM OTXBbPrsiHE
Ha NeKoBepWXXHa amunongosa, a MUMEHHO MMYHOEenek-
Tpodopesa ¢ UMYHOUKCALUUS HA CEPyM M ypuHa U1
KONMMYEeCTBEHO M3crefBaHe Ha CBOOOAHM NeKn Bepu-
' B cepyma u TAXHOTO CbOTHoLleHue. lNpu nunca Ha
MOHOKJTOHarNeH MpPOTEWH M HOPMAarHO CbOTHOLLEHMWE
Ha A UM K NeKNn BEpPUrn, KakTo U ako HsMa HaTpymn-
BaHe Ha paguodapmaueBTVK B Muokapga (cteneH 0)
ce OTXBbpnd HanmnymeTto Ha ATTP unn nekoBepuxHa
amunongHa KMI. Moxe aa ctaBa BbNpOC 3a Apyr Bug
pagka cbpaedHa amunougosa, XKMI vnn pectpuk-
TMBHa Kapguomuonatus. Npenopbysa ce MarHMTHope-
30HaHCHO M3cnegBaHe Ha cbpue 1 no npeueHka EMbB
C XUCTONOrM4YHO n3crneaBaHe, KakTo U reHeTUYEH aHa-
nn3 3a gnarHocTmumpaHe Ha psagka bopma Ha amuno-
nno3a (AApoAl) nnn gpyra HacnegcteeHa KMIT. MNpwu
NnauneHT C KaTeropmyHo MONOXUTENHA KOCTHA Cuu-
Hurpadgwus, T.e. HaTpynBaHe Ha paguodapMaueBTyKa,
OLIEHEHO KaTo cTeneH 2 unn 3, 1 KaTeropmyHo oTpu-
uarteneH pesynrtart 3a MOHOKITOHarHa ramanaTusi, npu-
emame, Ye ctaBa Bbnpoc 3a ATTP-KMI1, koato moxe

considered an untreatable disease, which discourag-
es the physicians to be persistent to reach the final
diagnosis [24]. A specific treatment for ATTR-CM (ta-
famidis 61 mg) has been recently approved for both
hereditary and wild type. It is a transthyretin stabilizer
which has been used in patients with transthyretin am-
yloid polyneuropathy for several years at 20 mg dose.
It is most effective when initiated at an early stage
[25]. Alimiting factor for ATTR-CM diagnosis has been
the need for an endomyocardial biopsy (EMB), which
being an invasive procedure carries some risks for se-
rious complications. Another limiting factor is the need
of experienced pathologists and well equipped labora-
tory for achieving a reliable histological diagnosis. The
increased number of recently diagnosed ATTR-CM
patients has been achieved through increased aware-
ness of the disease and the use of bone scintigraphy
as a sensitive and highly specific noninvasive diag-
nostic method [26].

Diagnostic algorithm

Based on internationally approved consensus
documents we propose an algorithm for diagnosis of
ATTR-CM in Bulgaria (Fig. 1) [26, 27, 28]. All patients
in whom cardiac amyloidosis is suspected, based on
clinical presentation or imaging data (echocardiogra-
phy and or/cardiac magnetic resonance (CMR) must
be referred for bone scintigraphy and AL amyloidosis
rule out. The following tests should be performed: se-
rum and urine protein electrophoresis with immunofix-
ation (SPIE, UPIE) and free light chains (FLC) assay.
Both, ATTR and AL cardiomyopathy are ruled out when
both tests are negative i.e. no monoclonal protein is
identified and the bone scintigraphy score is assessed
as Grade 0 — the likely diagnosis is another rare type
of cardiac amyloidosis (AApoAl) or other hypertrophic
or restrictive cardiomyopathy. Cardiac magnetic reso-
nance (CMR), if not already performed, EMB with his-
tology and/or genetic tests are recommended at phy-
sician discretion for elucidating the diagnosis. Patients
with definitively positive bone scintigraphy, i.e. Grade
2 or 3 and definitively negative results for monoclonal
gammopathy will be diagnosed with ATTR-CM, either
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na 6boe HacnegctBeHa unu ame Twun. CnepgBaliarta
CTbMNKa € MOMEKynsipHOreHeTU4YeH aHanma 3a pasrpa-
HM4YaBaHe Ha aBeTe copmu. B crniyvanTe ¢ nonoxuren-
Ha KOCTHa cumHTUrpadmsa (cteneH 2 unm 3), npu KouTo
He MOXe KaTeropuMyHO Aa Ce M3KITHYM MOHOKIIOHanHa
ramanatusi, € Heobxogmmo nposexgaHe Ha EMbB c
XUCTOMOMMYHO MOTBbPXKA4ABaHE W MMYHOTUMU3NPaHe
Ha amuronga — TPaHCTUPETUH UMK Nekn Bepurn. Tpsib-
Ba [a ce MMa npensu, Ye npu okono 5% ot xopara
Hag 70-rogviHa Bb3pacT MOXE [a ce guarHoctuumpa
MOHOKIOHanNHa ramanaTtnsi ¢ HeyCTaHOBEHO 3HayeHue
MGUS, koaTo aa cenbtctBa ATTP-KMI1 [29]. B cnyya-
ute ¢ oTpuuatenHa KoctHa cuuHturpadums (cteneH 0)
W CUTYPHU OaHHM 3a MOHOKIIOHanHa ramanatus, nauu-
E€HTUTE Ce Haco4yBaT KbM XEMAaTosor 3a AOMbITHUTENHO
OMarHOCTUYHO YTOYHSIBaHe, NeYeHne 1 npocrnenssaHe.
HeobxoaMMo e XMCTONOrM4yHO NOTBbPXKAaBaHe Ha aMu-
nowga B 3acerHar opraH (6b6peum, cbpue, KOCTEH MO-
3bK, KOXa M T.H.). [lpy g4aHHM OT KOCTHaTa CUUHTUIpa-
s 3a cTeneH 1 Ha HaTpynBaHe B M1okapaa € Heobxo-
OVIMO XUCTOMNOMMYHO MOTBbPXAAaBaHe U TUMM3nMpaHe Ha
amunonga 3a noctaBsiHe Ha OKOHYaTenHa guarHosa. Ha
dour. 2 e nokasaHa MynTMmMoganHa obpasHa guarHocTu-
Ka npu naumeHTka ¢ HacneacteeHa AT TP-KMT.

AwvarHocTuyeH anroputbm sa ATTP-KMI

CbMHeHue 3a cbpfieuHa amunongosa (kauumunm, EKT, ExoKl nnn MPT gakm)

[}

Hopmanuu Tectose 3a neku
BEPUIM U/WUNU MOHOK/IOHaNEH
npoTeuH

MaToNorMUHK TecToBe 3a IeKn
BEpPUIN U/UIK MOHOKIOHaNIEH
npoTeuH

*XNCTONOMYHO NOTBBbPXKAABAHE W TUNN3MpaHe Ha amunouaa; ATTP-KMI
— TpaHCTWpeTWHOBa amunougosa ¢ kapgvomuonatus; EKT — enektpo-
kapanorpama; ExoKlm — exokapaunorpadms; MPT — marHUTHOpe3oHaHcHa
Tomorpacmst; EMB — engomuokapaHa 6uoncus; DPD — 3,3-diphosphono-
1,2-propanodicarboxylic acid; HDMP - hydroxymethylene diphosphonate;
PYP - pyrophosphate; Al — nekoBepwHa amunongosa

Ckop 2 unu 3

£
h

& =B

®ur. 1. InarHoCcTUYeH anroputbm Npu CbMHEHWE 3a aMmunongHa
KapgnomuonaTtus

hereditary or wild type. The next step is to perform ge-
netic analysis to differentiate between both types. In
patients with positive bone scintigraphy (Grade 2 or 3),
when monoclonal gammopathy could not be definitive-
ly ruled out, EMB with histological confirmation and typ-
ing of the amyloid with immunohistochemistry or mass
spectrometry is mandatory. The fact that about 5%
of people above 70 years of age are diagnosed with
monoclonal gammopathy of undetermined significance
(MGUS) has to be taken in consideration [29]. If the
bone scintigraphy is negative (Grade 0) and there are
definitive results, confirming monoclonal gammopathy,
the patients must be referred to a hematologist for fur-
ther diagnosis, treatment and follow up. In cases with
Grade 1 uptake from bone scintigraphy, a specialized
assessment with histological confirmation and typing of
the amyloid is needed for definitive diagnosis. Figure 2

demonstrates the use of multimodality imaging in AT-
TR-CM diagnosis.

Suspicion for cardiac amyloidosis al, ECG, Echo, CMR)

&
SPIE and UPIE, serum FLC assay
Normal SPIE and UPIE, serum FLC assay Abnormal SPIE and UPIE, serum FLC assay

Grade 2 or 3 Grade 0 Grade 2 or 3

*histologic confirmation and typing of the amyloid; ECG - electrocardio-
gram; Echo — echocardiography; CMR - cardiac magnetic resonance; DPD
- 3,3-diphosphono-1,2-propanodicarboxylic acid; HDMP — hydroxymeth-
ylene diphosphonate; PYP — pyrophosphate; SPIE — serum protein elec-
trophoresis with immunofixation; UPIE — urine protein electrophoresis with
immunofixation; FLC - free light chains; EMB — endomyocardial biopsy;
ATTRv - variant transthyretin amyloidosis; ATTRwt — wild type transthyretin
amyloidosis; AL — light chain amyloidosis

e

& =

Fig. 1. Diagnostic algorithm for patients with suspected amyloid
cardiomyopathy
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lopeH pep — exokapauorpadckv obpasu; ot nsBo HagacHo: JIK xunepTpodms”; auactoneH kpbBoTok ¢ Pulsed-wave Doppler; TunnyeH obpa3 Ha 3anaseH NOHMUTYaMHaNeH
CTpeiH Ha CbpaeyHus BpbX. CpeaeH pen — 06pasu 0T MarHUTHOPE30HAHCHO M3CneaBaHe; OT NSIBO HaaACHO: Aebenu cTenu Ha JIK, aunatupaHo J1M; Tuin4HO KbCHO KOHTpacCT-
HO ycunBaHe ¢ ragonuunym. floneH ped — obpasu o1 *"Tc-PYP kocTHa cumHTurpacns cbe SPECT, cTeneH 3 Ha HaTpynBaHe Ha pagnodhapMalieBTika B Myuokapaa

®ur. 2. MyntumoganHa obpasHa guarHocTmka npy naumeHTka ¢ TpPaHCTUPETMHOBa aMunovaHa kapavommonatus (cobcteeH matepuan)

Upper row - echocardiographic images; from left to right: thick left ventricle, Pulsed-wave Doppler of mitral inflow, typical apical sparing on bull's eye with speckle tracking
echocardiography; middle row — CMR images from left to right: native image with thick left ventricle, dilated left atrium, typical late gadolinium enhancement bottom row —
%nTe-PYP bone scintigraphy with SPECT images. 99mTc-PYP myocardial uptake assessed as Grade 3.

Fig. 2. Multimodality imaging in a female patient with hereditary transthyretin amyloid cardiomyopathy (from personal archive)

KniouoBu kputepumn 3a ATTP KMI

3apebenenun JIK cteHn 212 mm 6e3 agunaTtauns Ha
JIKBkoMOBuHaumnac=1oTcnegHmMTe Haco4BalLnbenesn
[30, 311

Mpu auB Tun ATTP amunouposa:

e Mbxe Hag 60-roguwHa Bb3pacT 1 xeHu Hag 70
roa. cb¢ CH npu 3anaseHa OU

e OpTOoCTaTtMyHa XUMNOTOHUS

e CuMNTOMaTMYHA XMMOTOHUS MMM HOPMOTOHUS
npu npegwecteawa AX

e [lecHocTpaHHa CH, nneBpanHu nanmeu

e [1ByCcTpaHeH CMHAPOM Ha KaprarnHus TyHen

e CTeHO3a Ha cnuHanHusa KkaHan

e PynTypa Ha CyXOXWNUETO Ha ABYrnaBuUs MYCKYn
Ha MULLIHMLATa

e HosoguarHocTuumnpara XKMI1 cneq 60-roguiiHa
Bb3pacT

e AOpTHa CTEHO3a C HUCHK aebut

Key criteria for ATTR-CM

Increased LV thickness = 12 mm without LV dilata-
tion in combination with = 1 of the following key criteria
[30, 311:

In ATTRwt amyloidosis:

e Men above 60 years and women above 70 years
of age with HFpEF

¢ Orthostatic hypotension

e Symptomatic hypotension or normal blood
pressure in preexisting arterial hypertension

¢ Right sided HF, pleural effusion

¢ Bilateral carpal tunnel syndrome

e Spinal stenosis

¢ Biceps tendon rupture

e Newly diagnosed HCM after 60 years of age

¢ Low flow aortic stenosis
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o AHMMHa NEKTOpPUC Npu fmnnca Ha CUrHUOUKAHTHU
KOPOHapHM CTEHO3N

e IMnnaHTupaH noctosiHeH EKC

o Hucbk QRS BonTax w/mnm nceBoonHdapkTeH oopas

o [lpencbpaHO MbXaeHe U/unu cbpaedeH brnok

o benesn 3a nnduntpatnsHa KMl kaTto 3apebensi-
BaHe Ha KnanHuTe nnatHa, MexaynpeacbpaHusa cen-
Tym n K cTteHa

e HamaneH rnobaneH nOHIUTYAMHANEeH CTPenH
C OTHOCWTENHO 3anaseH NOHrMTyauHaneH CTPenH Ha
CbpAeYHMS BPbX

o [lepvkapaeH nsnus

o TunmyeH obpas Ha KbCHO KOHTPACTHO yCunBaHe
Ha MPT

e HenoHoCMMOCT KbM CTaHOAPTHUTE MeOuKaMeH-
Tn 3a CH: ACE, APB, 6eta-6nokepu, CA aHTaroHucTy,
OUrMTannucoBm npenapaTu

e [lepcucTtumpalllo NOBULLIEHO TPOMOHMHOBO HUBO.

Mpun HacneacTBeHa ATTP amunounposa:

e benesun 3a uHpuntpatueHa KMl kato 3apebens-
BaHe Ha KnanHuWTe nnartHa, MexgynpencbpaHus cen-
TyM 1 K cteHa

e HamaneH rnoGaneH nOHrUTyAUHaNeH CTPEenH
C OTHOCWTENHO 3anaseH NOHIMTyAuHaneH CTPErH Ha
CbpAeYHMSA BPBX

o [lepukapaeH nsnvs

o TunmyeH obpas Ha KbCHO KOHTPACTHO ycunBaHe
Ha MPT

e [IByCcTpaHeH CMHOPOM Ha KapnanHus TyHen

e Hucbk QRS BonTax nmnm nceBgonHdapkTeH obpas

e [peacbpaHO MbXaeHe u/unu cbpaeyeH 6rnok

¢ [lepudepHa nonuHesponaTms

e BeretatmBHM MposBU KaTo OpTOCTaTU4HA XUMO-
TOHWS, AMapus, pegyBalla ce CbC 3anek, necHo 3acu-
LaHe, MOBpbLUaHe crief HaxpaHBaHe, 3aTpygHEHMWs
Npv YpUHMpaHe, epekTuIiHa AMCYHKUMSA

e HemoTuBMpaHa peaykums Ha Terno

o damMUNHOCT M NPOM3X0o4 OT EHAEMMUYEH pPaioH.

OnarHocTu4Hn TecTtoBe

EKIr

Hucbk Bontax Ha EKI npu Hanuume Ha JIK xu-
neptpodhna e naTtorHOMOHW4YeH Gener 3a cbpaevHa
amunongosa, Ho ce cpella camo npu okono 25-40%
oT nauueHTute ¢ ATTP, no-4yecTo npu nekoBepmxHaTa
dopma B 45-60%. MHOro xapakTepeH e T.Hap. rncegdo-
UHghapkmeH obpa3s (naTonornyeH Q-3bbeL), KONTO ce
cpella B okono 2/3 ot 6onHuTe, kakto ¢ ATTP, Taka n
C NeKkoBepwxHa amurongosa. [pyrn 4ecto cpelyaHu
NpPoOMeHN ca nsiB npegeH xemubnok n A-V 6nok | cT.
MpencbpoHo MbXxaeHe ce cpella npu okono 30% ot
nauMeHTUTe CbC CEeHUNHa aMurouao3a, Npu Hacnea-
ctBeHa ATTP (< 10%) v npn nexkoepwxHa (< 20%)
[13, 32, 33].

e Angina pectoris without significant coronary ste-
nosis

¢ Implanted permanent pacemaker

e Low QRS voltage, pseudoinfarct pattern

o Atrial fibrillation, heart block

e Infiltrative features such as thickened valve leaf-
lets, atrial septum, right ventricular wall

e Reduced global longitudinal strain with relatively
preserved apical strain

e Pericardial effusion

e Characteristic late gadolinium enhancement

e Hypertension and HF medication intolerance
such as: ACE, ARB, beta-blocker, calcium channel
blocker, digitalis

¢ Persistently elevated troponin levels

In ATTRm:

e Infiltrative features such as thickened valve leaf-
lets, atrial septum, right ventricular wall

e Reduced global longitudinal strain with relatively
preserved apical strain

¢ Pericardial effusion

e Characteristic late gadolinium enhancement

¢ Bilateral carpal tunnel syndrome

¢ Low QRS voltage, pseudoinfarct pattern

e Atrial fibrillation, heart block

¢ Peripheral polyneuropathy

e Autonomic dysfunction: orthostatic hypotension,
alternating diarrhea and constipation, diarrhea, con-
stipation, early satiety, nausea, postprandial vomiting,
neurogenic bladder, erectile dysfunction

e Unmotivated weight reduction

e Family history and origin from endemic region

Diagnostic tests

Electrocardiography (ECG)

Low voltage ECG in the presence of LV “hypertro-
phy” is a pathognomonic sign for cardiac amyloido-
sis, but is found in about 25-40% of the patients with
ATTR amyloidosis, more frequently in AL amyloidosis
— in about 45-60%. Another characteristic sign is the
pseudoinfarct pattern (pathological Q wave), found
in about 2/3 of the patients with both ATTR and AL
amyloidosis. Other common findings are left anterior
hemiblock and A-V block 1st degree. Atrial fibrillation
is present in about 30% of the patients with ATTRwt,
in <10% in ATTRm and < 20% in AL amyloidosis [13,
32, 33].
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Exokapduoepacbusi

ExokapguorpadpckoTo uscnegBaHe € KIi4oBO 3a
AVarHoCTULUMpaHeTO Ha CbpAeyHa aMuMnomaosa, kaTto
obLwonpueT kputepun e gedenvHa Ha JIK cteHa = 12
mm npuv nunca Ha gpyra npuyvHa 3a JIK xuneptpodusi
[34, 35]. Exokapanorpadusata e HesaMeHnma 3a OLeH-
Ka Ha guactornHata QyHKUUA, KOATO Npu CbpaevHa
amuriongosa e 3acerHata OT CamMOTO Hayano Ha pas-
BUTME Ha 3aboNsABaHETO M OTpa3siBa Heroearta nporpe-
cus. B paHHuTe cTagum ce HabnogaBa HapyweHa JIK
penakcauusi, KOSTO C HanpegBaHe Ha GonectTa eBo-
novpa B ymepeHa Mo CTeneH AMacTtonHa UCcyHKUus,
a no-kbCHO B pecTpukTmBeH Tun JIK nbnHeHe. Speckle
tracking exokapguorpadusita uma CblLLeCcTBEHA Pons
npv AWarHOCTMUMPaAHETO, MNpocreasBaHeTo M npor-
HOCTMYHaTa OLEeHKa Ha CbpAevHaTa amunougosa u
OTrpaHNYaBaHETO M OT Apyrn 3abonsBaHus C XUNepT-
poduyeH peHoTun kato XKMIT, xunepToHMYHO ChpLie,
CMOPTHO cbpLe, bonect Ha Pabpu. XapaktepeH Gener
€ HamaneHuAT rnobaneH MOHMUTyAWHanNeH CTPenH C
OTHOCUTENHO 3arnal3eH ITOHTUTYOUHANEeH CTPerH Ha
CcbpaevHus BpbX (Yepelukarta Ha TopTara) [36, 37, 38].
Upes ExoKI™ He moxe ga ce otgudepeHumpa ATTP ot
nekoBepwxkHa CbpAevHa amunongosa.

CnegHuTe exokapavorpadycku NpoOMEHN ca Xxapak-
TepHu 3a amunongHa KMIT:

e YBenuyeHa aebenunHa Hag 12 mm Ha JIK n Hap
7 mm Ha gsicHaTa kamepa C NoBuLIEHA EXOreHHOCT Ha
MuokKapaa.

e HopmanHu unu HamaneHun pasmepu Ha J1K.

e PasnnyHa no TexecT guacTtonHa ANcdyHKUnS —
OT HapyLleHa penakcaunsa npes ncesgoHopManeH o6-
pas, 0o pectpuktmeeH Tun JIK nbrHeHe.

e 3anaseHa (> 50%) wnn B HanpegHanuTe cTaguu
HamaneHa ®U.

e HamaneH rnobaneH NoHrMTyaMHaneH CTpenH.

e basanHo-anvkaneH rpagueHT Ha NOHIUTYOUHaM-
HWUSI CTPEVIH C OTHOCUTENHO 3anaseHa gedopManms Ha
cbpaeyHus Bpbx npu STE.

e [lnnartaumsi Ha NsiBo Npeackpave.

e [lunatauuna Ha ASCHO Npeacbpane 1 JonHa Kyxa
BEHa.

e 3apebensaBaHe Ha knanHuWTe nnarHa, obukHoBe-
HO C feka 40 YMepeHa no CTENEH peryprutaums.

e 3agebensaBaHe Ha MexaynpeacbpaHUs CENTYM.

e Manbk nepuikapgeH mnanme (npu okono 50% ot
nauneHTuTe).

MaeHumHo-pe3oHaHcHa momoepagpusi (MPT)

MPT e 3nateH ctaHgapT 3a OLeHKa Ha CTPyKTypa-
Ta Ha CbPUETO U faBa AOMbIHUTENHA MHAOpMaLud
MO OTHOLLEHWE Ha TbKaHHUTE XapaKTePUCTUKN Ha MU-
okappa. lNMpu cbpaevHaTa amunongosa ce Habnogasa
XapaKTepHO KbCHO KOHTPacTHO ycuneaHe npu M3nons-
BaHe Ha ragonuHuym (dwur. 4). lNo-HOBMTE MeTOAM KaTo

Echocardiography

Echocardiography is a key imaging test to raise
the suspicion for cardiac amyloidosis [30, 34]. LV wall
thickness = 12 mm in the absence of other causes of
LV hypertrophy is an internationally accepted criterion
[35]. Echocardiography is an invaluable method for LV
diastolic function assessment, which in cardiac amyloi-
dosis is affected from the very early stage of the dis-
ease. It reflects the disease progression from impaired
LV relaxation, pseudonormal pattern to a restrictive fill-
ing pattern. Speckle tracking echocardiography plays a
significant role in the diagnosis, follow up and prognos-
tic assessment of cardiac amyloidosis and its differenti-
ation from other diseases with hypertrophic phenotype
as HCM, hypertensive heart, athlete heart, Fabry dis-
ease. A characteristic sign is the reduced global longi-
tudinal strain (GLS) with relatively preserved longitudi-
nal strain of the apex (cherry on the top) [36, 37, 38].
Echocardiography could not be used to differentiate
ATTR from AL amyloidosis.

Typical echocardiographic characteristics for amy-
loid cardiomyopathy are (Fig. 3):

e Increased wall thickness = 12 mm for the left
ventricle and =7 mm for the right ventricle with sparkling
appearance of the myocardium

e Normal or reduced LV dimensions

¢ Various degree of diastolic dysfunction — from
impaired relaxation, trough pseudonormal pattern to
restrictive LV filling

e Preserved (> 50%) EF or reduced in advanced
disease

e Reduced GLS

e Basal-apical gradient of the longitudinal strain
with relatively preserved apical strain

o Left atrial dilatation

¢ Right atrial and inferior vena cava dilatation

e Thickened valve leaflets with mild to moderate
regurgitation

e Thickened atrial septum

e Small pericardial effusion

Cardiac magnetic resonance (CMR)

CMR is a gold standard for heart structure assess-
ment and gives additional information about tissue
characteristics of the myocardium. Typical late gadolin-

ium enhancement is observed in cardiac amyloidosis
(Fig. 4). T1 mapping has additional advantages regarding



ﬂMaFHOCTMHeH anropnTbM Npu TpaHCTUpeTnHoBa amMmuionaosa... 15

FopeH pep 0T NIBO HaAsICHO: NapacTepHanHa nouLys no Abnrata oc — 3aaebenenu cTenn Ha nssa kamepa (JIK), aunatvpaHo nsBo npegbpave, 3afeGeneHn knanHm niar-
Ha, Manbk nepuykapAeH U3nuB; napacTepHanHa nouuus no kbcara oc — JIK cbe 3apebenenu CTeHn 1 HamaneHu pa3vepu, 3afebeneny nnaTHa Ha MUTpanHa knana, Manbk
nepuKkapaeH 3nuB; anukanHa nosuuns 4 KyxuHu — AunaTupanu Npeachpans, nepukapaeH usnue. CpeaeH pep OT NSBO HAAACHO: CyBKocTanHa nosuuns — 3anebeneHn cTenu
Ha NsiBa W [isicHa kamepa, 3afeGeneH MexaynpencbpaeH CenTyM, nepukapaeH UanuB; TUNuyeH oGpas Ha 3anaseH MOHIUTYANHANEH CTPEVH Ha CbPAEYHNS BPbX CbC speckle
tracking exokapanorpachusi; HamaneH| TbkaHHU MUoKapAHY ckopocTy. [loneH pe oT NsiBo HaasicHo: Pulsed-wave Doppler npes MuTpanHa knana npy Tpuma pasnnyHy nawu-
€HTV C amnrouaHa kapavomuonatus — HapylueHa JTK penakcauys, ncesfoHopManeH 06pas, pecTpuktueeH Tun JIK mbiHeHe

®ur. 3. Exokapauorpadcku 06pasu Ha NauneHTu ¢ amurionaHa kapamomuonaTus (CobcTeeH Matepuarn)

Upper row from left to right: parasternal long axis — thick and sparkling left ventricular walls, dilated left atrium, thickened valve leaflets, small pericardial effusion; parasternal
short axis with thick and sparkling left ventricular walls, thickened mitral valve leaflets, reduced left ventricular dimensions, small pericardial effusion; apical four chamber view:
thick left ventricle, dilated atria. Middle row from left to right: subcostal view with thick left and right ventricular walls, thick atrial septum, pericardial effusion; characteristic apical
sparing on bull's eye with speckle tracking echocardiography; reduced tissue myocardial velocities. Bottom row from left to right: Pulsed-wave Doppler of mitral inflow showing
impaired relaxation, pseudonormal pattern and restrictive LV filling in three different patients with amyloid cardiomyopathy.

Fig. 3. Echocardiographic images from patients with amyloid cardiomyopathy (from personal archive)

OT nsiBo HaAsCHO: HaTUBeH 06pa3 — 3aebeneH MUOKapA Ha NsiBa v [iSICHa kKaMepy, YMEPEHO AunaTvupaHu Npencbpans, nepukapaeH U3nuBe, Mambk AECHOCTPaHEH NneBpaneH
W3NWB; TUMUYHO KbCHO KOHTPACTHO YCUNBaHe C rafon HNYM, aHraxupalLo Ha npakTvka Lisnata AebennHa Ha M1okapaa Ha BeTe kaMepy U CTEHUTE Ha MpeAchpausTa.

®ur. 4. TunuyHn 06pasn Ha cbpaeyHa aMunonao3a nNpyv MarHUTHO-Tomorpadpcko n3cneaBaHe (Co6CTBeH MaTepuarn)

From left to right: native scan with thickened myocardium of both ventricles, moderately dilated atria, pericardial effusion and small right-sided pleural effusion; typical late
gadolinium enhancement, involving full thickness of the myocardium of both ventricles and atria.

Fig. 4. Magnetic resonance images in cardiac amyloidosis (from personal archive)
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T1 mapping umat AOMbAHUTENHN NpeguMcTBa no oT-
HOLLEHME MO-PaHHOTO AMarHocTMuupaHe Ha 3abonsea-
HeTo, AndepeHumanHaTa anarHo3a u Konm4ecTBEHOTO
n3cneaBaHe Ha amunongHust Toeap. Kakto npu exo-
Kapauorpad)cKoTo u3cnefBaHe, He MOXEM [[a Morny-
YnuM MHopMaLMA 3a Buaa aMmmnonaosa.

CnegHute MPT npoMeHu ca xapaKTepHu 3a aMu-
novgHa KMTIT:

e KOHTpacTHO ycuneaHe C ragoriMHUyMm: ragonu-
HUYMBT MMa MHTEPCTULMANHO pasnpeaerneHne n ce
3agbpka No-gbharo B CErMEHTU C HaTpynBaHe Ha amu-
nova, KOeTo BOAM OO KbCHO KOHTPACTHO yCUIBaHe.
To moxe ga 6baoe Audy3HO UK MNETHUCTO, MO-YECTO
cybeHooKapAHO, HO € Bb3MOXHO Aa Obae nHTpa- unm
TpaHcmypanHo [39]

e T1 mapping e KonuyecTBeH MeTo[ 3a U3MepBaHe
Ha MuokapaHu curHanu. Mpu HatveeH T1 mapping (6e3
KOHTPAacCT) ce YCTaHOBSIBA 3HAYUTENHO YObIMKEHOTO T1
BpeMe Ha penakcauus 3a pasnvka oT Apyri Kapauomu-
onatum ¢ nogobeH deHoTMN, HanpuMep XMnepTpodryHa
KMTI n 6onect Ha ®abpu [40]. To3n meToa moxe Aa bbae
N3MoM3BaH Npu NauMeHT ¢ TEXKo 6bOpeyvHo yBpexaaHe,
NPV KOMUTO M3MON3BaHETO Ha KOHTPACT € MPoTUBOMNOKasa-
Ho. T1 BpemeTo MoXe Aa 6bae yabImKeHOo npeaun nssisa
Ha JIK xunepTtpodus n ToBa Moxe Aa Obae M3MNoNn3BHO 3a
Nno-paHHO AnarHocTuLUMpaHe Ha 3abonsaeaHeTo [41].

e MPT noseonsBa n34McrneHve Ha ekcTpauenyna-
peHus obeM, KOMTO e yBENUYEH Npu amunongosa [42].
ToBa gaBa Bb3MOXHOCT 3a paHHa guarHosa, npocrie-
OsBaHe Ha HaTpynBaHETO Ha amMmunouna u MoHuTopupa-
He Ha edyeKkTa OT NPOBEAEHOTO feveHune [43].

HykneapHa meduyuHa

YcrtaHoBeHO e, 4e %mTc-3,3-diphosphono-1,2-
propanodicarboxylic acid (**"Tc-DPD) — pagunocapma-
LIEBTUK, KOWTO CE M3MON3Ba Npv NpoBexaaHe Ha KOCTHa
CUMHTUrpadoms, ce HaTpynea B M1OKapAa Ha NaumeHTn
c ATTP-KMI1 kakto HacnegcTBeHa, Taka v ,amB Tmn®
[44, 45]. Opyrute gBa paguodapmaleBTuka, npeno-
pbyBaHu 3a guarHocTuumnpare Ha AT TP-KMIT, ca M Tc-
pyrophosphate (*"Tc-PYP) n **"Tc—hydroxymethylene
diphosphonate (*"Tc-HMDP) [26]. MexaHu3MbT He €
HaMb/IHO U3SICHEH, HO ce npegnonara, Ye e CBbp3aH
C Hanuune Ha Kanuui B amUnouaHuTe HaTpynBaHWUs
[12]. BbBegeHa e ckana 3a BM3yaliHa oueHKa Ha cTe-
neHTa Ha HaTpynBaHe Ha ropenocoveHnTe pagnodap-
MaLeBTMUM B M1oKapaa (dwur. 5) [46].

e CteneH 0 — nuncea HaTpynBaHe B MWOKapAaa,
HOpPMarsHO HaTpynBaHe B KOCTUTE;

e CteneH 1 — neko HaTpyneBaHe B MuoKapga, HO
MO-HNCKO OT TOBA B KOCTUTE;

e CTeneH 2 — yMmepeHo HaTpyneaHe B MuoKapaa 1
aTEHIOUPaHO HaTpynBaHe B KOCTUTE;

e CTeneH 3 — CMITHO HaTpynBaHe B MMOKapaa ¢ Mu-
HUMarHO U NUNCBALLO HaTpyrnBaHe B KOCTUTE.

early diagnosis, differential diagnosis and quantitative
evaluation of the amyloid burden. CMR, as echocar-
diography could not be used to diagnose the type of
amyloidosis.

CMR changes, characteristic for cardiac amyloido-
sis are:

e LGE: gadolinium has interstitial distribution and
stays longer in segments with amyloid deposition.
LGE may be diffuse or patchy, more frequently
subendocardial, but also intra and transmural [39].

e T1 mapping is a quantitative method for
evaluation of signal from the myocardium. In cardiac
amyloidosis, with native T1 mapping (without
contrast) a significantly prolonged time of relaxation is
observed, which could also differentiate it from other
cardiomyopathies as HCM or Fabry disease [40]. This
method can be used in patients with severe kidney
disease in whom contrast is contraindicated. T1 time
may be prolonged before LV hypertrophy is detected
by imaging tests and this can be used for earlier
identification of the disease [39, 41].

e With CMR, extracellular volume could be
quantified, and this could enable early diagnosis,
follow up of amyloid deposition and treatment effect
monitoring [42, 43].

Nuclear medicine

It has been well established that **™Tc-3,3-diphos-
phono-1,2-propanodicarboxylic acid (**"Tc-DPD) — a
radiopharmaceutical, used for bone scintigraphy is
deposited in the myocardium and can be used for di-
agnosis in patients with ATTR-CM, both in hereditary
and wild type [44, 45]. Another two radiopharmaceu-
ticals that have been recommended for ATTR-CM
diagnosis are *™Tc-pyrophosphate (*"Tc-PYP) and
%mTc—hydroxymethylene diphosphonate (**"Tc-HMDP)
[26]. The mechanism is not well elucidated, but may be
linked to the presence of calcium in the amyloid depos-
its [12]. A visual assessment score, grading the extent
of uptake of the above mentioned pharmaceuticals in
the myocardium has been proposed (Fig. 5), [46].

e Grade 0 — no uptake in the myocardium, normal
uptake in the bones;

e Grade 1 — mild uptake in the myocardium, lower
than in the bones;

e Grade 2 — moderate uptake in the myocardium,
and attenuated uptake in the bones;

e Grade 3 — strong uptake in the myocardium with
minimal or missing uptake in the bones.
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MHOroLeHTPOBO KITMHUYHO M3NuTBaHe npu 1217
nawumeHTu, ot kouto 374 ca c nposeaeHa EMB, e Banu-
Ovpano KocTHaTa cunHurpadus 3a gnarHocTukarta Ha
ATTP-KMIT. B cnyyauTe, koraTto e Hanuue HaTpynsaHe
Ha OCTeOTponeH pagnodapmMaueBTMK B MuOKapaa B
cTeneH 2 unm 3 N e U3KIKYEHO HaNMYMeTo Ha MOHO-
KNoHarneH nNpoTeuH, cneungunyHocTTa Ha n3cneaBaHe-
TO 3a Hanu4ume Ha ATTP-KMI1 e 100% [26].

[Mpn HAKOM MaUMEHTU C NEKOoBEpWMIKHaA amunouaosa
CbLLIO Ce HabntogaBa HUCKOCTENEHHO HATpynBaHe Ha pa-
anodapMaueBTMK — cTeneH 1-2, nopagn KOeTo macrea-
BaHMsITa Ha CBOOOAHM NEKN BEPUTU U UMYHOUKCALMSE
Ha cepyM U ypuHa, ca 3agbrkutennu [47]. HatpynsaHe
Ha pagnodapmaLeBTUK B MUOKapAa Moxe Aa ce Habrto-
[aBa olLe Npeauy nosiBata Ha CMMMTOMM, OT Apyra cTpa-
Ha, 3HaYUTENHOTO HaTpynBaHe B M1OKapaa € CBbp3aHo C
no-HebnaronpusiTHa NporHo3a [45].

3aabImKUTENTHU U3crneaBaHUs 3a U3KITKOYBaHe
Ha NIeKoBepuxHa aMmuinongosa

Mopagn HeBb3MOXXHOCTTa 3a CUrYpPHO pasrpaHuya-
BaHe Ha ATTP-KMI1 ot nekoBepwxHa amunovaHa KMI
caMo ¢ obpasHu M3crnedBaHusi € 3a4bIPKUTENHO Mpo-
BEXOaHETO Ha CreaHNTe TeCToBeE:

Ot rope Hagony: CteneH 0, 1, 2 u 3 HaTpynBaHe Ha pagvocdapmaLieBTKa
B MV1OKapfa.

®ur. 5. *°"Tc-PYP kocTHa cumHTUrpadusi npy Yetmpuma
pasnuyYHN NaumneHTn, CyCneKkTHN 3a CbpaeyHa aMmuionaosa
(cobcTBeH maTepuarn)

From top to the bottom: Grade 0, 1, 2 and 3 uptake of the pharmaceutical in
the myocardium.

Fig. 5.%°"Tc-PYP bone scintigraphy in four patients with
suspected cardiac amyloidosis (from the authors’ archive)

Multicentre clinical trial, which included 1217 pa-
tients (in 374 endomyocardial biopsy was performed)
has validated bone scintigraphy for the diagnostics of
ATTR-CM. In the cases with osteotropic radiopharma-
ceutical uptake in the myocardium (Grade 2 or 3) and
monoclonal protein ruled out, the specificity of the test
for ATTR-CM was 100% [26].

In some patients with AL amyloidosis, a mild
to moderate deposition of the radiopharmaceutical
(Grade 1 or 2) may also be observed, so the tests for
detecting monoclonal protein must be performed [47].
A deposition of the radiopharmaceutical in the myocar-
dium could be visualized in asymptomatic patients and
in patients with normal LV wall thickness, which could
be used for an early identification of the disease. A sig-
nificant myocardial uptake is associated with more un-
favorable prognosis [45].

AL amyloidosis rule out

The imaging tests are not sufficient for differenti-
ating ATTR from AL amyloidosis. The following test
should be used for AL amyloidosis rule out:
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— enekTpogopesa ¢ MMyHOUMKCaLUs Ha CepymM;

— enekTpogopesa ¢ MMyHOMKCaUUS Ha YPUHa;

— KONMYECTBO N CbOTHOLLEHNE Ha CBOOOAHMW NEKn
BEPUTM A UNK K B cepyma.

Hanuune Ha MOHOKNOHaneH npoTenH ce AeduHU-
pa npu abHOPMHO CLOTHOLLEHWE Ha CBOOOOHUTE NEKN
Bepurn A unu K B cepyma (< 0.26 nnm > 1.65) unu Ha-
nnyme Ha KINoH Nnpu nMyHoduKcaunaTa Ha cepym unm
ypuHa [30].

Mpn natonornyeH pesyntat € HeobxoguMma KOH-
cynTauus ¢ XeMaToror.

MoneKynﬂ pHOreHeTn4eH aHanus3

Mpn BCWMYKM NAUMEHTU C MONOXUTENHA KOCTHA
cumnHTUrpadms, T.e. 2 1 3 cTeneH HaTpynsaHe Ha U30-
TOn B MMoKapaa, npuemame Hanundme Ha ATTP-KMIT n
Te NoAnexaT Ha reHeTUYeH aHanua 3a pasrpaHuyaBa-
He Ha HacrneacTtBeHa ot ame Tvn [30]. YUpes reHeTnyeH
aHanu3 ce yCTaHOBSIBAT HanuuMeTo M Buaa Ha nato-
reHHa myTauumsa B TPaHCTUPETUHOBMSA reH. JluncaTa Ha
naTtoreHHa MyTauus u3knudBa HacregctBeHa ATTP
amurongosa. YCTaHOBSBaHETO Ha nmaTonormyHa myrta-
UM B CEMENCTBOTO € MpeanocTaBka 3a NpoBeXAaHe
Ha FeHeTUYEeH CKPUHWHI WU paHHO AuarHocTuuMpaHe
Ha 3acerHaTuTe MHOAUBMAW, TAXHOTO NpOCreasBaHe u
CBOEBPEMEHHO 3arno4yBaHe Ha fevyeHue.

EHpomMmuokapagHa 6uoncus

TbKaHHaTa XMUCTONOrMYHa AmMarHo3a ocTaBa 3na-
TEH CTaHOapT 3a MoCTaBsHe Ha AmarHosaTta amusiou-
0doza. AMunongHuTe oTnaraHus umat adUHUTET KbM
KoHro yepBeHO ouBeTABaHe M OeMOHCTpupart A6bi-
KOBO 3€fIeHO OBOMHO MpedynBaHe Ha nonsapusvpaHa
ceeTnuvHa [48]. MNofg enekTpoHEH MUKPOCKOM aMuion-
ObT Ce BM3yanuaupa KaTto HepasKnoHeHn ombpunu ¢
anameTtbp okono 10 nm. TunuamMpaHeTo Ha amunonga
Ce OoCbLUecTBABa MOCPEACTBOM WHYHOXMCTOXUMUYHO
n3cregBaHe Unn nasepHa MMKPOAUCEKLMNS C Maccrnek-
TpomeTpus [49]. Ha-Brcoka AnarHOCTUYHa CTOMHOCT
uma buoncuata Ha 3acerHat opraH [50]. B cnyvaute
Ha guB Tun ATTP-KMI1 e Heobxoammo npoBexpaHe
Ha EMB, Tbl kaTo ammMnonabT ce oTnara NpeauMHo B
muokapga. EMB e nokasaHa npu naumMeHTn cbC CbM-
HeHue 3a ATTP-KMT1, npu Konto He MoXxe HanbSTHO Aa
Ce U3KN4M nekoBepwkHa ammunoungosa [29, 30].

BNP, NT-proBNP 1 TponoHuH

Mpu cbpoeyHa amunomgosa ce Habnogasa no-
paHHO 1 HeCbpa3MepHO Ha TexecTTa Ha CbpaedHaTa
HEeOO0CTaTbYyHOCT NMoBuMLLEHNE Ha HMBaTa Ha BNP, NT-
proBNP, kakto 1 nepcucTmpallo NOBULLIEHO HUBO Ha
TPONOHWUH. KakTo mpu nekoBepwxHaTa ammnonnosa,
Taka u npu ATTP amunoungosa, Tesn buomapkepu ga-
BaT MHOpPMaLmMs 3a TEXeCTTa Ha CbpAEYHOTO 3acsra-

— Serum electrophoresis with immunofixation

— Urine electrophoresis with immunofixation

— Serum free light chains k and A assay and their
ratio

The presence of a monoclonal protein is defined
when an abnormal ratio of the FLC k and A in the serum
(< 0.26 or > 1.65) is found or there is a clonal protein,
detected by electrophoresis with immunofixation in se-
rum or urine [30].

These patients must be referred to a hematol-
ogist.

Molecular-genetic analysis

All patients with positive bone scintigraphy, i.e. with
Grade 2 or 3 are diagnosed with ATTR-CM and are in-
dicated for molecular-genetic analysis to differentiate
hereditary from wild type [30]. With the genetic anal-
ysis the specific mutation in the transthyretin gene is
identified, which is related to the clinical presentation
and prognosis. If pathologic mutation is not identified,
ATTRm is ruled out. The identification of a mutation
in the family is a prerequisite for genetic screening to
diagnose the affected family members early, to follow
them and to initiate timely treatment.

Endomyocardial biopsy (EMB)

Histology remains the gold standard for definitive
amyloidosis diagnosis. The amyloid deposits have
affinity to Congo red staining and under polarized
light demonstrate apple green birefringence [48].
Under electron microscopy, amyloid is visualized as
nonbranched fibrils with diameter about 10 nm. Am-
yloid typing is performed by immumohistochemistry
or by the more precise laser microdissection with
mass spectrometry [49]. Highest diagnostic yield
gives the biopsy of an involved organ or tissue [50].
In ATTRwt, as the amyloid infiltrates predominantly
the heart, EMB must be performed. It is indicated
in patients, suspected to have ATTR-CM in whom
monoclonal gammopathy could not be definitively
ruled out [29, 30].

Elevation of cardiac biomarkers BNP, NT-
proBNP

Is observed to be disproportionately high in rela-
tion to the heart failure severity in patients with cardiac
amyloidosis. The persistence of elevated troponin lev-
els on different occasions may be suggestive for car-
diac amyloidosis. Cardiac biomarkers give information
about the severity of heart involvement, have prognos-
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He, MaT MPOrHOCTUYHO 3HaYeHne 1 ce U3nonaear 3a
onpegensiHe Ha cTagus Ha 3abonsiBaHeTo [6].

3AKNIOYEHUE

OuarHoctnuympaneto Ha ATTP-KMIT e npouec, ns-
NcKBaL, MynTUANCUUNIMHAPEH NOAXOA C y4acTUETO Ha
NoAroTBEHM cneumanucTn, MyntuMmoganHa obpasHa
aunarHocTuka, nobpe obopyaBaHa XMCTonaTonornyHa m
reHetTuyHa nabopartopusa. M3rpaxxgaHeTo Ha ekcnepT-
HU LEHTpOBE Ha (PyHKUMOHANeH npuHumMn 6u Mormno
[a JonpuHece 3a MO-paHHOTO OTKpMBaHe, CBOEBpe-
MEHHOTO Jle4YeHME N NPOCNEASBAHETO HA NaUVEHTUTe
¢ ATTP-KMTI, koeTo cbOTBETHO Aa nogobpu TaxHaTa
nporHosa.

He e deknapupaH KOHGIUKM Ha uHmepecu
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