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FEHETUYHA NPEOPA3MNOAO>KEHOCT KbM TPOMBOOUAUA
E. BeueBa-Kpaauup

Nabopamopus no monekyaspHa zeHemuka, MBAA ,,Copue u mo3vk” — NheBeH

Peslome. Tpomboduaus o3HavaBa npegpasnonokeHocm kbM NO-AECHO U/UAU HenpaBuAHO mpomboobpasy-
BaHe. Ta Mmoke ga e HacregcmBeHa, kozamo ce goaku Ha 2eHemuyHu dpakmopu, npugobuma, kozamo ce
gonku Ha BoHWHU pakmopu UAU HaU-4ecmo emuOAO2UYHO CMeceHa — pedyamam om B3aumogeticmBuemo
Ha 2eHemuyHU BapuaHmu u BoHWHU (puckoBu) dpakmopu. B ocHoBama Ha mpomboduausma moke ga bbge
kakmo noBuweHa ¢yHkuus Ha dpakmopume Ha kackagama Ha kpvBocbcupBaHe, maka u noHukeHa pyHkuus
Ha pakmopume Ha pubpuHoAuza. lfeHemuyHu pakmopu, 3a koumo e nomBbpgeHO EMUOAO2UYHOMO 3HAYEHUE
npu MpoMBoduUAUS ca HaAuudue Ha 2eHemuueH BapuaHm Dakmop V AaugeH (FV Leiden), Hanuuue Ha 2eHe-
muueH BapuaHm G20210A 8 npompombuH (Qakmop ), gebuuum Ha npomeuH C, gepuuum Ha npomeuH S,
geduuum Ha aHmumpomMbuH. [dpyau 2eHemuyHu dakmopu, 3a yuemo kAuHUYHO 3HauUeHuUe Bce oule ce cnopu,
ca noaumopduambm 4G Ha 2eHa UHXUbUMOop Ha nAa3muHozeHHus akmuBamop (PAI-1) u Hskoako noaumopdHU
BapuaHma Ha 2eHa mMemuaeHmempaxugpogoram pegykmasa (MTHFR), cBop3aHu ¢ puck om Xunepxomo-
uucmeuHemusi. OcHoBeH kauHuYeH uspas Ha mpomboduauume e noBuweHusm puck 3a pazBumue Ha BeHo3-
Ha mpombo3a u/uAu BeHo3Ha mpomboemboaus. Hacmosiuusm AumepamypeH 0630p umva 3a UeA ga 3ano3Hae
kAUHUYHUME cheuuaAucmu ¢ ocobeHocmume Ha 2eHemuyHama npegpasnorokeHocm kbM mpomMboduAus u
ga nomozHe Ha konezu Aekapu u 3gpaBHu pabomHuuu, ga B3umam KAuHUYHU peweHus 3a uscaegBaHe, npo-
dunakmuka u mepanus Bv3, ocHoBa Ha MeguuuHa, ocHoBaHa Ha gokazameacmBa.
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KalouoBu gymu: mpomboduaus, dakmop V, dakmop I, MemuareHmempaxugpodoram pegykmasa, UHXu-
B6umop Ha nAa3mMuHoz2eHHUs akmuBamop

GENETIC PREDISPOSITION TO THROMBOPHILIA
E. Betcheva-Krajcir

Laboratory of Molecular Genetics, Heart and Brain Hospital — Pleven

Abstract. Thrombophilia means predisposition to an easier and/or inappropriate coagulation. It can be:
hereditary, associated with certain genetic background; acquired, associated with the exposition to
environmental (risk) factors; etiologically mixed — the most common type, resulting from interaction of genetic
and environmental factors. Thrombophilia can be caused by gain-of-function in the coagulation pathway,
as well as by loss-of-function in fibrinolysis. Established etiological genetic factors for thrombophilia include
Factor V Leiden variant; the G20210A prothrombin (Factor Il) genetic variant; hereditary protein C, protein S
or antithrombin deficiency. Other genetic factors whose clinical significance is still debated are homozygosity
for the 4G-polymorphism of the plasminogen activator inhibitor (PAl-1) gene and some hyperhomocyste-
inemia-associated polymorphic variants in the methylenetetrahydrofolate reductase (MTHFR) gene. The
most common clinical manifestation of thrombophilia is the susceptibility to develop deep vein thrombosis
and/or venous thromboembolism. This review is intended to familiarize health care professionals with the
clinical manifestations of the most common types of genetic thrombophilia and to assist the evidence-based-
medicine decision making for testing, prophylaxis and therapy.

Key words: thrombophilia, factor V, factor Il, methylenetetrahydrofolate reductase, plasminogen activator
inhibitor

Tpomboduaus o3HauaBa npegpasnorokeHocm Thrombophilia (or hypercoagulability) is the pre-
kbM no-AecHO uAu HenpaBuAHO mpomMboobpasyBaHe.  disposition or the tendency to an easier and/or in-
Ta moXke ga e HacaegcmBeHa, koeamo ce gonku Ha  appropriate coagulation. Thrombophilia can be he-
2eHemuyHu dakmopu, npugobuma, kozamo ce gbaku  reditary, when it is associated with certain genetic
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Ha BbHWHU dakmopu UAU HaU-Yecmo emuOAO2UYHO
cmeceHa — pe3yamam om B3aumogeucmBuemo Ha
2eHemuuHu BapuaHmu u BoHwHU (puckoBu) ¢akmo-
pu [1, 2]. B ocHoBama Ha mpomboduausma Moxke ga
6vge kakmo noBuweHa ¢yHkuus Ha dpakmopume Ha
kackagama Ha kpvBocbcupBaHe, maka u noHukeHa
oyHkuus Ha pakmopume Ha pubpuHoausa [1].

OcHoBeH kAuHUYEH u3pa3 Ha mpomboduauume e
noBuweHusam puck 3a pa3Bumue Ha BeHo3Ha mpom-
603a ufuau BeHoszHa mpomboembonusa (BTE; venous
thromboembolism — VTE), yuumo Hau-uecmu dopmu
ca mpombo3a Ha gbAbokume BeHu (THB; deep-vein
thrombosis — DVT) u ycaokHeHuemo 1 6enogpobeH
mpomboemboausbm (BTE). TpoMbOMUYHU UHUUQEH-
mu 3acsizam 2oguwHo 1-2 Ha 1000 gywu u umam 3Ha-
yumeneH gsaa 8 obwama boaecmHocm U CMbpmMHoOCM
B8 cBemoBeH mawab. Cuuma ce, ue noHe nonoBuHa-
ma om Bcuuku nauueHmu ¢ BeHo3eH mpomboembo-
AU3bM, Npu koumo Hama 3aokauecmBeHo 3aboasBaHe,
uMam npugobuma uAu HacAegcmBeHa mpombodu-
Aug [3, 4]. Tpomboduausma moxke ga ce ussaBu u upes
peuuguBupawu cnoHMaHHU abopmu, yCAOKHEeHUS No
Bpeme Ha bpemeHHocm, kamo npeekaamncus, om-
AenBaHe Ha naaueHmMama UAU UHmMpaymepuHHO 3a-
6aBsHe Ha pacmeXa Ha naoga, BeposmHO Cbwo U
uHcyam u kopoHapHo-cbgoBu uHuugeHmu [4].

KoM npugobumume ufuau BbHwHU dakmopu,
acouuupaHu ¢ noBuweH puck om mpomb6o3u, ce om-
Hacam: HaAuuyue Ha MaAu2HeHO 3abonsaBaHe (Hal-
BakHama gudepeHuuanHa guazHoszal), HagHOPMEHO
meano U 3amabcmsBare, mlomloHonyweHe, 06e3gBu-
»kBaHe, ynompebama Ha Hakou MegukaMeHmMu (opan-
HU koHmpauenmuBu u XxopMOHO3aMecmumeAHU Me-
gukameHmu, xenapuH Nnpu xenapuH-uHgyuupaHama
MPOMBOUUMONEHUS), 20AEMU XUPYP2UYHU UHMeEp-
BeHuuu u mpaBmu [2].

leHemuuHu dakmopu, 3a koumo e nomBvpgeHo
€MUOoAO2UYHOMO 3HauUeHUe npu mpomboduaus ca Ha-
AUYUe Ha 2eHemuueH BapuaHm ¢akmop V AaugeH (FV
Leiden), Hanuuue Ha 2eHemuueH BapuaHm G20210A
(c.*97 G>A) 8 npompombuHoBus 2eH (pakmop II, Fl),
geduuum Ha npomeuH C, gepuuum Ha npomeuH S, ge-
¢duuum Ha aHmumpomMbuH. MopBume gBa 2eHemuuHU
BapuaHma Bogsm go noBuwera ¢yHkuus Ha kackaga-
ma Ha kpvBocvcupBaHe, a nocaegHume mpu Bogsam go
noHwkeHa ¢yHkyus Ha mpu 0CHOBHU GuUBPUHOAUMUYHU
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variants, acquired, when due to external factors, or
most commonly etiologically mixed — the result of
the interaction of genetic variants and environmental
(risk) factors [1, 2]. The pathogenesis of thrombo-
philia can be associated with either clotting factors
gain of function, or fibrinolysis factors loss of func-
tion [1].

The main clinical manifestation of thrombophilia
is an increased risk of developing venous thrombo-
sis and/or venous thromboembolism (VTE), the most
common forms of which are deep-vein thrombosis
(DVT) and its complication pulmonary thromboem-
bolism (PTE). Thrombotic events affect annually 1-2
per 1000 people and account for a significant pro-
portion of overall morbidity and mortality worldwide.
It is estimated that at least half of all patients with
venous thromboembolism with no malignancy, have
an acquired or an inherited thrombophilia [3, 4]. Oth-
er findings in thrombophilia include recurrent preg-
nancy loss, pregnancy complications (pre-eclamp-
sia, placental abruption or intrauterine fetal growth
retardation), and even cerebral stroke and coronary
thrombosis [4].

Common acquired and/or environmental factors
associated with an increased risk of thrombosis in-
clude: an active malignancy (which is the most im-
portant differential diagnosis in VTE!), overweight
and obesity, smoking, prolonged immobilization, use
of certain medications (oral contraceptives and hor-
mone replacement drugs, heparin in heparin-induced
thrombocytopenia), major surgical interventions and
trauma [2].

Well established genetic factors for throm-
bophilia are the genetic variant Factor V Leiden
(FVL), the G20210A (c.*97 G>A) genetic variant
in the prothrombin (Factor Il, Fll) gene, hereditary
protein C, protein S or antithrombin deficiency. The
first and the second genetic variants cause an in-
creased function of the coagulation cascade, and
the latter three cause a decreased function of the
fibrinolytic pathway. Other disputable genetic fac-



¢dakmopa. Opyau 2eHemuuHu pakmopu, 3a yuemo kau-
HUYHO 3HaueHue Bce owle ce cnopu, ca noAuMopdu3-
Mom 4G Ha 2eHa 3a UHXUbumopa Ha NAa3MUHO2EHHUS
akmuBamop (PAI-1), nskonko noaumopédHu BapuaHma
Ha 2eHa 3a eH3umMa MemuAeHmempaxugpogporam pe-
gykmasa (MTHFR), cBop3aHu ¢ puck om xunepxomo-
uucmeuHemusi, noBuweHu HuBa Ha dakmopu VIII, IX, XI
u gpyeu [1, 2]. TeHemuuHume gedekmu, cBbp3aHu ¢ ge-
¢duuum Ha npomeuH C, npomeuH S u Ha aHMUMPOMBUH,
ca MHO020 pegku. Te3u cbcmosHusi ce goka3Bam upes
gupekmHo usmepBaHe Ha cvomBemHume dakmopu
(uau msaxHama akmuBHocm) B kauHuuHa Aabopamopus.
MoBeuemo om ocmaHaAnume 2eHemuyHuU dpakmopu ce
uscAaegBam upe3 2eHemuuHu u3caegBaHus [5, 6]. py-
nama om gedekmu, HapeueHu gucdubpuHo2eHeMus,
gorkawlu Ce Ha pasAUYHU 2EHEMUYHU U3MEHEeHUs,
cBbp3aHu cbc cuHMe3 Ha abHopmeH GubpuH, koumo e
pesucmeHmeH koM ¢ubpuHoAu3a, ca uskAlouumeaHo
pegku (nog 1% om uHguBugume ¢ mpombo3sa). [Jokas-
BaHemo Ha gedekma ce u3BopwBa upe3 KAuHUYHO-Aa-
bopamopeH mecm 3a koHueHmMpauusa u akmuBHocm Ha
nAasmMeHus ¢ubpuHozeH [5, 7].

leHemuuHo obycaoBeHama mpomboduaus Moxke
ga uma pasauyHa peHomunHa u3sBa npu pasAuYHU UH-
guBugu. B Hakou cayyau ce HabalogaBa HampynBaHe Ha
Hsakoako uHguBuga om pa3AuuHU nokoneHus ¢ KAuHUYHA
u3sBa; Hakou uHguBugu Hukoza He pa3BuBam mpombo-
33, gpyau cmpagam om peuuguBupauwiu mpombomuuHu
uHUUgeHMu owie npegu 30-2oguwHa Bb3pacm; no-uec-
mu ca cAydaume Ha mpombosa B HemunuuHu Aoka-
AU3auUUU (Hanpumep — pemuHa, caeska); MHo20 psagko
ussnBa uva owe B HeoHamaaHa uAu paHHa gemcka
Bv3pacm, kauHuueH uspas Ha koemo mozam ga bbgam
dyAMUHaHMHa HeoHamaAnHa nypnypa, mpombosa Ha
gonHa kyxa, uepHogpobHa, 6vbpeuHa BeHa, gopu Hsakou
cAydvau Ha gemcka uepebpanHa napaausa Mozam ga ca
nocaegcmBue om mpomboduaus [1, 2].

Manko Hag 30% om cayyaume Ha T[B mo2am ga
ce obacHam ¢ HacaegcmBeHa (2eHemuuHa) MpPoM-
6odunus [7]. Cpeg uHguBugume om eBponelckama
nonyaauusi, npekapaau eguHuueH enu3og Ha BTE
(npegu 50 zoguwHa Bb3pacm) B noHe 20 % om cay-
yaume ce omkpuBa Factor V Leiden, 8 3-8% myma-
uus Factor Il G20210A, 8 2-5% geduuum Ha npome-
uH C, 8 1-2% geduuum Ha aHmMumpombUH u B8 1-3%
— geduuum Ha npomeuH S. Cpeg nauueHmume C
peuuguBupauwu BeHo3HU mMpomMboemMboAuu me3u ge-
dekmu ce omkpuBam owie no-uecmo, coomBemHo B
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tors are the 4G polymorphism of the plasminogen
activator inhibitor 1 (PAI-1) gene, two hyperhomo-
cysteinemia-associated polymorphic variants of
the methylenetetrahydrofolate reductase enzyme
(MTHFR) gene, increased coagulation factor VIII/
IX/XI levels, and others [1, 2]. Genetic forms of
protein C, protein S and antithrombin deficiencies
are very rare; they are diagnosed by direct mea-
surement of the proteins or their activity in serum.
Most of the remaining genetic factors are detect-
ed by genetic testing [5, 6]. The dysfibrinogenemia
defects — a group of genetic disorders, associated
with the synthesis of abnormal fibrin that is resis-
tant to fibrinolysis — are extremely rare (found in
less than 1% of all individuals with thrombosis) and
identified by plasma fibrinogen concentration and
activity measurement [5, 7].

Genetically determined thrombophilia demon-
strates significant phenotypic (clinical) heteroge-
neity. A pedigree might demonstrate several af-
fected individuals or none at all; some mutation
carriers never develop thrombosis, others suffer
from recurrent thrombotic events before the age of
30; among genetic variant carriers, more common
is thrombosis at atypical localizations (e.g. retina,
spleen veins); although extremely seldom, the first
manifestation can occur even in neonatal period
or early childhood, as fulminant neonatal purpura,
or thrombosis of vena cava inferior, the hepatic or
a renal vein; it was suspected that some cases of
cerebral palsy can be attributed to genetic throm-
bophilia [1, 2].

About 30% of all DVT cases are associated with
hereditary (genetic) thrombophilia [7]. Among indi-
viduals from European descent with a first episode
of VTE (before the age of 50), Factor V Leiden is
found in at least 20%, Factor Il G20210A in 3-8%,
protein C deficiency in 2-5%, antithrombin deficien-
cy in 1-2% and protein S deficiency in 1-3%. The
occurrence of these genetic factors among patients
with recurrent venous thromboembolism, is even
higher: 40-50% for FV, 15-20% for FIl, 5-10% for pro-
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40-50% 3a FV, B 15-20% 3a FlI, no 5-10% 3a geduuum
u Ha npomeuH C, u Ha npomeuH S, 2-5% 3a aHmu-
mpomMbuH [1, 4, 7].

Hau-Bucok puck om peuuguB Ha BeHo3Ha mpom-
603a uma npu npugobumama mpoMBOPUAUS NPU aH-
mudocdoaunugeH cuHgpom, cregBaH om pucka 3a
peuuguB npu pegkume HacaegcmBeHu geduuumu Ha
npomeuH C, U Ha NPOMEUH S UAU Ha aHMUMPOMBUH [6].

Mpu B3umaHemo Ha peweHue 3a udcAregBaHe C uen
usdcHaBaHe Ha eBeHmyaAHa 2eHemuyHa mpombodu-
AUsi, mpsabBa ga ce obMuCAU, gaAu pesyamambm om
uscaegBaHemo 6u npomeHUA nogxoga koM nauueHma:
Wwe Ce NPOMEHU AU HayuHa Ha AeYeHuUe Ha mpombo-
MUYEH UHUUgEHM; we ce Haroku Au npodurakmuka,
u, ako ga, kakBa u konko npogorkumenHa ga e ms [5,
6]. Cnopeg Hacmosiwume cxBawaHusi, ugeHmuduuupa-
HEMO Ha 2eHemuyHo obycaoBeHa mpoMbBoduAus HaMa
3HAQUEHUEe nNpu u3bopa Ha HauuHa U NPogbAKuMEA-
HOoCmma Ha mepanusima nNpu oCMbp MPOMBGOMUYEH
enusog. MacnegBaHemo 3a makuBa ceHemuuHu dak-
mopu He mpsa6Ba ga ce npaBu macoBo, a caMo caeg
Bb3HUkBaHemo Ha mpombomuueH UHUUgEHM (0COBEHO
npegu 50 2oguHu), peuuguBupauwl BeHo3eH mpoMboem-
60AU3bM, No3umuBHa pamuAHa aHaMHe3a UAU gpyaa
cycnekmHa kAuHUYHA Haxogka (Hanpumep mpombosa
npu geua uau B HemunuuHa Aokaauzdauus). NoAza om
moBa uscaegBaHe buxa umaAu nauueHmume, ¢ noBu-
weH puck om mpombo3sa, 3a koumo ga mMoke ga ce
o0bmucAu npogbAkumeaHocmma Ha aHmukoazyAaHmHa
mepanusi cAeg UHUUGEHM UAU nO-UHMeH3UuBHa npodu-
nakmuka, 8 momeHmu Ha npegBugum noBuweH puck
(Hanpumep NpogbAKUMEAHO NbmyBaHe UAU 3HaYUMEeA-
Ha xupypauuHa uHmepBeHuus). Cowo maka, Mmo2am ga
H6bgam ugeHmuduuupaHu >keHu, npu koumo Mozam ga
ce ouakBam ycaokHeHus no Bpeme Ha BpemeHHocm,
UAU NpU Npuem Ha opaAHu koHmpauenmuBu uAu Xopmo-
Ho3amecmumeAHa mepanus [4, 6].

CovBpemeHHu, peBusupaHu u cucmemMamu3supaHu
npenopoku 3a mepanus Ha BeHo3eH MpoMBeMBOAU-
3bM Mo2am ga 6bgam HamepeHu B8 cneuuaAusupaHa
Aumepamypa, Hanpumep Kearon et al. 2016, Ortel et
al. 2020, Gerlach et al. 2020 [3, 6, 8].

Mpu comHeHuUe 3a mMpoMboduAus U HacouBaHe koM
MonekynsipHo-2eHemuuHU  u3caegBaHus, noBeuemo
Aabopamopuu B8 Bbazapus npoBexkgam nbpBo, m.Hap.
sKnacuuecka monekyaspHo-zeHemuyHa guazHocmuka
Ha kpbBocwbcupBaHemo® uAu ,ocHoBeH nakem®. Obuk-
HoBeHo mou BkalouBa: FV Leiden; c.*97 G>A (FIl, npo-
mpombuH); nonumopdusoMm 4G/5G Ha PAIT; noaumop-
¢duamu ¢.665C>T u ¢.1286A>C B 2eHa MTHFR.
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tein C and S deficiency, and 2-5% for antithrombin
deficiency [1, 4, 7].

The highest recurrence risk for VTE is estimat-
ed in antiphospholipid syndrome (a type of acquired
thrombophilia), and the second highest — in protein C,
protein S or antithrombin deficiencies [6].

When considering genetic testing for thrombo-
philia, the following clinical aspects should be taken
into account: is the outcome of the testing going to
affect the first VTE episode anticoagulant therapy
selection and duration; is there a specific primary
or secondary prophylaxis that can be offered and
for how long [5, 6]. According to current understand-
ing, testing for genetic thrombophilia is not decisive
in selecting the type and determining the duration
of the therapy of an acute thrombotic episode and
should not be offered as a screening in general. It
is rather recommended in following cases: first epi-
sode of thrombosis by the age of 50; recurrent VTE;
a positive family history for thrombosis; childhood
thrombosis; thrombosis at atypical localization; risk
patients with VTE who might be considered for long
term anticoagulant therapy or intensive prophylax-
is before and during risk factor exposure (e.g. long
sedentary traveling, major surgery); women at risk
for pregnancy complications; women, planning to
take oral contraceptives or hormone replacement
therapy [4, 6].

Current revised guidelines for the therapy of ve-
nous thromboembolism are systematized in the pro-
fessional literature (i.e. Kearon et al. 2016, Ortel et al.
2020, Gerlach et al. 2020) [3, 6, 8].

If thrombophilia is clinically suspected and a
molecular genetic testing is indicated, a so called
“first-line” or classical or basic thrombophilia ge-
netic testing is offered in the genetic laboratories in
Bulgaria. It includes four or five markers: FV Leiden,
¢.*97 G>A (FIl, prothrombin), 4G/5G polymorphism of
PAI1, ¢.665C>T and c.1286A>C polymorphisms in the
MTHFR gene.



Mpu Aunca Ha Hskol om me3u Bapuanmu (uAu
gpyau cneuuduuHu cumyauuu), Hskou Aabopamo-
puu npegaazam m.Hap. ,pa3wupeH nakem®, B koiumo
Mo2am ga BAuzam pasAuueH bpou u Bug om caeg-
Hume wmapkepu: FV HR2 (dakmop 5): c.3980A>G
(p-His1327Arg) (R2-noaumopdusbm) camo B cayual
Ha HaAuuyue Ha mymauus FV Leiden; ®akmop 13
(Factor Xlll) — pVal35Leu; ACE - Ins/Del-noaumop-
¢usom. Cpewa ce u guazHocmuka Ha 2 BapuaHma
BbB ¢dakmop 5, koumo obaue ca uskalouumeaHo
pegku — onucaHu ca eguHU4YHU cAyYau B Bpuman-
cka nonynauus uau B8 uHguBugu ¢ kumaucku npous-
x0g, coomBemHo FV Cambridge: NM_000130.4(F5):
c.1001 G>C (p. Arg334Thr) u FV Y1702C:
NM_000130.4(F5):c.5189A>G (pTyr1730Cys).

Mpu emuoAo2uUUHO HeussicHeHa BeHo3Ha mpom-
603a, BuHazu mpsbBa ga ce MuCAU 3a MaAU2HOM,
koumo ga ce u3sicHU guagHocmuyHo [6].

Mopagu gucpeaynauus Ha koazyAauuoHHama
kackaga 8 pesyamam Ha uumokuHoBama 6yps npu
mexkko npomuuaHe Ha kopoHa-BupycHa uHbekuus
npu Hskou nauueHmu, B MmomeHma ce npoyuBa 3Ha-
yeHuemo Ha Hskoako 2eHemuuHu BapuaHmu B 2eHu-
me 3a pakmopu Ha kpvBocbcupBaHemo 3a mexkecm-
ma Ha kauHuyHama kapmuHa npu COVID-19.

FAcTor V LEIDEN TPOMBO®UAMA
(oakTop V AangeH, FV), PE3NCTEHTHOCT
KbM AKTUBUPAH NPOTEWH C (ACTIVATED
PROTEIN C (APC) RESISTANCE)

Qakmop V AaugeH

lukopomeurbm pakmop V e BarkeH komnoHeHm
Ha kackagama Ha kpbBocbcupBaHe. Tou uupkyaupa
B kpbBma B HeakmuBHa ¢opma, gokamo He bbge ak-
muBupaH om dpakmop I, a npo-koazynamopHusm my
edpekm npogonkaBa, gokamo He bbge uHakmuBupaH
om akmuBupaHus npomeuH C (APC). NMiHakmuBupa-
Hemo Ha ¢pakmop V ce ocvwecmBsBa upes ,pasuen-
Bane“ (cleavage) Ha gBe cneuuduyHu mecma B mo-
Aekynama Ha 2aukonpomeuna FV [1, 4, 9].

B 2enom FV (coagulation factor V), kogupaw, dak-
mop V ca ugeHmuduuupaHu Hsakonko BapuaHma, okas-
Bawwu BausHue Bopxy ¢yHkuusma Ha 2aukonpomeuHa.
KAUHUYHO 3HaueHue uma ocHOBHO BapuaHmbm, HapuyaH
¢dakmop V Ha AaugeH (Factor V Leiden variant (FVL)).

E. Betcheva-Krajcir
Genetic predisposition to thrombophilia CARDIOLOGY&
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When thrombophilia is suspected and a genet-
ic testing is indicated, most laboratories in Bulgaria
offer a first-line ,classical (basic) molecular genet-
ic diagnosis of thrombophilia®, that usually includes
analysis of FV Leiden, ¢.*97 G>A (Fll, prothrom-
bin), 4G/5G polymorphism of PAI1, c.665C>T and
c.1286A>C polymorphisms in the MTHFR gene.
Usually, if no genetic cause is found, a second:-line
extended testing is offered. It might include some of
the following markers: FV HR2 (factor 5): c.3980A>G
(p.His1327Arg) (R2-polymorphism) relevant only in
the presence of the FV Leiden mutation; Factor 13
(Factor Xlll) — pVal35Leu; ACE - Ins/Del-polymor-
phism. Testing of two further variants in FV is also
being offered; however, they are extremely rare and
their clinical significance is not completely clear: FV
Cambridge: NM_000130.4(F5): ¢.1001 G>C (p. Ar-
g334Thr) found in single cases in the British popula-
tion, and FV Y1702C: NM_000130.4(F5):c.5189A>G
(p-Tyr1730Cys) described in Chinese families.

In case of an etiologically unexplained venous
thrombosis, a diagnostic clarification of malignancy
should always be considered [6].

Due to the observation of coagulation cascade
dysregulations as a result of cytokine storm by severe
COVID-19 infection in some patients, the significance
of some genetic variants in blood coagulation relevant
genes for the severity of the clinical presentation is
currently being intensively investigated.

Factor V LEIDEN THROMBOPHILIA (FV),
ACTIVATED PROTEIN C (APC) RESISTANCE

Factor V Leiden

The glycoprotein factor V is an important com-
ponent of the blood coagulation cascade. Its inactive
pro-form circulates in the bloodstream until factor Il
activation; its pro-coagulant effect persists until ac-
tivated protein C (APC) induced deactivation — an
enzymatic ,cleavage” at two specific sites of the FV
molecule [1, 4, 9].

Several variants, affecting the function in the co-
agulation factor V (FV), have been identified. Clinical-
ly, the most significant is the variant called factor V
Leiden (FVL). (According to the HGVS nomenclature
NM_000130.4(F5): ¢.1601G>A (p.Arg534Gin) (or
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(HezoBomo oguuuarHo HaumeHoBaHue no HomeHkaamy-
pa e NM_000130.4(F5):c.1601G>A (p.Arg534Gin) (unu
R534Q). BapuaHmom e usBecmeH u Yecmo ce cpeuia
B8 aumepamypama u kamo c¢.1691G>A (Arg506Gin) co-
aAacHo cmapama HoMeHkaamypa UuAu kamo eguHu4YeH
HykaneomugeH BapuaHm rs6025 (FV)) [1, 4, 9].

JOuBusm (HopmanHusm) mun aaeAn B no3uuus
1601 Ha kogupawama [OHK nocaegoBameaHocm Ha
2eHa FV cvgopka 6asama 2yaHuH (G), gokamo my-
maHmHusim (BapuaHmHusim) anen e Hykaneomugom
ageHuH (A). Tosu BapuaHm Bogu go 3amsHa Ha amu-
HokuceAuHama ap2uHuH B monekynama Ha npomeuHa
FV, ¢ amuHokuceanuHama aaymamuH, B nosuuust 534.
To3u pe2uoH e egHo om mMecmama, B8 koumo akmu-
BupaHusm FV 6uBa pasueneH om APC (akmuBupaH
npomeuH C), 3a ga ce npekbcHe mpoMbomuuHus My
edpekm. Haanuvuemo Ha 3ameHeHama amuHOKuceAu-
Ha Bb3anpenasmcmBa uHakmuBupaHemo Ha FV u moBa
uma 3a edpekm no-gbazompauHama My akmuBHocm,
a ommyk u no-cuneH koazynauuoHeH edpekm u no-
BuweHa ckaoHHocm kbm mpombosa (m.Hap. epekm
mun Gain-of-(abnormal) function) [1, 4].

(Makmop V AaligeH-obycaoBeHama mpomMboduAus
€ Hau-yecmo cpewaHusm Bug mpomboduaus. Xeme-
posuzomHocm' no BapuaHma Ha AaugeH (2eHomun
G/A) e uecmo cpewaHa cpeg UHguBugume ¢ npousxog
om eBponelickama nonyaauus, HO noumu He ce cpe-
wa cpeg asuamuume. Yecmomama Ha xemepo3ugom-
Hocm no ¢akmop Ha AaugeH B EBpona e om 2-3% B
Vimanus u VicnaHus, go 10-15% B lMopuus. Xomo3suzom-
HOMO cbCcmosHuUe Ha dakmop Ha AaugeH (2eHomun
A/A) ce onucBa npu 1 om 5000 uHguBuga [9].

KAuHuuHa kapmuHa

Hal-uecmama kauHuuHa u3sBa Ha Factor V
Leiden mpombBoduaus e nopBu enusog Ha (Yecmo He-
npoBokupaHa) BeHo3Ha TOB Ha goAaHume kpauHuuu
uau BTE npegu 50 2oguwHa Bv3pacm. Tpombomuu-
Husm puck npu HocumeAu Ha Mymauusi € owe no-
Bucok npu Haauuue Ha gonbAHUumMeAeH puckoB dak-
mop, kamo HaAuvue Ha gpy2 2eHemuueH BapuaHm 3a
MpPOMBOGUAUS UAU NPUEM Ha ecmpozeH-Cbgbpkaulu
koHmpauenmuBu uau BpemeHHocm [9]. Puckom 3a
Bv3HukBaHe Ha nbpBu enu3og Ha BeHo3Ha Mpowm-
603a npu xemepo3u2omHU HocumeAu Ha BapuaHma
Ha AaugeH e 3 go 8 nomu no-Bucok, B cpaBHeHue ¢
uHguBugu ¢ guB mun anea [4, 9, 10]. Puckbm 3a xo-

' MoBeuemo om HopMaAHUME meAecHU (comamuyHu) kaemku npu yoBek
cbgbpkam no gBa anena om Bceku 2eH (gunaougHu kaemku). Mpu
HaAuvue Ha gBa egHakBu anena Ha gageH 2eH, obo3HayaBame uHguBuga
kamo xomo3uzom, gokamo npu HaAuuue Ha gBa pasAuvyHU anena Ha
gageH 2eH, kamo xemepo3auzom.
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R534Q); also commonly found as c.1691G>A (Arg-
506GiIn) or rs6025(FV)) [1, 4, 9].

The wild-type (normal) allele at position 1601 of
the coding DNA (cDNA) sequence of the FV gene
contains the guanine base (G), while the mutant
(variant) allele is the nucleotide adenine (A). This
exchange causes the replacement of the amino acid
arginine at position 534 of the FV protein molecule,
with the amino acid glutamine. This region of the
protein is one of the APC cleavage sites. The ami-
no acid substitution in Factor V Leiden hinders the
inactivation of FV by APC, which causes FV pro-
longed activity (Gain-of-(abnormal) function effect),
and hence has a pro-coagulative and pro-thrombotic
effect [1, 4].

The factor V Leiden-associated thrombophilia is
the most common type of genetic thrombophilia. Het-
erozygosity for' the Leiden variant (genotype G/A) is
common among individuals of European ancestry, but
is almost non-existent among Asians. The prevalence
of Leiden factor heterozygosity in Europe ranges from
2-3% in Italy and Spain, up to 10-15% in Greece. Ho-
mozygosity for factor Leiden (genotype A/A) is found
in 1 out of 5000 individuals [9].

Clinical manifestations

The most common clinical manifestation of
Factor V Leiden thrombophilia is a first episode
of (often unprovoked) venous thrombosis of the
deep veins of the lower extremities or pulmonary
thromboembolism before the age of 50 years. The
thrombotic risk in mutation carriers increases in the
presence of further risk factors, such as the pres-
ence of another inherited thrombophilia variant or
the use of estrogen-containing contraceptives or
during pregnancy [9]. The risk for a first episode of
venous thrombosis in heterozygous Leiden variant

carriers is 3 to 8 times higher compared to wild-

"Most somatic human cells have two copies (alleles) of each gene (diploid
cells). If both alleles are identical, the individual is being homozygous; if
both alleles are different, the individual is described as heterozygous.



Mo3uzomu no BapuaHma Ha AaugeH e okono 80 nomu

no-Bucok [10] (mabauua 1).
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variant homozygotes is increased by app
80-fold [10] (Table 1).

type allele individuals [4, 9, 10]. The risk in Leiden

roximately

Tabauua 1: OmHocumeneH puck 3a pasAudHU u3sBu Ha BeHo3eH MpPoMboeMBoAU3bM Npu HaAuvue Ha BapuaHma Pakmop V Ha Aau-
geH [9]: / Table 1: Relative risk for different manifestations of venous thromboembolism in Factor V Leiden mutation carriers [9]:

1 | Bug BeHo3Ha mpomb6o3a (NbpBu enu3og):

Puck: 3-8x 1 puck (xemepo3uzomu)
9-80x 1 puck (xomo3uzomu)

Tpombo3a Ha goAbokume BeHu

3-8x 1 puck (xemepo3uzomu)

BenogpobHa mpomboemboaus

no-Bucok puck cnpsmo obuiama nonyaauus

Tpombo3a Ha 20pHU kpalHuuu

6x 1 puck (xemeposuzomu)

Tpomb0o3a Ha NoBbpxHOCMHU BeHu

6x T puck (xemeposuzomu)

Tpombo3a Ha MO3buyHUME BeHu

4x 1 puck (xemepo3suzomu)

YepHogpobHa mpombo3sa

11x 1 puck 3a Budd-Chiari syndrome (xemepo3uzomu)
3x 1 puck 3a nopmaaHa mpombo3sa (xemepo3uzomu)

Tpombo3a B8 HemunuyHa AokaAusauus

no-Bucok (Hanpumep AueHaAHa, uepebpasHa mpombo3a)

PeuuguBupawu mpom6o3u

HescHo 3HaueHue, BeposmHo 1,5x 1 puck (xemepo3uzomu)

Tpom603a npu 6peMmeHHOCM

5-8x 1 puck (xemepo3uzomu)
17-34x 1 puck (xomo3uzomu)
8-47x T puck npu compound-xemepo3suzomu c factor I

Tpom603a npu 3nokauecmBeHu HeonaasMmu

HeusBecmeH, BeposmHo ymepeHo noBuweH

Tpom603a u ueHmpaneH BeHo3eH kamemop

2-3x T puck (go 5x T npu Heonaasma u nopm)

1 | Type of (first episode) venous thrombosis:

Risk: 3-8x 1 risk (heterozygotes)
9-80x 1 risk (homozygotes)

Deep vein thrombosis

3-8x 1 risk (heterozygotes)

Pulmonary thromboembolism

higher risk compared to the general population

Thrombosis of the arm

6x 1 risk (heterozygotes)

Superficial vein thrombosis

6x 1 risk (heterozygotes)

Cerebral vein thrombosis

4x 1 risk (heterozygotes)

Hepatic vein thrombosis

11x 1 risk for Budd-Chiari syndrome (heterozygotes)
3x 1 risk for portal thrombosis (heterozygotes)

Thrombosis in atypical localization

higher (e.g. spleen)

Recurrent thromboses

Unclear significance, probably 1.5x 1 risk (heterozygotes)

Thrombosis in pregnancy

5-8x 1 risk (heterozygotes)
17-34x 1 risk (homozygotes)
8-47x 1 risk in compound heterozygotes with factor I

Thrombosis by malignancy

Unknown, probably moderately elevated

Thrombosis and central venous catheter

2-3x 1 risk (up to 5x 1 if together with cancer)

Xemepo3uzomHume HocumeAu Ha BapuaHmbm
Ha AalgeH umam He noBeue om ymepeHo noBuweH
puck 3a peuuguB Ha Beue ussiBuna ce egHokpamHa
BTE. MHo20 manko BeposmHo e ¢pakmopbm Ha Aau-

Heterozygous carriers of the Leiden v:

sode. The Leiden factor is very unlikely to

geH ga Bogu go noBuweH puck 3a npexkgeBpemeHHU

CNOHMaHHU abopmu UAU gpyau ycAOKHEHUS Ha bpe-

MeHHocmma [9].

increased risk for preterm miscarriage or

nancy complications [9].

ariant have

no more than a moderately increased risk for recur-

rence after a single venous thromboembolism epi-

result in an
other preg-

9 <<

»
=
=
S
@
oc
~
=
=
)
]
O
(=]




[=]
S\
)
=]
=
=
~
X
@
=t
@
=
&

E. BeueBa-Kpauuup
KAPAMOAOT A & leHemuyuHa npegpasnoAckeHoCM ...

KAPAMOXUPYPTUA Tom 4, Bpoi 3 - 2021

MNMpu Haauvue Ha Factor V Leiden, gonbAHUMEAHU
puckoBu ¢akmopu, noBuwaBawu BeposmHocmma 3a
HacmbnBaHe Ha mpombo3a ca [1, 9]:

* bpou MymaHmHu FV aneAau — xemeposuz2omu-
me c Factor V Leiden (2eHomun G/A) umam no-Hucbk
puck 3a BTE B cpaBHeHue ¢ xomo3uzomume (2eHo-
mun A/A);

* Haauuue Ha gpy2 2eHemuueH BapuaHm, Bogeuw,
go mpomboduaus uma agumuBeH mpombopuAUUEH
edekm; maka Hanpumep noHe 12% om xemepo3uzo-
mume 3a ¢akmop V Ha AalgeH ca HOCumeAu U Ha
Mymauus 3a npompombuHoBa (pakmop Il) mpombo-
duaus (m.Hap. croXkHU xemepo3ueomu — compound
heterozygotes); me umam 7 go 20 nbmu nho-Bucok
puck 3a mpombo3a, no-uecmo ce HabalogaBa mpom-
603a B8 HemunuuHu AokaAusauuu; puckbm 3a peuuguB
e 3 go 9 nbmu no-Bucok. Jedpuuum Ha npomeuH S,
geduuum Ha npomeuH C u gepuuum Ha aHMUMPOM-
BUH npu Xxemepo3u2omHu HocumeAu Ha ¢akmop V Ha
AaugeH yBenuuaBa pucka 3a BTE.

* Mpugobuma mpomboduAaus nopagu aHmu-
dochonunugHu aHmumeaa, napokcuamasHa HowHa
Xemo2A0bUHypus, MueaonpoaudpepamuBHa borecm;

* BpemeHHOCM UAU npueM Ha kombBuHupaHu (ec-
mpoz2eH-CbgbpXkawuu) opaAHU koHmpauenmuBu uau
XOpMOHO3aMecmumeAHa mepanus;

* MNMocmaBeH uHmpaBeHo3eH kamemovp (nopm);

* MaAugHeHo 3abonsBaHe;

* [lpogbrkumenHo nomyBaHe.

Cnaeg 45 2oguwHa Bb3apacm obwusm puck 3a BTE
npu HocumencmBo Ha ¢akmop Ha AaugeH e okono
17% (npu nonyAauuoHeH puck 8%) [9].

MHgukauuu 3a uscnregBaHe 3a Haauvue Ha Ba-
puaHma Ha AaligeH:

— Bb3HukBaHe Ha nvpBu enusog Ha BTE npegu
50 zoguwHa Bv3pacm uau Ha nbpBu enusog Heza-
Bucumo om Bb3pacmma, npu HaAuyue Ha pogcmBe-
Huk om nbpBa cmeneH (pogumea, bpams u cecmpu,
geua), npekapan BeHo3Ha mpombemboAaus npegu 50
20guwHa Bvapacm [4];

— Bb3HukBaHe Ha nvpBu HenpoBokupaH enu3og
Ha BTE, He3aBucumo om Bv3pacmma [4];

— Kozamo ce naaHupa cnupaHe Ha aHmukoagzy-
A2HMHama mepanus npu AeyeHue Ha nvpBu, Henpo-
Bokupa+ enu3og Ha BTE npu nauueHm, npu koumo
Bce owe He e npoBegeHo uscaegBaHe 3a 2eHemuyHa
mpomboduaus [9];
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In the presence of Factor V Leiden, additional
risk factors increasing the likelihood of thrombosis
are [1, 9]

* Number of mutant FV alleles — Factor V Leiden
heterozygotes (genotype G/A) have a lower risk of
venous thromboembolism compared to homozygotes
(genotype A/A);

* The presence of another genetic variant
leading to thrombophilia has an additive thrombo-
philic effect; for example, at least 12% of the het-
erozygotes for Factor V Leiden are also prothrom-
bin (Factor Il) mutation carriers (i.e. compound
heterozygotes). They have a 7 to 20-times higher
risk for thrombosis; higher frequency of thrombo-
sis in atypical locations; 3 to 9-times higher recur-
rence risk. Protein S, protein C, and antithrombin
deficiencies also contribute to an increased venous
thromboembolism risk in Factor V Leiden heterozy-
gous carriers.

* Acquired thrombophilia: antiphospholipid syn-
drome, paroxysmal nocturnal hemoglobinuria, my-
eloproliferative disease;

* Pregnancy or birth control with combined (es-
trogen-containing) oral contraceptives or hormone re-
placement therapy;

* Venous catheter;

* Malignancy;

* Prolonged travel with immobilization.

After 45 years of age, the overall risk for venous
thrombosis in Leiden factor carriers is about 17 %
(compared to 8 % population risk) [9].

Suggestive findings for Leiden variant testing:

— First episode of venous thromboembolism be-
fore 50 years or regardless of age in case of an af-
fected first-degree relative (parent, siblings, children)
who had venous thromboembolism before the age of
50 [4];

— First unprovoked episode of venous thrombo-
embolism regardless of age [4];

—When considering anticoagulant therapy dis-
continuation after treatment of a first, unprovoked ep-
isode of venous thromboembolism in a patient who
has not yet been tested for genetic thrombophilia [9];



—BeHo3Ha mpomboemboaus Ha HeobuualHo
MACMO: Me3eHMepUaAHU, NOPMAaAHU, YepPHOgPOBHU,
uepebpanHu BeHu [4];

— AHamHe3a 3a peuuguBupawu enu3ogu Ha Be-
Ho3eH mpomboemboAusbMm, uspasaBauw, ce Hau-Be-
ye kamo TOB uAu 6enogpobeH mpomboeMboAu3bM
(4, 9];

— Bob3HukBaHe Ha nbpBu enusog Ha BTE no Bpeme
Ha BbpemeHHocm, nyepnepaneHus nepuog, Npu Npuem
Ha opanHu koHmpauenmuBu UAU NpU NPUEM Ha XOpPMO-
Ho3amecmumenHa mepanus [4, 9];

— XKeHu, koumo naaHupam npuem Ha ecmpozeH-
cvgbpkawu koHmpauenmuBu uAu XOPMOH-3amMecmu-
meAHa mepanus, koumo umam kpbBHU pogcmBeHuuu
C aHamHe3a 3a BeHo3Ha mpomMbo3a uAu u3BecmHa
HacAregcmBeHa mpomMboduAausi, Hanpumep gokasaH
BapuaHm Ha AaugeH [4, 9].

— XeHu, koumo naaHupam aHmukoaz2yraHmHa me-
panus no Bpeme Ha bpemeHHocmma, koumo umam KpuB-
HU pogcmBeHuuu ¢ aHamMHe3a 3a BeHo3Ha mpombosa
UAU u3BecmHa HacaegecmBeHa mpomboduaus [4, 9].

— >XKeHu ¢ HeussicHeHU choHMaHHU abopmu npe3
Bmopus uAau mpemusi mpumecmbop [4];

— (PamunHa aHamMHesa 3a peuuguBupawiu Mmpom-
6o3u [9].

— EBeHmyanHo npu acumnmomamuuHu Bo3pacm-
HuU, koumo umam kpvBHU pogcmBeHuuu ¢ gokasaH
BapuaHm Ha AaugeH, ocobeHo npu dpamuAHa aHaMm-
Hesa 3a mpombo3a Ha Bbapacm nog 50 2oguHu [4];

N3cnegBaHe 3a dpakmop Ha AaugeH e cnopHo B
CAegHUME CAyvau:

— XeHu, nywauku, Ha Bb3pacm nog 50 2oguHu u
uHpapkm Ha muokapga [4];

— Bb3HukBaHe Ha nvpBu npoBokupaH enu3og Ha
BTE Ha Bv3pacm Hag 50 20guHuU, gopu npu Auncama
Ha 3nokauecmBeHo 3abonsBaHe uAu uHmMpaBasaneH
kamemuvp[4];

— Bb3HukBaHe Ha nopBu enusog Ha BTE npu npuem
Ha mamokcudeH uau cenekmuBHU MogyAamopu Ha ec-
mpozeHoBus peuenmop [4].

IuazHocmuka

B muHanomo guaezHo3ama ce e nocmaBsaa Bo3
ocHoBa Ha mecm 3a pe3ucmeHmHocm kbm APC. Te-
cmbm 3a pe3ucmeHmHocm om nbpBo nokoneHue ce
e ocHoBaBan Ha usmepBaHe Ha akmuBupaHomo nap-
uuanHo mpombonaacmuHoBo Bpeme (aPTT). Tecmom
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— Venous thromboembolism at an atypical site:
mesenteric, portal, hepatic, cerebral veins [4];

— A history of recurrent episodes of venous throm-
boembolism, manifesting mostly as deep vein throm-
bosis or pulmonary thromboembolism [4, 9];

—First episode of venous thromboembolism
during pregnancy, puerperal period, while taking oral
contraceptives or while receiving hormone replace-
ment therapy [4, 9];

—In women planning to take estrogen-containing
contraceptives or hormone replacement therapy who
have relatives with a history of venous thrombosis or
known hereditary thrombophilia due to Leiden variant
[4, 9].

—In women planning anticoagulant therapy
during pregnancy who have relatives with a history
of venous thrombosis or known hereditary thrombo-
philia [4, 9].

—In women with history of unexplained recurrent
miscarriages in the second or third trimester [4];

— Family history of recurrent thrombosis [9].

— Eventually, in asymptomatic adults who have
Leiden variant carrier relatives, especially with a
family history of thrombosis before the age of 50
[4];

Testing for the Leiden factor is controversial in the
following cases:

—In women with myocardial infarction before 50,
if they are smokers [4];

— By first provoked episode of venous thrombo-
embolism after 50 years of age, even in the absence
of malignancy or intravenous catheter [4];

— By first episode of venous thromboembolism
while taking tamoxifen or selective estrogen receptor
modulators [4].

Diagnostics
Previously the diagnosis was based on the APC
resistance test. The first-generation resistance test
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om Bmopo nokoneHue ce u3non3Ba Ha Hakou mecma u
go gHec, mbU kamo € moyeH u cpaBHUmMeAHo eBmuH,
Ho ce Bausie om Hskonko Buga anmukoaz2yraHmu (UH-
xubumopu Ha ¢pakmop X uau Ha mpoMbuHa) U He no3-
BoasiBa pasepaHuvaBaHe Ha XxomMo3u2omu om xeme-
po3uzomu [9]. Memogbm Bce owe uma npurokeHue
u noHacmoswem, kamo B okono 15% om cayvyaume Ha
pe3ucmeHmHocm kbom akmuBupaHus npomeuH C He
MoXke ga ce ycmaHoBu BapuaHmbm Ha AaugeH [5].

NgeHmuduuupaHemo Ha dakmop V AaugeH no-
Hacmoswem ce u3BbpwBa upe3 monekyaspHo-ze-
HemuuyHO u3cAegBaHe. To Hau-uecmo ce npoBex-
ga upe3 obukHoBeHo cekBeHupaHe (no memoga Ha
Sanger) uAu upes Hakol om MHo20mMo pas3pabomeHu
PCR-6a3upaHu memogu. N3caegBaHemo mpsa6Ba ga
no3BonsBa ugeHmuduuupaHemo Ha xemepo3uzomu-
me, xomo3u2zomume no ¢akmop Ha AaugeH u uHgu-
Bugume ¢ guB mun FV. To ce npoBexkga egHokpamHoO
(m.e. peayamambm He ce npomeHs B xoga Ha uHgu-
BugyanHus >kuBom) B8 npoba, B3ema om nepudepHa
kpvB (ako nauueHmom Beue e Ha aHmukoazynaHmHa
mepanus, noHskoza moBa mMoXe caabo ga noBause
Ha peazeHmume u moBa mpsabBa ga ce uma npegBug
om u3caegBawama Anabopamopust).

CekBeHupaHemo no3BoaaBa ugeHmuduuupaHe-
mo He camo Ha BapuaHmbm Ha AaugeH, HO U Ha Hs-
kou gpyau, mHO20 pegku BapuaHmu B 2eHa FV, Hsakou
om koumo cowo Bogsm go APC-pe3ucmeHmHocm.
Te3u BapuaHmu ce cpewam camo B onpegeneHu no-
nyAauuu u He ce uscnegBam pymuHHo. TakuBa ca:

— Factor-V-R2-BapuaHm? (2-RQ uau HR2) — uma
KAUHUYHO 3HaueHue camo npu HaAuyue Ha dakmop
Ha AaugeH u mo npu nonoxkeHue, ye gBama Bapu-
aHma ca Ha pa3AuYHUME XPOMO30MU; aneAHama My
vecmoma e 0.046.

— Factor-V-Cambridge® (BapuaHm 3-RQ) — Bapu-
aHmom e uskalouumenHo psgok; aneAHama My uec-
moma e 0.00020, onucaH e B 6pumaHckama nonyaa-
uus u e cBopsaH camocmosmenHo (HesaBucumo om
dakmopa Ha AaugeH) ¢ noBuweH puck 3a BeHO3HU
mpomMbo3u.

2c.3980A>G, p.His1327Arg no HoBama HomeHkaamypa (p.His-
1299Arg no cmapama HomeHknamypa; R1327Q; Bapuaim 2-RQ)
5¢.1001G>C, (p.Arg334Thr) no HoBama HomeHknamypa (p.Ar-
g306Thr no cmapama HomeHkaamypa; R334Q)
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was based on measurement of activated partial
thromboplastin time (aPTT). The second-generation

test is still used today because it is accurate and
relatively inexpensive; however, it might be affect-
ed by several types of anticoagulants (e.g. factor
X or thrombin inhibitors) and does not allow homo-
zygotes/heterozygotes differentiation [9]. In about
15% of the cases of identified activated protein C
resistance, a Leiden variant in Factor V cannot be
detected [5].

The identification of Factor V Leiden is cur-
rently made by molecular genetic testing. It is most
commonly performed by common DNA sequencing
(Sanger method) or by a PCR-based method. The
diagnostic test should allow the identification of het-
erozygotes, FV Leiden homozygotes and wild-type
homozygotes. It is performed once (no follow-up test-
ing is necessary, because the result does not change
over lifetime) in a peripheral blood sample containing
genomic DNA.

The Sanger sequencing allows the identification
not only of the Leiden variant but also of some oth-
er rare FV gene variants, associated with APC-re-
sistance. These variants are found only in certain
subpopulations and are not routinely studied, for ex-
ample:

— Factor-V-R2-variant? (2-RQ or HR2) — has clini-
cal significance only by trans-co-existence with factor
V Leiden; its minor allele frequency is 0.046.

— Factor-V-Cambridge® (variant 3-RQ) — it is ex-
tremely rare, with allele frequency 0.00020; it has
been described in a British subpopulation and is as-
sociated with an increased risk of venous thrombosis
independently of the Leiden factor presence.

2¢.3980A>G, p.His1327Arg according to the new nomenclature (p.His-
1299Arg according to the old nomenclature; R1327Q; variant 2-RQ)
5¢.1001G>C, (p.Arg334Thr) in the new nomenclature (p.Ar-
g306Thr in the old nomenclature; R334Q)



— Factor-V-BapuaHm c¢.1000A>G* — mo3u Bapu-
aHm e onucBaH camo B eguHuU4YHU nauueHmu ¢ Ku-
maulcku npousxog; Hamupa ce B mMscmo 3a pasuen-
BaHe Ha dakmop V om APC.

— Factor-V-BapuaHm Y1730C°® — BapuaHmom Bogu
go CuAHO HamaneHa ekcnpecus Ha pakmop V. [lo ceza e
onucaH camo B omgenHu uHguBugu, a uecmomama my G
eBponetckama nonyrauus e egBa 0.000036; Hamupa ce
B macmo 3a pasuenBaHe Ha pakmop V om APC.

lMpenopbku

Mpu xemepo3uzomHume HocumeAu Ha aakmop V
AaugeH, npu koumo He e umMano mpomMbomuYeH enu-
309, HE € NPenopbYUMEAHO PYMUHHO nogAazaHe Ha
gobA2ocpoyHa aHmukoaz2ynaHmHa mepanus. MNpu mesu
uHguBugu (xemepo3uzomu 6e3 aHamHe3a 3a mMpoMbo-
muueH enu3og) Moxke ga ce HasHauaBa kpamkoBpe-
MeHHa (go 12 meceua) aHmukoagyraHmHa (nbpBuuHa)
npodurakmuka, npu HaAuvue Ha obcmosmencmBa,
cBop3aHu ¢ noBuweH puck 3a mpombo3a (Hanpumep
gbAb2 noAem, onepauus), ¢ UeA ga ce usbezHe nbpBu
enusog Ha mpombo3sa. PewaBauw, pakmop npu usbopa
ganu ga ce npoBexkga mepanusi uMam CbOmHoweHue-
mo puck om mpom60o3a cnpamo puck om kpbBosazgyba
npu aHmukoagyaaHmHa mepanus, GamuAHa aHaMHe-
3a, HaAauvue Ha puckoBu ¢akmopu. CmaHgapmHume
npomokoAu 3a npodpunakmuka ca HanbAHO gocma-
MbyHU 3a noBeuemo puckoBu cumyauuu [4, 5, 9]

Cnopeg akmyanHume npenopbvku AeyeHuemo Ha
ocmpusi mpombéomuueH enu3og ce ocbulecmBsaBa no
cmaHgapmHu npomokoau, He3aBucumo om HaAuyuemo
Ha Xemepo3ugomHo UAU XOMO3UZOMHO CbCMOsHUE Ha
BapuaHma Ha AaugeH. Mpogoa/kumeaHocmma Ha me-
panusima CbW0 He ce onpegeAs om 2eHomuna no Bapu-
aHma, a no-ckopo caeg mouHa npeueHka Ha cbomHowle-
Huemo 3a puck om peuuguB Ha BeHo3Hama mpombo3a
u puck om cBvp3aHa ¢ aHmukoazyaaHmHama mepanus
kpvBoszazyba [6, 9]. Mpegnraza ce, BeHO3HamMa MpPoMm-
bemboAaus npu me3u uHguBugu ga ce pasanedkga kamo
XPOHUYHO CbCMOSHUE C hepuogu Ha obocmpsHe (m.e.
enu3ogu Ha peuuguB) [4]. Kamo nauueHmu ¢ no-Bucok
puck om peuuguB mpsibBa ga ce pasanedkgam mesu ¢
HagHOPMEHO me2no, nape3u Ha kpauHuuume, akmuBHo
3nokauecmBeHo 3aboasBaHe, HanpegHana Bb3apacm u

4c.1000A>G, p.Arg334Gly no HoBama HomeHknamypa (p.Arg-
306Gly no cmapama HomeHkAamypa)
5¢.5189A>G (pTyr1730Cys) (cmapu umeHa Tyr1702Cys, uau Y1702C)

E. Betcheva-Krajcir
Genetic predisposition to thrombophilia CARDIOLOGY&
Volume 4, Number 3 + 2021 CARDIAC SURGERY

— Factor V variant ¢.1000A>G* — this variant has
been described only in a few patients of Chinese ori-
gin; it is located within the APC cleavage site.

— Factor V variant Y1730C® — the variant causes
significant factor V underexpression. It has been de-
scribed only in a few individuals; its frequency in the
European population is 0.000036; it is located within
the APC cleavage site.

Recommendations

Routine long-term anticoagulant prophylaxis is
not recommended for heterozygous Factor V Leiden
carriers who have not had a thrombotic episode, but
a short-term (up to 12 months) primary prophylaxis
might be considered, in case of expected exposure
to circumstantial risk factors (e.g. long flight, sur-
gery), in order to avoid a first thrombotic episode.
Facts to consider by the decision making, are the
thrombosis risk vs. hemorrhagic risk ratio estima-
tion, the family history of thrombosis, the presence
of other risk factors, etc. The standard prophylaxis
recommendations are usually sufficient to cover the
risk [4, 5, 9].

According to current guidelines, the acute
thrombotic episode therapy for factor V Leiden
heterozygous or homozygous individuals does not
differ from the standard therapeutic protocols for
thrombosis. The duration of therapy is also not
determined by the Leiden genotype, but rather
after an accurate evaluation of the ratio between
the thrombosis recurrence risk and the anticoag-
ulant therapy associated hemorrhage risk [6, 9].
It has been suggested that venous thromboembo-
lism in mutation carriers should be considered as
a chronic condition with periods of exacerbation

(i.e., episodes of recurrence) [4]. Among those
patients, higher risk of recurrence have individuals
with obesity, extremity paresis, current malignancy,

4c.1000A>G, p.Arg334Gly according to the new nomenclature
(p.Arg306Gly according to the old nomenclature)
5c.5189A>G (p.Tyr1730Cys) (old names Tyr1702Cys, or Y1702C)
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npu msax moke ga ce npegBugu no-goAzompaluHa aH-
mukoazyaaHmHa (BmopuuHa) npopurakmuka. Om gpy-
2a cmpaHa pekypeHmHusim puck npu nauueHmume c
BeHO3eH MPOMB0EMBOAUIBM CAEg XUpYpauyHa UHMep-
BeHuus uau BbB Bpv3ka ¢ BpemMeHHOCM UAU NPUEM Ha
XOpMOHaAHU npenapamu ce pasaaexkga kamo cpaBHu-
MEAHO No-HUCLK U NpexogeH, nopagu koemo npu msx
MoXke ga ce npegroku no-kpamkompadHa npodunak-
muka ¢ nepopaAHu aHmukoazynaHmu [4, 5].

XemepoauzomHume >keHu Hocumenku Ha BapuaHma
Ha AalugeH ¢ aHamHesa 3a BTE, kakmo u xomo3uzom-
Hume >keHu cbe UAU Be3 makaBa aHamHesa, mpsabBa ga
usbsg2Bam npuema Ha nepopaHU ecmpozeH-Cogbpkauiu
koHmpauenmuBu (ocobeHo mpemo nokoAeHue U gpyau
NPO2ECMUHU) U OpaAHa XOPMOH-3aMecmumenHa mepa-
nust [9]. Hama koHceHcyc omHOCHO aHmukoazyAaHmHa-
ma npodunakmuka npu >keHu, Hocumenku Ha FVL, no
Bpeme Ha bpemeHHocm. Hau-Bucok puck om mpombosa
uma npu xomo3uz2omHu no FVL >keHu, npu >keHu xomo-
UAU Xemepo3u2omHu Hocumenku Ha FVL ¢ aHamHesa 3a
CNoOHMaHHU abopmu no Bpeme Ha bpemeHHocmma UAU ¢
AUYHa uAu GamMunHa aHamHe3a 3a HenpoBokupaH enusog
Ha BTE, kakmo u npu makuBa cvc conbmemBawu gpyau
2eHEeMUYHU UAU Npugobumu NpUYUHU 3a MPoMBopUAUS.
3a mesu >keHu e Hau-BeposmHo no-gobpe ga ce npoBege
npodunakmuka c ¢pakuuoHupaHu uau HuckomonekyAHu
npou3BogHU Ha XenapuHa 3a nepuoga Ha usAama bpe-
MeHHOCM U 0cobeHo npe3 nbpBume 6 cegMuuu caeg
pakgaHemo, koezamo mpombomuuHusm puck e Hau-B8u-
cok [4].

Cneg ycmaHoBsBaHe Ha BapuaHma Ha AaugeH,
Cc o2neg oueHka Ha pucka 3a pa3Bumue Ha BeHos-
Ha mpombo3a, ce npenopbyuBam caegHume (go-
NbAHUMEAHU) u3cAegBaHus: 2eHemuuyeH aHaAu3 3a
HaAuvue Ha BapuaHma c¢.*97G>A (20210G>A) BvB
¢dakmop Il (npompombuH), kamo ce uma npegBug
cpaBHumenHo yecmomo Haaudue Ha gBama Bapu-
aHma egHoBpemeHHO; aHaAu3 3a Haauvue B cepyma
Ha aHmukapguoAunuHoBu aHmumeaa u aHmu-bema-
2-2nukonpomeuH 1 aHmumenaa; docdoaunug-3abu-
cumu koazynauuoHHuU peakuuu 3a ugeHmuduuupaHe
Ha AynyceH uHxubumop; akmuBHocm Ha npomeuH C;
akmuBHocm Ha aHmMumpoM6UH; akmuBHocm Ha npo-
meuH S uau cBobogeH npomeuH S aHmuzeH [9].

leHemuuHa koHcyAmauus. YHacaegsaBaHe
MpenopbuBa ce, Bcuuku nauueHmu, koumo ce
uscaegBam 3a mymauuu, cBop3aHu ¢ npegpasnono-
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advanced age; for them long-term secondary anti-
coagulant prophylaxis might be beneficial. On the
other hand, the recurrent risk in mutation carriers
with venous thromboembolism after surgical inter-
vention or during pregnancy or hormonal medica-
tion is considered to be relatively lower and tran-
sient; therefore a short term prophylaxis with oral
anticoagulants should be offered [4, 5].

Heterozygous female Leiden variant carriers with
a history of venous thromboembolism, as well as ho-
mozygous women with or without thromboembolism
history, should avoid oral estrogen-containing contra-
ceptives (especially third-generation and other pro-
gestins) and oral hormone replacement therapy [9].
There is no consensus on anticoagulant prophylaxis
in FVL female carriers during pregnancy. The highest
risk of thrombosis is observed in women homozygous
for FVL, in female homo- or heterozygous FVL car-
riers with a history of miscarriage during pregnancy
or with a personal or family history of an unprovoked
episode of venous thromboembolism, and in those
with concomitant other genetic or acquired causes
of thrombophilia. In these situations, prophylaxis with
fractionated or low-molecular-weight heparin deriv-
atives, for the duration of pregnancy and especially
during the first 6 weeks postpartum, is likely to be
beneficial [4].

Once the Leiden variant has been identified, some
additional tests to evaluate the risk of developing ve-
nous thrombosis are recommended: genetic analysis
for *97G>A (20210G>A) in Factor Il (Prothrombin),
given the relatively frequent co-occurrence of both
variants; serum tests for anticardiolipin antibodies
(ACA) and anti-beta-2-glycoprotein 1 antibodies; Lu-
pus Anticoagulant Tests (phospholipid-dependent
blood coagulation reactions); protein C activity test;
antithrombin activity test; protein S or free protein S

antigen activity test [9].

Genetic counseling. Mode of inheritance
Genetic counseling is recommended for all patients
considering thrombophilia molecular genetic testing.



»keHocm kbMm mpomboduaus, ga 6bgam koHcyamupa-
HU om Aekap cbc cneuuanHocm 2eHemuka.

(Makmop V AaugeH mpomboduaus ce yHacaegsaBa
aBmo30MHO® goMUHaHMHO” — uHgUBUguMe, yHacAegu-
AU MymaHmHus BapuaHm Ha 2eHa B xemepo3u2omHo
cbcmosiHue umam noBuweHa ckanoHHocm kbM mpom-
603a. Puckbm e 3HauumeAHo no-Bucok Nnpu XoMo3u20-
mume no Mymauusima (Hskou onpegeAsm mo3u 3Ha-
yumenHo no-Bucok puck kamo omgeneH deHomuneH
benee, koumo ce u3aBsaBa aBmosomHo peuecuBHo) [9].

BeposmHocmma 3a npegaBaHe Ha mymaHmHusi Ba-
puaHm B8 nomomcmBomo 3aBucu om 2eHomuna Ha pogu-
meAume (XomMOo3u20m UAU Xxemepo3uz2om, eguH uau gBa-
Ma 3acezHamu pogumeau) u e npegcmaBeH B8 maba. 2.

E. Betcheva-Krajcir
Genetic predisposition to thrombophilia

CARDIOLOGY &Y
CARDIAC SURGERY

Volume 4, Number 3 + 2021

Factor V Leiden thrombophilia is inherited in
an autosomal® dominant’” manner - individuals
who inherit the mutant variant in a heterozygous
state have a susceptibility to thrombosis. The risk
is significantly higher in homozygotes for the mu-
tation (their increased risk might also be consid-
ered as a distinct autosomal recessive phenotypic
trait) [9].

The probability of transmission of the mutant vari-
ant in the offspring depends on the genotype of the
parents (homozygote or heterozygote, one or two af-
fected parents) and is summarized in Table 2.

TabAauua 2: BeposmHocm 3a npegaBaHe Ha BapuaHma Ha AalgeH 8 nomomcmBomo, 8 3aBucumocm om 2eHomuna Ha pogumeAume.

Mo xopuzoHManama ca pas3noAokeHu mpume Bb3MoXkHU BapuaHma 3a 2eHOmMuN NPU eguHuUs POgUMEA (XOMO3U20m NO HOPMAaAEeH

aneA, xemepo3auzom u xomo3uzom no BapuaHm Ha AaugeH), no Bepmukanama — 3a gpyaus. B noaemama npeceuHu mouku Ha Bcska
gBouka BbamoxkHU kombuHauuu om pogumeAu e npegcmaBeHa BeposmHocmma 3a yHacAaegsBaHe B8 nomomcmBomo. Aren G e guB
mun anea, a aneA A e MymaHmeH mun aaen Ha BapuaHma Factor V Leiden, c.1601G>A (p.Arg534Gin)

Pogumen xomo3uzom guB mun anen
(G/G)

Pogumen xemepo3uzom no BapuaHm
MatgeH (G/A)

Pogumen xomo3uzom no BapuaHm
MatgeH (A/A)

Pogumen xomo3su-
20m guB mun anen
(G/G)

— 100% BeposmHocm 3a XOMO3U-
2om no guB mun aneA B8 nomowm-
cmBomo

— 50% BeposmHocm 3a xoMo3u2om
no guB mun aaeA 8 nomomcmBo-
mo

— 100% BeposmHocm 3a xeme-
po3uzom B nomomcmBomo

— 50% BeposmHocm 3a xemepo3u-
2om B8 nomomcmBomo

Pogumen xemepo3u-

2om no BapuaHm 2om no guB mun anea 8 nomowm-

— 50% BeposmHocm 3a XOoMO3u- — 25 % 3a xomo3uzom no guB mun
anen B8 nomomcmBomo

NaugeH (G/A) cmBomo — 50% BeposmHocm 3a xemepo3u- | — 50 % BeposmHocm 3a XOMO3u-
— 50% BeposmHocm 3a xemepo3u- 2om B nomomcmBomo 2om no BapuaHm AaugeH 8
2om B nomomcmBomo — 25% 3a xomo3uzom no BapuaHm nomomcmBomo

NaugeH 8 nomomcmBomo

— 50 % BeposmHocm 3a xeme-
po3uzom 8 nomomcmBomo

Pogumen xomo3u- — 100% BeposmHocm 3a xeme- -
20m no BapuaHm po3uzom 8 nomomcmBomo

NaugeH (A/A) —

50% BeposmHocm 3a xemepo3u-
2om B nomomcmBomo

50% BeposmHocm 3a xomo3u2om
no BapuaHm AaugeH 8 nomowm-
cmBomo

— 100% BeposmHocm 3a Xo-
Mo3uzom no BapuaHm AaugeH
8 nomomcmBomo

5ABmo3omHO — HopmaaHo noBeuemo uoBewku kaemku umam
22 gBouku (44 6pos) xpomMo3oMu, HapeueHu aBmo3omu, u gBe
nonoBu xpomosomu (XX uau XY). Benaesu, 2zeHume 3a koumo ca
pa3nonokeHu Bopxy aBmosomume, ce npegaBam B8 nomomcmBo-
mo aBmo30MHO U He3aBucumo om noAa.

"[omuHaHmHO — o3HauaBa, ue e gocmambuHo uHguBugbm ga
yHacaegu camo egHO MymaHmHo konue Ha gageH 2eH, 3a ga
nposiBu onpegeneH benez. Kozamo 3a nposiBama Ha gageH benez e
HeobxoguMo ga bbgam yHacaegeHU egHOBpemMeHHO gBe MymaHmHus
konusi Ha gageH 2eH, beaezbm ce 0bo3HavaBa kamo peuecuBeH.

SAutosomal — most human cells have 44 autosomal chromo-
somes (22 pairs) or autosomes, and 2 sex chromosomes (XX
or XY). Traits determined by genes, located in the autosomes,
are passed to offspring in a gender independent or autosomal
manner.

"Dominant means that it is sufficient for an individual to inherit
only one mutant copy of a gene to manifest a trait. If both alleles
of a gene must be altered in order to manifest certain feature,
such trait is termed recessive.
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Table 2: Risks of Leyden variant inheritance, depending on the parents’ genotype. There are three possible genotypes for the parents:
homozygote for the wild type allele, heterozygote and homozygote for the Leyden variant, demonstrated in the first row for one of the
parents and in the first column — for the second. The chance of inheritance in the offspring is represented in the intersection boxes.

Allele G is a wild-type allele and allele A is a mutant allele of the Factor V Leiden variant, c.1601G>A (p.Arg534Gin)

Parent homozygote wild type
allele (G/G)

Heterozygous parent by Leyden
variant (G/A)

Homozygote parent of the
Leiden variant (A/A)

Parent homozygote
wild type allele

— 100% chance for wild type allele
homozygosity in the offspring

— 50% chance for wild type allele
homozygosity in the offspring

— 100% probability of
heterozygosity in the offspring

parent by Leyden
variant (G/A)

homozygosity in the offspring
— 50% probability of
heterozygosity in the offspring

homozygosity
— 50% probability of
heterozygosity in the offspring
— 25% chance for Leiden variant
homozygosity in the offspring

heterozygosity in the offspring
— 50% chance for Leiden variant
homozygosity in the offspring

o
go‘ (G/G) — 50% probability of heterozygotes

= in the offspring

~

g Heterozygous — 50% chance for wild type allele | — 25 % chance for wild type allele | — 50% probability of
g.

(7]

Homozygote parent
of the Leiden
variant (A/A)

— 100% chance of heterozygosity
in the offspring

— 50% probability of
heterozygosity in the offspring
— 50% chance for Leiden variant

— 10% chance for Leiden variant
homozygosity in the offspring

homozygosity in the offspring

He cvwecmByBa koHCeHCyCc noO omHOWeHUe Ha
HeobxogumMocmma om u3cAaegBaHe Ha pogcmBeHu-
uu Ha gokasaHu Hocumeau Ha BapuaHma Ha AaugeH,
mvu kamo Hama gokasameAcmBa, ye ugeHmuduuu-
paHemo um bu goBeno go HamanaBaHe Ha pucka 3a
Bb3HukBaHe Ha mpombo3a (He ce npenopbuBa me-
panus 6e3 enu3og Ha mpombo3a). Emo 3awo mos3u
Bvonpoc mpsabBa ga ce pewaBa uHguBugyanHo [4, 9].

MPOTPOMBMHOBA TPOMBOMUANA
(XMNEPNPOTPOMBUHEMMA)

Mpompom6buH (pakmop I, Fl)

lenom gakmop Il (FII, coagulation factor Il, thrombin),
kogupa npomeuHom npompom6uH, kolmo, cbwo kamo
dakmop V e BakeH komnoHeHm Ha kackagama Ha
kpvBocbcupBaHe. Pakmop Il e BumamuH K-3aBucum
koazyrauuoHeH ¢akmop, cuHmesupaH B uepHus gpob
[7]. MbpBoHauanHO cuHMe3upaHusim npomeuH e B He-
akmuBHa ¢opma, kosmo, npu akmuBupaHe Ha kpbBo-
cvcupBaHemo, caeg HskoAko nocmmpaHCAaQUUOHHU
mogudukauuu, ce npeBpowa B cepuHnpomeasama
mpom6uH. TpoMbuHbM nognomaza npeBpoliaHemo Ha
¢dubpuHozeHa BvB $ubpuH, cMuMyAUpa agpeaupaHemo
Ha mpombouumume u akmuBupa gonbAHUMEAHU dak-
mopu Ha kpbBocvcupBaHemo [7, 11]. Tou uma MHO20-
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There is no consensus on the need to test the
relatives of a Leiden variant carrier, as there is no
evidence that identifying their genotype would reduce
their thrombosis risk and prophylactic thrombosis
therapy in asymptomatic individuals episode is not
recommended). Therefore, this issue should be ad-
dressed on an individual basis [4, 9].

PROTHROMBIN THROMBOPHILIA
(HYPERPROTHROMBINEMIA)

Prothrombin (Factor Il, FII)

The factor Il gene (Fll, coagulation factor I,
thrombin) encodes the prothrombin protein, which,
like factor V, is another central element of the clot-
ting cascade. Factor Il is a vitamin K-dependent co-
agulation factor, synthesized by the hepatocytes [7].
The F2 gene encodes an inactive pre-protein (pro-
thrombin), which, upon blood coagulation activation,
goes through several posttranslational modifications
and is converted to the serine protease thrombin.
Thrombin promotes the conversion of fibrinogen to
fibrin, stimulates platelet aggregation, and activates
additional clotting factors [7, 11]. It has multidirec-



nocouHu edpekmu, kamo uzpae poasma Ha npokoazy-
AaHmM, aHmukoazyAaHm u aHmupubpuHoAumuk [1].

B koHmekcma Ha 2eHemuuHume mpomboduAuu
ce guckymupam Hskonko Bapuanma B 2eHa Fll, Ho kau-
HUYHO 3HaueHue 3aceza uUmMa CamO eguH 2eHemuyeH
BapuaHm, pasnonokeH B 3'-HempaHcAupyemus kpau
Ha 2eHa, koumo e no3Ham npegumHO ¢ 0CMapsAOMOo
cu obosHaueHue 20210G>A uau ¢.20210G>A (3'UTR)
[He20Bomo oduuuanHo HaumeHoBaHue no cvBpemeH-
Hama HomeHkaamypa e NM_000506.5(F2):c.*97G>A
(3°UTR) uau kamo eguHuueH HykaeomugeH noAUMOp-
dusom rs1799963 (FII)] [12].

[uBuam (HopmaAHusm) mun aneA B no3uuus 97
Hykaneomuga caeg kogupawusm pezguoH Ha 2eHa Fll
(B m.Hap. 3'-kpau uau 3-UTR, untranslated region)
cogbpka 6bazama 2yaHuH (G), gokamo MymaHmHus
(BapuaHmeH) aneA — 6azama ageHuH (A). To3u peau-
OH cAeg kogupawama obaacm Ha npompombuHoBus
2eH uma pezynamopHa ¢yHkuus u okasBa BausHue
Bopxy mpaHckpunuusima Ha ceHa. MymaHmHusm
anen Bogu go no-epekmuBHO npomuuaHe Ha npo-
UeCuHza Ha 2eHHus npogykm u HampynBaHe Ha
no-Bucoku HuBa Ha npompombuH B cepyma (xunep-
npompombuHemus) [5, 13]. B canegcmBue Ha moBa
ce noBuwaBam HuBama Ha ¢ubpuHa u Ha Hsakou
dakmopu Ha kpvBocvcupBaHemo, kakmo u ce on-
mumMusupa mpombouumHama azpezauus, koemo
kamo kpaeH edbekm Bogu go noBuweHa ckAoOHHOCM
kom kpvBocbcupBaHe (omHoBo edpekm mun Gain-
of-(abnormal) function).

MpompombuHoBama mpom6oduaus e Bmopa-
ma no yecmoma 2eHemuyHo 0bycAoBeHa mpom-
6odunus caeg dakmop-AaugeH mpomboduausma,
kamo puckbm om mpomb6o3a e mManko no-Hucbk
om mo3u npu BapuaHma Ha AaugeH. Yecmoma
Ha xemepo3u2omHo HocumeAcmBo Ha BapuaHm A
(2eHomun G/A) e cpegHo 1% cpeg eBponeugHama
paca, kamo HapacmBa cpeg lockHume eBponeucku
(cpegusemHomopcku) nonyaauuu u gocmuza 4%
cpeg 2bpuume, 4,6% cpeg umaauaHuume u 6,5%
cpeg uchaHuume, HO cbwo kakmo u dakmopbm
Ha AaugeH, mymaHmHusm BapuaHm e psigbk cpeg
gpyaume pacu [1, 7]. Yecmomama Ha XOMO3uz20-
mume no mymaHmHus anen (A/A) kamo usro e
1:10.000, a cpeg uHguBugume npekapaaAu BeHo3Ha
mpombo3a e 1.8-4.5% [13].

E. Betcheva-Krajcir

Genetic predisposition to thrombophilia CARDIOLOGY&
Volume 4, Number 3 + 2021 CARDIAC SURGERY

tional effects: procoagulant, anticoagulant and anti-
fibrinolytic [1].

Several Fll genetic variants have been investi-
gated for association with thrombophilia. However,
only one has proved a clinical significance. It is lo-
cated at the 3’-untranslated region of the gene and
is commonly designated as 20210G>A or ¢.20210G>
A (3'UTR) (according to the HGVS nomenclature:
NM_000506.5(F2):c.*97G>A (3'UTR); in dbSNP:
rs1799963 (Fll)) [12].

There are two alternating alleles at position 97
nucleotides downstream of the coding region (the
3’-end or, untranslated region) of the Fll: the wild-
type allele is guanine (G), whereas the mutant
allele is adenine (A). This 3’-UTR, located down-
stream of the coding region of the prothrombin
gene, has regulatory functions and affects gene
transcription. The mutant allele causes more ef-
ficient mRNA-processing, thus increasing serum
prothrombin level (hyperprothrombinemia) [5, 13].
Consequently, serum fibrin and clotting factors
activity increases, platelet aggregation enhances,
thus causing hypercoagulability (gain-of-(abnor-
mal) function effect).

Prothrombin thrombophilia is the second most
common genetically determined thrombophilia (the
first being factor-Leiden thrombophilia), associated
with a slightly lower risk of thrombosis compared to
the Leiden thrombophilia. On average 1% of all Cau-
casians are heterozygotes (genotype G/A). The allele
frequency of the mutant allele shows clear gradient,
growing towards the southern European (Mediter-
ranean) populations up to 4% among Greeks, 4.6%
among ltalians, and 6.5% among Hispanics. Just like
the Leiden factor, the mutant prothrombin variant is
rare in other populations [1, 7]. The frequency of ho-
mozygosity for the mutant allele (A/A) is 1:10.000; it
is found in 1.8-4.5% of the individuals who have had

venous thrombosis [13].
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KAMHNYHA KAPTUHA

BeHo3Ha mpombo3za

Cnopeg 6asume gaHHU 3a 4oBewku 2eHemuyHu
BapuaHmu mymauusma 20210G>A e namozeHeH Ba-
puaHm no omHoweHue Ha BpogeHa mpomboduaus®
u puckoB ¢pakmop 3a Bv3HukBaHe Ha ucxemuueH Mo-
3bUeH UHCYAm, uHpapkm Ha muokapga u penpogyk-
muBHU HebAaazonoayuus® [12]. KauHuuHama kapmuHa
Ha npompombuHoBama mpomboduAus e aHanozuuHa
Ha masu, kosmo ce HabalogaBa npu HaAuuue Ha ¢dak-
mop V Leiden. Had-uecmo msa ce uspassBa kamo nop-
Bu enusog c BeHo3eH mpomboemMboAusbM, kolmo ce
ycmaHoBsBa Hau-uecmo B 3psiana Bv3pacm ¢ TOB Ha
goAHUMe kpalUHuuu uAu ¢ benogpobeH mpomboembo-
Au3bM. /1 npu npompombuHoBama mpomboduaus uss-
Bama e pasHopogHa: noBeuemo xemepo3uzomu npe-
mbpnaBam enusog Ha mpombosa B 3pana Bv3pacm;
Hskou Hocumeau ca 3acezHamu om peuuguBupawu
enu3ogu Ha MpomMbBoeMboAU3bM owe Npegu gocmuaa-
He Ha 30 2oguwHa Bv3pacm; Hakou HocumeAu Hukoza
He pa3BuBam mpombo3a [7, 13].

3a xemepo3u2omHume Hocumeau Ha BapuaHma
20210G>A (Fll) omHocumeAHusm puck 3a pas3Bumue
Ha (nopBu enusog Ha) mpombo3a e 2 go 5 nbmu no-
Bucok, B cpaBHeHue ¢ obwama nonyaauus, npu geua
— 3 go 4 nbmu, Ho HaAuyuemo Ha BapuaHma uma camo
ymepeH epekm Bopxy BeposmHocmma 3a peuuguB Ha
mpombemboauama caeg Beue npekapaH nbpBu enusog
[1, 5, 7, 13] (mabauua 3). Puckom 3a BeHo3Ha mpom-
603a npu xomo3uzomu no BapuaHma 20210G>A (FII)
He € moYHO ycmaHoBeH, nopagu uskAlouumeaHo mMan-
kus 6pol makuBa uHguBugu B cBema, HO ce cuuma,
ue e no-Bucok om pucka npu xemepoduzomume [10].

Makap ga ca nybaukyBaHu gaHHU 3a cAabo yBe-
AUYeH puck 3a npexkgeBpemMeHHU ChoHmMaHHU ab-
opmu npu HocumeAcmBo Ha BapuaHma 20210G>A
(FIl), 2consma yacm om uscaegBaHusma He gokasBam
Bpbska c puck 3a npeekaamncus uau gpyau ycAoXK-
HeHus Ha bpemeHHocmma [13].

Mpu HaAuvue Ha npompombuHoBa mpomboduAaus,
¢dakmopu, Bogewu go gonbAHUMEAHO noBuwaBaHe
Ha pucka 3a mpombo3a ca [1, 13]:

83CV000034485.3/Dec 30, 2010; SCV000262466.8/Jan 07,
2021; SCV001552413.1/Mar 31, 2021

9SCV000034486.3/ Dec 30, 2010; SCV000044018.3/ Mar 01, 2012
SCV000967587.2/Jun 03, 2020; SCV001142420.1/ Jan 06, 2020
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CLINICAL MANIFESTATION

Venous thrombosis

According to human genetic variant databases,
the 20210G>A mutation is a pathogenic variant, as-
sociated with hereditary thrombophilia® and a risk
factor for susceptibility to ischemic stroke, myocardi-
al infarction, and recurrent pregnancy loss® [12]. The
clinical characteristics of prothrombin thrombophilia
are similar to those of factor V Leiden thrombophil-
ia. The primary clinical manifestation is a first epi-
sode of venous thromboembolism, most commonly
— a deep vein thrombosis of the lower extremities
in adulthood or a pulmonary thromboembolism. Pro-
thrombin thrombophilia is clinically heterogeneous:
many of the heterozygotes develop an episode of
thrombosis in adulthood; some variant carriers de-
velop recurrent thromboses or pulmonary embolism
by the age of 30; others never experience a throm-
botic event [7, 13].

The relative risk for thrombosis 20210G>A (FII)
heterozygotes is 2 to 5 folds that of the general
population for adults, and 3 to 4 times higher in
children. The recurrence risk in heterozygotes,
however, is only moderately increased [1, 5, 7, 13]
(Table 3). The exact thrombotic risk in 20210G>A
(FIl) homozygotes has not been evaluated, perhaps
due to the low number of identified individuals
worldwide, but it is very likely higher than the risk
in heterozygotes [10].

There are reports of a slightly increased risk for
preterm pregnancy loss in 20210G>A variant (FIl) het-
erozygotes, but most studies failed to demonstrate an
association with an increased pre-eclampsia or preg-
nancy complications risk [13].

Risk factors that increase the susceptibility to

thrombosis in prothrombin thrombophilia are [1, 13]:

$SCV000034485.3/Dec 30, 2010; SCV000262466.8/Jan 07,
2021; SCV001552413.1/Mar 31, 2021

SCV000034486.3/ Dec 30, 2010; SCV000044018.3/ Mar 01, 2012
SCV000967587.2/Jun 03, 2020; SCV001142420.1/ Jan 06, 2020



e Xomo3uzomHocm no BapuaHma 20210G>A
(FIl): He e usBecmHo koako no-Bucok e puckbm om
MO3u Npu xemepos3uaomu;

* MosumuBHa ¢pamuAHa aHamMHe3a 3a mpombo3sa
npu pogcmBeHuk om nvpBa cmeneH Ha pogcmBo,
kamo puckbm 3a mpombo3a HapacmBa ¢ HapacmBa-
He Ha bpos Ha 3acezHamume pogcmBeHuuu.

* Mpu Hemanka yacm om xemepo3u2omHuUMe Ho-
cumenu Ha 20210G>A (FIl) ce omkpuBa zeHemuueH
gedekm B Hakou om gpyaume pakmopu Ha kpbBocb-
cupBaHemo, kamo Haauuuemo Ha gBa makuBa dak-
mopa uma agumuBeH mpomboduauveH edpekm:

— Factor V Leiden: 8 okono 20-40% om xemepo3u-
2omume no 20210G>A (Fll), ocBeH npompombuHoBusm
(FIl) BapuaHm ce ycmaHoBsaBa u Haauuue Ha BapuaHm
Factor V Leiden; gBouHume xemepo3uzomu no gBama
MymaHmHu aneAa umam go 20 nbmu no-Bucok puck 3a
BeHo3zHa mpombo3sa, 3-9 nbmu no-Bucok puck 3a pe-
uuguB Ha BeHosHama mpomb6o3a u noBuweH puck 3a
mpombo3a B HemunuuHu AokaAu3auuu; 20guWHUSIM
puck Ha makuBa caokHU xemepoduzomu e 12%.

— Hdeduuum Ha npomeuH S — npu xemepo3u2om-
HUu Hocumeau Ha 20210G>A (Fll) u egHoBpemeHeH
geduuum Ha npomeuH S, puckbm 3a BeHO3Ha MpoMm-
bembonua HapacmBa 13 nomu. (Hama akymyaupaHe
Ha pucka obaue, npu gepuuum Ha npomeuH C u xe-
mepo3u2omHo HocumencmBo Ha 20210G>A).

— Moaumopouamvm 4G/5G B 2eHa PAI-1'°: kombu-
Hauusma om xemepo3u2omHo HocumeAncmBo Ha Ba-
puaHma 4G/5G (PAI1) u xemepo3u20mHO HOCUMEA-
cmBo Ha BapuaHma 20210G>A Bogu go 6-kpamHo
yBeAuueHue Ha pucka 3a BeHo3Ha mpombo3a, a kom-
BbuHauusma om XOM03u20mHO HocumeAcmBo Ha Ba-
puaHma 4G/4G (PAI1) u xemepo3u20mHO HOCUMEA-
cmBo Ha BapuaHma 20210G>A Bogu go 13-kpamHo
yBeAuueHue Ha pucka 3a BeHo3Ha mpombo3sa.

* npugobuma mpomboduAaus (Hanpumep HaAu-
yue Ha aHmudocdhoAunugHU aHMuUMeAa);

* bpemeHHOCM;

* npuem Ha opanHu koHmpauenmuBu uAu opaAnHa
XOpPMOHO3aMeCmumMeAHa mepanus;

* 3amabcmsBaHe — npu BMI > 30 kg/m? puckoem
HapacmBa Hag 7 nomu;

“SERPINE1 (kogupaw, uHxubumopa Ha nAa3MuHozeHoBus
akmuBamop 1, plasminogen activator inhibitor type 1, PAI1).

E. Betcheva-Krajcir

Genetic predisposition to thrombophilia CARDIOLOGY&
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* 20210G>A (Fll) homozygosity: undetermined,
but higher risk than in heterozygotes;

* Positive family history of thrombosis in a first-
degree relative, whereas the risk of thrombosis
increases with the number of affected relatives.

* Another genetically determined thrombophilia
is found in a significant proportion of 20210G>A
(FI) heterozygotes, with an additive thrombophilic
effect:

— Factor V Leiden: about 20-40% of 20210G>A
(FIl) heterozygotes have additionally a Factor V
Leiden variant; double (compound) heterozy-
gotes for both mutant alleles have up to 20-fold
higher risk for venous thrombosis, 3-9-fold higher
risk for venous thrombosis recurrence, and an in-
creased risk for thrombosis in atypical locations;
the annual thrombosis risk of compound hetero-
zygotes is 12%.

—Protein S deficiency — in heterozygous carri-
ers of 20210G>A (Fll) and concomitant protein S
deficiency, the risk for venous thromboembolism in-
creases 13-fold. (There is no accumulation of risk,
however, in protein C deficiency with 20210G>A het-
erozygosity).

— 4G/5G polymorphism in the PAI-1"° gene: com-
bined 4G/5G (PAI1) and 20210G>A (FIl) heterozygos-
ity results in a 6-fold higher risk for venous throm-
bosis; concomitant 4G/4G (PAI1) homozygosity and
20210G>A (Fll) heterozygosity results in a 13-fold
higher risk for venous thrombosis.

* acquiredthrombophilia (suchasantiphospholipid
antibodies);

* Pregnancy;

* Oral contraception or oral hormone replacement
therapy;

* Obesity — over 7 times higher risk at BMI > 30
kg/m?;

""SERPINE1 (encoding plasminogen activator inhibitor type 1,
PAI1.
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* 3nokauecmBeHo 3abonsBaHe (Hag 17 nbmu no- * Malignancy — over 17 times higher risk;

Bucok puck);

* HesHauumenHa mpaBma Ha kpaka — go 30

nomu no-Bucok puck;

* Minor leg injury — up to 30 times higher risk;
* Air-traveling — perhaps up to 17x higher risk.

* BeposmHo u nbmyBaHe cbc camonem (go 17x

no-Bucok puck).

Tabauua 3: OmHocumeneH puck 3a pasAuyHU u3sBu Ha BeHo3eH MPOoMBOEMBOAU3LM Npu HaAuvue Ha BapuaHma 20210G>A (FlI) [13]:

Table 3: Relative risk for different manifestations of venous thromboembolism due to 20210G>A (FII) [13]:

1 Bug BeHo3eH mpoM6oemMmBoAU3LM:

Puck: 3-5x 1 puck (xemepo3uzomu)
[aHHu 3a XomMo3u2omu He ca nocoyeHu, nopagu uskalouumeaHama um psgkocm;
xapakmepHa e no-paHHa u3sBa (8 maaga Bb3pacm)

Tpombo3a Ha gbAbokume BeHu

3-5x T puck (xemepo3uzomu), Hau-4ecmo Ha goAHuUme KpalHuuu; no-mAagu.

BenogpobHa mpomboemboaus

npu xemepo3u2omHu uHguBugu ¢ TAB yuecmomama e 32%; kamo usino puckom
e no-Bucok.

Tpomb03a Ha 20pHU kpauHuuu

3-6x T puck (xemepo3uzomu) (9-14x npu xemepo3uzomu >keHu Ha koHmpauen-
muBu)

Tpombo3a Ha Mo3buyHUME BeHu

6-10x 1 puck (xemepo3suzomuy); 80-150x Il no-Bucok puck npu xemepo3suzomu
>keHu Ha koHmpauenmuBu

MopmanHa vepHogpobHa mpombosa

o 4x 1 puck (xemepo3uzomu)

Tpombo3a B HemunuyHa AokaAusauus

o 4x 1 puck (xemepo3uzomu) 3a mpoMb0o3a Ha noBbpXHOCMHU BeHU; no-yecmo
mpombo3u B pemuHama u okomo.

PeuuguBupawu mpom6o3u

He e scHo gaau u koako Mymauusma uma 3HaueHue.

Tpom603a npu GpeMmeHHOCM

3x-15x 1 puck (xemepo3uzomu) — go 31x T no Bpeme Ha camama BpemeHHoOCM
uAu go 6 cegMuuu nocmnapmym.

26x 1 puck (xomo3uzomu)

8-47x 1 puck npu compound xemepoauzomu ¢ factor V Leiden

4 Tpom6o3a npu 3nokauecmBeHu
HeonAasMu

17x 1 0bw, puck 3a BeHo3HU mpomb0o3u; 20x T puck 3a mpombo3u Ha 20pHU
kpatHuuu; 5x 1 puck 3a mpombo3a npu ueHmpaneH BeHo3eH kamemup (nopm)

1 Type of venous thromboembolism:

General risk: 3-5x 1 risk (heterozygotes)
Undetermined for homozygotes; earlier onset is typical

Deep venous thrombosis

3-5x 1 risk (heterozygotes), most often lower extremity DVT; earlier onset.

Pulmonary thromboembolism

Generally higher risk; in heterozygotes with history of deep vein thrombosis, the
incidence is 32%.

Deep vein thrombosis of the upper
extremity

3-6x 1 risk (heterozygotes) (9-14x 1 in heterozygous women taking oral
contraceptives)

Thrombosis of the cerebral veins

6-10x 1 risk (heterozygotes); 80-150x 1 in heterozygous women taking oral
contraceptives

Portal hepatic thrombosis

Up to 4x 1 risk (heterozygotes)

Thrombosis in atypical localization

Up to 4x 1 risk (heterozygotes) for superficial vein thrombosis; retinal or ocular
thromboses are more common.

Recurrent thromboses

Undetermined effect.

Thrombosis in preghancy

3x-15x 1 risk (heterozygotes) - up to 31x 1 during ca. 6 weeks postpartum.
26x 1 risk (homozygotes)
8-47x 1 risk in compound heterozygotes with factor V Leiden

4 | Thrombosis in malighant
Neoplasms

17x 1 overall risk for venous thrombosis; 20x 1 risk for upper extremity
thrombosis; 5x 1 risk for central venous catheter (port) thrombosis

>> 20




ApmepuanHo-cbgoBu uHUUgeHmMU

Mopagu BAusHUEMO Ha npompombuHa Bopxy ak-
muBupaHemo Ha eHgomeAHume cbgoBu kaemku u
aspezauusima Ha mpombouumume, e npegnoaoXkeHa
HezoBama pona B namozeHe3ama Ha amepockaepo-
3ama u pasBumuemo Ha kopoHapHa cbgoBa boaecm.
IBe npoyuBaHus, cpeg maagu >keHu (18-44 2.) ¢ pa-
HeH muokapgeH uHdpapkm u cpeg MbXke ¢ uHdpapkm
npegu 70 2coguwHa Bb3pacm, gemoHcmpupam noBu-
weH puck 3a kopoHapHO-cbgoBu uHuugeHmu cpeg
HocumeAume Ha BapuanHma 20210G>A (FIl) 8 xeme-
pO3U20MHO CbCMoOsHUE, camo ako uHguBugbm e eg-
HoBpemeHHO u3noXkeH Ha BAusHUEmMO u Ha gpye puc-
koB ¢akmop (Hau-3Hauumo BAusHUE uma NyweHemo;
gpyau pakmopu ca HagHOPMEHO Me2A0, apmepuaHa
XunepmoHus, XunepAaunugemus, guabem) [7]. He e
MaAnbk U Bposm Ha uscaegBaHusma, koumo He no-
kasBam acouuauus mexkgy HacAegcmBeHama xunep-
npompomMbuHemMus u pucka om muokapgeH uHdapkm.

Hsakonko npoyuBaHusa He omkpuBam acouuauus
mMexkgy HocumeacmBomo Ha 20210G>A (FIl) u pucka
3a Bvo3HukBaHe Ha UHCYAM UAU MPaH3UMOopHa UCXemMuy-
Ha amaka, gpyau noco4yBam no-Bucok puck 3a Mo3bueH
UCXEMUYEH UHUUgEHM Npu Xemepo3u20mHuU Hocume-
Au (Hanpumep 3,8 nbmu no-Bucok B egHo npoyuBaHe,
kamo aBmopume u3uucasBam BvamoxkHO noBuwaBaHe
Ha pucka npu xomo3uzomu go Hag 200 nomu) [7, 14]. B
Aumepamypama ca onucaHu uskalouumeaHo manko Ha
6pol uHguBugu xomosuzomu no 20210G>A (Fll). Cpeg
msix gBama nauueHmu, Ha 24 u Ha 26 20guHu, ca guas-
HOCMUUUPaHU C ucxeMuuyeH (MO3bYeH) uHcyam [7, 14].

Mpompom6buH u COVID-19

MpompombuHbm, kamo BarkeH dpakmop B kackaga-
ma Ha kpvbBococupBaHe, U HaAUMUEMO Ha 2eHemMUYHU
BapuaHmu B Hezo, B8 MmomeHma ca ¢okyc Ha noBuweH
UHMepec om HayyHama obwHocm, nopagu Bov3moxk-
HOmMO 3HauveHue 3a mekecmma Ha kauHukama npu
uHdpekuus ¢ Bupyca SARS-CoV-2, npuduHUMEA Ha 3a-
bondaBaHemo COVID-19, u 3a namozeHe3ama Ha cBbp-
3aHUME ¢ Hes mpombomuuHu ycaokHeHus [11]. Taka
Hanpumep, onucaH € nauueHm c COVID-19, pa3Bua
mexkka, cucmemHa BeHo3Ha mpomb6o3a, koumo e xo-
Mo3u2omeH Hocumea Ha BapuaHm 20210G>A (FlI) [15].

MHgukauuu 3a uscaegBaHe
KAuHUYHU xapakmepucmuku Ha npompomMbuHoBa-
ma mpomboduAausi HE ca NamO2HOMOHUYHU 3a moBa

E. Betcheva-Krajcir
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Coronary artery disease and ischemia

Because of the activating effect of prothrombin
on endothelial vascular cell activation and plate-
let aggregation, it has been suggested to have an
impact on atherosclerosis and coronary artery dis-
ease pathogenesis. Two studies, among young
women (18-44 yrs.) with early myocardial infarction
and among men with infarction before the age of
70 years, demonstrated an increased risk for coro-
nary events among 20210G>A (FIl) heterozygotes,
but only by simultaneous exposure to another risk
factor (most significantly by smoking; by overweight,
arterial hypertension, hyperlipidemia, diabetes) [7].
Other studies failed to demonstrate an association
between hereditary hyperprothrombinemia and the
risk of myocardial infarction.

Studies on the association between 20210G > A
(FIl) homozygosity and the risk of cerebral stroke or
transient ischemic episode are controversial. Some
of them showed no statistically significant associa-
tion, others demonstrate up to 3.8-fold higher risk for
cerebral ischemic events in heterozygotes, estimating
a 200-fold higher risk in homozygotes [7, 14]. Only a
small number of 20210G>A (FIl) homozygotes have
been described. Two of them, aged 24 and 26 years,
have had a history of ischemic stroke [7, 14].

Prothrombin and COVID-19

As a key component of the coagulation cas-
cade, prothrombin is a focus of an increased scien-
tific interest. A possible effect of genetic variants in
Fll on the development of severe thrombotic events
during SARS-CoV-2-associated COVID-19 disease
was suggested [11]. For example, a patient with se-
vere, systemic venous thrombosis as a complica-
tion of COVID-19 infection, has been identified as a
20210G>A (FIl) homozygote [15].

Suggestive findings
The clinical manifestation of prothrombin throm-
bophilia is not pathognomonic. Prothrombin plasma
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cocmosHue. OcBeH moBa naasmeHume HuBa Ha npo-
MPOMBUH Npu Xemepo3u20mHUMe HoCUMeAU Mozam ga
6bgam noBuweHu ¢ go 30%, HO Cbwio maka buxa Mo2Au
ga ca cpaBHumMu ¢ me3u npu xopama 6e3 Mymauusma
[1, 5]. Kamo uHgukauuu 3a uscregBaHe 3a HaAuuue Ha
npompoMbuHoBa mpomboduaus ce nocouBam [13]:

— Bb3HukBaHe Ha nbpBu, HenpoBokupaH enu3og Ha
BTE npegu 50-zoguwHa Bv3pacm;

— Bov3HukBaHe Ha HenpoBokupaH enusog Ha BTE
u egHoBpemeHHO Hanuvue Ha kpvBeH pogcmBeHuk
om nvpBa cmeneH (pogumea, bpams u/uAu cecmpu,
geme) c BeHo3Ha mpombemboaus Ha Bb3apacm nog
50 2oguHu;

— AHamMHe3a 3a peuuguBupawu enu3ogu Ha
mpom6o3a: TOB Ha goAHume kpauHuuu, 6erogpobeH
MpPOMB0eMBOAU3bM;

— Tpombo3a B HemunuuHU AokaAu3auuu: Me3eH-
mepuanHa, uepebpanHa, xenamo-nopmanHa.

— (QamunHa aHamHesa 3a HocumeAcmBo Ha Mmy-
mauusma ufuau damuaHa aHamHe3a 3a mpombo-
MUYHU UHUUgEHmMU;

— BeHo3Ha mpomb6o3a no Bpeme Ha bGpemeH-
Hocmma u/uAu B paHHusa nyepnepaneH nepuog (6
cegMuuu cAaeg pakgaHe);

— BeHo3Ha mpombo3a no Bpeme Ha npuem Ha
ecmpozeH cogbpkawu opasHu koHmpauenmuBu uAu
XOPMOH-3aMecmumeAHa mepanus;

—MNpegu uepHogpobHa MpaHcnAaHmauus — us-
cnegBa ce goHopbm, mvu kamo B He20Bus uepeH
gpob ce npousBerkga NPOMPOMBUH.

— XKeHu, koumo naaHupam npuem Ha ecmpozeH-
cvgbpkawu koHmpauenmuBu uAu XOPMOH-3amMecmu-
meAHa mepanusi u koumo umam kpoBHu pogcmBeHu-
UuU C aHaMHe3a 3a BeHo3Ha mpombo3a UAu uzBecmHa
HacAegcmBeHa mpomboduAaus;

— XeHu, koumo naaHupam aHmukoag2yaaHmHa me-
panusi no Bpeme Ha BpemeHHocmma u koumo umam
kpvBHU pogcmBeHuuu ¢ aHamHe3a 3a BeHo3Ha MpoM-
603a uAu usBecmHa HacaegcmBeHa mpoMboduAus.

Mpu cnegHume cayyau uscaegBaHemo 3a npo-
mpombuHoBa mpomMboduAus Moxke ga ce obcbgu:

—[MopBu enusog Ha BTE npu npunaz2aHe Ha ma-
mMokcudeH uau Ha gpyeu cenekmuBHu mogyaamopu
Ha ecmpozeHoBus peuenmop.

—MopBu enu3og Ha HenpoBokupaHa BTE npu
Bv3pacm Hag 50 20guHu.
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levels in heterozygotes might be up to 30% higher,
but could also be comparable to the level in wild type
allele individuals [1, 5]. Suggestive findings for molec-
ular genetic are [13]:

— A first, unprovoked episode of venous thrombo-
embolism (VTE) before the age of 50;

— An unprovoked episode of venous thrombo-
embolism and a first-degree relative (parent, sibling,
child) younger than 50 years with venous thrombo-
embolism;

— History of recurrent episodes of thrombosis
(VTE of lower extremity, pulmonary thromboembolism
(PE));

— VTE in atypical localizations: mesenteric, cere-
bral, hepato-portal.

— Family history of a mutation carrier and/or fam-
ily history of a thrombotic events;

— VTE during pregnancy and/or within the first 6
weeks postpartum;

— VTE on estrogen-containing oral contraception
or oral hormone replacement therapy;

— Before liver transplantation, the donor should
be tested, since prothrombin is produced in his
liver.

—Women planning estrogen-based contraception
or hormone replacement therapy, who have relatives
with a history of VTE or with known hereditary throm-
bophilia;

—Women planning anticoagulant therapy during
pregnancy, who have relatives with a history of VTE or
known hereditary thrombophilia.

Prothrombin thrombophilia genetic testing might
be considered:

— By first VTE episode during therapy with ta-
moxifen or other selective estrogen receptor mod-
ulator.

— By first episode of unprovoked VTE in a patient
older than 50 years.



— Kozamo ce naaHupa cnupaHe Ha aHmukoagy-
A@HMHama mepanus npu AeyeHue Ha nvpBu, Henpo-
Bokupa+ enu3og Ha BTE npu nauueHm, npu koumo
Bce owe He e npoBegeHo uscaegBaHe 3a 2eHemMuyuHa
mpomboduAus;

— Mpu geua ¢ uguonamuuHa BeHo3Ha mpombo3a
UAU UHCYAM.

[uazHocmuka

IokasBaHemo Ha npompombuHoBus BapuaHm
20210G>A (Fll) ce nocmuza upe3 MoAekyaspHO 2e-
HemuuHo u3caegBaHe: cekBeHupaHe uau PCR-6a-
3upaHa memoguka. Kakmo u npu FV, uzcaegBaHemo
mps6Ba ga MoXke ga ugeHmuduuupa Xomo- U xeme-
posugomume u ce npoBexkga egHokpamHo.

lMpenopbku

AHano2uuHo Ha npenopvkume 3a FVL, Haauuu-
emo Ha BapuaHma 20210G>A camo no cebe cu, 6e3
mpoMbBomuueH enu3og U 6e3 HaAuuue Ha gpyau pucko-
Bu u npegpasnonazawu dakmopu, He e uHgukauus 3a
gbA2ocpouHa aHmukoagyaaHmHa mepanusi, HO NPodu-
AakmuuHa kpamkoBpemeHHa aHmumpomMbomuyHa me-
panus moke ga ce npegnpueme Npu NAaHUpyemu npe-
xogHu puckoBu dakmopu (onepauus, nomyBaHe), 3a ga
ce usbezHe mpomMbomuyeH UHUUgeHM. AeueHUEMO Ha
NbpBu ocmbp MpPoOMBOMUYEH enu3og nNpu HocuMeAu
Ha BapuaHma 20210G>A (FIl) cowo ce u3BopwBa no
cmaHgapmHu npomokoAu, a npeueHkama 3a npogbA-
»kKumeAHocm Ha mepanusma ce basupa Ha oueHka Ha
cbomHoweHuemo 3a Bv3HukBaHe Ha peuuguB cnpsmo
puck om kbpBeHe nopagu AeveHuemo [3, 8].

Xemepo3uzomHume >keHu Hocumenku Ha BapuaH-
ma 20210G>A c aHamHe3a 3a BTE, kakmo u xomo3u-
20mHume >keHu cbeC UAU B6e3 makaBa aHamHe3a mpsabBa
ga u3bg2Bam npuema Ha nepopaAHu koHmpauenmuBu u
XOpMOHO3amMecmumeAHa mepanus. [To omHoweHue Ha
bpemeHHocmma npu >keHu, HOCUMeAkU Ha Mymauus,
He e nocmuagHam KOHCEeHCyC OmHOCHO aHmukoazy-
AaHmHama npodunaakmuka, HoO Mo2am ga ce caegBam
Hacokume, usnokeHu 3a FVL [13].

Cneg ycmaHoBsaBaHe Ha Mymauusma 20210G>A,
C o2neg oueHka Ha pucka 3a pa3Bumue Ha BeHosHa
mpomb03a, ce NpenopbuBa gonbAHUMEAHO u3cAaegBaHe
Ha: pe3aucmeHmHocm Ha akmuBupaHusi npomeuH C u/
UAU 2eHEmMUYeH aHaAu3 3a HaAaudue Ha dakmop V Ha
NaugeH (FVL) (nonsko2a ce uscaegBam ycnopegHo);
aHaAu3 3a Haaudue B cepyma Ha aHmukapguoAunuHoBu
aHmumeAa u aHmu-6ema-1-2aukonpomeuHoBu aHmu-

E. Betcheva-Krajcir
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—When planning anticoagulant therapy termi-
nation after a first, unprovoked episode of VTE in
a patient who is still not tested for genetic throm-
bophilia;

— In children with idiopathic venous thrombosis or
stroke.

Diagnostics

The 20210G>A (Fll) variant is identified by mo-
lecular genetic testing: a (Sanger) sequencing or a
PCR-based method. As with FV, the testing must be
able to identify homo- and heterozygotes and be per-
formed once.

Recommendations

Similar to FVL thrombophilia, the identification of
20210G>A variant is not an indication for a long-term
anticoagulant therapy, if there is no history of VTE
or in the absence of a risk factor. However, a short-
term anticoagulation prophylaxis is recommended in
case of a risk factor exposure: surgery, travel. First
thrombotic episode therapy in 20210G>A (Fll) variant
carriers equals standard protocols; the therapy du-
ration depends on determination of the benefits to
disadvantages ratio [3, 8].

Heterozygous female 20210G>A carriers with a
history of VTE, and homozygous women with or with-
out VTE, should avoid oral contraception and hormone
replacement therapy. Regarding pregnancy, there is
no consensus on anticoagulant prophylaxis for female
carrier; generally, the FVL prophylaxis guidelines can
be applied [13].

Once the 20210G>A mutation has been identified,
an additional study of: activated protein C resistance
and/or genetic analysis for Leiden Factor V (FVL)
(sometimes tested in parallel) is recommended to as-
sess the risk of developing venous thrombosis); se-
rum analysis of anticardiolipin antibodies and anti-be-
ta-1-glycoprotein antibodies; phospholipid-dependent
coagulation reactions to identify a lupus inhibitor; ac-
tivity of protein C, antithrombin and protein S (or free
protein S antigen) [7, 13].
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mena; dpocdonunug-3aBucumu koazyrauuoHHU peakuuu
3a ugeHmuduuupaHe Ha AynyCceH uHxubumop; akmuB-
Hocm Ha npomeuH C, Ha aHMUMPOMBUH U Ha NPOMeUH
S (uau cBobogeH npomeuH S-aHmuzeH) [7, 13].

leHemuuyHa koHcyAmauus. YHacaegaBaHe

MpompombuHoBama mpomMboguAaus ce yHacAegs-
Ba aBmosomHO gomuHaHmHo. [loce2a He ca onucaHu
cayyau Ha de novo Bb3HukHaau mymauuu, m.e. BuHazu
MymaHmHUmMe aAeAu ca yHacAegeHu om pogumen. Be-
posmHocmma 3a npegaBaHe Ha MymaHmHus BapuaHm
20210G>A (FlI) 8 nomomcmBomo 3aBucu om geHomuna
Ha pogumenume u caegBa cowume 3akoHomepHocMU,
kakmo npegcmaBeHume B8 mabauua 2 3a FVL:

— lMNpu eguH pogumen xemepo3uzom, BepossimHocm-
ma 3a Bcsako om HezoBume geua Cbwo ga yHacAegu My-
mauusima u ga 6bge xemepo3uzomeH Hocumen e 50%.

—Tlpu eguH pogumeA xomo3uzom Bcuuku geua
we bbgam xemepo3uzomHu Hocumeau (100%).

—MNpu gBama xemepo3u2omHuU pogumeAu, puc-
kbm 3a mexHume obwu geua e: 25% ga Bvgam
XOMO3U20MHU HOCumMeAu Ha Mymauusma; 50% ga
bbgam xemepo3uzomHu Hocumeau; 25% Beposm-
HOoCm ga HamMam Mymauus (xomo3u2omu no guBus
mun anena).

—MNpu eguH pogumeA xomMo3u20m U eguH pogu-
meA xemepo3uzom cobuwecmByBa 50% puck nomo-
Muume ga ca xomo3uzomu u 50% puck 3a xeme-
po3uzomHocm.

—TMpu gBama pogumenu xomo3uzomu Bcuuku
obuwu geua we bbgam cobwo xomozauzomu (100%) [13].

MHxubumop Ha naasamuHozeHoBus akmuBa-
mop (PAI1)

lfeHom SERPINE1 kogupa PAI1 (plasminogen
activator inhibitor-1) — cepuH-npomeuHa3eH UHXU-
6umop Ha mbkaHHUS nAa3MUHo2eHeH akmuBamop-1
(tPA1), yusmo ¢yHkuus e ga akmuBupa naasmuHo-
2eHa go NAa3MUH U N0 Mo3u HayuH ga cnocobecmBa
AU3UpaHemo Ha ¢ubpuHoBume koazyaamu, noayue-
Hu caeg kpvBocbcupBare. Taka PAI1, uHxubupauku
tPA1, uHxubupa u pubpuHOAU3amMa U N0 MO3U HAUUH
ygoakaBa edpekma Ha kpvBococupBaHemo [16, 17].
HapyweHama ¢ubpuHoausa B pesyamam Ha noBu-
weHu naa3mMeHu HuBa Ha PAI1 e munuuHa Haxogka
npu nauueHmume ¢ TAB[18].

B npomomopHus (5°) yuacmbk Ha 2eHa PAI1 ce
omkpuBa 2eHemuueH BapuaHm, uzBecmeH nog umMemo
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Genetic counseling. Mode of inheritance

Prothrombin thrombophilia is inherited in an au-
tosomal dominant manner. No de novo mutations
have been described. The risk for the offspring de-
pends on the genotype of the parents (s. also Table
2 for FVL):

—If one parent is a heterozygote, there is 50% risk
for the offspring to be heterozygous as well and 50%
chance to be wild-type allele homozygous.

—If a parent is homozygous, all children (100%)
will be heterozygous carriers.

— If both parents are heterozygous, there is a 25%
risk for the offspring of being mutation homozygotes;
50% risk of being heterozygous carriers; 25% chance
of being wild-type allele homozygotes.

—If one parent is homozygote for the mutation
and one is heterozygote, there is a 50% risk for the
offspring for being homozygous and a 50% risk of
being heterozygous.

—In the case of two homozygous parents, there is
100% risk for homozygous offspring [13].

Plasminogen activator inhibitor (PAI1)

The SERPINE1 gene encodes PAI1 (plasminogen
activator inhibitor-1), a serine-proteinase inhibitor of
the tissue plasminogen activator-1 (tPA1); tPA1 on the
other hand activates plasminogen by transforming it
into plasmin, thus promoting fibrin clot degradation.
Hence, PAI1, by inhibiting tPA1, indirectly inhibits the
fibrinolysis and prolongs the blood coagulation ef-
fect [16, 17]. Impaired fibrinolysis caused by elevated
plasma PAI1 levels is a common finding in patients

with deep vein thrombosis [18].

At the promoter (5°) region of the PAI1 gene a
genetic variant, known as the ,PAI1 4G/5G polymor-
phism“ has been described''. The two alternative

"This polymorphic variant belongs to the microsatellites; its
official designation is NM_000602.5(SERPINE1): ¢.820G[(4_5)]);
other popular designations for the same variant are c¢.-675delG
(4G/5G Polymorphism); SERPINE1, 1-BP DEL/INS, 4G/5G; single
nucleotide variant rs1799762 or rs1799889; c.-742delG (5'UTR)
in the old nomenclature.



LnoAuMopdusoMm 4G/5G Ha PAIT“''. [1Bama aamepHa-
muBHuU anena B mo3u Aokyc ce omaudaBam no HaAuYu-
emo Ha 4 uau Ha 5 2yaHuHoBu ocmambka (1-bp guanine
deletion/insertion (4G/5G)) B8 monekynama Ha OHK [19].

| Kackana Ha KPBBEOCHCHPBAHETO |

+
x TekaHeH

T MNasmMHOrEHeH
awtearop-1 (tPAL)

PUEPHHOEM AETPAAALNOHHN
npogyktk (Bxa. D-gumepn)

Quzypa 1. CxemamuuHo npegcmaBsHe Ha UHXUBUMOPHUSA
edpekm Ha PAI1 Bopxy pubpuHoauzama (obscHeHus B8 mekcma)

Anenom, npu koumo 8 npomomopa Ha 2eHa PAI1
uma camo 4G-ocmamvka, uma Bucok apuHumem camo
kbm ycunBawume 2eHHama ekcnpecus pe2yAamopHU
¢dakmopu, Ho He U kbm UHxubupawume. MNMopagu moBa
anen 4G nokasBa no-Bucoka mpaHckpunuuoHHa ak-
muBHocm u e npuyuHa 3a no-Bucoku HuBa Ha uHaue
¢dyHkuuoHanHo HenpomeHeH PAI1 B naaamama. Bapu-
aHmMobm Ha guBusa mun anea (5G) uma aduHumem 3a
cBop3BaHe He camMo C eHxaHCepa, HO U C NPOMeUHa,
nomuckaw, mpaHckpunuusima Ha 2eHa u kamo usno
nokasBa no-craba ekcnpecus. B peayamam Ha moGa,
uHguBugume ¢ 2eHomun 4G/4G umam npubAusuMen-
HO 25% no-Bucoku naaamveHu HuUBa Ha PAI1 u npu msx,
¢dopmupaHu B kpbBoHocHama cucmema koazyaamu
(mpombu), He ce Ausupam maka edpekmuBHo, 8 cpaB-
HeHue ¢ uHguBugume c 2eHomun 5G/5G [17].

MNMpomomopHusm yyacmuvk Ha 2eHa PAIT uma u gpyaa
ocobeHocm. Tolu e cnocobeH ga ,Jpeazupa“ ¢ noBuwe-
Ha ekcnpecus Ha PAI1, npu Bucoku naazmeHu HuBa Ha
mpuaauuepugu. Had-cuneH makoB@ omzoBop, m.e. Hal-
Bucoku HuBa Ha PAI1, ca ycmaHoBeHu npu xunepmpuaAu-
uepugemusi B8 uHguBugu ¢ 2eHomun 4G/4G (PAI) [17].

""TosuBapuaHm ce omHacs kbM 2pynama Ha MukpocameAumume;
odpuuuanHomo my HaumeHoBaHue e NM_000602.5(SERPINE1):c.-
820G[(4_5)]); ocmapeAu UAU NONYASpPHU 0603HaUeHUs Ha Cbulus
BapuaHm ca c.-675delG (4G/5G Polymorphism); SERPINE1, 1-BP
DEL/INS, 4G/5G; eguHuueH HykneomugeH Bapuanm rs1799762
uAu rs1799889; c.-742delG (5’'UTR) no cmapama HomeHkaamypa
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alleles at this locus differ by the presence of 4 or 5
guanine residues (1-bp guanine deletion/insertion

(4G/5G)) in the DNA molecule [19].

| Coagulation cascade |

E—g )

T Tissue plasminogen
“——{ activator-1 (tPA1)

Fibrin degradation products {incl. D-
dimers)

Figure 1. Schematic representation of the inhibitory effect of
PAI1 on fibrinolysis (explanations in text)

The 4G allele PAI1 promoter has a higher affin-
ity to gene expression enhancers, but not to gene
expression inhibitors. Hence, the 4G allele has high-
er transcriptional activity and corresponds to higher
plasma levels of otherwise functionally unchanged
PAI1. The wild-type 5G allele on the other hand, has
an equal affinity to gene expression enhancers and
inhibitors, and generally shows weaker expression. As
a result, individuals with 4G/4G (PAI1) genotype have
on the average about 25% higher PAI1 plasma levels.
Clots, formed during coagulation in 4G-homozygotes
cannot be degraded as efficiently as in wild-type al-
lele homozygotes [17].

The promoter region of the PAIT gene is also
sensitive to external factors, being up-regulated for
example by elevated triglyceride plasma levels. This
up-regulation effect is noticeably stronger in 4G (PAI1)
homozygotes [17].

The 4G allele is very common genetic variant
with a global minimum allele frequency of about 43%
and a frequency in Caucasian of about 46% [19].
The 4G/4G genotype has a frequency of over 26%
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Anenom 4G e MHO20 wupoko pa3npoCmpaHeH:
2nobanHama My MUHUMaAHa aneAHa yecmoma e oko-
A0 43%, a uecmomama My cpeg eBponetckume no-
nyaauuu e okono 46% [19]. Yecmomama Ha 2eHomun
4G/4G B eBponeuckama nonyaauus e Hag 26%, Ha
xemepo3uzomu (5G/4G) Hag 39%, a Ha xomo3uzomu
no guB mun anen (5G/5G) okono 35% (dbSNP).

KAMHNYHA KAPTUHA

BeHo3Ha mpombo3a

Tou kamo Haauuuemo Ha aneA 4G B xoMO3Uu20MHO
cbcmosiHue (2eHomun 4G/4G) e cBopsaHo ¢ noBuwe-
Ha ekcnpecus Ha PAI1, a no-Bucoku naa3ameHu HuBa ce
cBop3Bam ¢ noBuwieH puck om mpom6bo3u, ca npoBegeHu
Hskonko uscaegBaHus Ha nauueHmu u 3gpaBu koHmMpoAu,
3a ga ce ycmaHoBu gaau XoMO3U20MHOMO CbCMOsIHUE
4G/4G uma Bpv3ka ¢ Aeko yBeauueHue Ha npegpasno-
AokeHocmma kom pa3Bumue Ha mpombosu. [Jokamo
me3u npoy4yBaHusi nokazBam HaAuuuemo Ha acouuauus
mMexkgy noBuweHume HuBa Ha PAI1 u pucka om mpom-
603u, mo scHa Bpwuaka Mexkgy noaumopduama 5G/4G u
mpombodunus He ce gokasBa egHosHauHo [17]. Mema-
aHanus, BkalouBaw, gaHHUMe om 2oasmM Bpolu npoyuBa-
Hus Bce nak nocouBa Hanuuue Ha makaBa Bpuv3ska [20].

B pesayamam Ha gpyau u3cnaegBaHusa ce ycma-
HoBsBa, ue HaAnuvyuemo Ha 2ceHomun 4G/4G Bogu go
noBuweH mpombomuueH puck camo ako e HaAuueH
u gpye 2eHemuueH pakmop, omzoBopeH 3a HacAeg-
cmBeHa uAu npugobuma mpomboduaus. Taka Ha-
npumep caokHa-xemepo3duzomHocm 4G/5G (PAI1)
u c.20210 G/A (Fll, ¢dakmop Il — npompom6uH),
Bogu go 6-kpamHo yBeauueHue Ha pucka 3a BeHo3-
Ha mpombo3a, a kombuHauusima om XOMO3U20MHO
HocumencmBo Ha BapuaHma 4G/4G (PAI1) u xeme-
po3ugomHo HocumeAacmBo Ha BapuaHma 20210G>A
Bogu go 13-kpamHo yBeauueHue Ha pucka 3a BeHo3-
Ha mpomb6o3a [13]. Hau-Bucok mpombomuueH puck
3a xomo3uzomu 4G/4G (PAI1) ce onucBa npu eg-
HoBpemeHeH geduuum Ha npomeuH C. MNpu BpogeH
geduuum Ha npomeuH S e nokasaH 3HaUYUMEAHO
yBenuueH puck 3a benogpobeH mpomMboeMboAU3LM,
Ho He u 3a TOB. leHomun 4G/4G noka3Ba acouua-
uus u ¢ no-Bucok puck 3a apmepuasHa mpombo3a
npu uHguBugu ¢ npugobuma mpomboduaus nopagu
HaAauyue Ha aHmudocdoaunugHu aHmumena [17].
Mo-Bucok mpombomuueH puck nokasBam u nauu-
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in Caucasians, whereas the wild-type allele homo-
zygotes (5G/5G) surprisingly comprise about 35%
(dbSNP).

CLINICAL MANIFESTATION

Venous thrombosis

Since homozygosity for the 4G allele is as-
sociated with up-regulation of PAI1 expression,
and higher PAI1 levels are associated with an in-
creased thrombosis risk, several studies sought
to demonstrate possible link between 4G/4G ho-
mozygosity and thrombosis susceptibility. Despite
the clear association between the PAI1 plasma
levels and the thrombotic risk, a 4G/ thrombophil-
ia association could not be clearly demonstrated
[17]. One meta-analysis found some association
between the 4G homozygosity and an elevated
thrombotic risk [20].

Several studies demonstrate an association
between the 4G homozygosity and an increased
thrombotic risk only in the presence of anoth-
er hereditary or acquired thrombophilia risk fac-
tor. For example, a compound-heterozygosity of
4G/5G (PAI1) and c.20210 G/A (Fll) results in a
6-fold increase in the risk of venous thrombo-
sis, while homozygosity for the 4G variant (PAI1)
combined with heterozygosity for 20210G>A (FII)
results in a 13-fold higher risk foe venous throm-
bosis [13]. The highest thrombotic risk for 4G
(PAI1) homozygotes is described by co-existing
protein C deficiency. Significantly higher risk for
pulmonary thromboembolism, has been shown
by concomitant 4G homozygosity and congenital
protein S deficiency. The 4G/4G genotype asso-
ciates with a higher risk of arterial thrombosis in
individuals with acquired antiphospholipid-anti-

body thrombophilia [17]. Patients carrying the FV



eHmume ¢ FV AadgeH BapuaHm u HaAuuue Ha anea
4G (PAI1) [21].

B 2onamo npocnekmuBHo npoyuBaHe Bbpxy pu-
cka 3a peuuguB Ha gbAboku BeHo3HU mpombo3u e
ycmaHoBeHa Bpv3ka mexkgy noBuweHu nhAasmeHu
HuBa Ha PAI1 u noBuweH puck om peuuguB 3a mpom-
6o3a Ha gbAbokume BeHu [17]. Opyso npoyuBaHe
ycmaHoBsaBa no-Bucoka uecmoma Ha anen 4G u Ha
2eHomun 4G/4G cpeg nauueHmume, koumo Beue ca
npekapaAu enusog Ha gbAboka mpombosa Ha BeHu-
me — Haxogka, cbomBemcmBawa Ha dakma, ue PAI1
umMa pons no-ckopo B8 nomuckaHe Ha ¢ubpuHoAu3a-
ma, a He 8 mpombozeHeszama [22].

Chabo usacHeH ocmaBa npobaembm, gaau nho-
BuweHume HuBa Ha PAI1 ca npuuuHa 3a noBuwe-
Hus mpombomuueH puck, uau no-ckopo, cbwo kamo
mpombo3ama, ca peyAmam om onpegeneH Memabo-
AUMEH MEPEeH U UHUUUUpaHUme Om He20 XPOHUYHU
namoAo2UYHU npouecu B opzaHuama. Kakmo 6e guc-
kymupaHo, npomomopHusm pezuoH Ha PAI1 no3Bons-
Ba mexaHu3bM 3a noBuweHa ekcnpecus npu Haauvue
Ha noBuweHu nAa3meHu HuBa Ha mpuaauuepugu. To3u
ebekm e Haauue HeszaBucumo om noAumopdusma
5G/4G, HO e owe NO-CUAHO U3pas3eH npu 2eHomun
4G/4G. B gpynama nauueHmu ¢ mpombosa u noBu-
weHu HuBa Ha PAI1 ca cbweBpemeHHO u noBeuemo
uHguBugu ¢ Bucok Body-Mass Index (BMI), noBuweHu
HuBa Ha Aunugu, 2Aloko3a Ha 2aagHO U UHCYAUH; emo
3awo aBmopume nocouBam, ue BeposmHo noBuweHu-
me HuBa Ha PAI1 ca gupekmeH peayamam Ha mema-
H6OAUMHU HapyweHuUs U cbcmosHus, kamo UHCyAUHoBa
pesucmeHmHocm, XunepmpuaAuuepugemusi, 3amabce-
msiBaHe u apmepuanHa xunepmoHus [17].

KopoHapHa apmepuanHa cbgoBa boaecm

VMima gaHHU 3a 3HauumenHa kopenauus mexXgy
noBuweHa naasmeHa koHueHmpauus Ha PAI1 (kamo
camocmosmeneH beaez) u kopoHapHa cbgoBa borecm
[23]. He e sacHo ganu Bpv3kama e yucmo nNpuY4uHHO-
cAegcmBeHa uAu U gBama beneza ca pesyamam om
getucmBuemo Ha puckoBu dakmopu [17]. Makpodazu-
me u eHgomenHume kaemku B8 amepockaepomuuHu-
me Ae3uu ce xapakmepu3upam ¢ noBuweHa ekcnpe-
cus Ha PAI1, koamo e owe no-sBHa npu nauueHmume
CbC 3axapeH guabem mun 2 [24]. YcmaHoBeHo e, ue
anenHama yecmoma Ha BapuaHma 4G e 3Ha4YumeAHo
no-Bucoka cpeg nauueHmume, npekapaau muokapgeH
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Leiden variant and the 4G allele (PAI1) also have
higher thrombotic risk [21].

A large prospective study found an associa-
tion between elevated plasma PAI1 levels and an
increased risk for deep vein thrombosis recurrence
[17]. Another study found a higher frequency of the
4G allele and the 4G/4G genotype among patients
who had already experienced an episode of deep
vein thrombosis, a finding consistent with the fact
that PAI1 has a role in suppressing fibrinolysis rather
than thrombogenesis [22].

It remains poorly understood whether elevated
PAI1 levels are the cause of the increased throm-
botic risk, or rather are the result of a specific met-
abolic background causing a chronic pathological
condition. As discussed, the promoter region of PAI1
enables enhanced expression by hypertriglyceri-
demia. This effect is observed independently of the
5G/4G polymorphism but is even more pronounced
in the 4G/4G genotype. A study demonstrated that
among patients with thrombosis and higher PAI1
levels, more individuals had high Body-Mass Index
(BMI), hyperlipidemia, fasting glucosemia and high-
er insulin levels; hence, it was suggested that el-
evated PAI1 levels are likely a result of metabolic
dysregulation, especially in the context of insulin re-
sistance, hypertriglyceridemia, obesity and arterial
hypertension [17].

Coronary artery vascular disease

There is evidence of a significant correlation
between increased plasma PAI1 concentration (as
an independent marker) and coronary artery dis-
ease [23]. It is unclear whether this indicates cau-
sality or whether both features are associated be-
cause of the common etiological risk factors [17].
Macrophages and endothelial cells in atheroscle-
rotic lesions demonstrate up-regulated PAI1 expres-
sion, which is even more pronounced in patients
with type 2 diabetes mellitus [24]. The 4G variant
allele frequency is significantly higher among pa-
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uHdapkm Ha Bv3pacm npegu 45 2oguHu [25]. Bposm
Ha xomo3uzomume no aneA 4G (4G/4G) B cemeucmBa
Cc ¢amunHa aHamHe3a 3a kopoHapHa cbpgeuyHa na-
moAoz2usi € 3HauumenHo no-Bucok [26]. MNMauueHmume
c 2eHomun 4G/4G 3HaUUMEAHO NO-YeCcmO QgEeMOH-
cmpupam mexXku amepockAepomuyHu U3MeHeHuUs
CbC cmeHo3a Hag 70% [23, 27]. Mema-aHaAu3 Bopxy
ebekma om noaumopdusma 5G/4G Bopxy pucka 3a
kopoHapHa apmepuanHa cbgoBa 6onecm, noka3Ba Ha-
Auuue Ha makaBa u 3HavyumenHo no-Bucok puck 3a
kopoHapHa cvbgoBa 6oaecm cpeg uHguBugume c €B-
ponelcku u azuamcku npousxog, om Mwkku noa u B
no-maaga Bv3pacm, Hocumeau Ha anen 4G [24].

YcaokHeHuUs no Bpeme Ha bpemeHHocm

Hsakonko npoyuBaHus He omkpuBam Bpv3ka mexkgy
nAasmeHume HuBa Ha PAI1 uau noaumopdusma 5G/4G
U peuuguBupauiu cnoHmaHHu abopmu [28-30].

IuazHocmuka. MHgukauuu 3a uscaegBaHe

M3cnegBaHemo Ha naasmeHume HuBa Ha PAI1 ¢
uen usBauvaHe Ha kAuHUUHO peneBaHmHa UHdopma-
uus e npegusBukamencmBo. lMNMpuuuHama e, ve koH-
ueHmpauusima Ha PAI1 8 kpbBma uma uupkaguaHeH
pumbM, HO ocBeH moBa ce noBausiBa cuaHo B xoga Ha
ocHoBHomo 3abonsBaHe (MpoMb0o3a, CbpgeyHo-Cbgo-
Bo 3abonsBaHe), kakmo u npu cbcmosHus, noBausBa-
wu cuHmesa Ha ocmpoda3zoBu npomeuHu, kakeBmo e
PAI1 (Hanpumep npu uHdekuuu uau nocmonepamuB-
HO). Memogume 3a uamepBaHe Ha naa3meHus PAI1 ce
ocHoBaBam Ha eHaum-3aBucuma UmyHocopbeHmHa
peakuus uAu Ha ¢yHKuuoHaAeH aHaAus [17].

YcmaHoBsBaHemo Ha cmamyca Ha noAumopdus-
Ma 5G/4G ce u3BbpwBa upe3 MoAekyaspHO 2eHe-
MUYHU u3cnegBaHus (cekBeHupaHe, PCR-b6asupaH
memog). OmkpuBaHemo Ha BapuaHmHus anen 4G bu
MO2bA ga UMa KAUHUYHO 3HayeHUe NO OMHOWEHUe
Ha mpomMboduAus camo B XOMO3UZ2OMHO CbCMOsHUE
U Npu HaAu4yue Ha gonbAHUMEAEH 2eHemuuyeH ¢dak-
mop, Bogew, go HacregcmBeHa mpomboduaus, kamo
Bapuanm FV Leiden uau 20210G>A (FII).

MoBeuemo aBmopu npenopbuBam u3scaegBaHe-
mo Ha noaumopodusma 5G/4G (PAI1) ga ce npoBex-
ga camO npu HaAuuue Ha gpye, gokasaH, 2eHemuueH
UAU npugobum mpomboduauueH dpakmop, mbl kamo
€camMocmosimeAHOMO My KAUHUYHO 3HauYeHUEe He € Ha-
NbAHO U3SICHEHO U BeposmHO uma MHO20 Manka me-
»kecm B 2eHe3ama Ha mpoMbomuyHusA npouec. B co-
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tients with myocardial infarction before 45 years
[25]. There are significantly more 4G homozygotes
among individuals with a family history of coronary
heart disease [26]. Patients with the 4G/4G geno-
type demonstrate severe atherosclerotic changes
with stenosis greater than 70% significantly more
often [23, 27]. A meta-analysis on the effect of the
5G/4G polymorphism has demonstrated strong as-
sociation between coronary artery disease and the
4G allele in male, young individuals of European or

Asian descent [24].

Pregnancy complications

Several studies found no association between
plasma PAI1 levels or the 5G/4G polymorphism and
recurrent pregnancy loss [28-30].

Diagnosis. Suggestive findings

Determining PAI1 plasma levels diagnostic pur-
poses is challenging, because PAI1 concentration
follows a circadian rhythm and is affected signifi-
cantly by underlying disease, such as thrombosis,
cardiovascular disease or conditions (e.g. infec-
tions or operations) with elevated acute phase pro-
teins. Plasma PAI1 concentration is measured by
enzyme-linked immunosorbent-based assays or by
functional analysis [17].

The 5G/4G polymorphism is best demonstrated
by molecular genetic testing (sequencing or PCR-
based methods). The 4G allele should be interpreted
as clinically relevant for thrombophilia susceptibility
only in homozygotes and in the presence of an addi-
tional thrombophilic factors (for example FV Leiden
or 20210G>A (FII)).

It was suggested that molecular genetic testing
of PAI-1 5G/4G polymorphism should be only consid-
ered, when another genetic or acquired thrombophilic
factor has been identified. The clinical significance
of the polymorphism as an independent factor for de-
velopment of thrombosis is not fully understood, but

perhaps it has a very little general effect on it. At the



womo Bpeme, cbobwaBaHemo Ha BapuaHm, koumo
€ ,pasAuueH om HopMaAHus aren” MoXke ga cb3gage
U3AUWHO Be3nokotcmBo y nauueHma [6, 10, 18].

lMpenopbku

Hsma cneuuanHu npenopvku, cBvp3aHu ¢ 4G
(PAI1) xemepo3uzomHOCM UAU XOMO3U20MHOCM,
HUMO NO OMHOWEHUE Ha mepanusma Ha Mmpombo-
MUYHU UHUUgeHmu, Humo BvB Bpvska c BbamoxkHa
npodunakmuka. MNMopagu cuaHo BeposmHama acouu-
auus ¢ noBuweH puck om cbpgeuHo-cbgoBu 3abons-
BaHus u no-cneuuanHo — kopoHapHa cbgoBa borecm
u muokapgeH uHpapkm, ce npenopbvuBa noBuweHo
BHumaHue npu koHmpoaa Ha puckoBume ¢akmopu
kamo HuBo Ha kpvBHa 3axap u mpuzauuepugu B ce-
pyma, meAecHO meaAo U gpyau. 3a ceza, obaue, aHa-
AU3bmM Ha noaumopodusma 5G/4G (PAI1) Hama npsko
kAuHUuuHO npunoxkeHue [6, 10, 18].

leHemuuHa koHcyamauus. YHacaegsaBaHe

Benezom noBuweHa naasmeHa koHueHmpauus
Ha PAI1, BbB Bpwv3ka ¢ HaAuuuemo Ha noAuMopdu3-
mMa 4G, ce yHacAegaBa aBmo3omHo-peuecuBHo (BX.
obsacHeHuAmMa 3a ,aBMmOo30MHO" U ,,gOMUHAHMHO“ Npu
yHacnegsaBaHe Ha pakmop V AalugeH). BeposmHocm-
ma 3a 2eHomun 4G/4G B nomomcmBomo 3aBucu om
2eHomuna Ha pogumeaume. Ta e 100% npu gBama
pogumeAu xomo3uzomu no aneA 4G, 50% npu eguH
pogumeA xomMo3u2zom no 4G u eguH xemeposuzom u
25% npu gBama xemepo3u20mHU pogumeAu.

MTHFR (5,10-methylenetetrahydrofolate re-
ductase)

lfeHom MTHFR kogupa eHaumbm 5,10-memuneH-
mempa-xugpodoram-pegykmasza (MTHFR) — eH3um
om memunoBus MemaboaumeH uukoa, kolmo e BavkeH
3a npeBpbWaHemo Ha XoMouucmeuH 8 MEMUOHUH™ u
yuacmBa 8 memaboAuaMa Ha pa3AuydHU aMmuHokuceau-
HU u B cuHmes3a Ha ¢onamu. HamaneHa eH3umHa ak-
muBHocm Ha MTHFR, npu egHoBpemeHeH Hegocmugz
Ha cepyMHuU ponamu, e egHa om Bo3mokHUMe npuvu-
HU 3a XxunepxomouucmeuHemusi (noBuweHu HuBa Ha
xomouucmeuH B cepyma) [31]. XunepxomouucmeuHe-
Musima ce onpegeas kamo puckoB ¢pakmop 3a pa3Bu-
mue Ha BeHo3Ha mpomb603a, a cbwo maka nokasBa

2MTHFR kamaausupa npeBpbwaHemo Ha 5,10-MemuneH-
mempa-xugpodporam B 5-memua-mempa-xugpopoaam, koumo e
nopBuuyHama popma Ha dponam B uupkyaauusma u yuacmBa B
pe-mMemuAupaHemo Ha xomouucmeuHa 8 MEMUOHUH.

E. Betcheva-Krajcir
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same time, reporting a variant that is “different from
the normal” may cause unnecessary concern in the
patient [6, 10, 18].

Recommendations

There are no specific recommendations relat-
ed to the therapy of a thrombotic event or the
prophylaxis in 4G (PAI1) hetero- or homozygotes.
Since there is some data for 4G association with
higher cardiovascular disease (coronary artery
disease and myocardial infarction) risk, caution
is advised in the control of risk factors such as
serum glucose and triglyceride levels, BMI, etc.
For now, however, the analysis of the 5G/4G poly-
morphism (PAI1) has no evidence based clinical
application [6, 10, 18].

Genetic counseling. Inheritance

Higher PAI1 concentration due to the 4G polymor-
phism, is inherited as an autosomal recessive trait.
The risk of 4G-homozygosity in the offspring depends
on the genotype of the parents. There is a 100% risk
if both parents are homozygous for the 4G allele, 50%
risk if one of the parents is 4G homozygous and the
other is heterozygous, and 25% risk if both parents

are in heterozygous.

MTHFR (5,10-methylenetetrahydrofolate re-
ductase)

The MTHFR gene encodes the 5,10-methy-
lene-tetra-hydrofolate reductase (MTHFR), a key
enzyme in the methyl metabolic cycle, important
for the conversion of homocysteine to methionine™,
and the metabolism of various amino acids and in
the synthesis of folates. Reduced MTHFR enzyme
activity, together with serum folate deficiency, can
cause hyperhomocysteinemia (elevated serum ho-
mocysteine levels) [31]. Hyperhomocysteinemia has
been identified as an independent risk factor for
venous thrombosis and is associated with cardio-

"2MTHFR catalyzes the conversion of 5,10-methylene-tetra-
hydrofolate to 5-methyl-tetra-hydrofolate, which is the primary
form of folate in the circulation and is involved in the re-
methylation of homocysteine to methionine.
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acouuauus CbC CbpgeyHo-cbgoBu 3aboaaBaHus kamo
amepocknaeposa, muokapgeH uHdapkm, uHCyAm, Xu-
nepmoHus, nepudepHa apmepuonamus [32-34].

B penpogykmuBHama meguuuHa Hegocmuzbm Ha
€H3UMa uma 3HaueHue, nopagu noBuweHume Hy>kgu
om dgoramu 3a HOPMaAHOMO hpomuyaHe Ha BpemeH-
Hocmma u pegyuupaHe Ha pucka om pa3Bumue Ha
gedekmu Ha HeBpanHama mpbba npu haoga npu 2e-
HemuuHa npegpas3noAokeHoCm u/uau HacmbnBaHe Ha
cnoHmaHHU abopmu. MoHwkeHama eH3umHa akmuB-
Hocm Ha MTHFR 6u mo2aa ga goBege go no-Hucku
HuBa Ha donamu, BkalouumenHo npu naoga no Bpeme
Ha bpeMeHHoCcM npu $doram-gepuuumHa mauka [35].

Pa3auuHu 2eHemuyHu BapuaHmu, ocHoBHO gBama
noaumopduama’™ c.665C>T (p.Ala222Val) u c.1286A>C
(p-Glu429Ala) B zeHa MTHFR, ca npoyuBaHu 3a Bausi-
Huemo um Bbpxy eH3umHama akmuBHocm.

C.665C>T

BapuaHmom NM_005957.5(MTHFR):c.665C>T
(p-Ala222Val)** e nosHam kamo ,mepmonabuneH” Ba-
puaHm. Tou npegcmaBasBa mucceHc BapuaHm, npu
koumo B nosuuus 665 B 2eHa bazama uumo3suH (C)
e 3aMeHeHa ¢ 6azama mumuH (T), koemo Bogu go
3amsHa Ha amuHokuceAuHama aAaHuH ¢ BaAuH B no-
3uuus 222, pasnonokeHa B kamaAaumuuHus gomeUH
Ha eH3uma MTHFR. Taka u3ameHeHusm eH3um no-
kasBa mepmonabuaHocm, Bogewa go HaMaAeHa eH-
3umMHa akmuBHocm (eH3umMbm ce paszpaXkga AeCHO
go MOHOMepume cu u 3a2ybBa kopakmopa cu). Xo-
Mo3uzomume no BapuaHmHus anen (2eHomun T/T)
nokaszBam no-Bucoka eH3uMHa mepmoAabuAHoCM
U no-Hucka ocmamvuyHa eH3umHa akmuBHocm Ha
MTHFR™ (om nopsgvka Ha 20%). Xemepo3uzomume
(2eHomun C/T) u xomo3uzomume no guBus anen (2e-
Homun C/C) nokazaBam mepmMonabuaHocm cbomBem-
Ho om 56% u 66%'6. EkcnepumeHmanHo e gokasaHo,
ye HamaAeHuemo Ha eH3umHama akmuBHocm uma

"SMoaumopdusbm o3HauaBa makwvB BapuaHm (anen) Ha 2eHa, koumo
e aanmepHamuBeH Ha goOMUHUpawus aneAn B egHa nonyaauus u uma
uvecmoma B masu nonyaauus Hag 1%. Koankomo no-Bucoka e uecmomama
Ha gageH anen B nonyaauusma, no npaBuao monkoBa no-manko BeposmHo
e mou ga e namoz2eHeH, HO uma u uskaloueHus om mo3u npuHuun.
"Yecmopuuecku nosHam u kamo C677T; p.A222V.

NavepBa ce kamo ensumHa akmuBHocm cAeg  MepMUYHO
uHakmuBupare. Konkomo no-Bucoka e mepmonabuaHocmma, moakoBa

no-Hucka cmouHocm uma eH3uMHama akmuBHocm.

"MpoueHmume ompassBam HamareHama eHauMHama akmuBHocm nog
BAusHue Ha monauHa, m.e. kakBa yacm om nvpBoHayanHama eH3uMHa
akmuBHocm (100 %) e 3anaseHa.
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vascular pathology (atherosclerosis, myocardial in-
farction, stroke, hypertension, and peripheral arterial
disease) [32-34].

The MTHFR enzyme deficiency is very import-
ant in the reproductive medicine area, because of
the increased folate requirements during pregnan-
cy; its supplementation is critical for the reduction
of pregnancy loss incidence due to neural tube de-
fects. [35].

At least two genetic variants, the polymor-
phisms® ¢.665C>T (p.Ala222Val) and c.1286A>C
(p.Glu429Ala), have functional effect on MTHFR en-
zyme activity.

C.665C>T

The polymorphism NM_005957.5(MTH-
FR):c.665C>T (p.Ala222Val)** is known as the “ther-
molabile” variant. This missense variant is caused
by replacement of the cytosine (C) base at position
665 in the coding gene sequence with a thymine (T)
base. This results in the exchange of the amino acid
alanine at position 222 — the catalytic domain of the
MTHFR enzyme, for the amino acid valine. The 665T
allele makes the enzyme more thermolabile and is
associated with a reduced MTHFR enzymatic activi-
ty (the enzyme is prone to degradation to monomers
and co-factor). Homozygotes for the mutant allele
T (genotype T/T) have higher enzyme thermolabili-
ty and lower MTHFR residual activity™ (about 20%).
Heterozygotes (genotype C/T) and wild-type allele
homozygotes (genotype C/C) show higher enzyme
residual activity (56% and 66%, respectively)'®. Bio-
logical significance of the reduced enzyme activity

8A polymorphism is a variant (allele) of a gene that is alternative to
the dominant allele in a given population, which has a frequency in that
population greater than 1%. The higher the frequency of an allele in a
population, as a rule, the less likely it is to be pathogenic, but there are
some exceptions.

"Historically also known as C677T; p.A222V.

"SMeasured as residual enzyme activity after thermal inactivation. The
higher enzyme thermolability, the lower enzyme activity (lower value).
®The percentages reflect the reduced enzyme activity under the
influence of heat, i.e. how much of the original enzyme activity (100%)
is retained.



BUOAOZUYHO 3HaYeHUe OCHOBHO NpU XOMO3u20mu No
BapuaHmHus Bapuanm (T), HO He U npu Xxemepo3u20-
mu [36-39].

Anenom T Ha ¢.665C>T (p.Ala222Val) e wupoko
pasnpocmpaHeH Bb8 Bcuuku uoBewku nonyaauuu, kamo
2nobanHama My MUHUMaAHa aneaHa yecmoma e okono
25%, koemo 20 onpegens no-ckopo kamo noaumopdu-
3boM. Cpeg eBponetckume nonyaauuu yecmomama my
Bapupa om 25% go 31%. leHomunHama yecmoma Ha
xomo3uzomume no guB mun anen (C/C) B eBponelicku-
me nonynauuu e 46-58%, Ha xemepo3uzomume (C/T)
33-50%, a Ha xomo3ugomume no BapuaHm T (2eHomun
T/T) e 4-8% (dbSNP, Internet, 21.07.2021[38]).

c.1286A>C

BapuaHmom NM_005957.4(MTHFR):c.1286A>C
(p.Glu429Ala)” npegcmaBasBa 3amsHa Ha 6aszama
ageHuH (A) ¢ Hykneomuga uumo3uH (C) B8 nosuuus
1286 Ha 2eHa, ¢ mucceHc edpekm (3amsaHa Ha aMUHO-
kuceanuHama a2aymamam (Glu) ¢ anaHuH (Ala) B no-
3uuus 429 Ha noanunenmugHama Bepuz2a Ha eH3uma)
B pezynamopHusi gomeUH Ha eH3uma. lMNpoyuBaHusma
uH Bumpo noka3Bam, ye cam no cebe cu mo3u NoAuU-
MopdeH BapuaHm, gopu B XOMO3U20MHO CbCMOsHUE
He npuuyuHsBa BUOAOZUUHO 3HAYUMO HaMaAeHUe Ha
eH3umHama akmuBHocm Ha MTHFR. lNpu HaAuuue
obaue u Ha BapuaHma c¢.665C>T (B8 xemepo3u2omHo
cbCcmosHue), ce HabalogaBa kymyaamuBeH edekm,
koumo uma ussBa 6auska go masu npu xomo3uzomu
camo no BapuaHma c.665C>T [36, 38, 39].

AnmepHamuBHusm aneA (1286C) uma cobwo Bu-
coka uecmoma, kamo cnopeg 6azama gaHHu “1000
Genomes” mou ce cpewa cpeg 31% om uHguBugume
¢ eBponeucku npousxog; yecmomama Ha XoMOo3u20-
mume no BapuaHmHus anen (1286C) e okono 10%, a
Ha Xxemepo3uzomume — okono 42% [38].

€.665C>T u ¢.1286A>C

AnmepHamuBHUMe anenu Ha gBama noAumopdus-
mMa 665T u 1286C noumu Hukoza He ce Hamupam Ha
egHa u cbwa xpomo3oma (Hamupam ce B m.Hap. He-
paBHoBecHa ckaueHocm (linkage disequilibrium), m.e.
He ce pasnpegensam B nonyaauusima Ha CAyvaeH NpuH-
uun, He3aBucumo eguH om gpye, a N0 makvB HauuH,
ue gBama mymaHmHu anena psgko ce omkpuBam 3a-
egHo, Bopxy egHa u cbwa xpomosoma). Koezamo Hskou

Memopuuecku nosHam u kamo c.A1298C, E470A (GLU429ALA),
rs1801131
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has been experimentally proved only in 665T homo-
zygotes [36-39].

The T allele of ¢.665C>T (p.Ala222Val) is wide-
spread in all human populations, with a global min-
imum allele frequency of about 25%, defining it as
a polymorphism. Its frequency in Caucasians rang-
es from 25% to 31%. The genotype frequency of
wild-type allele homozygotes (C/C) in Caucasian is
46-58%, of heterozygotes (C/T) 33-50%, and of ho-
mozygotes for the T variant (genotype T/T) is 4-8%
(dbSNP, [38]).

c.1286A>C

The polymorphism NM_005957.4(MTH-
FR):c.1286A>C (p.Glu429Ala)"” is a substitution of
adenine (A) with cytosine (C) at position 1286 of the
coding DNA sequence of MTHFR gene, with a mis-
sense effect (substitution of the amino acid glutamate
(Glu) with alanine (Ala) at position 429 of the MTHFR
polypeptide molecule) in the regulatory domain of the
enzyme. In vitro studies failed to demonstrate biolog-
ically significant MTHFR enzyme activity reduction
even in ¢.1286C homozygotes. However, simultane-
ous 665C/T heterozygosity, has a cumulative effect,
with clinical manifestation similar to 665T/T homozy-
gosity [36, 38, 39].

The alternative allele (1286C) of the MTHFR is
also very common: according to the “1000 Genomes
database” its allele frequency in Caucasians is about
31%; the genotype frequency of the 1286C-homozy-
gotes is about 10%, and of the heterozygotes - about
42% [38].

€.665C>T and c.1286A>C

The alternative alleles of the two polymorphisms
665T and 1286C could almost never be found locat-
ed on one and the same chromosome (situation des-
ignated as linkage disequilibrium, i.e. the alleles are
not distributed in a population randomly, but in a way
that they are rarely found on the same chromosome).
Double heterozygotes (i.e. with genotype 665C/T;
1286A/C) have almost certainly the two mutant alleles

"Historically also known as c. A1298C, E470A (GLU429ALA),
rs1801131

3 <<

»
=
=
S
@
oc
~
=
=
)
]
O
(=]




[=]
S\
)
=]
=
=
~
X
@
=t
@
=
&

E. BeueBa-Kpauuup
KAPAMOAOT A & leHemuyuHa npegpasnoAckeHoCM ...

KAPAMOXUPYPTUA Tom 4, Bpoi 3 - 2021

uHguBug e xemepo3uzom no gBama BapuaHma (m.e.
¢ 2eHomun CT (665)/AC (1286)) e noumu cuzypHo,
ye gBama MymaHmHu anena ca Ha pasAuvyHume Xpo-
Mo3oMu (om gBeme xpomo3omu B uoBewkama kaem-
ka). Cayuaume, B koumo uHguBug e xemepo3uzom
no eguHus BapuaHm u Xxomo3u2om no gpyaus (2eHo-
mun CT (665)/CC (1286) uau 2eHomun TT (665)/AC
(1286)) ca uskalouumenHo pegku, a xomo3uzomu no
gBama mymaHmHu anena B Aumepamypama He ca on-
ucBaHu, koemo npegnonaza mMexaHuU3bMm Ha ecmecm-
BeHa ompuuamenHa cenekuus Ha makuBa uHguBugu
owe B embpuoHanHomo pa3Bumue [38, 39].
Xomo3uzomume no MymaHmHus BapuaHm T Ha
BapuaHma c¢.665C>T, kakmo u gBoUHUmMe xemepo3su-
2omu no BapuaHmume c.665C>T u ¢.1286A>C no-
kasBam npusHauu Ha pegyuupaHa MTHFR eH3umHa
akmuBHocm, u 0cobeHo npu Hegocmuz Ha CepymHU
donamu, mozam ga pasBusm xunepxomouucmeu-
Hemus. HellHomo kAuHUYHO 3HaueHue kamo puckoB
(uau acouuupaH) dakmop 3a mpomboduAus UAU 3a
CbpgeyHo-cbgoBa namonoaus, obaue, ce kpumuky-
Ba B nocaegHume 2oguHu. Makap u uscaegBaHemo
Ha gBama BapuaHma ga ce npegaaza om noBeuemo
2eHemMuYHU Aabopamopuu no cBema, Hacmoswume
npenopbku cvBemBam me3u u3caegBaHusa ga He ce
BkalouBam npu uHgukauus mpomboduAus UAU ga ce
npegnazam ¢ noBuweHa npegnasauBocm. MpuvuHa-
ma e, Ye npu HocumeAume Ha noAaumopdHume Bapu-
aHmu He e 3agbAkumenHo noBuwaBaHe Ha cepymHus
xomouucmeuH, mbu kamo cbcmosHuemo ce Bause
om mMHokecmBo ¢pakmopu. [Jaau HaAuvuemo Ha no-
AumopdHuUme BapuaHmu ¢.665C>T (p.Ala222Val) uau
¢.1286A>C (p.Glu429Ala) Bogu go xunepxomouucme-
uHemus npu koHkpemeH nauueHm, Moxke ga bbge yc-
maHoBeHo caeg uamepBaHe Ha nana3meHama KOHUEeH-
mpauus Ha xomouucmeuH, kamo ce npenopvuBa u
onpegensHe Ha koHueHmpauusma Ha BumamuH B12,
BumamuH B6 u ponueBa kucenuna [6, 31, 35].

AcouuupaHu KAUHUYHU cbCcmosiHUSA

BapuaHmbm ¢.665C>T e uscaegBaH B 2oaam bpou
npoyuBaHus ¢ pasAauvHa ueA. Hakou om msix omkpu-
Bam uAu omxBbpaam Bpb3ka ¢ pasAuuHu 3aboasaBa-
Hus, kamo npegpasnorokeHocm kbm mpombo3u,
amepockaepo3a U cobpgeyHo-cbgoBu 3aboasBaHus
(no-cneuuanHo MuokapgeH uHdapkm), xunepmoHus,
gemMeHuus,, npegpasnorokeHocm kbm pa3Bumue Ha
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are on a different chromosome (of each pair). Het-
erozygotes for one variant and homozygous for the
other (genotypes 665CT/1286CC or 665TT/1286AC)
are extremely rare worldwide, and homozygotes for
both mutant alleles have never been reported in the
literature, suggesting a natural negative selection ef-
fect during embryogenesis [38, 39].

Both homozygotes for the 665T variant and
double heterozygotes ¢.665C>T/c.1286A>C, show
reduced MTHFR enzyme activity and may devel-
op hyperhomocysteinemia, especially in folate de-
ficiency background. The clinical significance of
hyperhomocysteinemia in the etiology of thrombo-
philia or for cardiovascular disorders, however, has
been recently criticized. Although MTHFR polymor-
phism testing is widely available in almost all ge-
netic laboratories, current thrombophilia guidelines
advise against it or suggest to consider it with cau-
tion. Reason for this is that MTHFR polymorphism
does not directly correspond to hyperhomocyste-
inemia. To determine whether a particular 665T
or 1286C carriers has hyperhomocysteinemia, a
measurement of the serum homocysteine levels,
preferably together with folic acid, vitamin B12 and
vitamin B6 concentration determination, is recom-
mended [6, 31, 35].

Associated clinical conditions

The ¢.665C>T variant has been a focus of a
great number of studies for different disorders in hu-
man. Controversial data on association with various
health conditions has been published, for example,
susceptibility to thrombosis, atherosclerosis, car-
diovascular disease (particularly myocardial infarc-
tion), arterial hypertonia, dementia, some neoplasms
(such as non-small cell lung cancer, colon cancer or
acute lymphoblastic leukemia), neural tube defects,
cleft (of the soft and hard) palate, Down syndrome,

psychiatric disorders (depression, schizophrenia),



HeonaasMu kamo HegpebHokaembueH pak Ha beaus
gpob, pak Ha gebenomo uepBo uAu ocmpa AUMOb-
AacmHa AeBkemusi, gepekmu Ha HeBpaaHama mpvba,
uenku Ha mekomo u mBbpgomo Hebue, CUHgPOM Ha
IayH, ncuxuampuyHu 3aboasBaHus (genpecusi, Wu3o-
¢dpeHus), muzpeHa c aypa, anaykoma, npeekaamncus,
kakmo u noBausiBaHe Ha cmamyca Ha MemMUAUpaHe Ha
OHK. Tpu xumuomepaneBmuuHu cpegcmBa, u3noAs-
BaHu 3a AeueHue Ha HeonAa3Mmu, ca uscaegBaHu B koH-
mekcma Ha Bapuaimu 8 MTHFR; npu msix anenHomo
cvbcmosiHue Ha ¢.665C>T e okazano BausHue Bbpxy
mepaneBmuuHusi ome2oBop Ha nauueHma [36]. Bapu-
aHmbm ¢.1286A>C ce obcwxkga u kamo dpakmop 3a
npegpasnorokeHocm koM wusodppeHus [36].

Mpenopbku

XunepxomouucmeuHemMusima € 4Yecmo CpeuwlaHo
CbCMoOsiHUE nNpu xopama, koemo cunHO ce Bausie om
guemuyuHu ocobeHocmu, om HuBama Ha Hsgkou Buma-
MUHU, kakmo u om Bv3pacmma. YcmaHoBeHo e, ue npu
UHguBug c gokasaHa XunepxomouucmeuHemus Haba-
BaHe Ha ¢ponamu, BumamuH B12 u BumamuH B6 cno-
Ma2am 3a 6bp30 HopMaAusupaHe Ha MemaboAumHus
HanaHc. B CALL| ce npuaa2am cheuuaAHu npozpamu 3a
obozamsBaHe Ha Hakou xpaHu ¢ poramu, kamo ¢ moBa
€ NOCMuU2Hamo He CaMoO 3HaYUMEAHO pegyuupaHe Ha
bpemeHHocmume ¢ gedpekm Ha HeBpaaHama mpwvba u
Hsikou gpyau BpogeHu aHoMaAuu npu NA0ga, HO U pegy-
uupaHe Ha cMbpmHocmma om uHcyamu [31, 35]

YHacnegaBaHemo Ha MTHFR geduuum, cBbp3aHo
¢ Bceku om gBama noaumopdHu BapuaHma (¢.665C>T
u c.1286A>C) cregBa aBmo3omMHo-peuecuBeH MOgeA.

3 AKAIOYEHUE

BeHo3Hama mpom603a, Hau-vecmo uapassBawa
ce kamo T[B u BTE, npegcmaBasBa 3Havum ¢pakmop
B8 obwama 3aboneBaemMocm U cMbpmHocm. Yecmo
cpewaHu B coBpemuemo puckoBu ¢pakmopu 3a Bvs-
HukBaHe Ha MPOMBOMUYEH UHUUGEHM ca XupypauuHu
uHmepBeHuuu, UHMeH3UuBHO AeueHue, nocmaBsHe Ha
goA2ompaeH BeHo3eH kamembp, NpuAa2aHe Ha XopMo-
Ho3aMecmumeAHa mepanusi, gbAzompalHu nomyBa-
Husi, 0cobeHo cbc camonem, kakmo u ycrokHeHus Ha
bpeMeHHOoCMMa, HaAuuue Ha MaAugHeHU 3aboasaBaHus
u gpyau. B nocregHume 2oguHu b6ewe nocmuzHamo
MHO020 U B pasbupaHemo Ha 2eHemuuyHama npegpas-
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migraine with aura, glaucoma, pre-eclampsia, as
well as effect on the DNA methylation status. The
association between the metabolism of three che-
motherapeutic agents and different MTHFR variants
have been studied; some evidence for an effect of
the ¢.665C>T polymorphism on patient's therapy re-
sponse has been demonstrated [36]. The ¢.1286A>C
variant was suggested as a susceptibility factor for
schizophrenia [36].

Recommendations

Hyperhomocysteinemia is a common condition,
significantly affected by dietary intake, vitamins sup-
plementation and age. Studies demonstrate, that
confirmed hyperhomocysteinemia, could be rapidly
compensated by sufficient folate, vitamin B12 and B6
supplementation. In the USA there are special pro-
grams for grain food folic acid fortification, which have
not only the long term effect of drastically decreased
incidence of fetal neural tube and other fetal congen-
ital birth defects, but also a decline in the stroke mor-
tality [31, 35].

MTHFR deficiency associated with the ¢.665C>T
and ¢.1286A>C polymorphisms generally follows an

autosomal recessive mode of inheritance.

CONCLUSION

Venous thromboembolism (VTE), most frequently
manifesting as deep vein thrombosis (DVT) and pul-
monary embolism (PE), is an important public health
factor, associated with considerable morbidity and
mortality. Some of the most common risk factors
causing thrombosis at the present time are surgery,
intensive care therapy, long term intravenous cath-
eter use, hormone replacement therapy, long term
travel (especially air travel), complicated pregnancy,
and active malignancy. In the last decades the un-
derstanding of the genetic background of thrombo-

philia has improved significantly. This enabled the
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norokeHocm koM mpomboduauume. ToBa om cBos  application of screening testing for identification of
cmpaHa cnomozHa 3a paspabomBaHe Ha nogxogu 3a
ckpuHuHz u ugeHmuduuupaHe Ha Auua ¢ noBuweH 2e-
HemuueH puck, kakmo u Ha npodunakmuka, npocregs-
BaHe u AeueHue. and therapy schemes.

individuals with genetic susceptibility at risk and the
establishment of an effective prophylaxis, follow-up
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XENAPUH NHAYUUPAHA TPOMBOLUIUTOMNEHNA MPU NMALMEHTKA CAE[ COVID-19
N NOKA3AHA TPOMBOOUAUA

A. UBaHoBa', A. CumoBa™ 23, H. QumumpoB" 22, I1. [MaBnoB', N. KomaapoB', T. BekoB" %3

"MBAA“Cobpue u mo3vk” — MreBeH
2MeguuuHcku yHuBepcumem — lreBeH
3Bvazapcku kapguonoauyeH uHcmumym
“Covpue u mo3vk” — bypzac

Peslome. XenapuH uHgyuupaHama mpomMbouumoneHusa (HIT) e umyHHa peakuus Ha op2aHuama, npoBo-
kupaHa om AeueHue ¢ HeppakuuoHupaH xenapuH, a B pegku cayyau u Ha HuckomonekyaeH xenapuH. Coc-
mosHuemo e cBbp3aHo ¢ obpasyBaHe Ha aHmMuzeH-aHmumsAo komnaekc, omeoBopeH 3a mpoMbouumHa
agpezauus U MOWHO XunepkoazyAupyemo cbCcmosiHue, Bogewo egHOBPEMEHHO go MPOMBOUUMONEHUS,
om egHa cmpaHa, u mexkka mpombo3a, om gpyaa, npogukmyBaHa gonbAHUMEAHO U OM HacmbnuAa eH-
gomenHa gucdyHkuusi. CocmosiHuemo e cBop3aHo ¢ hoBuweHa cMbpmHocm, ako He bbge pasno3Hamo
HaBpewme u He ce npuaokam Heobxogumume mMepku. Cobumus kamo noBmapsawu ce cbgoBu UHUUgEHMU,
ocobeHo B maaga Bb3apacm, mpsabBa ga HacouBam kauHuuucma kbM 2eHemuuHa npegekcnosuuus u
omxBbpAsHe Ha mpomMboduAaud. Texkkama mpomMouumoneHus, om gpy2a cmpaHa, e 8 ocHoBama Ha namo-
2eHe3ama Ha COVID-19, cBvp3aHa ¢ pamaneH kpau npu 2onama yacm om nauueHmume ¢ mexkka ¢op-
Ma Ha 3abonsBaHemo. Tpume cbecmosHus: HIT, mpomboduaus u COVID-19, umam omHoweHue kbm Bce
ouwle HeHanbAHO paszagaHama mpombouumHa kackaga u ¢akmopu Ha mpomboobpasyBaHemo. Ha mo3u
eman He cbwecmByBam acHuU pvkoBogcmBa, koumo ga onpegeaam noBegeHuemo B nogobHU cumya-

uuu. NMpegcmaBsame kauHuueH cayyal Ha nauueHmka B kpumuuHo mexkko cbcmosiHue ¢ nope-
geH peuuguB Ha macuBHa 6enogpobHa mpomboemboaus (BTE) u gbaboka BeHo3Ha mpomMbo3a
(OBT), npu kosmo ycmaHoBuxme XenapuH uHgyuupaHa mpoMbouumoneHus U caeg npoBegeHo
2eHemuuyHo uscnegBaHe be gokazaHa mpomboduaus. CbcmosHuemo be HacmbvnuAo B paHHa-
ma ¢asa Ha Bb3cmaHoBumeneH nepuog caeg COVID-19 uHdekuus, ycarokHeHa ¢ gBycmpaHHa
nHeBMOHuUS.

KalouoBu gymu: xenapuH UHgyuupaHa mpombouumoneHus, 6enogpobHa mpomboemboaus, mpoMbodu-
Ausl; goaboka BeHo3Ha mpombosa, COVID-19

HEPARIN-INDUCED THROMBOCYTOPENIA IN A PATIENT AFTER COVID-19
AND PROVEN THROMBOPHILIA

A. Ivanova', I. Simova’??, N. Dimitrov'**, P. Paviov', Y. Kotlarov', T. Vekov"?*

"Heart and Brain Center of Clinical Excellence, Pleven — Bulgaria
2Medical University, Pleven — Bulgaria
3Bulgarian Cardiac Institute
“Heart and Brain, Burgas — Bulgaria

Abstract. Heparin-induced thrombocytopenia (HIT) is an immune response provoked by treatment with
unfractionated heparin and, in rare cases, low molecular weight heparin. The condition is associated
with the formation of an antigen-antibody complex responsible for platelet aggregation and a potent
hypercoagulable state, leading to both thrombocytopenia on the one hand and severe thrombosis on the
other, further dictated by endothelial dysfunction. The condition is associated with increased mortality
if not identified in time and the necessary measures are not implemented. Recurrent vascular events,
especially at a young age, should direct the clinician to genetic preexposure and rejection of thrombophilia.
Severe thrombocytopenia, on the other hand, is part of the pathogenesis of severe fatal COVID-19. The
three conditions: HIT, Thrombophilia and COVID-19 are related to the still incompletely understood platelet
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cascade and thrombosis factors. At this stage, there are no clear guidelines to determine behavior in
such situations. We present a clinical case of a patient in critical condition with another recurrence of
massive pulmonary thromboembolism (PE) and deep vein thrombosis (DVT), in which heparin-induced
thrombocytopenia was detected and thrombophilia was demonstrated after genetic testing. The condition
had occurred in the early phase of the recovery period after COVID-19 infection complicated by bilateral

pneumonia.

Key words: heparin induced thrombocytopenia, pulmonary thromboembolism, thrombophilia, deep venous

thrombosis, COVID-19

BbBEOEHUE

AeueHuemo ¢ xenapuH UAU ¢ He20Bu npou3BogHu
ce npuaaza Yecmo npu nauueHmu B kapguonozuuHu
U peaHumMauuoHHU omgeneHus. Mo gaHHU Ha peauc-
mpu cpegHama yecmoma Ha hauueHmume, npu kou-
Mo ce HaAnaza nogobHa mepanusi, ca okono 12 MAH.
uHguBugu 2oguwHo 3a CALLl, omkbvgemo moXke ga ce
npegBugu, ye moBa ca okono 1/3 om xocnumaanu3u-
paHume nauueHmu B uHmeH3uBHU omgeneHus [1].

Mpe3 nocaegHume B6Au30 gBe 20guHU ynompeba-
ma Ha HuckomoaekyaHU u HedpakuuoHupaHu Xxena-
puHU HapacmBa owe noBeuye nopagu HacmbnuAama
naHgemus om COVID-19. SARS-CQOV 2 u namozeHe-
MUYHUME MexaHuU3Mu 3a poasma My Bopxy noBuweHa
BbmpecbgoBa koazyronamus u puck om mpombosu e
egHa om npuyuHuUme 3a wupokama ynompebama Bb8
cBemoBeH mMawab Ha i.v. u cybkymaHHu aHmukoaay-
AaHmMu, kamo Bce owe pesyxmamume om nogobeH
mun AeueHue npu COVID-19 boAHume ca npomuBope-
yuBu u ca B npouec Ha gonbAHUMEAHU hpoyuBaHusi.

Bbnpeku ozpoMHUME NOA3U om He3amMeHUMUme 3a
kauHuuHama npakmuka megukameHmu kamo xenapuH
u Hez20B8u npousBogHu, puckom om kopBeHe, kakmo u
npoBokupaHemo Ha umyHHU peakuuu kamo ,xenapuH
UHgyuupaHa mpomMbeouumoneHus“ (HIT), ca cbcmosHus,
3a koumo kauHuuHus Aekap He buBa ga 3abpaBs.

MHgyuupaHama om xenapuH mpombouumone-
HUS € NOMEHUUAAHO CMbPMOHOCHO, UMYyHOAO2UYHO
npegu3BukaHo ycAokHeHue Ha HedpakuuoHupaHa
mepanus ¢ xenapuH u B no-manka cmeneH Ha xena-
puH ¢ Hucko moaekyaHo meano [2]. MNMoHwkeHuemo Ha
mpomMbouumume e noBeue om 50% u obukHoBeHo
HacmonBa om 5 go 10 gHU cAeg u3naz2aHe Ha Ae-
yeHue ¢ MoAnekyanama. [NamozeHe3ama Ha cbcmos-
Huemo ce npogukmyBa om npomeuHa PF4-platelet

INTRODUCTION

Treatment with Heparin or its derivatives is
often used in patients in the cardiology and in-
tensive care units. According to registries, the av-
erage incidence of patients requiring such thera-
py is about 12 million individuals per year for the
United States, from which it can be estimated that
this is about 1/3 of hospitalized patients in inten-
sive care units [1].

In the last two years, the use of low molecular
weight and unfractionated heparins has increased
even more due to the pandemic of COVID-19. SARS-
COV 2 and the pathogenetic mechanisms of its role
in increased intravascular coagulopathy and risk of
thrombosis is one of the reasons for the widespread
use of IV and subcutaneous anticoagulants world-
wide, and the results of this type of treatment in
COVID-19 patients are still contradictory and are in
the process of further research.

Despite the enormous benefits of essential
drugs such as heparin and its derivatives, the risk of
bleeding that causes as well as provoking immune
reactions such as ,heparin-induced thrombocytope-
nia“ (HIT) are conditions that the clinician should not
forget.

Heparin-induced thrombocytopenia is a poten-
tially fatal, immunologically induced complication
of unfractionated heparin therapy and, to a less-
er extent, low molecular weight heparin [2]. Plate-
let depletion is more than 50% and usually occurs
5 to 10 days after exposure to the molecule. The
pathogenesis of the condition is dictated by the pro-
tein PF4-platelet factor 4, which is located on the
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factor 4 (mpombouumeH ¢akmop 4), koumo e pas-
noAnokeH Ha mpomMbouumHama noBbpxHocm. Tolu ce
cBovpaBa ¢ xenapuHa u Bogu go mpaHcdopmayusma
B umyHozeHeH komnaekc, npegu3BukBaw, noBuweHo
npou3BogcmBo Ha aHmumeaa (Hau-yecmo IgG). 1gG
aHmumeaama, cBbp3Bauku ce ¢ komnaekcume xena-
puH/PF4, ca npuyuHa 3a akmuBupaHe Ha Mmpombo-
uumume. TpombouumHomo akmuBupaHe zeHepupa
npompoMbomuyHu Yacmuuu, koumo npegu3BukBam
MOWHO XunepkoagyAupyemMo cbcmosiHue, omkalou-
Bam mpombouumHama kackaga u uHgyuupam egHo-
BpeMeHHO mpoMbBouumoneHus, om egHa cmpaHa, u
mexkka mpombosa, om gpyza [3]. Komnaekcom aH-
mu2eH-aHmumsiAo MoXke ga ce cBobpxke ¢ moHouumu,
koemo ga goBege go eHgomenHo yBpexkgaHe.

OcHoBHume kpumepuume 3a nocmaBsHe Ha gu-
azHo3zama HIT ca Hakoako:

1) noHwkaBaHe 6pos Ha mpomMbouumume noHe ¢
50% om u3xogHume;

2) BpemeBusm npo3opeu, Mexkgy npuAaokeHUemo
Ha xenapuH obukHoBeHo Ha 5-10 geH caeg npunoxke-
Huemo u nosiBa Ha mpombouumoneHus;

3) gokasaHu mpombo3u;

4) usknalouBaHe ga gpyau Bb3mMoXKHU NpPUYUHU,
koumo ga obsacHam mpombouumoneHusma [4, 5].

Mpe3 2003 2. e BbBegeHa moukoBa cucmema, ¢
koasmo moxke ga ce nogosupa HIT npegu Ha3Haua-
BaHe u uzuakBaHe Ha AabopamopHUS pe3yamam UAU
npoBexkgaHe Ha umyHoAO2UUHO u3cAaegBaHe. [poeHo-
3upaHe Ha BeposmHocmma om HIT moxke ga ce on-
pegeau no moukoBa cucmema, om m.Hap. 4Ts Score
for Heparin-Induced Thrombocytopenia ,4 Ts", kou-
mo 2eHepupa pesyamam om 0-8 mouku; ako pesya-
mamovm e 0-3 m., HIT e maako BeposmHo. Peayamam
4-5 m. nokasBa mexkguHHa BeposmHocm, gokamo pe-
3yamam 6-8 m. — MHO20 BepossmHO HaAuvue Ha HIT.
CowecmByBa nog dopmama Ha oHAAUH kankyaamop
B MD calc, kamo moukoBama cucmema ce onpegens
om 0CHOBHUMe kpumepuu 3a nocmaBsHe Ha guazHo-
3ama, onucaHu no-zope [6].

M3BecmHu ca gBa ocHoBHU muna HIT. Tun | Bogu
go npexogeH cnag B bposi Ha mpoMbouumume no Bpe-
Me Ha nbpBoHauanHama ekcno3uuus Ha xenapuH. ToBa
CbCmMosHUE He e UMyHOMeguupaHo, He Bogu go obpasy-
BaHe Ha aHmumMeAa U He cbwecmByBa 3Hauum puck 3a
nauueHma. lMNpuvyuHa 3a moBa e gupekmHusm edekm
Bbpxy mpombouumume. Tun Il e ¢ no-20AaIM0o KAUHUYHO
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platelet surface. It binds to heparin and leads to the
transformation into an immunogenic complex that
causes increased production of antibodies (most
often 1gG). IgG antibodies binding to heparin/PF4
complexes cause platelet activation. Platelet acti-
vation generates prothrombotic particles that cause
a potent hypercoagulable state, trigger the platelet
cascade, and induce both thrombocytopenia on the
one hand and severe thrombosis on the other [3]. An
antigen-antibody complex can bind to monocytes,
leading to endothelial damage.

The main criteria for the diagnosis of HIT are
several:

1) a decrease in platelet count by at least 50% of
baseline;

2) the time window between the administration of
heparin usually 5-10 days after administration and the
occurrence of thrombocytopenia;

3) proven thrombosis;

4) exclusion to other possible causes that explain
thrombocytopenia [4, 5].

In 2003 a point system has been introduced
with which HIT can be suspected, before appoint-
ing and waiting for the laboratory result or con-
ducting an immunological test. Prediction of the
probability of HIT can be determined by a point
system, from the so-called. 4Ts Score for Hep-
arin-Induced Thrombocytopenia ,4 Ts“, which
generates a score of 0-8 points; if the result is 0-3
points, HIT is unlikely. Result 4-5 points. shows
an intermediate probability, while the result is 6-8
points. very likely presence of HIT. It exists in the
form of an online calculator in MD calc, the scor-
ing system being determined by the basic criteria

for diagnosis described above [6].

Two main types of HIT are known. Type I: re-
sults in a transient decrease in platelet count during
initial heparin exposure, this condition is not im-
munomediated, does not result in antibody forma-
tion, and there is no significant risk to the patient.
The reason for this is the direct effect on platelets.
Type Il is of greater clinical importance, namely the



3HaueHue. MiveHHO npu Hezo ce kacae 3a kaacuuecka-
ma namozeHe3a Ha mexkka mpombouumoneHusi, Coue-
maHa ¢ mpombosu (BTE, muokapgeH uHdapkm, OBT).
Tou e cBbp3aH ¢ MeguupaHe Ha uMyHHa peakuus.
Okono 20% om cAyvyaume Ha guagHocmuuupaH
HIT mozam ga 3aBbpwam aemanHo [4]. CbcmosiHue-
mo ce HabalogaBa no-uecmo npu >keHckus noa, kamo
yecmomama e 1:5000 6oAHU AekyBaHuU ¢ xenapuH u no-
xapakmepHo caeg 2oAeMu onepauuu(opmoneguyHu,
kapguoxupypzauuHu u gp.). He e scHa 2eHe3ama Ha
mexkkama mpombouumoneHus, koamo HacmwvbnBa
npu 6oAHU ¢ COVID-19, HO ma yecmo ce cpaBHsaBa
C MexaHu3ma Ha mpombouumoneHus, npegusBukaHa
om xenapuH. PaHHOMO pa3no3HaBaHe Ha cbcmos-
Huemo e om uskalouumenHo BakHO 3HaueHue 3a
BAazonpusmHus usxog 8 nogobHa cumyauus.

KAVHWYEH cAYYAl

MNpegcmaBame kAuHuueH cayvau Ha 62-2oguwHa
nauueHmka, nocmbnuaa B8 kpumuuHo mexkko obwo
CbCMOsIHUE, C gaHHU 3a hopegeH (Bmopu) peuuguB Ha
mMacuBHa benogpobHa mpomboembonus (BTE) B pas-
cmosiHue Ha 15 gHu. Mpu nocmbnBaHemo B Hawama
kauHuka nauueHmkama ce npe3eHmupa ¢ kAuHu4Ha-
ma kapmuHa Ha gucmpubymuBeH wok ¢ oAu2oaHypus,
Bucoku cmouHocmu Ha kpeamuHuH (436.0 mmol.l);
ekcmpemHo Hucku mpombouumu — 11 x 1079/L; D-gu-
Mep — MmakcumanHa cmouHocm (He3acuvawa ce).

KAuHUYHa kapmuHa

OnaakBaHus om ocmpo HacmMbvbnNUA 3agyx, ymopa
NpU MUHUMaAHU YCUAUS, HegoAaBswiu ce cmouHo-
cmu Ha AH, koumo ca noBog nauueHmkama ga 6vge
mpaHchopmupaHa Ype3 peaHUMOBUA 3a ChellHa Xoc-
numaaudauusi. Cumnmomamukama e ¢ HoB maacok u
ce nposBaBa caeg npoBegeHa cucmeMHa GpUBPUHO-
Au3a Ha 22.03.2021 2. B gpyea kauHuka BvB Bpv3ka ¢
gBycmpaHHa macuBHa BTE. Mopagu aHeMuUYeH CUuHg-
pom, boAHama e ocmaBeHa cAeg gexochumaausauu-
ama Ha 30.03.21 2. Ha AeueHue ¢ ¢pakcunapuH 2 x
0,6 ml, koumo e nocmaBsH pegoBHo B npogvakeHue
Ha 8 gHu.

Mpugpy>kaBawu 3abonsBaHus
1. [loAboka BeHo3Ha mpombo3a Ha geceH goAeH
kpauHuk — ycmaHoBeHa Ha 22.03.2021 .

A. lvanova et al.

Heparin-induced thrombocytopenia... CARDIOLOGY&
Volume 4, Number 3 + 2021 CARDIAC SURGERY

classical pathogenesis of severe thrombocytopenia
combined with thrombosis (BTE, myocardial infarc-
tion, DVT), associated with mediating an immune
response.

About 20% of diagnosed HIT cases can be fatal
[4]. The condition is more common in females, with
a frequency of 1:5000 patients treated with Heparin
and more typically after major surgeries (orthopedic,
cardiac surgery, etc.). The genesis of severe throm-
bocytopenia that occurs in patients with COVID-19 is
unclear, but it is often compared to the mechanism of
heparin-induced thrombocytopenia. Early detection
of the condition is extremely important for a favorable

outcome in such a situation.

CLINICAL CASE

We present a clinical case of a 62-year-old wom-
an, admitted in a critically severe general condition
with data for another (second) recurrence of massive
pulmonary thromboembolism (BTE) within 15 days.
Upon admission to our clinic, the patient is presented
with the clinical picture of distributive shock with oli-
go-anuria, high values of Creatinine (436.0 mmol/l);
extremely low platelets — 11 x 10°9/L; D-dimer — max-
imum value (undetectable).

Clinical picture

Complaints of acute shortness of breath, fatigue
with minimal effort, undetectable values of blood
pressure, which are the reason for the patient to
be transported by ambulance for emergency hospi-
talization. The symptoms have a new impetus and
appear after a systemic fibrinolysis on March 22,
2021. in another clinic, in connection with bilateral
massive PE. Due to anemic syndrome, the patient
was left after discharge on 30.03.21. of treatment
with Fraxiparin 2 x 0.6 ml. which is placed regularly
for 8 days.

Concomitant diseases
1. Deep venous thrombosis of the right lower limb
— established on March 22, 2021.
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2. CocmosiHue caeg BT Ha A6 goneH kpauHuk
— 2014 2. (3a 6 meceua mozaBa e npuemana aHma-
20HUCM Ha BumamuH K — cuHmpom).

3. 3axapeH guabem mun 2 — HeusyepnaHu UHCY-
AUHOBU pe3eplu.

4. ApmepuanHa xunepmoHus Il cmeneH.

5. Obesumem Il cm.

6. COVID-19 — 15.03.2021 2. Ha goMaWwHO Aeve-
Hue, AekyBaHa ¢ gBolUHa aHmubuomuyHa mepanus,
BumamuHu U cuMnmomMamuyHu megukameHmu.

Mpu nocmbnBaHemo nauueHmkama 3aema npuHy-
gumenHo nonokeHue B aneznomo. Ts e 8 medkko obwio
cocmosiHue. OpueHmupaHa e 3a Bpeme, Msicmo u ca-
MoAuuHocm. Kokama 1 e ¢ HamaneH mypzop, baega,
nomHa u ¢ MmHokecmBo cydy3suu. HabalogaBam ce uua-
HOMUYHU Au2aBuuu u 3acmouHU wulHuU BeHu. Mpu ¢u-
3ukanHomo u3cnegBaHe Ha guxameaHama cucmema e
C gaHHU 3a cumempuueH 2pbgeH kow, gBeme 2pbgHU
nonoBuHu B3emam egHakBo yuacmue B guwaHemo. Yc-
maHoBeH e coHopeH nepkymopeH moH. Ayckyamamop-
HO — ¢ BesukyAnapHo guwiaHe, gpebHuU BaadkHU xpunoBe
gBycmpaHHo. C maxupummuyHa CbpgeuHa gelHocm
(copgeuHa yecmoma — 112 yg./min), npuaayweHu cobp-
geyHu moHoBe, XoAoCUCMOAEH wyM Ha BomkuH-Epb
3/6 cm. C mexkka xunomoHus, ¢ u3MepeHo apmepuan-
HO HanszaHe ¢ maHwem Ha PuBa-Pouu — 50/30 mm Hg.
Bes wymoBe Ha peHanHama u kapomugHama obaacm.
Mpu naanauusi abgomeHa e mek, Hag HUBomMo Ha 2pbg-
Hus kow, HeboaeaHeH, B3emauwe yuyacmue 8 guwaHemo.
YepHusm gpob ce naanupa Aeko yBeauueH — 3 cm nog
pebpeHama gvaa. Careskama He ce naAnupa yBeauve-
Ha. Cykycuo peHaauc e gBycmpaHHO ompuuameAHo.
KpaUHuuume ca ¢ acumempuyHu omouu, Bugumo no-
uspaseHu Ha gacHama nogbegpuua, ¢ omcAabeHu nyA-
cauuu Ha nepudepHUmMe apmepuu, guCMaAHo.

Om HanpaBeHama 12-kaHanHama EKI (due. 1)
uma gaHHu 3a cuHycoBa maxukapgus, CY e 112 yg./
min, S1Q3T3, koHkaBHa ST-eneBauusi V1-4 ¢ ompu-
uamenHu T-BbAHU — 2 mm, HOBB (QRS 133 ms).

MpoBegeHa e peHmeeHozpadus Ha beaus gpob,
om kosmo ca ycmaHoBeHu nemHucmouBuuecmu
3aceHuBaHus, Ha mMecma C HabenssaHa Bv3gywHa
BbpoHxo2pama. XuaycHume ceHku ce npegcmaBsm
pa3wupeHu U ynAbmHeHU. Viva HopmaneH cmoexX u
koHBekcumem Ha guadpazmanHume kynoau. Obek-
muBusupam ce peHmaeHozpadpcku kpumepuu 3a gBy-
cmpaHHa nHeBMoHus B npouec Ha peaopbuus. Mopagu
mexkkomo obwo cbcmosHue obpazHomo u3caegBaHe
e ¢ Kyzena go Ae2nomo Ha boaHama (due. 2).

>> 40

2. Condition after DVT of the left lower limb —
2014 (for 6 months then she was taking a vitamin K
antagonist).

3. Diabetes mellitus Type 2 — p.os therapy.

4. Arterial hypertension Il degree.

5. Obesitas Il st.

6. COVID-19 — 15.03.2021 home treatment treat-
ed with dual antibiotic therapy, vitamins and symptom-
atic medications.

Upon admission, the patient was forced to lie in
bed. He was in serious general condition. Orient-
ed for time, place and identity. Her skin was low in
turgor, pale, sweaty, and with many suffusions. Cy-
anotic mucous membranes and congestive jugular
veins. In the physical examination of the respirato-
ry system there were data for a symmetrical chest,
both thoracic halves took equal part in breathing.
Sonorous percussion tone. Auscultatory with ve-
sicular respiration, small moist wheezing bilaterally.
With tachyrhythmic heart activity, (heart rate — 112
beats/min), muffled heart tones, holosystolic mur-
mur of Botkin-Erb 3/6 st. With severe hypotension
with measured blood pressure with Riva-Rocci cuff
— 50/30 mm Hg. No noise of renal and carotid area.
On palpation, the abdomen was soft, above chest
level, painless, involved in breathing. The liver is
palpated slightly enlarged — 3 cm below the costal
arch. The spleen was not palpated enlarged. Suc-
cusio renalis was bilaterally negative. The limbs had
asymmetrical swellings, visibly more pronounced on
the right lower leg with weakened pulsations of the
peripheral arteries distally.

From the 12-channel ECG, which was performed
(Figure 1) with data for Sinus tachycardia, HR 112 min,
S1Q3T3, concave ST - elevation V1-4 with negative
T waves — 2 mm, incomplete Right Bundle Branch
Block (RBBB) (QRS 133 ms).

An X-ray of the lungs was performed, which
revealed spotted shadows in places with a marked
air bronchogram. The hilus shadows were enlarged
and condensed. Normal standing and convexity of
the diaphragmatic domes. X-ray criteria for bilat-
eral resorption pneumonia were objectified. Due
to the severe general condition, the imaging ex-
amination was with Kugel next to the patient's bed
(Figure 2).



®Duz. 1. 12-kananHama EKT, HanpaBeHa Ha nauueHmkama npu nocmovnBaHe 8 kaunukama

Fig. 1. 12-channel ECG performed on the patient on admission to the clinic

Om npoBegeHume AabopamopHU u3cAegBaHus
ce Buxkga, ue nauueHmkama e ¢ ekcmpemHo mexkka
mpombouumoneHus (PLT — 11.0 x10°9/L), ¢ He3acu-
vawu ce makcumanHu cmouHocmu Ha D-gumep, aeko
3aBuweHu mapkepu 3a muokapgHa yBpega (mpono-
HUH T hs — 0.095; kpeamuH kuHa3sa (CK) — 129.0; CK-
MB — 68.6). Haauue ca ymepeHa no cmeneH AeBko-
uumo3sa u ymepeH aHemuueH cuHgpom (WBC — 14.08
g/L; HGB - 96.0 g/L). BoaAHama e ¢ ocmpa 6vbpeu-
Ha yBpega — Hucka 2nomepyaHa duampauus (GFR
— CKD EPI ¢opmyra — 9 mL/min/1.73 m?) u gaHHU
3a ocmpa asomemus — kpeamuHuH — 436.0 mmol/l,
xunepkaauemus (kaaut — 6.32 mmol/L) u xunepaau-
kemus — aalokosa — 22.22 mmol/I.
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®Duaz. 2. PeHmaeHozpadus ¢ Kyzea Ha copue-6aa gpob

Fig. 2. X-ray with Kugel of the pulmo et cor

From the performed laboratory tests, the pa-
tient had extremely severe thrombocytopenia (PLT
— 11.0 x 1079/L) with undetectable maximum values
of D-dimer, slightly elevated markers of myocardial
damage (troponin T hs — 0.095; creatine kinase (CK)
— 129.0; CK-MB - 68.6;). With moderate leukocyto-
sis and moderate anemic syndrome (WBC — 14.08
g/L; HGB - 96.0 g/L). With acute renal impairment
— low glomerular filtration (GFR — CKD EPI formula
— 9 mL/min/1.73 m? and data on acute azotemia
— Creatinine — 436.0 mmol/Il, Hyperkalemia (Potas-
sium — 6.32mmol/L) and hyperglycemia — Glucose
— 22.22 mmol/I.
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OcvwecmBeHama exokapguozpadus HacouBa
kom BbamorkeH HOB peuuguB Ha berogpobHa mpom-
boembonuss kamo pabomHa guazHo3a, nopagu ekc-
MPEeMHO guAamupaHume gecHuU KyxuHu, ¢ Hamane-
Ha gecHokamepHa cucmonHa ¢yHkuus (RV FAC =
21.2%). Busyaausupam ce BucokocmeneHHu mpukyc-
nuganHa pezypaumauus U NYAMOHaAHa XunepmoHus,
kamo uamepeHomo HanseaHe B a.pulmonalis B8 no-
kou e 61 mmHg. Mima exokapguozpadcku beneau Ha
Macconnell (¢uz. 3, 4, 5). AdBama kamepa e c reko
HamaneHa cucmonHa dyHkuus.

'Ad;lll Echo
S4-2

TIS0.5 MiBsto

22Hz

@uz. 3. NoBuweHo HaaszaHe B nokou B a.pulmonalis

Fig. 3. Increased resting pressure in A. pulmonalis

Adult Echo
TIS0.5 MI1.3

%

=<
_—

— 5

~ RV ESA 27.5cm®

: RVEDA 34.9cm?®
RV FAC 21.2%

MNMpoBegoxme komnlombpHa momozpaduss Ha
6eaume gpoboBe ¢ nyamoaHzuozpadusi, kosmo no-
mBbpgu gaHHume 3a gBycmpaHHa (nopegHa) 6eno-
gpobHa mpomboeMboAusi Ha AOBApHO U CeaMeHmMHOo
HuBo (due. 6). Kamo gonbAaHUMEAHa Haxogka ce Bu-
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Echocardiography indicated a possible new re-
currence of pulmonary thromboembolism as a work-
ing diagnosis due to extremely dilated right cavities
with reduced right ventricular systolic function (RV
FAC = 21.2%). High-grade tricuspid regurgitation and
high-grade pulmonary hypertension were visualized,
and the measured A.pulmonalis pressure at rest was
61 mm Hg. With echocardiographic signs of Maccon-
nell (Figures 3, 4, 5). The left ventricle had a slightly
reduced systolic function.

sAdult Echo
54-2

45Hz

18cm

+RV Base 4.59 cm
i RV ESA 21.9 em?

Quza. 4. JunamupaHu gecHu CbpgeuHu kyxuHu

Fig. 4. Dilated right heart

Qua. 5. HamaneHa dpakuus Ha usmaackBaHe Ha gsacHama
kamepa

Fig. 5. Reduced right ventricular ejection fraction

We performed computed tomography of the lungs
with pulmonary angiography, which confirmed the
data for bilateral (recurrent) pulmonary thromboem-
bolism at the lobar and segmental level (Figure 6). As
an additional finding, significant interstitial changes in



3yaAusupam 3Ha4YumeAHU UHmMepcmuuuaAHU npome-
HU B 6enogpobHUs napeHxum, xapakmepHu 3a kbCHa
¢ubposHa pasza Ha COVID-19 nHeBmoHus (due. 7, 8).

Cnopeg Hacokume B Hacmoswume npenopbku
om 2019 2. Ha EBponeuckomo gpy>kecmBo no kapgu-
onozus 3a guazHocmuka U AeuveHue Ha ocmpus be-
AogpobeH eMboausbM, paspabomeHo B korabopauus
¢ EBponeuckomo pechupamopHo gpy>kecm@Bo [7], na-
uueHmkama e oueHeHa ¢ Bucok puck nopagu gaHHu
om obpasHume uscaegBaHus 3a mexkka gecHokamep-
Ha gucdyHkuus, xemMoguHamuuHa HecmabuAHocm,
HenoBAusiBawa ce om Bucoku go3u kamexonamuHoBa
noggpvXkka. M3uucaeH e PESI (uHgekc 3a mexkecm
Ha BeAogpobHus emboAusbMm), koimo e 134 mouku,
m.e. Class V, o3HauaBaw, mHo20 Bucok puck: 10.0-
24.5% 30-gHeBHa cmbpmHocm B8 masu zpyna.

Quz. 6. KT Ha 654 gpob, Busyaausupaw, BTE

Fig. 6. CT scan of the lung visualizing Pulmonary embolism

A. lvanova et al.
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the lung parenchyma were observed, characteristic of
the late fibrous phase of COVID-19-pneumonia (Fig-
ures 7, 8).

According to the guidelines of the current rec-
ommendations from 2019. of the European Soci-
ety of Cardiology for the diagnosis and treatment
of acute pulmonary embolism, developed in collab-
oration with the European Respiratory Society [7],
the patient was evaluated at high risk due to data
from imaging studies of severe right ventricular dys-
function, hemodynamic instability unaffected by high
support. PESI (pulmonary embolism severity index)
was calculated, which was 134 points, ie. Class V,
meaning very high risk: 10.0-24.5% 30-day mortality
in this group.

i

Quz. 7. KT Ha 6aA gpob: kecHa ¢pubposHa pasa Ha COVID-19
nHeBmoHus

Fig. 7. CT of the lung: late fibrous phase of COVID-19
pneumonia

®Dua. 8. KT Ha 65 gpob Ha cbwama nauueHmka

Fig. 8. CT scan of the lung of the same patient

43 <<

(%}
-
=
=]
o
@
£
-5}
(7
[}
o
~
=
[
EA
=3
S
=
E
[
Ea
=]
F
=
<
x




=
>
=
=X
=
£
(3]
=X
=
S
-
=
o
=
~
(]
o
[
@
-
(1]
=
(=]
=
—
(]

A. NBaHoBa u gp.
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Chaeg obcbkgaHe cbc cbpgeueH mum, e Bzemo
peweHue 3a npoBexkgaHe Ha gsAcHa cbpgeuHa kame-
mepusauusi, kamo no BumaaHu uHgukauuu e npoBe-
geHa AokaaHa ¢ubpuHoausa u nepkymaHHo kame-
MbpHO AeveHue (duz. 9).

Cneg npoBegeHomo uHBa3uBHO AeueHue npu ha-
uueHmkama uma XemMOguHaMu4yHO NnOgobpeHue, Ho
Bce owe nepcucmupam gaHHume 3a mexka mpowm-
BbouumoneHus u ocmpa 6bvbpeyHa HegocmambyHoCm,
¢ noBuweHu azomHu nokaszameAu U HamMaAeHa 2AoMe-
pyAHa duampauus, Harazaulu xemoguaduampauus.

YepBeHume ¢nrazoBe B koHkpemHus KAuHuueH
cAyvau 3a: 1) ecmpemMHo Hucku mpombouumu npu Ha-
wama nauueHmka; 2) BAroweHama 6vbpeuHa QyHk-
uus; 3) noBmapswu ce mpoMBomuyHU UHUUgEHMU
3a kpamvk nepuog om Bpeme, koumo ce npegxokgam
om 4) npogbAkumeAHa mepanus ¢ HedppakuuoHupaH
u HuckomonekyneH xenapuH, ca HacouBawu 3a HIT.
Mpu usuucaeH ,4 Ts“, peayamambm e 6 mouku (64%
Bov3amoxkeH HIT), npu koemo e usnpameHa BeHo3Ha
kpbB 3a AabopamopHa Bepudukauus (pyHkuuoHareH
mecm ¢ akmuBauus Ha mpombouumu), kosmo ga no-
mBvbpgu HaAUYUEMO Ha XenapuH UHgyuupaHa mpoMm-
BbouumoneHus. AabopamopHusm nokaszamea Ha na-
uueHmkama e Bucok 2.23 U/ml (npu pedepeHmHu
cmouHocmu Ha Aabopamopusima 0.0-1.0).

Cneg cnupaHe Ha AeYEHUEMO C XenapuH Npu na-
uueHmkama HacmbnBa oBaagsBaHe Ha cbCcmosiHUe-
mo ¢ nogobpsBaHe Ha obwus bpou mpombouumu
go pedepeHmHU cmouHocmu, kakmo u nogobpeHue
BbB 6vbpeuHama ¢yHkuua. Caeg gocmuzHam 6pou
Ha mpombouumu u kpeamuHuHoB kaupbHc > 35 ml/

b
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After discussion with the cardiac team, a decision
was made to perform right cardiac catheterization,
and according to vital indications, local fibrinolysis
and percutaneous catheter treatment were performed
(Figure 9).

After invasive treatment, the patient had haemo-
dynamic improvement, but there was still evidence of
severe thrombocytopenia and acute renal failure with
elevated nitrogen levels and decreased glomerular fil-
tration, requiring hemodiafiltration.

The red flags in our clinical case for 1. Extremely
low platelets in our patient; 2. Impaired renal function;
3. Recurrent thrombotic events for a short period of
time, preceded by 4. Long-term therapy with unfrac-
tionated and low molecular weight heparin, were the
target for HIT. When calculating ,4 Ts*, the result was
6 points (64% possible HIT), in which venous blood
was sent for laboratory verification (platelet-activat-
ed functional test), which confirmed the presence of
Heparin-induced thrombocytopenia, the patient's lab-
oratory score was high 2.23 U/ml (laboratory refer-
ence values 0.0-1.0).

After stopping Heparin treatment, the patient was
controlled with an improvement in total platelet counts
to reference values, as well as an improvement in

renal function. When platelet count and Creatinine

Quz. 9. NokanHa pubpuHoAuza no Bpeme Ha gscHa
cbpgeuHa kamemepusauus
Fig. 9. Local fibrinolysis during right cardiac
catheterization



min npu nauueHmkama e cmapmupaHa mepanus C
Dabigatran Etexilat 2 x 150 mg/gH.

MexgyBpemeHHO ca npoBegeHu u 2eHemuuyHu
uscaegBaHus 3a mpomboduaus ¢ o2aeg Ha yecmu-
me peuuguBu Ha AOBT u BTE. Om me3u uscaegBaHus
ce Bepuduuupam: mutation PAI-1-4G/5G — xomo3u3u-
2om no mymauus 4G/4G, kakmo u xemepo3uzomeH
HocumeA Ha mymauusma (A/C) 3a MTHFR-Mutation
A1298C u xemepo3u2omeH HOCUMEA Ha Mymauus
(C/T) MTHFR-Mutation C677T.

Om ycmaHoBeHume mymauuu om 3HaueHue B
koHkpemHusi kAauHUueH cayyal ca gaHHume 3a Xo-
MO3U20mMHO HOocumeAcmBo NO MymaHmHus anen Ha
4G/4G mymauus. N3BecmHo e, ue Hocumeau Ha gBe
konus ¢ monekyneH gedekm umam noBuweHo npeg-
pasnonoXkeHue kbM apmepuasHu mpom60o3u U Cbp-
geyuHo-cbgoBu 3aboasBaHus, ocobeHo B kombuHauus
¢ gpyau puckoBu dakmopu 3a mpombo3a.

Kom gHewHa gama nauueHmkama e npocAege-
Ha HekonkokpamHo. B omAuuHo 0buwio cbcmosiHue, ¢
NogobpeH xemMamoAO2UYeH cmamyc, HopMaAnHa 6b-
bpeuHa ¢pyHkuua u 6e3 gaHHU 3a HamaAeH ¢usuve-
cku kanauumem npu Aunca Ha exokapguozpadcku
kpumepuu 3a mexko gecHokamepHo obpemeHsaBaHe,
ms ce BbpHa kbm obuvalHUA cu HauuH Ha >kuBom.

Ha koHmponaHus npeaaeg e ycmaHoBeHo, ue nep-
cucmupa cuHycoBa maxukapgus, nopagu koemo ce
mumpupa go3ama Ha 6ema-baokepa (MemMonpoAoA
cykuuHam), 3aegHo ¢ kombuHauusi ¢ uBabpaguH 7,5
mg 2 x 1 maba.

: 2105100000 Datalime. 2021-05~10 12: Sl
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clearance > 35 ml min. in the patient we started Dab-
igatran Etexilat 2 x 150 mg per day.

We also performed genetic studies for Thrombo-
philia in view of the frequent recurrences of DVT and
BTE, which verified: Mutation PAI-1-4G/5G — homozy-
gous for the 4G/4G mutation, as well as a heterozy-
gous mutation (A/C) for MTHFR- Mutation A1298C
and MTHFR-Mutation C677T Heterozygous Mutation
(CIT).

Of the mutations found, the data on the homo-
zygous carrier along the mutant allele of the 4G/4G
mutation were relevant in the specific clinical case.
Carriers of two copies with a molecular defect are
known to have an increased susceptibility to ar-
terial thrombosis and cardiovascular disease, es-
pecially in combination with other risk factors for
thrombosis.

To date, the patient has been followed several
times. In excellent general condition with improved
haematological status, normal renal function, and
no evidence of reduced physical capacity in the
absence of echocardiographic criteria for severe
right ventricular loading, she returned to her normal
lifestyle.

Sinus tachycardia persisted, which is why we ti-
trated the dose of the beta-blocker (Metoprolol suc-
cinate) together with the combination with Ivabradine
7.5 mg 2 x 1 tablets.
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®uz. 10. 12-kaHanHa EKT Ha koHmpoaeH npeaaeg — no3umuBHa npomsHa B8 penoaspusauuoHHume npomeHu no MCAK

Fig. 10. 12-channel ECG of control examination: positive sign in repolarization changes in the anterior wall of the left ventricle
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A. NBaHoBa u gp.
KAPANMOAOT 1A & XenapuH uHgyuupaHa mpoMbouumoneHus ...

KAPAUOXUPYPT S Tom 4, Bpod 3 - 2021

RS 1208 TIS0.5 MI0.1

+ Vel 333 cmis

OBCb>XOAHE

Mo AumepamypHu gaHHU npu ycmaHoBsBaHe Ha
HIT He3abaBHo mpsa6Ba ga ce npekpamu AeueHuemo
¢ megukameHma, npegu3BukBaw, uMyHHOMO CbCMOS-
Hue (xenapuH, a B pegku cayyau u HagponapuH), kamo
BkAlouumeAHo u u3noA3BaHemo Ha xenapuH 3a npo-
MuBka Ha ueHmpanHu BeHO3HU NbmMuwa, apmepuanHu
kamempu, kamempu 3a xemoguaausa, ekcmpakopno-
panHa membpaHHa okcuzeHauus (ECMO) mps6Ba ga
b6vge npekpameHo. AHmukoaz2ynaHmu, koumo Hamu-
pam npuAokeHue kamo npogovAkaBaHe Ha mepanusma
npu gokasaH HIT, ca Danaparoid, Lepirudin, Argatroban,
Bivalirudin, kamo nocaegHusm Hamupa npuaoXkeHue npu
uHmepBeHUUOHaAHU npouegypu, Hau-yecmo mpaHcka-
mMembpHU UMNAGHMauuu Ha kaanu U no-cheuuanHo
aopmHa kaana (TAVI) npu nauueHmu ¢ mexkka mpom-
bouumoneHusi. B BbAazapusi HUMO eguH om U3BpPOEHU-
me He e gocmbneH 3a ynompeba [3, 9, 10].

MNpe3 nocaegHume Hsakonko zoguHu B pasauuHu
cmyguu ce cnomeHaBa 3a u3noa3BaHe kamo Bbamo-
>keH aHanoz2 Ha ¢poHganapuHokce (Apukcmpa), Ho Bce
owle HAMa gocmambyHO HampynaHu gaHHU 3a edek-
ma om npuAokeHUemo nopagu Aunca Ha 20AeMu
kAuHUYHU npoyuBaHus [11]. @oHganapuHykc e CuH-
memuueH aHmukoazyaraHm, 6a3upaH Ha heHmasaxa-
pugHama nocaegoBamenHocm, kosmo cvcmaBasBa
MUHUMaAHama aHmumpomMbuHoBa (AT) cBbp3Bawa
obAaacm Ha xenapuH. [ogobHO Ha XxenapuHume ¢ Hu-
cko monekyaHo meano, mol e uHgupekmeH UHXubu-
mop Ha ¢akmop Xa, HO u30bwo He UHXUBUPa MpPoM-
6uHa. QoHganapuHykc uma no-gbAba noAy>kuBom om
XenapuHa u He B3aumogeucmBa ¢ mpombouumume.

>> 46

M3 M4
+61.6§

[

@ua. 11. KonmponaHa exokapguozpagdus, nokasBawa
chagaHe Ha HaAaseaHemo B a. nyAMoHaAuc

Fig. 11. Control echocardiography showing reduction
pressure in A. pulmonalis

DiscussioN

According to the literature, if HIT is diagnosed,
treatment with the immune-inducing drug (Heparin
and, in rare cases, Nadroparin) should be discontin-
ued immediately, including the use of Heparin for cen-
tral venous lavage, arterial catheters, catheters. for
hemodialysis, extracorporeal membrane oxygenation
(ECMO) should be discontinued. Anticoagulants that
are used as a continuation of therapy in proven HIT
are Danaparoid, Lepirudin, Argatroban, Bivalirudin, the
latter being used in interventional procedures, most
often transcatheter valve implants and especially the
aortic valve (TAVI) in patients with severe thrombocy-
topenia. In Bulgaria, none of these is available for use
[3, 9, 10].

In the last few years, various studies have men-
tioned the use of Fondaparinux (Arixtra ) as an
analogue, but there is still insufficient data on the
effect of the application due to the lack of large
clinical trials [11]. Fondaparinux is a synthetic
anticoagulant based on the pentasaccharide se-
quence, which constitutes the minimal antithrombin
(AT) binding region of heparin. Like low molecular
weight heparins, it is an indirect inhibitor of factor
Xa but does not inhibit thrombin at all. Fondaparinux
has a longer half-life than heparin and does not in-
teract with platelets.



Mpu nauueHmu ¢ mexka BTE u xenapuH uHgy-
uupaHa mpomMbouumoneHus pbvkoBogcmBama 3a
AeveHue npenopvuBam, ue Moke ga ce obmucAu
XupypauuHa mpomboemboaekmomus uau ¢ubpuHo-
AU3a (cucmemHa UAu AokaAHa mpomboausa), kamo
gonbAHUMEAHO AeveHue kbm aanmepHamuBHa naper-
mepanHa aHmukoaayaauus [3].

Mpu nauueHmu B kpumu4yHo cbcmosHue, koumo
He nogAaeXkam Ha MegukameHmo3Ha mepanus, npu-
AokeHuemo Ha naasmeH obmeH (PLEX) e aamepHa-
muBHa cmpamezaus 3a AeueHue, kakmo u npeauBaHe-
mo Ha mpomMmbouumeH koHueHmpam [3, 5, 6]. Hakou
gokaagu onucBam noAzama om npuAokeHuemo Ha
UHMpPaBeHoO3eH UMyHO2AOBYAUH.

M3non3BaHemo Ha BeHa kaBa duampu npu gaH-
HU 3a gbAboka BeHo3Ha mpom6o3a u HIT He ce npe-
nopvuBa nopagu onucaHu cAyyau Ha BrowaBaHe Ha
mpombomuuHume npobaemu B8 peguua cayyau [3, 10].

CowecmByBa guaema u nNO OMHOWEHUE 3ac-
mbnBaHe ¢ nepopanHus anmukoagyaaHm caeg cma-
buAusupaHe Ha ocmpomo cbcmosHue. Mo gaHHU Ha
EBponeuckomo gpy>kecmBo no Kapguonozus npu
nauueHmu npu koumo ce HaAa2a cmapmupaHe Ha
aHmukoazynaHm , aeveHuemo ¢ HOAK mpsa6Ba ga
3anoyHe npu Aunca Ha mexkka mpombouumoneHus
(mpombouumu noBeue om 50) [8].

B Aumepamypama ca onucaHu CAyyau C yno-
mpeba Ha aHmazoHucm Ha BumamuH K — BapdapuH,
kamo u3noa3BaH aHmukoazynaHm, HO 3a CvkaneHue
ouakBaHo ycarokHeHUe MoXke ga bbge 2aHgpeHa Ha
kpatHuuu u Hekpo3a Ha kokama. Omuacmu moGBa
ce gbAkU Ha No-paHHOMO UHXUBbupaHe Ha NpomeuHu
C u ¢akmop VIl B cpaBHeHue ¢ gpysume dpakmopu,
3aBucumu om BumamuH K (ll, IX, X) [9, 10].

Cneg cnupaHe Ha AeuyeHuemo C xenapuH B Ha-
wus cAayyau Hacmonu oBaagsBaHe Ha cbCcmosHUEMO,
€ nogobpsBaHe Ha obwus 6pou mpombouumu go
pebepeHmHU cmolHocmu, kakmo u nogobpeHue B
bvbpeuHama ¢yHkuua. 3a cmabuAusupaHe Ha Cbe-
MOSIHUEMO U U3AU3aHe om woka omHoweHue uma u
npoBegeHomo uHmMepBeHUUOHaAHO AeueHue. Caeg
gocmuzHam 6pou Ha mpombouumu u kpeamuHuHOB
kaupoHC > 35 mil/min npu nauueHmkama e cmapmu-
paHo AeyeHue c Dabigatran Etexilat 2 x 150 mg/gH.
M3bopbm Ha HOAK Bce ouwie e ,off lable“ 8 nogo6Hu
cumyauuu. Hawemo peweHue npu usbopa 3a koH-
kpemnama monekyaa e npogukmyBaHo om dakma, ue

A. lvanova et al.
Heparin-induced thrombocytopenia... CARDIOLOGY&
Volume 4, Number 3 + 2021 CARDIAC SURGERY

In patients with severe PE and Heparin-induced
thrombocytopenia, treatment guidelines recommend
that surgical thromboembolectomy or fibrinolysis
(systemic or local thrombolysis) may be considered
as adjunctive therapy to alternative parenteral antico-
agulation [3].

In critically ill patients who are not amenable to
drug therapy, administration of Plasma Exchange
(PLEX) is an alternative treatment strategy as well
as platelet concentrate transfusion [3, 5, 6]. Some
reports describe the benefit of administering intrave-
nous immunoglobulin.

The use of vena cava filters in evidence of deep
vein thrombosis and HIT is not recommended due
to the reported cases of exacerbation of thrombotic
problems in a number of cases [3, 10].

There is also a dilemma regarding the overlap
with the oral anticoagulant after stabilization of the
acute condition. According to the European Society
of Cardiology, in patients who require the initiation of
an anticoagulant, treatment with PLA should be initiat-
ed in the absence of severe thrombocytopenia (plate-
lets greater than 50) [8].

In the literature, have been reported cases of vi-
tamin K antagonist- warfarin use as an anticoagulant
but unfortunately an expected complication may be
limb gangrene and skin necrosis. This is partly due to
the earlier inhibition of protein C and factor VIl com-
pared to other vitamin K-dependent factors (ll, IX, X)
[9, 10].

After stopping Heparin treatment in our case,
the condition was controlled by improving the total
platelet count to reference values, as well as improv-
ing renal function. Interventional treatment was also
involved in stabilizing the condition and overcoming
the shock.

When platelet counts reached > 50 and Creati-
nine clearance > 35 ml. Min. in the patient we started
Dabigatran Etexilat 2 x 150 mg.dn. The choice of PLA
is still ,off label“ in such situations. Our decision in
choosing the specific molecule was dictated that the
latter is a direct thrombin inhibitor and that we have an
antidote available — Idarucizumab.
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ms e gupekmeH mpoM6uHoB uHxubumop, kakmo u ue
pasnoAazame ¢ HaAauveH aHmugom — ldarucizumab.

Bce owe mMeguuuHama He pa3noAaza ¢ MOoYHU U
SICHU gaHHU OMHOCHO u3bopa Ha nepopaseH aHmuko-
az2yAaHm npu nauueHmu ¢ N0gobeH mun HapyweHus.

WmeHHo agumuBHusm edekm — Haauuue Ha gBe
20AE€MU NpUYUHU 3a noBuweHo mpomboobpasyBaHe —
npebonegyBaH COVID-19 u gokazaHa mpomboduaus, ca
gonvAHUMEAEH nyckoB mexaHu3bm goBea go kpumuuHo
mexkkomo cocmosiHue npu Hawama nauueHmka.

IokasBaHemo Ha mpomboduaus B cayuas u noB-
mapsiwume ce mpoMBOMUYHU UHUUgEHMU npego-
npegenam npuembm Ha HOAK ga 6bge 3a Heonpege-
AeH nepuog (BeposmHo gokuBomeH) npu Aunca Ha
gaHHU 3a MacuBHo kbpBeHe.

3 AKAIOYEHUE

B nogobHu cocmosHus, kamo HapyweHus B kac-
kagama Ha mpomboobpasyBaHemo u 3agetcmBaHe
Ha UMYHHU peakuuu U MexaHu3mu, 20AfMa Yyacm om
msix Bce owe Heno3Hamu Ha MeguuuHama, Anekapu-
me u nauueHmbm usnagam B ,nopoueH kpwve“, npu
koumo Bcsko peweHue u nocaegBawu HasHauyeHust
ca om kalouoBo 3HaueHue. CbcmosHus kamo HIT u
mpomMboduAaus He ca moakoBa uecmu, HO ocmaBam
3anoMHAWU cAaegu 3a Bceku aekap, cbabckan ce ¢
msax. Poasma Ha COVID-19 u Bpv3kama My ¢ mpom-
BbouumoneHua u noBuweH mpombomuueH puck Bce
owe ocmaBam 3azagka 3a Haykama.

LlumupaHemo Ha nogobHu cayyau e om BaxkHo
3HaueHue 3a nogobpsaBaHe u obozamsaBaHe Ha Megu-
UUHCKuUsi an2opumbm.
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NMPOCAEAABAHE HA CbPAEYHOTO 3ACArAHE NP NALUMEHTU C MMOTOHNUYHA
ANCTPOOUA TN 1 (BOAECT HA STEINERT)

B. NMempoBa’, X. LlaHoBcka', 4. CumoBa' 23, [1. BokuHoB" %3, H. QumumpoB"? T. BekoB?*

"YMBAA ,,Cvpue u mo3vk” — [reBeH
2MeguuyuHcku yHuBepcumem lreBeH
3Bvazapcku kapguonoauyeH uHcmumym

Peslome. MuomoHu4yHama gucmpodus mun 1 (6oaecm Ha Steinert) e 2eHemuyHO MyAmMucucmemHo 3a6o-
AsBaHe, koemo ce xapakmepu3upa kAUHUYHO ¢ MUOMOHUYHU peHOMEHU (3ampygHeHa penakcauusi caeg
CUAHO MyckyAHO cbkpauwleHue), npogpecupawa MyckyaHa caabocm u ampogus, kamapakma, kapguomu-
onamus, 2oHagHa ampodus u koegHumuBHuU HapyweHus. MNpegcmaBsme mauka u goweps, cmpagawu om
MUOMoHUYHa gucmpodus, nomBopgeHa KAUHUYHO U 2eHemuuHo. Maukama e ¢ daMuAHa obpemeHeHocm
U gaHHU 3a aHmuuunauus 8 nokoneHusma. OnucaHomo om Hac cemelcmBo uma xapakmepucmuka Ha
knacuueckama popma Ha MuomoHuu4Ha gucmpoous mun 1, ¢ BapuabuaHocm B kauHu4YHama cumnmo-
Mamuka npu Bceku om uaeHoBeme u beae3u Ha aHmuuunauus B8 nokoreHuemo. Odeblombm Ha Honec-
mma npu maukama e B8 loHowecka Bv3pacm, a npu momuvemo B gemcka Bb3pacm. Lleama Ha Hawemo
npegcmaBsHe e ga ce ycmaHoBam Haauvuemo, mexkecmma u npozgpecusma Ha nposBume Ha cbpgeuHa
HegocmambyHOCM Npu hauueHmu ¢ MuomoHuyHa gucmpodus (MO). Mpu nauueHmume ¢ MA mun 1 ce
HabAlogaBam npeguMHO pumMbMHO-NPOBOgHU HapyweHus u no-pagko muokapgHa gucoyHkuus. Kapgu-
ono3ume mpsibBa ga no3HaBam cbpgeuHume nposiBu Ha moBa 3aboasBaHe, 3a ga ce guazHocmuuupam
cBoeBpemeHHO nauueHmu ¢ noBuweH puck om cbpgeyuHu ycAoXkHeHus.

KalouoBu gymu: borecm Ha Steinert, MuomoHUYHa gucmpodus, CbpgeyuHo 3acsizaHe

MONITORING OF CARDIAC INVOLVEMENT IN PATIENTS WITH MYOTONIC DYSTROPHY
TYPE 1 (STEINERT'S DISEASE)

V. Petrova’, H. Tsanovska’, I. Simova" 22, P. Bozhinov"??* N. Dimitrov"? T. Vekov?*

'"MAHT ,Heart and Brain“ — Pleven
2Medical University — Pleven
3Bulgarian Institute of Cardiology

Alstract. Myotonic dystrophy type 1 (Steinert's disease) is a genetic multisystem disease that is character-
ized clinically by myotonic phenomena (difficult relaxation after a strong muscle contraction), progressive
muscle weakness and atrophy, cataracts, cardiomyopathy, gonadal atrophy and cognitive impairment. We
present a mother and daughter suffering from clinically and genetically confirmed myotonic dystrophy. The
mother has a family history and data on anticipation in the generations. The family described by us has a
characteristic of the classical form of myotonic dystrophy type 1, with variability in the clinical symptoms
in each of the family members and signs of anticipation in the generation. The onset of the disease in
the mother is in adolescence and in the girl in childhood. The aim of our presentation is to establish the
presence, severity and progression of the manifestations of heart failure in patients with myotonic dystro-
phy (MD). Patients with type 1 MD have mostly arrhythmias and, less frequently, myocardial dysfunction.
Cardiologists need to be aware of the cardiac manifestations of this disease in order to diagnose patients
with an increased risk of cardiac complications in a timely manner.

Key words: Steinert's disease, myotonic dystrophy, cardiac involvement
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BbBEOEHUE

MuomoHuuHama gucmpoogus (6oarecm Ha Steinert)
€ Hal-yecmo cpewaHama ¢opma Ha MyckyaHa gu-
cmpodust npu BbapacmHu. lNMpuuuHsBa ce om guHa-
MUYHU Mymauuu — amnaudukauus Ha mpuHykaeomug-
HU (CTG) noBmopeHuss 8 DMPK 2eHa, nokaausupaH
Bopxy 19q13.3 xpomosoma. Hauaromo u mexkecmma
Ha 3abonsBaHemo 3aBucam om 6pos Ha amnAudu-
uupaHume noBmopeHusi. KoAkomo no-zonsm € mod,
monkoBa no-paHo 3anouBa u no-mexkko npomuua
3abondBaHemo. 3abondBaHemo uma aBmo30MHO-go-
MUHaHMeH Mun Ha yHacAegsBaHe ¢ HenbAHa neHem-
paHmHocm [1]. Boaecmma uma myamucucmemHa kau-
HuuHa u3sBa, kamo 3acsea ckenemHama u 2anagkama
Myckynamypa, o4yume, cbpuemo, eHgokpuHHama cuc-
mema u ueHmpanHama HepBHa cucmema. Cnopeg Ha-
yanomo u mexkecmma Ha cumnmomMamukama ce pas-
2paHuyaBam yemupu 0CHOBHU popmu: koHzeHUMaAHa
MUOMOHUYHa gucmpodus, MUOMOHUYHA gucmpodus
Ha paHHOMO gemcmBo, knacuuecka muomoHuuHa gu-
cmpodus u reka popma [2].

KoHzeHumaAnHama MuomoHuuyHa gucmpodus
ce xapakmepusupa C 2eHepaAusupaHa u mexkka
mMyckyaHa caabocm om  pakgaHemo, XunomoHus,
3ampygHeHuUs nNpu CyyeHe U 2bAmaHe, guxamenHa
HegocmambyuHocm. YmcmBeHomo u3ocmaBaHe ¢
Henpozpecupauw, xapakmep e MHO20 xapakmepHo 3a
koHzeHumanHama ¢opma.

MuomoHuyHama gucmpodua Ha paHHOMO
gemcmBo obukHoBeHo 3anouBa mexkgy 5 u 10 2.
Pa3BuBa ce zeHepaAusupaHa caabocm, 3acazawa
0COBEHO AUUEMO U gucmaAHume yacmu Ha kpauHu-
uume. YcmaHoBsaBa ce u MeHmaAHa pemapgauus.

Kaacuuecka mMmuomoHu4yHa gucmpodusa. Ycma-
HoBsBa ce u3pa3eH MUOMOHUYEH peHOMeH, xapak-
mepHa e ampodusma Ha gbBkameaHume myckyau.
Ipyau npusHauu Ha 3aboasBaHemo ca kamapakma,
kapguomuonamus, eHgokpuHHU HapyweHus, cmepu-
Aumem, koeHumuBeH geduuum c HapyweHue B ek-
3ekymuBHume u e3ukoBume ¢yHkuuu, BHUMaHuUemo,
3pumeAHama nepuenuus U hamemma.

Nekama ¢opma ce xapakmepusupa kauHuuecku c
kamapakma, ¢poHmanHo onnewuBsBaHe, MUHUManeH
go AuncBauw, MyckyAaeH geduuum UAU 3axapeH guabem.

Mpu nauueHmu c 6oaecm Ha Steinert ce omkpuBam
npomeHu B exokapguozpadusama (ExoKT) u EKT 6es ga

V. Petrova et al.
Monitoring of cardiac involvement... CARDIOLOGY&
Volume 4, Number 3 + 2021 CARDIAC SURGERY

INTRODUCTION

Myotonic dystrophy (Steinert's disease) is the
most common form of muscular dystrophy in adults.
It is caused by dynamic mutations — amplification of
trinucleotide (CTG) repeats in the DMPK gene locat-
ed on chromosome 19q13.3. The onset and severity
of the disease depend on the number of amplified
recurrences. The higher it is, the earlier the disease
starts and the more severe it is. The disease has an
autosomal dominant type of inheritance with incom-
plete penetrance [1]. The disease has a multisystem
clinical manifestation, affecting skeletal and smooth
muscle, eyes, heart, endocrine system and central
nervous system. According to the onset and sever-
ity of symptoms, four main forms are distinguished:
congenital myotonic dystrophy, early childhood myo-
tonic dystrophy, classical myotonic dystrophy, and
mild form [2].

Congenital myotonic dystrophy is characterized
by generalized and severe muscular weakness from
birth, hypotension, difficulty sucking and swallowing,
respiratory failure. Mental retardation with a non-pro-
gressive character is very characteristic of the con-
genital form.

Early childhood myotonic dystrophy usually
begins between 5 and 10 years of age. Generalized
weakness develops, especially affecting the face and
distal parts of the limbs. Mental retardation is also
established.

Classical myotonic dystrophy. A pronounced
myotonic phenomenon is established; atrophy of the
masticatory muscles is characteristic. Other signs of
the disease are cataracts, cardiomyopathy, endocrine
disorders, infertility, cognitive deficits with impaired
executive and language functions, attention, visual
perception and memory.

The mild form is clinically characterized by cata-
racts, frontal baldness, minimal to absent muscle de-
ficiency, or diabetes mellitus.

In patients with Steinert's disease, changes in
echocardiography (echocardiography) and ECG
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uma kauHuuHa u3sBa. He ce ycmaHoBsBa 3HauyumenHo
3acszaHe Ha AeBokamepHama (AK) ¢yHkuus, kakmo
He ce HabalogaBa u aHeadkupaHe Ha gscHama kame-
pa. Kapguomuonamusima npu nauueHmu ¢ MA mun 1 e
onpegensHa kamo BmopuueH edekm om apummusma
u BeHmuaamopHama HegocmambyHOCM, HO HaAuuue-
mo X npu nauueHmu ¢ M mun 2, npu koumo Hsama
BeHnmuaamopHa HegocmambuHocm, omHoBo nocmaBs
Bonpoca 3a BbamokHUMe gupekmHu MuonamHu edek-
mu Ha M mun 1 u M mun 2 mymauuume Bbpxy Muo-
kapga. 3acsea ce npoBogHama cucmemMa Ha Cbpuemo.
Mpu Bv3pacmHuU nauueHmMu 4ecmo ce HabalogaBam
uHUUgeHmMu om BHe3anHa cobpgeuHa cMbpm, Beposm-
HO gbAkawa ce Ha kamepHu apummuu (acucmoaus,
maxukapgus, ¢pubpunauuo) uau ampuoBeHmpukyrapeH
6n0k. Yecmo ce omkpuBam kamepHu u HagkamepHu ek-
cmpacucmoAu no Bpeme Ha uscaegBaHe ¢ 12-kaHanHa
EKT u ¢ xonmep uscaegBaHe, koumo Mo2zam ga 6bgam
acuMnmomamuyHu. 3abaBeHo npoBedkgaHe Ha umnyA-
cume moXke ga ce cBbpke ¢ ygorkeH uHmepBan PR u/
unu wupok QRS-komnaeke [3].

IuazHo3ama ce ocHoBaBa Ha kAuHu4HuU, EMI u
2eHemuuHu uscaegBaHus.  MonaekyasipHo-2eHemuy-
Homo u3cnegBaHe omkpuBa amnaudukauus Ha mpu-
HykaneomugHu noBmopeHusi. AeueHuemo OCHOBHO e
HacoyeHo kbM MuomoHusma. BaXkHo 3HaueHue umam
npocaegaBaHemo Ha kapguoAoz2uyHus cmamyc u gu-
xameAHume kanauumemu, kakmo u nepuoguyHama
¢duszuomepanus. BbB Bpwv3ka ¢ ycmaHoBeHama aHmu-
uunauus npu 3aboasBaHemo (BbB Bcako caegBawio
nokoneHue 3anouBa no-paHo u npomuua no-mexkko)
€ npenopbuumenHo npoBerkgaHemo Ha npeHamanHa
guasHocmuka B 3acezHamume damuauu [4].

KAnHn4YHO MPEACTABAHE

MNMpegcmaBave maldka u goweps, cmpagawu om
MUOMOHUYHa gucmpodusi, homBopgeHa KAUHUYHO u
2eHemuuHo. Maukama e ¢ ¢amuAHa obpemeHeHocm
U gaHHU 3a aHmuuunauus 8 nokoaeHusma.

Mpu maukama no noBog Ha onaakBaHus om caa-
6ocm B gonHume kpaUHuuu u HapyweHa noxogka
owe B loHowecka Bv3pacm (16-17 2.) e nocmaBeHa
kAuHUYHO guaeHo3a. BvB Bpv3ka ¢ moBa e npoBe-
geHo 2eHemuuHO u3cnegBaHe Ha nauueHmkama u
HeUHUMeE POogHUHU, kamo cbomBemHo npu nauueHm-
kama, HeUHama mauka u npu nopBa bpamoBuegka
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are found without clinical manifestation. No signifi-
cant involvement of the left ventricular (LV) function
is found, nor is involvement of the right ventricle ob-
served. Cardiomyopathy in patients with type 1 MD
has been defined as a secondary effect of arrhyth-
mia and ventilatory failure, but its presence in type
2 MD patients without ventilatory failure raises the
question of the possible direct myopathic effects of
MD type 1 and MD type 2 mutations on the myo-
cardium. The heart conduction system is affected.
Accidents of sudden cardiac death, probably due
to ventricular arrhythmias (asystole, tachycardia,
fibrillation) or atrioventricular block, are common
in adult patients. Ventricular and supraventricular
extrasystoles are often detected during a 12-chan-
nel ECG and Holter examination, which may be
asymptomatic. Delayed pulse conduction may be
associated with prolonged PR interval and/or wide
QRS complex [3].

The diagnosis is based on clinical, EMG and
genetic tests. Molecular genetic testing reveals
amplification of trinucleotide repeats. Treatment is
mainly focused on myotonia. Monitoring of cardiac
status and respiratory capacity, as well as period-
ic physiotherapy are important. In connection with
the established anticipation of the disease (in each
subsequent generation it starts earlier and is more
severe), prenatal diagnosis in the affected families is
recommended [4].

CLINICAL PRESENTATION

We present a mother and daughter suffering from
clinically and genetically confirmed myotonic dystro-
phy. The mother has a family history and data on an-
ticipation in the generations.

The mother was clinically diagnosed with com-
plaints of weakness in the lower limbs and impaired
gait in adolescence (16-17 years). In connection with
this, a genetic study was performed on the patient
and her relatives, and in the case of the patient, her
mother and first maternal cousin who died of hem-
orrhagic stroke, the presence of expansion in the



NO MauyuHa AUHUSI, NOYUHAAA OM XEMOPa2uuYeH UH-
cyam, ce nomBopxkgaBa Haauuyuemo Ha ekcnaHsus B
DMPK 2eHa. dsgomo u Byauomo no maduyuHa AuHUS
NO aHaMHECMUYHU gaHHU ca BUAU CbC CXOgHU On-
AakBaHus. MNauueHmkama uma mpu geua, kamo egHo
om mMomMuyemama Cobwo € ¢ KAUHUYHO U 2eHemuYHo
nocmaBeHa guagHo3a MUOMoOHUYHa gucmpogus mun
1. OnnaakBaHusma npu Hes gamupam om no-paHHa
gemcka Bvapacm (5-6 2.) chabocm Ha goAHu kpaul-
HUuu, mpygHo u3npaBsHe om kaekHano nonokeHue,
neka ymcmBeHa uzocmaHanocm.

leHemuyHusm aHaAu3 Ha cemeucmBomo nokasa,
ye npu Bcako caegBawo nokoneHue bposm Ha CTG
noBmopume ce yBeauuaBa npozpecuBHo.

IBeme nauueHmku ca ¢ yecmu xochumaausa-
uuu no noBog Ha npozpecupaHe Ha MyckyaHama caa-
bocm, ymopama u o2paHuyaBaHemo Ha ¢usuvecku-
me uM cnocobHocmu.

Om obwus cmamyc ce obekmuBuaupam: gucmop-
¢duueH muonameH dauuec, xunomumusi, Bucok cBog
Ha Hebuemo, Aeka nmo3sa Ha kaenauume. Haauue ca
yucmo Be3ukynapHO guwaHe u pumMmuyHa CbpgeyHa
geuHocm 6e3 wymoBe u npu gBeme nauueHmMKuU; HOp-
MOMOHUSI U HOPMOPUMMUYHA CbpgeuHa geuHocm.

Bv3 ocHoBa Ha meguuuHckama gokymeHmauus u
aHaMHeCMmMuyYHU gaHHU e HanpaBeHo 2eHeano2UYHO

V. Petrova et al.
Monitoring of cardiac involvement... CARDIOLOGY&
Volume 4, Number 3 + 2021 CARDIAC SURGERY

DMPK gene was confirmed. According to anamnestic
data, the maternal grandfather and uncle had similar
complaints. The patient has three children, and one
of the girls is also clinically and genetically diagnosed
with Myotonic Dystrophy Type 1. Her complaints date
back to earlier childhood (5-6 years): weakness of
the lower limbs, difficulty standing up from a squat,
mild mental retardation.

Genetic analysis of the family showed that with
each subsequent generation the number of CTG re-
peats increased progressively.

Both patients have frequent hospitalizations due
to progression of muscle weakness, fatigue and lim-
itation of their physical abilities.

The general status objectifies dysmorphic myop-
athic facies, hypomania, high arch of the palate, mild
ptosis of the eyelids. Pure vesicular respiration, rhyth-
mic heartbeat without noise in both patients. Normo-
tonia and rhythmic heart activity.

Based on the medical documentation and anam-
nestic data, a genealogical study of the family was
made: Fig. 1
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3 Quz. 1. MomBvpgeHa zeHemuuHa My-
mauus — uepBeH kBagpam; nogobHu
onnakBaHus, Ho 6e3 nomBbpgeHa My-
mauus — cuH kBagpam

Fig. 1. Confirmed genetic mutation —
red square; similar complaints but no
confirmed mutation — blue square

53 <<

(%}
-
=
=]
o
@
£
-5}
(7
[}
o
~
=
[
EA
=3
S
=
E
[
Ea
=]
F
=
<
x




re
=
=
=
=
-=
(1]
=X
=
o
=
-
-=
o
=
~
[
N
(7]
(1]
-
(1]
=
(=]
-
—
(]

B. NMempoBa u gp.
KAPANOAOT A & MpocaegsBaHe Ha CbpgeuHomo...
KAPAMOXIPYPT A Tom 4, Bpod 3 - 2021

Enekmpokapguegpadpckomo uscnaegBaHe u npu
gBeme nokasza cuHycoB pumum 6e3 penonspusa-
UUOHHU npomeHu. KauHukonabopamopHume uscaeg-
BaHus ca 6e3 couiecmBeHu omKAOHEHUS.

Mopagu BbamokHa conbmcmBawa pumMbMHO-
npoBogHa namonozusi u Ha gBeme >keHu e nocmaBeH
24-yacoB xonmep-EKI 3anuc, npu koumo ce pegucmpu-
pa ocHoBeH cuHycoB pumbMm u npu gBeme, ¢ yecmu
HagkamepHU u eguHUY4HU kamepHu ekcmpacucmoau.

MNMpoBegoxme ExoKI ¢ oz2neg ycmaHoBsBaHe/us-
kalouBaHe Ha cybkauHuuHO MuokapgHO 3acsizaHe,
kakmo u 3a uskalouBaHe Ha conomcmBawa copgeu-
Ha HegocmambyHOCM Ha ¢oHa Ha npunokpuBaHe Ha
yacm om cumnmomume Ha MO ¢ me3u Ha cbpgeu-
Hama HegocmambyHOCM.

Om ExoKTI npu maukama e ycmaHoBeHa 2paHuyHa
cucmonHa ¢yHkuusa Ha AK, guacmonHa gucdyHkuus |
cm., AekocmeneHHa mpukycnugaaHa pe2ypaumauus.
Mpu gemauneH aHaAu3 Ha muokapgHama gedopma-
uus C noMowma Ha AOH2UMyguHaAeH cmpeuH upes3
speckle tracking echocardiography (STE), e ycma-
HOBeHO noHUXkeHue Ha 2A0baAHUS AOH2UMYQUHAAEH
cmpeuH (GLS) (-14%), koemo e no-u3pa3eHo BbB:
HasanHUMeE cesaMeHmU Ha goAHama CmeHa U goAHuS
cenmymM, cpegHUmMe Ce2MEHMU Ha NpegHoO- U goOA-
HoAamepaAHa cmeHa U NpegHo- U goAHOCENMAAHO,
m.e. NPOMEHU NO HeUCXeMu4eH mun, xapakmepHu 3a
kapguomuonamus (dua. 2A)

Mpu gbwepsama om npoBegeHama ExoKI ce koH-
cmamupam 3ana3eHu CUCMOAHa U guacmoAnHa ¢yHk-
uusa Ha AK 6e3 kaanHu aesuu. GLS e B noumu Hop-
MaAHU cmouHocmu (-17.6%), 6e3 gaHHU 3a u3paseHo
cea2MmeHmMHo 3acs2aHe, kakmo npu maukama (duz. 2B).

[ Endo |

G, Peak Value

ESV LV Bi-Plans]
EF [LV Bi-Plane)

“‘LV APZ Endo Peak L. T

"LV AFZ Endo Peak L. Strak
LV AP3 Endo 5

LV AF4 Endo

LV Global Endo P
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Electrocardiographic examination in both patients
indicates sinus rhythm without repolarization chang-
es. Clinical and laboratory tests without significant
deviations.

Due to possible accompanying rhythm-conduc-
tion pathology, both women underwent a 24-hour
Holter ECG recording in which a basic sinus rhythm
was recorded in both patients, with frequent supra-
ventricular and single ventricular extrasystoles.

We performed echocardiography in order to
establish/exclude subclinical myocardial involve-
ment, as well as to exclude accompanying heart
failure, against the background of overlapping of
some of the symptoms of MD with those of heart
failure.

From echocardiography in the mother we found
borderline systolic function of the left ventricle, dia-
stolic dysfunction 1st degree, light-walled tricuspid
regurgitation. A detailed analysis of myocardial de-
formity using longitudinal strain by Speckle Track-
ing Echocardiography (STE) revealed a decrease
in global longitudinal strain (GLS) (-14%) with a
more pronounced decrease in the basal segments
of the lower wall and lower septum, and the middle
segments of the anterior and inferior-lateral wall,
and the anterior- and inferior-septal, i.e. non-isch-
emic type changes characteristic of cardiomyopa-
thy (Fig. 2A).

In the daughter from the performed EchoCG we
found preserved systolic and diastolic function of the
left ventricle without valve lesions. GLS in almost nor-
mal values (-17.6%), without evidence of pronounced
segmental involvement, as in the mother (Fig. 2B).

Qua. 2A[Fig. 2A
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G. Feak Value

i 13 Paak

*HR (Avg.) = 56 bpm

EDV LV Bi-Plane) = £3.2 ml

ESV LV Bi-Flane) = 18.5 ml
EF [LV BiPlane) = 65.3 %

"LV AP2Z Endo Peak L. Tirme SD =459 ms
"LV AP3 Endo Peak L. Time SD =511 ms
LV AP4 Endo Peak L. Time SD =5

LV Global Endo Peak L. Time 5D

waf LAT
RPesk Valus

"LV AP Endo Peak L. Strain =
"LV AP3 Endo Peak L. Strai

LV AF4 Endo Peak L. Strain = -

LV Global Endo Peak L. Strain = -1

Bv3 ocHoBa Ha npoBegeHume uscaegBaHusi u kau-
HUYHOMO CbCMOsIHUE Ha nauueHmkume, ce nNpeueHu
ue kbM MOMeEHMa He ce Hanaeza BkalouBaHe Ha kapgu-
onpomekmuBHa mepanus, 6e onmumusupaHa HeBpo-
AO2UYHama, ¢ npoBegeHa ymepeHa pexabuaumauus.

Caeg kauHuuHO obct)kgaHe ¢ HeBpono3u u ¢usu-
omepaneBmu ce B3e peweHue 3a komnaekcHo HabAlo-
geHue upe3 akmuBHo ambyramopHO npocaegsBaHe
Ha HeBpoAO2UYHOMO CbCMOsHUE Ha nauueHmkume,
npoBeXkgaHe Ha pexabuAumauuoHHU Meponpusimus,
xonmep-EKIN MoHUMopuHz 3a pumbMHa u hpoBogHa
namoaozusi u exokapguozgpadus Ha 6 meceua.

OBCb)XOAHE

CobpgeuHomo 3acseaHe € Yecmo Npu NauueHmu ¢
MO mun 1, HO 3a pa3auka om gpyau HeBpo-myckyAHu
3aboasiBaHus, npu nauueHmume ¢ M mun 1 pagko ce
HabAlogaBa pa3Bumue Ha kapguomuonamus U cbpgeu-
Ha HegocmambuHocm. PumbMHO — npoBogHU Hapywie-
Husi ce cpewam B 50-65% om cayuyaume. Hau-uecmo
ce 3acsizam A-V Bb3ena, cHona Ha Xuc u Mpexkama Ha
MypkuHue [5, 6]. MNMpu nauueHmume ¢ M mun 1 Hagka-
MepHUMe maxuapummuu ca yecma Haxogka Ha EKI u
xonmep-EKI. Yecmo ce cpewam u kamepHu apummuu,
BkAlouumeAHo u MOHO- U noAuMopdHU kamepHu maxu-
kapguu, u gopu kamepHo mvxkgeHe [7].

Mpu me3u nauueHmu yecmo ce HabalogaBa ozpa-
HuueHa ¢usuvecka akmuBHocm, nopagu HeBpo-myc-
kyaHust xapakmep Ha 3aboasBaHemo, koemo Hanaza
B gudepeHuuanHO guagHOCMUYHUSM aA2copumbM ga
ce Bkalouu cbpgeuHa HegocmambyHoCM.

Que. 26/Fig. 2B

Based on the conducted tests and the clinical
condition of the patients, it was decided that at the
moment it was not necessary to include cardioprotec-
tive therapy, the neurological one was optimized, with
moderate rehabilitation.

After a clinical discussion with neurologists and
physiotherapists, a decision was made for complex
observation through active outpatient monitoring
of the neurological condition of patients, rehabilita-
tion activities, Holter ECG monitoring for rhythm and
conduction pathology and echocardiography every 6
months.

DiscussioN

In most of the neuromuscular diseases, the car-
diac involvement often occurs with cardiomyopathy
or heart failure, however in MD type 1, it is mostly
related with conductive disorders and arrhythmias, as
around 50-65% from the patients with DM1 present
with them. AV node, bundle of His, Purkinje fibers
are involved most frequently [5, 6]. In this patients,
we often find on ECG sinus-node dysfunction; atri-
al tachycardia, flutter, or fibrillation; and ventricular
tachycardia or fibrillation [7].

In these patients, limited physical activity is often
observed due to the neuromuscular nature of the dis-
ease, which necessitates the inclusion of heart failure
in the differential diagnostic algorithm.
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Hau-uecmo ce ycmaHoBsB8am HapyweHust 8 AK gu-
acmoAHa ¢yHkuus. 3a MmumpaneH kananeH npoaanc ce
cbobwaBa npu 25-40% om nauueHmume. Ha EKT uec-
mo ce HabalogaBam namonozuueH Q-3vbeu, U NpoMeHU
B ST-ceameHma 6e3 gaHHu 3a VIBC [8]. Om Aumepa-
mypHUMe gaHHU cmaBa sicHo, ue Bogewomo CbpgeyHo
3acseaHe npu MO mun 1 ca pumbmHO-npoBogHuUmMe
HapyweHusi. [Mpu MHO20 om nauueHmume npoBogHume
HapyweHusi npogpecupam ¢ Bpememo [9].

MpeguwHu npoyuBaHus nokasBam noresHocmma
Ha cybkAuHU4YHOmMo omkpuBaHe Ha CbpgeyHo 3acs-
2aHe npu DM1. B egHo npoyuBaHe Ha 36 nauueHmu
¢ DM1, ceputiHomo HabAlogeHue Ha Xoamep EKT 3a-
nuc e goBeno go umMnaaHmupaHe Ha neucmelkobp npu
11 nauueHmu, npu 26 ca u3noA3BaHu u uMnAaHmMupy-
emu loop recorder 8 manku npoy4yBaHusi Ha acumnmo-
Mamuy4Hu nauueHmu, koemo e goBeno go omkpuBaHe
Ha kamepHU apumMmuu U UMNAGHMUPaHe Ha Cbpgeu-
HU guBalicu npu yemupu om cegem nauueHmu [10].

Hackopo nybaukyBaHo npoyuBaHe gemoHcmpupa
npogHocmuyHama cmouHocm Ha LV GLS npu nauu-
eHmu ¢ acumnmomamuyHa DM1, kamo ce cmuea go
3akaloueHuemo, ue GLS npegcmaBasBa cuneH npe-
gukmop 3a cbpgeuHo-cbgoBu cbbumus [11].

B Hawus cayyal omkpuxme 2paHuU4yHO npome-
HeHa cucmoAHa u guacmoaHa ¢yHkuus Ha AK u co-
wecmBeHo noHwkeHue Ha GLS npu maukama, kakmo
U HayaAHO noHwkeHue Ha GLS npu gowepsma. ToBa
Moke ga o3HauvaBa, ye ¢ npozpecupaHemo Ha 3ab6o-
AdBaHemo ce yBeauuaBa ¢ubposHama mukaH kakmo
e nokasaHo B npeguwHu npoy4yBaHus u gpyau kapgu-
omMmuonamuu, kamo xunepmpoduuHa kapguomuona-
mus [12].

Haauuuemo Ha muokapgHa ¢ubposa npu mesu
nauueHmu e gokymeHmupaHo om u3cAaegBaHe Ha
CbpgeyuHo-CcbgoB MagHumeH pe3oHaHC, npu koemo
¢ubposa e ycmaHoBeHa npu 40% om nauueHmume
u He e cBop3aHo ¢ npomeHu B enekmpokapguoepa-
Mama, XoAmep UAU exokapguozpadus. ToBa npegno-
Aa2a, ve oueHkama Ha muokapgHama ¢ubposa upes
CbpgeueH MagHUMEH pe3oHaHc Moke ga bbge none-
3€H UHCMpPYMeHm npu ougHkama Ha me3u nauueH-
mu, mvl kamo mMuokapgHama ¢ubposa moxke bu e
cybcmpam 3a kamepHu apummuu [13].

Mpu nocmaBsHe Ha guazHo3a M[] 1 e Heobxogu-
MO ga ce HanpaBu BHumameaHa oueHka Ha cbpgeu-
Hus cmamyc, koemo BkalouBa pymuHHO npoBeXkgaHe
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The patients with MD1 usually have lower physi-
cal capacity, therefore we need to include heart fail-
ure in the diagnostic algorithm [8]. From the ECG,
abnormal Q waves or STT abnormalities can be
found without ischemic heart disease, but the most
common findings in myotonic dystrophy type 1 are
cardiac conduction disturbances, which usually
progress with the aging [9].

Most of this disorders are asymptomatic and
studies showed that deeper examination in this sub-
clinical patients are crucial. In one study with 36 pa-
tients with DM1, Holter monitoring showed indication
for pacemakers (PM) implantation in 11 of them.
In different small studies with total of 26 patients,
implantable loop recorders (ILR) were used, where
ventricular arrhythmias had been found and that
lead to implantation of implantable cardioverters/de-
fibrillators (ICD) in 4 out of 7 patients [10]. Regard-
ing the LV function, most of the MD1 patients have
normal systolic function and diastolic dysfunction. A
recent research with 46 patients demonstrated that
global longitudinal strain (GLS) is a powerful marker
for prediction of cardiovascular events in asymptom-
atic DM1 patients [10].

In our case, echocardiography revealed moderate
systolic function and diastolic dysfunction of the LV.
GLS of the mother was decreased significantly and
the daughter’s was slightly changed. As it was report-
ed in late studies, this means that with the progression
of the disease, the myocardial fibrosis increases [11].
Myocardial fibrosis could be found by cardiac mag-
netic resonance (CMR). In one research, in Denmark,
30 genetically verified DM1 patients, without any ECG,
Holter-monitoring or echocardiography abnormalities,
obtained CMR and in 40% of them myocardial fibro-
sis was documented. These findings emphasize that
CMR could be a valuable tool in evaluation of this
patients, as myocardial fibrosis might be one of the
reason for ventricular arrhythmias [12].

The presence of myocardial fibrosis in these pa-
tients was documented by cardiovascular magnetic
resonance imaging, in which fibrosis was detected in
40% of patients and was not associated with chang-
es in electrocardiogram, holter or echocardiography.
This suggests that the assessment of myocardial fi-
brosis by cardiac magnetic resonance imaging may
be a useful tool in the assessment of these patients,



Ha EKI, 24-uacoB xonmep-EKI u exokapguozpadus.
Heobxoguma e HacovyeHa aHamHe3a 3a cuHkonu, haa-
numauuu u Hegocmue Ha Bb3gyx kakmo npu nauueH-
mume, maka u npu mexHume bAusku.

3 AKAIOYEHUE

OnucaHomo om Hac cemelcmBo npumexkaBa kau-
HUYHUME BeAe3u 3a MUOMOHUYHA gucmpodus mun 1
(Bonecm Ha LLlauHepm). Mpu Bcuuku onucaHu yaeHoBe
ce HabalogaBa cneuupuyHO MyAMUCUCMEMHO 3acs2aHe
— € aHeakupaHe Ha ckeaemHama u 2anagkama mycky-
Aamypa, xapakmepeH MuonameH dauuec ¢ bene3u Ha
MuomoHusi. YcmaHoBu ce 3acsizaHe Ha AK cucmonHa u
guacmonHa ¢yHkuus, u noHwkeHue Ha GLS, 6e3 3Ha-
yuma gunamauus Ha AK npu madkama, u eguHcmBeHo
cybkauHUYHO 3acseaHe Ha AK ¢yHkuus npu gobwiepsama,
kamo uecmomama u mexkecmma Ha AK yBpedkgaHe ce
yBenauuaBa ¢ Bo3pacmma. KauHuuHo ussBeHa copgeuHa
HegocmamubuHocm ce 58s8a cpaBHumenHo kocHo B xoga
Ha pa3Bumuemo Ha KMI1. Auncama Ha ussBeHa cum-
nmomamuka cBbp3Bame ¢ ozpaHuveHama gBuzamenHa
akmuBHocm npu me3u hauueHmu u paHHama Bo3pacm
Ha 3acsieaHe. PaHHOMO guasHoCcmuuupaHe Ha Ccbpgeu-
HO 3acsieaHe npu nauueHmu ¢ M e BavkHo, mblu kamo
cBoeBpemMeHHO 3anoyHamomo AeueHue 3a CbpgeyHa
HegocmamvuHocm Moke ga goBege go nogobpeHue Ha
AK cucmonHa ¢yHkuus uau Hau-manko go 3abaBsHe Ha
npozpecusima Ha AK gucdyHkuus.

C ozneg Ha npodpunakmuka Ha 3aboasBaHemo B
ma3u ¢damuaus ce npenopvuBa npoBekgaHemo Ha
MOAEKYASIDHO 2eHemuueH aHaAu3 Ha Bcuuku pog-
cmBeHuuu B puck, kakmo u npoBexkgaHe Ha npeHa-
manHa guagHocmuka npu Bcsaka bpemeHHoOCM Ha go-
kazaHume HocumeAu Ha Mymauusma.
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as myocardial fibrosis may be a substrate for ventric-
ular arrhythmias [13].

When diagnosis MD1, it is necessary to care-
fully evaluate cardiovascular status, which includes
ECG, 24 hours Holter-monitoring, echocardiogra-
phy and taking history about syncope, palpitations
or dyspnea.

CONCLUSION

The presented family has clinical signs of myo-
tonic dystrophy type 1 (Steinert Disease) and all the
members appeal with affected muscular system, and
a typical myopathic facies. Cardio- vascular system
is also involved with systolic and diastolic dysfunc-
tion, decreased GLS in the mother, and only sub-
clinical involvement in the daughter's LV function,
as the frequency and severity of the LV dysfunc-
tion usually progresses with the aging. Symptomatic
heart failure appears later with the development of
the cardiomyopathy. Lacking of symptoms is most-
ly because of the lower physical activity and early
age. Diagnosis of the heart involvement in the early
stages of MD1 is important because early treatment
of the heart failure could improve the LV function or
delay the progression.

Regarding prevention in this family, we recom-
mend molecular-genetic analysis in all blood relatives
and prenatal screening in every pregnancy.
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MYATUKABUTAPHA TPOMBO3A, NPEMWUHABALLA OT AACHO NPEACbLPAUNE
NPE3 ®OPAMEH OBAAE B AABO NMPEOCHLPAUE U AABA KAMEPA MPU NALVEHT
C ABYCTPAHHA BEAOAPOBHA TPOMBOEMBOAA N AbABOKA BEHO3HA TPOMBO3A

H. OoueBa', C. BowHakoB', H. QumumpoB" 2 B. KopHoBcku', T. BekoB? ®

'"MBAA ,,Copue u Mo3vk” — Bypeac
2MeguuuHcku yHUBepcumem — lreBeH
SBvAgapcku kapguonoauyeH uHcmumym

Peslome. BeHo3Husm mpomboemboausbMm (BTE), BkalouBaw, goaboka BeHosHa mpombo3sa (ABT) u 6eno-
gpobeH emboausbm (BE) e mpemomo no yecmoma cbpgeyHo-cbgoBo 3aboasBaHe caeg MuokapgHus UH-
dapkm u mo3byHusa uHcyam. Cpewa ce npu okono 70 Ha 100 000 gywu HaceneHue Bcsika 2oguHa, kamo
MmeHgeHuusma e masu Yyecmoma nocmeneHHo ga HapacmBa, ycnopegHo ¢ yBeauuaBaHe Ha cpegHama
npogbAkumenHocm Ha >kuBom Ha xopama, kakmo u ¢ HapacmBaHe Ha 6pos nauueHmMu ¢ OHKOAO2UYHU
3abondBaHus. Haauuuemo Ha mpombosa B gecHume cbpgeyHu kyxuHu B cvuemaHue ¢ benogpobeH
mpoMboeMboAU3bM ce cpeusa ¢ Yecmoma om 3 go 23% u ce acouuupa ¢ noBuweHa CMbpMHOCM gopu U
npu nauueHmu, koumo ce npeseHmupam CbC cmabuAHa KAUHUYHA kapmuHa U XeMoguHamuuHU nokasa-
menu. C ocobeHo Bucoka cMbpmHOCM Ce acouuupa HaAuvuemo Ha mpomb, 3axBaHam uAu npemuHaBauy,
npe3 omBopeH/nameHmeH dopameH oBane (PFO). Hacmoswusm kauHuueH cayyad npegcmaBs ycnewHo
MPOMBOAUMUYHO AeYeHUE Ha pAgbk BapuaHm Ha myamukaBumapHa uHmpakapguanHa mpom6o3a, npe-
MuHaBawa om gscHO npegcbpgue npe3 dopameH oBane B AsBomo npegcbpgue u npomMuHupawa npe3
MumpaaHa kaana B agBama kamepa npu nauueHm, koumo ce npe3eHmupa ¢ macuBHa ¢popma Ha beno-
gpobHa mpomboemboaus u gbAboka BeHo3Ha mpombo3a.
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KalouoBu gymu: myamukaBumapHa mpomb0o3a, mpoMBbOAUMUYHO AeueHue, omBopeH/nameHmeH dopa-
MeH oBane

MULTICAVITARY THROMBOSIS PASSING FROM THE RIGHT ATRIUM THROUGH
THE FORAMEN OVALE TO THE LEFT ATRIUM AND LEFT VENTRICLE IN A PATIENT
WITH BILATERAL PULMONARY THROMBOEMBOLISM AND DEEP VEIN THROMBOSIS

N. Docheva', S. Boshnakov’, N. Dimitrov"?, V. Kornovski', T. Vekov**

"Heart and Brain Center of Clinical Excellence — Burgas
2Medical University — Pleven
Bulgarian Cardiac Institute

Abstract. Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary embolism
(PE), is the third most common cardiovascular disease after myocardial infarction and stroke. It occurs in
about 70 out of 100,000 people each year, and the frequency tends to increase gradually, along with an
increase in life expectancy and an increase in the number of cancer patients. The presence of thrombosis
in the right heart cavities in combination with pulmonary thromboembolism occurs with a frequency of 3 to
23% and is associated with increased mortality even in patients who present with a stable clinical picture
and hemodynamic parameters. Particularly high mortality is associated with the presence of a thrombus
trapped or passing through a patented foramen oval. The present clinical case presents a successful
thrombolytic treatment of a rare variant of multicavitary intracardiac thrombosis, passing from the right
atrium through the foramen oval to the left atrium and passing through the mitral valve into the left ventricle
in a patient with massive pulmonary thrombosis.

Key words: multicavitary thrombosis, thrombolytic treatment, patent foramen ovale
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BbBEOEHUE

OmBopeH/nameHmeH ¢opameH oBane (PFO) ce
cpewa npu okoAo 24,2% om HopmMaAHama nonyAauus,
kamo B noBeuemo cayual ce omkpuBa cayualHo. Yec-
MO Ce acouuupa ¢ Mu2peHo3Ho 2naBoboaue ¢ aypa u
yBeauueH puck om MO3bYHU UHCYAMU U MPaH3umopHU
ucxemuuHu amaku (TWA), ocobeHo kozamo ce kacae
3a kpunmozeHHu uHcyaAmu nog 55-2oguwHa Bo3pacm.
O6ukHoBeHo ce cBbpaBa cbc ckaoHHocmma kbm na-
pagokcaneH emboausom [1]. OQuamemovpbm Ha PFO
(cpegHo 4,9 mm) no3BoasBa npemuHaBaHemo Ha em-
6oAu om BeHo3zHama koM apmepuasHama cucmema,
koumo ca gocmamvbuHO 20AeMu, 3a ga ce 3anywam
go cpegHama Mo3byHa apmepus (3 mm), 3a ga goc-
muzgHam go mo3buHama uupkyaauusi. Mo Aumepamyp-
HU gaHHU exkezogHo B cBemoBeH mawab 345 000 na-
uueHmu Ha Bv3pacm mexkgy 18 u 60 2oguHu umam
PFO u eMBOAUYEH UHCYAM C UHaue HeonpegeneH us-
mouHuk. MNo-mAagume nauueHmu ¢ Kpunmoz2eHeH UH-
cyam umam 2,3 nomu no-Bucok omHocumeneH puck
om PFO B cpaBHeHue ¢ BbapacmoBume uHguBugu c
UHCYAM C fiCHa npuyuHa, koemo npegnonaza — Bb3 oc-
HoBa Ha meopusma Ha BeposmHocmume — 73% Bepo-
amHocm PFO ga e MexaHu3mMbm Ha UHCYAmM npu mesu
nauueHmu [2]. TepaneBmuuHomo noBegeHue npu go-
kazaH omBopeH ¢opameH oBane e koHcepBamuBHO
UAU uHmepBeHuuoHaAHo, kamo MegukameHmo3HoOmMo
AeveHue BkalouBa anmuaezpez2aHmHu megukameHmu ¢
ueA npegomBpamsBaHe Ha noBmopHU MO3bYHOCbgoBU
uHUUgeHmu, a uHmepBeHuuoHaAHOMO npegcmaBasBa
3amBapsHe Ha dopameHa upe3 CneuuanHo ycmpou-
cmBo — okaygep guBauic.

Yecmoma Ha OBT e okoao 1:5000 gywu, kamo
npu >keHume e no-Bucoka — go 3 Ha 1000. Ocmpama
0BT npu 50-77% om cAyyaume ce ycAaokHsBa ¢ be-
AOgpobeH mpomboeMboAu3bM, kamo cMbpmHocmma
npu HeanekyBaHume nauueHmu e 30%, a npu agek-
BamHo AekyBaHume ¢ aHmukoazynaHm — 7-8%. Pe-
uuguBupawume enusogu Ha BTE ca 3 nomu no-uec-
mu caeg nbpBoHauyanHa nposiBa Ha 3aboasBaHemo
c enusog Ha BTE, omkoakomo caeg nbpBoHauanHa
OBT. Oaebozpadusma e ocHoBeH uHBa3uBeH memog
3a guazHocmukama Ha BeHo3Hume mpomb6o3u. Ta
Bce owe ocmaBa ,3nameH cmaHgapm” 3a BeHo3Ha-
ma guaz2Hocmuka nopagu ¢akma, ye guagHocmuu-
Hama 1 gocmoBepHocm e 100% u Bcuuku ocmaHaAu
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INTRODUCTION

PFO occurs in about 24.2% of the normal pop-
ulation, and is mostly found by chance. It is often
associated with migraine headaches with aura and
an increased risk of stroke and transient ischemic
attack (TIA), especially in the case of cryptogenic
strokes below 55 years old. It is usually also as-
sociated with a tendency to paradoxical embolism
[1]. The diameter of the PFO (average 4.9 mm) al-
lows the passage of emboli from the venous to the
arterial system, which are large enough to clog
up to the middle cerebral artery (3 mm) to reach
the cerebral circulation. According to the litera-
ture data, every year worldwide, 345,000 patients
between the age of 18 and 60 have PFO and em-
bolic stroke with an otherwise unidentified source.
Younger patients with cryptogenic stroke have a
2 to 3 times higher relative risk of PFO compared
to older individuals with stroke with a clear cause,
which suggests — based on Probability theory — a
73% chance that PFO is the mechanism of stroke
in these patients [2]. The therapeutic behaviour in
a proven open foramen ovale is conservative or
interventional, with drug treatment including anti-
platelet drugs to prevent recurrence of cerebro-
vascular accidents, and the interventional treat-
ment is closure of the foramen by a special device
— occluder device.

The incidence of DVT is about 1: 5000 people,
and it is higher for women — up to 3 per 1000. Acute
DVT in 50-77% of the cases is complicated by pul-
monary thromboembolism, with mortality in untreat-
ed patients of 30%, and in adequately treated with
anticoagulant — 7-8% Recurrent episodes of PE are
3 times more common after the initial onset of the
disease with an episode of PE than after initial DVT.
Phlebography is a major invasive method for the di-
agnosis of venous thrombosis. It still remains the ,gold
standard® for venous diagnosis due to the fact that its
diagnostic reliability is 100% and all other diagnostic



guagHoCcMuyHU Memogu ce cpaBHsBam c Hesi. Oc-
HoBHOmMoO AeueHue Ha BT u gHec Bce owe e C aH-
mukoazyraHmu, a XxupypauuyHama ge3obaumepauus
€ C 02paHuYeHo npuaokeHue. PaHHama GpuUBGPUHOAU-
3a (go 3-mus geH) Bogu go omnywBaHe Ha BeHume
npu 80% om cAyuyaume u 3HaYUMEAHO pegyuupa nos-
Bama Ha BTE u nocmpombodaebumeH CUHgpOM.

Mpu HaAuyue Ha nameHmeH dopameH oBane BT
Moke ga goBege go napagokcaneH emboausbm B 20-
Aemus kpbez Ha kpbBoobpaweHue, koemo e cepuosHo
ycnokHeHUe Hana2awo 3amBapsHe Ha gedekma.

BenogpobHusm mpomboemboausom (BTE) e >ku-
BomoszacmpawaBawo cvbcmosHue, npu koemo yacm
om 6enogpobHama cvgoBa mpexka cmaBa BHe3anHo
Henpoxoguma, BcaegecmBue obecmpykuus om embo-
AUYEH Mamepuaa, Hau-vyecmo mpombu, obpasyBaHu
B npokcumaAnHuUsi ceameHmM Ha goAbokama BeHo3Ha
cucmema Ha goAHume kpalHuuu. Vi3bopbm Ha Aeue-
Hue ce onpegens om puckoBama cmpamudukauus
Ha nauueHma u XeMOguHaMu4yHOMO CbCmOosHUE U
6uBa aHmMukoazyraHMHoO U penepdy3uoHHO AeUEHUE,
B8 moBa uucAo cucmemMHama u AokaaHama ¢pubpuHo-
AU3a, U XupypauuHa emborekmomus.

Mo Hacmoswem uHgukauus 3a GuBbpPUHOAUMUY-
HO AeueHue B cAyyaume Ha 6eaogpobeH mpowm-
60emboAu3bM € eguHCmBeHo XemoguHamuuHama
HecmabuAHocm. KombuHauusma Ha mpombosa B
gecHume copgeyHu kyxuHu ¢ BE obaue e ¢ uskalo-
YUMEAHO AOWA Npo2HO3a, kamo owe no-aowa e ms
ako mpombosama obxBawa uAu npemuHaBa npes
dopameH oBane. CowecmByBam mpu ocHoBHU hog-
X0ga Ha AeUYeHue — onepamuBHO, GUBPUHOAUMUYHO U
aHmukoazynaHmHo AeueHue. Bvnpeku 2onemus bpou
nybaukauuu 8 MeguuuHckama Aumepamypa AuncBa
koHCceHcyc no omHoweHue Ha onmumaAHus mepa-
neBmuueH nogxog.

OnNNCAHME HA KAVIHUYEH CAYYA

Kacae ce 3a 76-20guweH nauueHm, npeseHmupaul
ce B kauHukama no kapguonozusi ¢ onaakBaHus om Aec-
Ha ymopa u maxugucnHesi Npu MUHUMaAHU ¢usuyecku
ycuaus u 6oaka B gacHa nonAaumeanHa obaacm om 3-4
gHu. AuncBam aHamMHecmuuHU gaHHU 3a onepamuBHu
uHMepBeHuUUU UAU UMOoBUAU3aUUS Npe3 NocAegHUME 6
Meceua. lMpugpykaBawume 3aboaaBaHus BkalouBam:

H. OoueBa u gp.
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methods are compared with it. The main treatment
for DVT today is still with anticoagulants, and surgical
desobliteration is of limited use. Early fibrinolysis (up
to day 3) leads to unclogging of the veins in 80% of
the cases and significantly reduces the occurrence of
PE and post-thrombophlebitis syndrome.

In the presence of a patented foramen ovale, DVT
can lead to paradoxical embolism in the pulmonary
blood circulation, which is a serious complication re-
quiring closure of the defect.

Pulmonary thromboembolism (PE) is a life-threat-
ening condition in which part of the pulmonary vas-
cular network suddenly becomes impassable due
to obstruction by embolic material, most commonly
thrombi formed in the proximal segment of the deep
venous system of the lower limbs. The choice of
treatment is determined by the patient's risk strati-
fication and hemodynamic status and there are two
types of treatment: anticoagulant and reperfusion,
including systemic and local fibrinolysis, and surgi-
cal embolectomy.

At present, the only indication for fibrinolytic
treatment in cases of pulmonary thromboembolism
is hemodynamic instability. However, the combina-
tion of thrombosis in the right heart cavities with PE
has an extremely poor prognosis, and is even worse
if the thrombosis involves or passes through foramen
ovale. There are three main methods of treatment -
surgery, fibrinolytic and anticoagulant treatment. De-
spite the large number of publications in the medical
literature, there is no consensus on the optimal ther-
apeutic approach.

DESCRIPTION OF A CLINICAL CASE

This is a 76-year-old patient who presented
himself at the cardiology clinic with complaints of
fatigue and tachydyspnoea, even when the phys-
ical effort is minimum and pain in the right pop-
liteal region, that started 3-4 days ago. There is
no anamnestic data for surgical interventions or
immobilization in the last 6 months. Accompanying
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apmepuanHa XunepmoHusi ¢ gobbp mMegukameHmo3eH
koHmpoa; npexkuBsH muokapgeH uHdapkm npes 2007
2. — nekyBaH koHcepBamuBHo, 3a koumo He e npegcma-
BeHa meguuuHcka gokymeHmauus.

Om ¢usukanHus npeesneg nauueHmovm e C HoOp-
MOCmeHUYeH xabumyc, 3agoBoAUMEAHO 0BWO Cbe-
mosiHUe, npaBu BneuamaeHue Habeas3aH WueH BeHo-
3€H 3acmou, maxugucnHes — guxameAHa yecmoma
22/min, kucaopogHa camypauusi Ha cmaeH Bb3gyx
— 89%; 6e3 obekmuBHU gaHHU 3a uuaHo3a. bes na-
monozuyHa ayckyamamopHa Haxogka 8 6eaus gpob;
CbpgeyuHo-cbgoBa cucmema — pummuyHa Hopmodpe-
kBeHmHa cbpgeuHa gelHOCM, apmepuanHo Hansz2a-
He Ha gBeme pvue 120/80 mm Hg. KpalHuuu — 6e3
Omouu, CbC 3anaseHu nepudepHuU nyAcauuu, Aek
omok Ha gscHo begpo.

Mpu nocmvnBaHemo uma eaekmpokapguozpad-
cku/EKI' gaHHU 3a cuHycoB pumbM, CbpgeuHa uec-
moma — 81 yg/min, HezamuBHuU T-BvaHu B I, aVF,
V1-V4 omBexXkgaHusi.

MapakAauHuuHume u3caegBaHus, BkalouumenHo
koazynauuoHHUss cmamyc, He paskpuBam omkAoHe-
Hus ¢ uskaloueHue Ha: D-gumep — 612 ng/ml, C-peak-
muBeH npomeuH — 157 u xunokcemus.

TpaHcmopakanHama exokapguozpadusa nokasBa
HaAuvue Ha 2oAsMa MobuAHa mpombBomuuHa Maca B8
gsicHomMo npegcbpgue ¢ pasmepu 30/22 mm, kosmo
npemuHaBa npe3a foramen ovale 8 AaBomo npegcovpgue
u npe3 mumpanHama kaana — 8 asBama kamepa (¢pue.
1). @opmauusma B AeBume cobpgeuHu kyxuHu uma Bug
Ha ,‘npsAicHa”“ mpombosa ¢ kenenogobHa cmpykmypa,
kamo Hau-naomHa usznexkga B8 gacHomo npegcbpgue
— B obaacmma Ha fossa ovalis; HaAuuue Ha aHeBpu-
3Ma Ha mexXgynpegcvpgHama npezpaga (mun 4LR);
Aeka mpukycnugaAHa uHcyduuueHuus u uHgupekmHu
gaHHU 32 NOBUWEHO CUCMOAHO NYAMOHAAHO HaAsizaHe
— 43 mmHg; 6eae3u 3a meH3UoHHO obpemeHsiBaHe Ha
gacHama kamepa u nonokumeneH McConnell sign.

Om komnlomovpHo-momozpadpckama (CT) nyamo-
aHzuozpadus uma gaHHu 3a gBycmpaHHa 6enogpob-
Ha mpomboemboAusl — Ha ceaMeHMHOo HUBo U aHaa-
»kupaHe Ha AeBusi 2naBeH benogpobeH kaoH, kakmo
U HaAudue Ha obmekaem mpomb B AsBomo u gsicHo-
mo npegcopgue, npemuHaBaw, npe3 popameH oBane

(duz. 2).
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diseases: arterial hypertension with good drug con-
trol; the patient reported a myocardial infarction in
2007 — treated conservatively, for which he did not
submit medical documentation.

From the physical examination the patient has a
normosthenic habit, satisfactory general condition,
marked cervical venous stasis, tachydyspnoea — re-
spiratory rate 22/minute, oxygen saturation of room
air — 89%; without objective evidence of cyanosis. No
pathological auscultatory finding in the lung; Cardio-
vascular system — rhythmic normofrequency heart
rate, blood pressure in both hands 120/80 mmHg.
Limbs — no swelling, with preserved peripheral pulsa-
tions, slight swelling of the right thigh.

Upon admission with electrocardiographic / ECG
data for sinus rhythm, heart rate — 81 beats/min, neg-
ative T-waves in lll, aVF, V1-V4 leads.

The paraclinical studies, including coagulation
status, did not reveal abnormalities except for D-di-
mer — 612 ng/ml, C-reactive protein — 157, and hy-
poxemia.

Transthoracic echocardiography showed the pres-
ence of a large mobile thrombotic mass in the right
atrium measuring 30/22 mm, which passes through
the foramen ovale into the left atrium and through the
mitral valve into the left ventricle (Fig. 1). The forma-
tion in the left heart cavities has the appearance of
Lresh® thrombosis with a jelly-like structure, and the
densest appears in the right atrium — in the area of
the fossa ovalis; presence of atrial septal aneurysm
(type 4LR); mild tricuspid insufficiency and indirect
evidence of increased systolic pulmonary pressure —
43 mmHg.; signs of tension loading of the right ventri-
cle and a positive McConnell sign.

From computed tomography/CT pulmoangiogra-
phy with data for bilateral pulmonary thromboembo-
lism — at the segmental level and involvement of the
left main lung branch, as well as the presence of a
streamlined thrombus in the left and right atria pass-
ing through the foramen ovale (Fig. 2).
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Quz. 1. TpaHcmopakanHa exokapguozpacdus, usobpassBauwa
MobuneH mpomb B gsacHOomo npegcopgue, npemuHaBauw, npes
foramen ovale B AsBo npegcbpgue u npoMuHUpauw, NPe3 MumMpan-
Ha kaana B8 AsBama kamepa

Fig. 1. Transthoracic echocardiography depicting a mobile
thrombus in the right atrium passing through the foramen ovale
in the left atrium and passing through the mitral valve in the left
ventricle

@uz. 2. KomnlombpHa momozpadus: 2A. MsobpaseH obmekaem mpomb 8 AaBomo u gsacHomo npegcbpgue, npemuHaBaw, npes dopa-
MeH oBane; 2B. KT nyamoaHzuozpadus, unlocmpupawa gedekmu B usnoaBaHemo Ha 6earogpobHUme apmepuu

Quz. 2. KomnlombpHa momozpadus: 2A. MzobpaseH obmekaem mpomb 8 AaBomo u gacHomo npegcbpgue, npemuHaBauw, npes dopa-
MeH oBane; 2b. KT nyamoaHzuozpadus, ualocmpupawa gedpekmu 8 usnbaBaHemo Ha 6enogpobHUME apmepuu

KomnpecuoHHa BeHo3Ha gonaepoBa yampaco-
Hozpadus Ha goAHU kpalHuuu nokasa nbAHa Aunca
Ha konanc BvB dpemopononaumeanHus BeHo3eH cea-
MeHm B gacHo, kakmo u aunca Ha gonaepoB cuzHan,
koemo e xapakmepHa Haxogka npu gbAboka BeHo3-
Ha mpombo3a.

Compression venous Doppler ultrasonography of
the lower extremities showed a complete lack of col-
lapse in the femoropopliteal venous segment on the
right, as well as a lack of Doppler signal, which is a
characteristic finding in deep vein thrombosis.
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MpoBegeHo e kauHuuHO 0bctkgaHe om cvbpge-
yeH muwm, Bkalouaw, kapguonoz, kapguoxupype, cbgoB
Xupype, peaHumamop, UHmMepHUCM U cheuuaAucm no
obpasHa guazHocmuka, Ha koemo ca obcbgeHu pas-
AUYHUME BapuaHmu Ha AeYeHUEe U HaAUYHUME Aume-
pamypHU gaHHU C UeA ga ce u3bepe onmumaneH nog-
xog npu konkpemHus nauueHm. Ha 6asama Ha moBa
e B3emo peweHue 3a npoBexkgaHe Ha cucmemHa ¢u-
bpuHoAusa ¢ tPA — Alteplase 100 mg, ¢ nocaegBawa
UHPy3us ¢ HedpakuuoHupaH xenapuH (UFH) ¢ go3su-
paHe cbobpa3Ho mapzaemHu no-Bucoku cmouHocmu
Ha aPTT (mexkgy 70-100 s). OcHOBHU ap2ymeHmu 3a
usbopa Ha mo3u Bug cmpameaus ce aBaBam: Aunca-
ma Ha kameezopuuHu npegumcmBa Ha kapguoxupyp-
2UYHOMO npeg GUBPUHOAUMUUHOMO AEUEHUE, HaAu-
yuemo Ha myamudokanHa mpombosa 8 moBa uucao
gonboka BeHo3Ha mpombo3a u 6erogpobHa mpom-
boemboAusi, koumo cbwo ce mpemupam upes cuc-
memHama mpomMboAu3a, Huckus xemopazuueH puck
Npu nauueHma, Ho 3Ha4yum nepuonepamuBeH makvB
npu Euro score Il — 4,41%. He Ha nocAegHO Msicmo e
06CbgeH U HaAuyHUA mpomboemboAuueH puck npu
kapguoxupyp2u4Ho AeueHue c ekcmpakopnopaAHo
kpbBoobpaweHue, koumo e 0cobeHO u3paseH npu
u3xogHo gokasaH emboAu3bM BbB BeHo3Hus kpbe Ha
kpbBoobpaweHue U HaAuuyue Ha gAaCHO-ASB WbHM,
npegpasnonazauw, koM napagokcaneH emboAU3bM.

MpunoXku ce ¢ubpuHoAUMUUHO AeveHue ¢ tPA —
Alteplase no cxema — Ha UHdy3us 3a 2 yaca B8 obwa
gosa 100 mg, nocaegBaHa om uHdy3us ¢ UFH. B caeg-
Bawume uacoBe e pesucmpupaHo KAUHUYHO nogo-
bpeHue. Mpu exokapguozpadckomo npocaegaBaHe Ha
12-ug yac caeg GubpuHoAU3aMa e omuemeHa 3Hauu-
menHa pegykuusi Ha onucaHama Haxogka — ¢dopmauu-
ama B neBume cbpgeuHu kyxuHu AauncBa, a 8 gacHomo
npegcopgue ce Budyaausupa camo Masbk ocmamb-
yeH mpomb B8 obracmma Ha fossa ovalis (puz. 3).

Mopagu peuuguBupawa maxugucnHes u cnag Ha
kucnopogHama camypauus Ha 48-ust yac e npoBege-
Ha U gAcHa cbpgeuHa kamemepusauus ¢ nyAMoaHzau-
ozpacdus, kosmo omuuma nepcucmupawu gepekmu
B usnvABaHemo Ha gBama nyAmMoHaAHU kaoHa, noBe-
ue BasBo. Caeg noBmopHo kAUHUYHO 0bBcwkgaHe e
B3emo peweHue 3a ocbuwecmBaBaHe u Ha AokaAHO
bubpuHoAUMUUHO AeueHue c tPA — Alteplase no 10
mg B AeBus u B gecHus knoH Ha benogpobHama ap-
mepusi.
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A clinical discussion was conducted by a Cardi-
ac team, including a cardiologist, cardiac surgeon,
vascular surgeon, resuscitator, internist and imaging
diagnostics specialist, on which were discuss the dif-
ferent treatment options and available literature data
in order to select the optimal approach for a particular
patient. Based on this discussion, it was decided to
perform systemic fibrinolysis with tPA — Alteplase 100
mg, followed by infusion of unfractionated heparin
(UFH) with dosing according to target higher values
of aPTT (between 70-100 s). The main arguments for
choosing this type of strategy are: the lack of clear
advantages of cardiac surgery over fibrinolytic treat-
ment, the presence of multifocal thrombosis, including
deep vein thrombosis and pulmonary thromboembo-
lism, which are also treated by systemic thromboly-
sis, patient’s low risk of hemorrhage, but significant
perioperative one in Euro score Il — 4.41%. Last but
not least, it was discussed the available thromboem-
bolic risk in cardiac surgery with extracorporeal circu-
lation, which risk is especially pronounced in the case
of initially proven embolism in the venous circulation
and the presence of a right-sided shunt, predisposing
to paradoxical embolism. Fibrinolytic treatment with
tPA — Alteplase was administered as a 2-hour infu-
sion schedule at a total dose of 100 mg, followed by
infusion of UFH. Clinical improvement was reported in
the following hours.

During the echocardiography examination at the
twelfth hour after fibrinolysis, a significant reduction
of the described finding was reported — the formation
in the left heart cavities was absent, and in the right
atrium only a small residual thrombus in the area of
the fossa ovalis was visualized (Fig. 3).

Due to recurrent tachydyspnoea and a decrease
in oxygen saturation at 48 hours, right cardiac cath-
eterization was performed with pulmonary angiogra-
phy, which reported persistent defects in the filling of
the two pulmonary branches, more on the left. After
repeated clinical discussion, it was decided to carry
out local fibrinolytic treatment with tPA — Alteplase 10
mg in both left and right branches of the pulmonary
artery.



OcbwecmBeHa e u paebozpacdus Ha geceH goneH
kpauHuk, om kosmo e ycmaHoBeHa pekaHaAu3upaHa
demopononaumeanHa BeHo3Ha mpombo3sa (duz. 4).

NAeueHuemo Ha nauueHma ¢ UFH npogbakaBa 7
gHu, creg koemo ce npemuHaBa kom HOB gupekmeH
opaneH aHmukoazynaHm — PuBapokcabaH no cxema:
2 x 15 mg 3a 21 gHu, caneg koemo 20 mg/gHeBHo.
OcvwecmBeHu ca Hakonko nopegHuU koHmMpoAHU
mpaHcmopakanHu exokapguozpaduu npe3 caegBa-
wume gHu, a Ha 7-ug geH u mpaHce3odpazearHa ma-
kaBa, kakmo u komnlomvpHa momozpadusa (CT) Ha
copue u CT nyamoaHzuozpadus, koumo gemoHcmpu-
pam HanbAHO AU3UPaHe Ha CbpgeuHama mpombo3a,
Aunca Ha woHmM npes3 foramen ovale, kakmo u Aun-
ca Ha gedpekmu B usanbABaHemo Ha BeaogpobHume
apmepuu. Mpu npocaegaBaHemo nauueHmMvbm e 6e3
cybekmuBHa cumnmomamuka u ¢ nogobpeH ¢yHk-
uuoHaneH cmamyc. Ha 14-ua geH e npoBegeHa u
koHmpacmHa exokapguozpadus ¢ 6bbbvA-npoba, om
kosmo He ce ycmaHoBsBa woHmM mexkgy AsBomo u
gacHomo npegcbpgue, koemo ce cBobpsBa cvc ,3a-
mBopeH” foramen ovale (¢uz. 5), nomBbpgeHo u upes
mpaHce3odazearHama exokapguozpadus.

St
ADM

Quz. 3. Exokapguozpadcka oueHka Ha 12-us vac caeg du-
BpuHoAU3ama — ocmambyeH mpomb B gacHO npegcobpgue,
3axBaHam 3a fossa ovalis

Fig. 3. Echocardiographic evaluation at 12 hours after
fibrinolysis — residual thrombus in the right atrium attached
to the fosa ovalis
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Phlebography of the right lower limb was also per-
formed, from which recanalized femoropopliteal ve-
nous thrombosis was established (Fig. 4).

The treatment of the patient with UFH lasted 7
days after which he was switched to a new direct
oral anticoagulant — Rivaroxaban according to the
scheme: 2 x 15 mg for 21 days, then 20 mg/day.
Several consecutive control transthoracic echocar-
diography were performed in the following days, and
on the 7th day transesophageal, as well as com-
puted tomography — CT of the heart and CT pul-
moangiography, which showed complete lysis of
cardiac thrombosis (Fig. 2), lack of shunt through
the foramen ovale, as well as absence of defects
in the filling of the pulmonary arteries. At follow-up,
the patient was free of subjective symptoms and he
was with improved functional status. On the 14th
day, contrast echocardiography with a bubble sam-
ple was performed, which did not detect a shunt be-
tween the left and right atria, which is associated
with a “closed” foramen ovale (Fig. 5), confirmed by
transesophageal echocardiography.

MEAL HEART ARND BRATH]
¥ zats

Quz. 4. Prebozpadus Ha geceH goneH kpauHuk. Cbc cmpenku e
nocoueHa 3oHama Ha HapyweHa NpoxogumMocm Ha GeMopononAu-
meaAHus BeHO3eH cezameHm

Fig. 4. Phlebography of the right lower limb. The area of impaired
patency of the femoropopliteal venous segment is indicated by
arrows
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B mvpceHe Ha npuyuHa 3a masu MHokecmBeHa
mpombo3a npu nauueHm 6e3 npugpy>kaBawiu 3abond-
BaHus uau 2onemu puckoBu dpakmopu 3a mpomboem-
6oAus e npoBegeH U pa3wupeH AabopamopeH aHaAu3:
uscaegBaHe Ha npomeuH C (PrC) u cBobogeH npome-
uH S, koumo ca B pedepeHmHU cmouHocmu. Pesya-
mambm om 2eHemuyHUs aHaAu3 obave paskpuBa, ue
nauueHmbm e xemepo3uzom Ha ITGA2 (integrin a2)
C807T, koemo ce cBvp3Ba ¢ noBuweHa mpombouum-
Ha azpez2auusi; U € XOMO3U20m NO MymaHMmMHUs aneA
Ha INTGB3 (integrin b3) T1565C, acouuupawo ce ¢
noBuweH puck om mpombomuyHu cbbumus (xapak-
MEepHO nNpu Mas3u Mymauus € CUAHO HamaAeHama
epekmuBHocm Ha auemuacasuuunoBama kuceauHa
kamo aHmuaepez2aHmHo cpegcmBo Ha AeueHue).

MauueHMomM e npocAaegeH Ha nbpBu, mpemu u
wecmu Mmeceu. QyHkuuoHaaHUAM kAac e HanbAHO
Bv3cmaHoBeH, a om koHmpoaHume exokapguoepaduu
ca ycmaHoBeHU Aunca Ha cbpgeuHa mpombosa, Bba-
cmaHoBsaBaHe Ha pa3mvepume u dyHkuusma Ha gacHa-
ma kamepa, Aunca Ha meXkgynpegcbpgHa aHeBpusma
U NyAMOHaAHa xunepmoHus. C o2neg pesyamamume
om 2eHemuyHUMe u3cAaegBaHus Ha nauueHma e npe-
nopbyaHa NoCcMosiHHA nepopanHa aHmukoazyrauus.

OBCb)XOAHE

IOonbokama BeHosHa mpombo3a npegcmaBasBa
BeHo3eH mMPOMbBoOEeMBOoAU3bM, 3acdzaul, Hau-uecmo
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Qua. 5. KoHmpacmHa exokapguozpadus upes npoba ¢ 6b6bAu, om kosmo He ce ycma-
HoBsBa woHmM meXkgy AaBomo u gacHomo npegcopgue

Fig. 5. Contrast echocardiography with a bubble — sample that does not detect a shunt
between the left and right atria

In search of the cause of this multiple throm-
bosis in a patient without concomitant diseases or
high-risk factors for thromboembolism, an extended
laboratory analysis was performed: study of protein
C (PrC) and free protein S, which were in referent
values. However, the result of the genetic analy-
sis revealed that the patient was a heterozygote
of ITGA2 (integrin a2) C807T, which is associated
with increased platelet aggregation; and is homozy-
gous for the mutant allele of INTGB3 (integrin b3)
T1565C, associated with an increased risk of throm-
botic events (characterized by this mutation being
the greatly reduced efficacy of acetylsalicylic acid
as an antiplatelet agent).

The patient had following check-ups at first, third
and sixth month. Functional class was completely re-
stored, and control echocardiographies revealed no
cardiac thrombosis, restoration of right ventricular
size and function, no atrial aneurysm, and pulmonary
hypertension. In retrospection of the results of the pa-
tient's genetic tests, continuous oral anticoagulation
was recommended.

DiscussioN

Deep venous thrombosis is a venous thromboem-
bolism that most often affects the deep veins, mainly



gbAbokume BeHu NpeguMHoO Ha goAHUmMe kpauHuuu. B
20% om cayuyaume Ha [BT Ha nogbegpuuume u 80%
om cAyvaume, aHzaxkupawiu uAeodpemMopasHume cee-
meHmu, OBT npomuua 6e3 cnoHmaHHa pekaHaAusa-
uusi. MamozeHe3ama Bapupa npu pasAuyHUME cAydau,
HO ocHOBHU dakmopu ce aB8gaBam npokoazyraHmHoOmMo
cbcmosiHUe Ha kpoBma, yBpega Ha cbgoBama cmeHa
uAu HapyweHue B kpbBomoka (mpuaga Ha BupxoB).
MpuuuHume 3a OBT He BuHazu mozam ga 6Gbgam
omkpumu. lNMpegpa3norazawu puckoBu dpakmopu ca:
HanpegHana Bb3pacm (Hag 60 2oguHu); npexkuBeHu
mpom6b03u; CbpgeuHa HegocmambuyHOCM; 3amAbCms-
BaHe; mpaBmu; 3nokauecmBeHu 3aboaaBaHus; mexkku
ufuau npogbakumenHu onepamuBHuU uHmepBeHuuu;
kpbBHU 3aboAaBaHus uau omkaoHeHUs B xemocmasama
(geduuum Ha aHmumpombuH lll, npomeuHu C/S, no-
AuuUMeMus, mpomboduaus u gp.); Hakou aaepausupa-
WU, XUMUYHU UAU pu3uyHU a2eHmu, koumo ce sB8s8am
0bwu dakmopu 3a BeHozHus emboausbm — OBT u BTE.
Yecmo nauueHmume ca Be3cumnmomHu nopagu
gobpe pasBuma konamepanHa Mpexka, a koezamo umam
onaakBaHus, Hau-4Yecmo cvobwaBam 3a boaka u nogy-
BaHe Ha coomBemHus kpadHuk. 3a guagzHocmukama Ha
3abondBaHemo Mo2am ga ce u3noA3Bam MHokecmBo
Memogu, om koumo ocHoBeH ce aBsBa exozpadusma —
NpeguMHO komnpecuoHHama yampacoHozpadus. Aeve-
Huemo Ha gbAbokama BeHo3Ha mpombo3a ce cbcmou
npegumHo B aHmukoaaynaHmMHo AeveHue B kombuHauus
¢ komnpecuoHHu uopanu. CucmemMHama ¢pubpuHoAu3a,
makap u edpekmuBHa, noHacmoswem He ce u3noa3Ba
3a AeYeHuUe Ha u3oAupaHa goAboka BeHo3Ha mpombo3a
nopagu puck om kbpBeHe, HoO ocmaBa Memog Ha u3bop
npu OBT ¢ BTE npu BucokopuckoBu nauueHmu [3].
Hanuyuemo Ha mpomb6, npemuHaBaw, npes
foramen ovale, e psgka exokapguozpadcka Haxog-
ka. MlumepecHusam Bug, koumo uma mpombo3ama,
Bogu go usnoA3BaHemo Ha pasAuvyHu HasBaHus B
Aumepamypama kamo ,2upuukoBugeH mpomb*, ,Alo-
Aeel, ce amueBugeH mpomb“ u gp. [3, 4]. MopBusm
exozpadcku ycmaHoBeH nogobeH cAyyal e npes
1985 2. om Nellessen u comp. u ommozaBa ¢ pas-
Bumuemo Ha exokapguozpadusma bposm Ha onu-
caHume KAUHU4YHU cAyyau HapacmBa HeumoBepHo
[5]. Hau-yuecmuam namodu3uoro2uveH MexaHu3bMm,
Bogew, go nosBama Ha mpomb, npemuHaBaw, npes
foramen ovale, ce cocmou B canegHOmo: ppazsmeH-
mu om gbAboka BeHo3Ha mpombo3sa (OBT) ce om-
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of the lower limbs. In 20% of the cases of DVT of the
lower legs and 80% of the cases involving the ileofem-
oral segments, DVT proceeds without spontaneous
recanalization. The pathogenesis varies in different
cases, but the main factors are procoagulant state of
the blood, damage to the vascular wall or disturbance
in blood flow (Virchow's triad). The causes of DVT
cannot always be found. Predisposing risk factors
are: old age (over 60 years); experienced thrombo-
sis; heart failure; obesity; injuries; malignant diseases;
severe and/or prolonged surgical interventions; blood
diseases or abnormalities in haemostasis (antithrom-
bin Il deficiency, C/S protein, polycythaemia, throm-
bophilia, etc.); certain allergenic, chemical or physical
agents, which are common factors of venous embo-
lism — DVT and PE.

Patients are often asymptomatic due to a well-de-
veloped collateral network, and when they have com-
plaints, they most often report pain and swelling of the
affected limb. Numerous methods could be used to
diagnose the disease, the main of which is ultrasound
— mainly compression ultrasonography. The treatment
of deep vein thrombosis consists mainly in anticoagu-
lant treatment in combination with compression stock-
ings. Systemic fibrinolysis, although effective, is not
currently used to treat isolated deep vein thrombosis
due to the risk of bleeding, but remains the method of
choice for DVT with pulmonary thromboembolism in
high-risk patients [3].

The presence of a thrombus passing through the
foramen ovale is a rare echocardiographic finding.
The interesting type of thrombosis leads to the use of
various names in the literature such as ,gyric throm-
bus®, ,swinging shake thrombus® and others. [3,4]. The
first ultrasound established such case was in 1985. by
Nellessen et al. and since then, with the development
of echocardiography, the number of described clin-
ical cases has increased enormously [5]. The most
common pathophysiological mechanism leading to
the appearance of a thrombus passing through the
foramen ovale consists in the following: fragments of
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kbcBam om msacmomo cu Ha dopmupaHe u Bogsam
go benogpobeH mpomboemboausbm (BTE). ToBa no-
BuwaBa 6enogpobHOmMo cbgoBo cbnpomuBAeHUE U
CbomBemHO NnyAMOHaAHOMO HaAs2aHe. [pu gocma-
MbYHO 3HaYUMa benogpobHa eMboAus, HansizaHeMo
B gecHume kyxuHu HapacmBa Hag moBa B AeBume.
Ako npu cowusa nauueHm e HaAuuHa mexXgynpeg-
cvpgHa komyHukauus (Hanp. foramen ovale), we ce
dopmupa u gacHo-Aa6 woHm. Mpu nocaegBawa em-
6oaus om [OBT mpomboeMboAuuHUME Macu mMo2am
ga bvbgam HacoueHu B nocoka kbm AsBomo npeg-
Ccbpgue bAazogapeHue Ha OQOPMUAUS Ce WbHM.
Taka me moz2am ga nonagHam B zonemus kpbve
Ha kpoBoobpaweHue uAu ga 3acegHam B camus
foramen ovale u ga goBegam go onucaHus KAUHUYEH
cueHapuu. Makpockonckusm Bug Ha me3u mpom-
6u noumu BuHazu e ¢ enoHzupaHa ,uepBeobpasHa“
¢dopma, xapakmepHa 3a mpombu om goAHume kpau-
Huuu [6]. Haauuuemo Ha omBopeH foramen ovale e
yecmo cpewaHo u ce omkpuBa npu okono 24,2%
om xopama npu aymoncus [7]. OoAbokama BeHos-
Ha mpombo3a om gpysa cmpaHa ce cpewa CpegHo
1:5000 gywu, kamo 3auecmsBa ¢ HanpegBaHe Ha
Bv3pacmma [8]. CoweBpemeHHO Hag 55% om nauu-
eHmume c¢ BT pa3BuBam BTE. YnoBaBauku ce Ha
me3u gaHHU, npu paBHomepHO pa3npegeneHue, Kom-
buHauusma om omBopeH foramen ovale, BT u BTE
6u mpabBano ga e Haauue npu 1 Ha 44 000 gywu.
To0 kamo He Bceku cayuau Ha BTE npomuua ¢ nya-
MOHAAHa XUNepmoHUs gocmambuHa ga dopmupa
gfACHO-AsIB WbHM, Mo moz2aBa peanHama yecmoma
Ha onucaHama kombuHupaHa namoaozusi BepossimHo
€ u gopu no-Hucka. B koHmekcma Ha moBa emo
3aWo He e U3HeHaga u Auncama Ha kAuHuuyeH onum
¢ makvB mun Haxogka.

KAuHuuHama kapmuHa npu mes3u nauueHmu ce
obycnaBs om mpomboemboaus, 3acszawa gBama
kpbvea Ha kpvbBoobpaweHue. MNMapagokcaaHume ewm-
6oAuu He ce cpewam BovB Bcuuku cayuyau Ha mpom-
603a, npemuHaBawa B AeBume cvbpgeuHu KyxuHu.
Hanuuuemo Ha BTE u omBopeH foramen ovale ce
acouuupa cbC cucmemMHa emboAusauus npu 15% om
cayyaume [9, 10]. Hau-3aceegHamume 30HU ce sBa-
Bam: mo3bkbm (kpunmozeHHu uHcyamu — npu 37 go
50%), apmepuume Ha goAHu kpauHuuu (30%), apme-
puume Ha 20pHuU kpauHuuu (25%), kopoHapHu apme-
puu (7-9%) u BucuepanHume opz2aHu (6-7%) [11].
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deep vein thrombosis (DVT) detach from their site of
formation and lead to pulmonary thromboembolism
(PE). This increases pulmonary vascular resistance
and pulmonary pressure, respectively. With a suffi-
ciently significant pulmonary embolism, the pressure
in the right cavities increases above that in the left. If
atrial communication (eg foramen ovale) is present
in the same patient, a right-left shunt will also form.
In subsequent DVT embolism, thromboembolic mass-
es may be directed toward the left atrium due to the
formed shunt. Thus, they can enter the great circle
of blood circulation or get stuck in the foramen ovale
itself and lead to the described clinical scenario. The
macroscopic appearance of these thrombi is almost
always elongated ,wormlike” shape, which is charac-
teristic for thrombi that are usually observed in the
lower limbs [6]. The presence of an open foramen
ovale is common and is found in about 24.2% of peo-
ple during autopsy [7]. Deep venous thrombosis, on
the other hand, occurs on average 1:5000 people, in-
creasing with age. At the same time, about 45% of pa-
tients with DVT develop pulmonary thromboembolism
[8]. Based on these data, with an even distribution,
the combination of open foramen ovale, DVT and PE
should be present in 1 in 44,000 people. Since not
every case of PTE occurs with pulmonary hyperten-
sion sufficient to form a right-left shunt, then the actu-
al incidence of the described combined pathology is
probably even lower. In this context, it is therefore not
surprising that there is a lack of clinical experience
with this type of finding.

The clinical picture in these patients is deter-
mined by thromboembolism, affecting both circuits
of blood circulation. Paradoxical emboli do not occur
in all cases of thrombosis passing into the left heart
cavities. The presence of PE and open foramen ovale
is associated with systemic embolization in 15% of
cases [9, 10]. The most affected areas are: the brain
(cryptogenic strokes — in 37 to 50%), the arteries of
the lower limbs (30%), the arteries of the upper limbs
(25%), coronary arteries (7-9%) and visceral organs
(6-7%) [11].



Tpombo3ume B cbpuemo Hau-4Yecmo ce om-
kpuBam npu npoBexkgaHe Ha mpaHcmopakaAHa uAu
mpaHce3odazeanHa exokapguozpacdus. Komnlombp-
Hama momozpadus U SgPEeHO-Ma2HUMHUS PE30HaHC,
om gpyeza cmpaHa, gaBam gonbAHUMEAHa UHdOpMa-
uus 3a npoueca, 0COBEHO NpU HaAuyue Ha 20AeMU
mpomMbBomuuHU Macu, aHzakupawu gBeme npasHu
BeHu. C maxHa nomouw, ce guazgHocmuuupam u embo-
Auume B cucmemMHama u 6eaogpobHama uupkyaauus.
BeHo3Husm yampa3Byk uma 20ASMO 3HaueHue 3a om-
kpuBaHe Ha npouaxoga Ha emboausma, kamo komnpe-
CUOHHama yampacoHozpadus ugpae ocHoBHa poas (>
90% uyBcmBumenHocm u okono 95% cneuuduuHocm)
B guasHocmukama Ha ABT. MNoHacmoswem uHBa3uB-
Hama ¢aebozpadus He ce u3noa3Ba uecmo, HO uma
100% guagHocmuyHa gocmoBepHocm.

NeueHuemo Ha MyamukaBumapHa mpombo3a, aH-
2akupawa foramen ovale, e cepuo3eH u Hepa3peweH
npobaem. CowecmByBam mpu ocHoBHU mepaneB-
MUYHU hogxoga — onepamuBeH, GUBPUHOAUMUYEH UAU
aHmukoazynaHmeH. Bonpeku 2onemus bpou nybauka-
uuu, auncBa koHceHcyc no omHoweHue Ha moBa kos e
onmumaAHama mepaneBmuuHa cmpameausi.

Bcaka om max uma cBoume npegumcmBa u He-
gocmambuu U u3bopbm e cmpoz2o uHguBugyaAeH.
AHmukoazynauusima obukHoBeHo e Mmemog Ha u3bop
Npu noAumMopbugHU nauueHmMu ¢ Bucok onepamuBeH
u xemopazuueH puck. Hegocmambvuume Ha aHmuko-
azynauusma u ¢ubpuHoauzama ca cBvpsaHu c yc-
AokHeHust kamo kopBeHe, ppasmeHmauus Ha MpPoMm-
6a, Bogewa go emboausauus, kakmo u xemopaguuHu
uHcyamu. CoweBpemMeHHO XUpypauuHOmMO AeYeHUe U
usnonsBaHemo Ha ekcmpakopnopanHo kpbBoobpa-
weHue kpusm 2oaemu puckoBe npu mesu nauueHmu.
Cnopeg Hakou aBmopu [12, 13] onepamuBHOMO Ae-
UeHue e no-nogxogsaw, Memog nopagu BvamokHocm-
ma 3a NbAHO omcmpaHsBaHe Ha mpombomuuyHume
mMacu u 3amBapsiHe Ha foramen ovale, 3a ga ce npe-
gomBpamu 6bvgew, napagokcaneH emboAu3bM. B go-
kaag, obobwaBaw, 4 npoy4uBaHus ¢ 06wo 87 nauueH-
mu ¢ mpemupaH mpomb6, npemuHaBauw, npe3 foramen
ovale, xupypauuHama ekcmpakuusi UAU hpuAa2aHemo
Ha aHmukoagynaHmu ca gemMoHcmpupaAu CMbpm-
Hocm om 13% npu Xupyp2u4yHOMO AeYeHue U Cbom-
BemHo 14% npu aHmukoag2ynaHmMHOMO AeveHue. 3a
cpaBHeHue 36% e cMbpmHoCcMmMa Ha nauueHmume ¢
mpomboauza. Om gpyza cmpaHa, U mpume Mmemoga
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Cardiac thrombosis is most commonly detected
by transthoracic or transesophageal echocardiog-
raphy. Computed tomography and magnetic reso-
nance imaging, on the other hand, provide addition-
al information about the process, especially in the
presence of large thrombotic masses involving both
vena cava. With their help, emboli in the systemic
and pulmonary circulation are diagnosed. Venous
ultrasound is important for detecting the origin of
embolism, as compression ultrasonography plays a
major role (> 90% sensitivity and about 95% spec-
ificity) in the diagnosis of DVT. Currently, invasive
phlebography is not used often, but has 100% diag-
nostic reliability.

The treatment of multicavitary thrombosis involv-
ing the foramen ovale is a serious and unresolved
problem. There are three main therapeutic approach-
es — operative, fibrinolytic or anticoagulant. Despite
the large number of publications, there is no con-
sensus on which treatment strategy is optimal. Each
of them has its advantages and disadvantages and
the choice is strictly individual. Anticoagulation is
usually the method of choice in polymorbid patients
at high operative and haemorrhagic risk. Disadvan-
tages of anticoagulation and fibrinolysis are associ-
ated with complications such as bleeding, thrombus
fragmentation leading to embolization, and haemor-
rhagic strokes. At the same time, surgical treatment
and the use of extracorporeal circulation pose great
risks for these patients. According to some authors
[12, 18], surgical treatment is a more appropriate
method due to the possibility of complete removal
of the thrombotic masses and closure of the fora-
men ovale to prevent future paradoxical embolism.
In a report summarizing 4 studies with a total of 87
patients with treated thrombus passing through the
foramen ovale, surgical extraction or anticoagulant
administration demonstrated mortality of 13% in sur-
gical treatment and 14% in anticoagulant treatment,
respectively. In comparison, 36% were mortality in

patients with thrombolysis. On the other hand, the
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ca CbC Cx0gHa CMbpPMHOCM NPU NauUeHMu C HaAu-
yue Ha macuBeH mpomboembonusom [14].

Om u3BopweHusa npe3 2010 2. cucmemamuueH
AumepamypeH npeaneg Ha 154 npoyuBaHus Myers u
comp. He omkpuBam 3Hauyuma pasauka B npexkuBse-
Mocmma mexXgy ¢ubpuHoausa, mpombekmomus uau
aHmukoazynauus, Bbnpeku ue xupyp2uuHomo Aeve-
Hue e cBobp3aHo ¢ no-mManko eMBOAUYHU UHUUgEeHMU
[15]. B HayuHume 6a3u gaHHU ¢uaypupam MHoXke-
cmBo HayyHU cmamuu C pa3AuYHU mepaneBmuvHu
npenopoku. Mogxogem mpsbBa ga bvbge cmpozo
uHguBugyaneH, B3emauw, npegBug mHoXkecmBo npo-
MeHAUBU, geduHUpPaWU CbCMOSHUEMO Ha hauueHma.
Taka Hanpumep nepuonepamuBHusm puck, Bugom u
nokaausauusma Ha mpomba, HaAuvUEeMo Ha pasAuy-
Ha no cmeneH BTE, npugpykaBawu 3aboasBaHus u
gp. HakaaHam BesHume B egHa uAu gpyza nocoka.
Ha 6azama Ha uanokeHomo gomyk cmaBa fcHo, ue
B3emaHemo Ha mepaneBmuyHO peweHue npegcma-
BasiBa caokeH, komnaekceH u BceobxBameH aHaAu3
Ha noA3ume u puckoBeme, npegumcmBama u Hegoc-
mambuume Ha Bceku eguH Nogxog Ha AeUeHue, UH-
guBugyanusupauku 20 kem koHkpemHus nauueHm.

three methods had similar mortality in patients with
massive thromboembolism [14].

From the performed in 2010. systematic litera-
ture review of 154 studies by Myers et al. did not find
a significant difference in survival between fibrinoly-
sis, thrombectomy or anticoagulation, although sur-
gical treatment was associated with fewer embolic
events [15]. Numerous scientific articles with various
therapeutic recommendations appear in scientific
databases. The approach must be strictly individu-
al, taking into account many variables that define
the patient's condition. For example, the periopera-
tive risk, the type and location of the thrombus, the
presence of varying degrees of PE, concomitant
diseases, etc., tilt the scales in one direction or an-
other. Based on the above, it is clear that making
a therapeutic decision is a complicated, complex
and comprehensive analysis of the benefits and the
risks, the advantages and the disadvantages of each
approach to treatment, individualizing it to the indi-

vidual patient.

Quz. 6. ObobweHa dpuaypa Ha CT Ha copue u mpaHcmopakanHa exokapguozpadus npegu u caeg AedeHuemo. Cmpeakume nokas-

Bam myamukaBumapHama mpomb0o3a npegu AeueHUemo

Fig. 6. Summary of cardiac CT and transthoracic echocardiography before and after treatment. The arrows indicate multicavitary

thrombosis before treatment
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MHCTPYKLUNN KbM ABTOPUTE

Mpuemam ce 3a nybAaukyBaHe: opu2uHaAHU cmamuu, 0630pu, KAUHUYHU cAyYau, pedepamu, peueHauu, kpamku Hayu-
HU cbobuweHus (nucma go pegakmopa u gp). MopBume mpu XkaHpa ca obekm Ha peueHaupaHe (Cbc cmaHgapmu3aupaHu
dopmyasipu), a ocmaHaAume nogaexkam Ha ekchnepmHa npeueHka om cmpaHa Ha pegkoAezusma.

KopecnoHgupawusm aBmop nocouBa cBou gaHHu 3a koHmakm (enekmpoHeH agpec, no »kenaHue — noweHcku agpec
u menedoH) u geknapupa, ue Mmamepuasbm He e nybaukyBaH goceza, ocBeH kamo peslome Ha CbobuweHue, USHECEHO
Ha Hay4yHa nposiBa, u He e npegrokeH 3a nybAaukauus gpyzage. ABmopume Hocsm omzoBopHocm 3a CbgbpXkaHuemo Ha
nybaukauuume. MNMpegcmaBeHume MamepuaAu u onucaHume B msax uscaegBaHus caegBa ga cbomBememBam Ha ymBop-
geHume emu4HU cmaHgapmu omHocHO npoBe>kgaHemo Ha kAuHUYHU ufuAu ekcnepumMeHmaAnHu npoyyBaHus ¢ xopa (ge-
knapauusma om XeAsuHku) u onumHu >kuBomHu. He mps6Ba ga ce cnomeHaBam nauueHmu ¢ mexHume umeHa, UHUuUaAu
UAU ga ce npegocmaBs cHumkoB mamepuaa, Ha koumo me Mo2am ga 6bgam pasno3Hamu. CvbalogaBa ce cmpukmHomo
cnas3BaHe Ha aBmopckomo npaBo — mekcmoBe ¢ Hag 10% gocAoBHO noBmopeHue Ha uyXga nybaukauus ce Bpbwam 3a
npepabomka.

O6em (npubausumeneH) Ha hpegrazaHume ny6aukauuu:

Bug ny6aukauus Bpol gymu B8 ocHoBHusa mekcm | Bpoil gymu B8 peslomemo | Bpoil pedepeHuuu
OpuzuHanHa cmamusi 2500-5000 200-300 30
O630p 3000-6000 100-200 50
KAuHuueH cayvau 1000-3000 100-200 20
Kpamko HayuHo cbobuweHue, pedepam, peueHaus 500-1000 - 10

Mpuemam ce ¢aunoBe Ha npozpama MS Word. Hama cneuuduuHu usuckBaHusi 3a pasmep u Bug Ha wpudma, pas-
cmosHue MeXkgy pegoBeme, noanema u gpy2o opopMAEHUE.

Bcaka cmamus 3anouBa cbe 3a2naBue (6e3 cokpauleHus), umeHa Ha aBmopume (6e3 nocouBaHe Ha akagemuuHu
U gpyau mumau), maxHama mecmopaboma, obo3HaveHa ¢ uuppoB uHgekc, peslome B nocoueHus obem, kalouoBu gymu.
Cmamusma ce nogaBa u npeBegeHa Ha aHaaulcku e3uk, kamo aHzautckusm npeBog e caeg boazapckus mekem 8 eguH
obw, daun. B peslomemo Ha Bcska opusuHanHa cmamus ce nocouBam: ueA u obekm Ha uzcaegBaHemo, OCHOBHU gaHHU
3a memogukama, peayamamu u u3Bogu. Peslomemama kbm gpyeume BugoBe cmamuu BkalouBam kpamka uHdopmauus
6e3 obocobeHa cmpykmypa. KnlouoBume gymu 3a Bceku Bug nybaukauus ca mexkgy 3 u 8 Ha bpou, kamo mozam ga
6bgam eguHuyHU gymu uAu kpamku caoBocbuemaHus, obwonpuemu B8 koHkpemHama obaacm Ha no3HaHue.

LumupaHusma Ha 6ubauozpadpckume usmouHuuu 8 mekcma ce obosHauaBam ¢ uudppu B kBagpamHu ckobu no
pega Ha nosBama um. Bubauozpadusma ce nogpexkga no pega Ha nosBa Ha usmouHuuume 8 mekcma. N3nucBaHemo
Ha Bceku usmouHuk e Ha HOB peg ¢ apabcka Homepauus. JaHHuUmMe ce opopmMsam No cAegHUs HauvuH (BaHkyBbp cmun):

— Cmamuu: ABmop(u). 3a2naBue Ha cmamusma. 3aznaBue Ha cnucaHuemo (cbkpameHo no Index Medicus), 2oguHa,
mom (volumen), Homep Ha kHwkkama (6pou) 8 ckobu, cmpaHuuu (om-go). Mpumep: Yakub YN, Freedman RB, Pabico RC.
Renal transplantation in systemic lupus erythematosus. Nephron, 2019, 27(1):197-201.

— Mybaukauuu om cbopHuk: ABmop(u). 3azraBue. B: (3a AamuHuua In:) 3azaaBue Ha cbopHuka. MopegHocm Ha us-
gaHuemo, pegakmopu. Mecmou3gaBaHe (2pag), usagameacmBo, 2oguHa Ha u3gaBaHemo, cmpaHuuu (om-go). lpumep:
Wilkinson AH. Evaluation of the transplant recipient. In: Handbook of Kidney Transplantation. 6th ed. G. M. Danovitch (Ed.).
Boston, Little, Brown and Co., 2019, 109-122.

— Krueu: ABmop(u). 3aznaBue. MecmousgaBaHe (g2pag), usgameacmBo, 2oguHa Ha usgaBaHemo, cmpaHuuu (om-go).
Mpumep: LLleamaroB V. Cucmem+u Backyaumu. C., Meg. u ¢usk., 2019, 8-11.

Ako aBmopume ca go mpuma, ce usnucBam dpamuauume, nocaegBaHu om uHuuuaaume um (6e3 mouku). Kozamo
aBmopume ca noBeue om mpuma, CAeg UMEMO Ha mpemus ce nuwe ,u gp.“ (3a AamuHuua — ,et al.”). HacmouuuBo ce
npenopvuBa uumupaHemo (no3HaBaHemo) u Ha bbA2apcku usmouHuuU.

Mamepuaaume ce usnpawam npe3 catima: https://cardiojournal.eu/index.php/journal
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INSTRUCTIONS TO AUTHORS

The following genre types are accepted for publishing: original articles, re-views, clinical case reports, reference
papers, book reviews, short communication papers (letters to the editor, etc.). The first three genres are subject to peer
review (with standardized forms), and the rest are submitted to expert evaluation on behalf of the editorship.

Corresponding author shows contact data (e-mail, optionally — postal address and telephone) and declares that the
material has not been published previously, except in the form of an abstract for a scientific event, and has not been
submitted to other journal. Authors assume the responsibility for the contents of their publications. Presented papers and
the studies described in them should comply with the established ethical standards on performance of the clinical and/or
experimental studies on human subjects (the Helsinki Declaration) and experimental animals. Patients must not be referred
by names and initials, and images on which they can be identified must not be presented. Authors must warrant that they
submit for publication their own studies and in case different author's data and/or text are used, these are specified by
citations. Strict adherence to copyright issues is maintained — texts including more than 10% of literal replication of different
publication are returned for reprocessing.

Volume (approximately) of submitted papers:

Type of publication Word count in the main text | Word count in the abstract | Number of references
Original article 2500-5000 200-300 30
Review 3000-6000 100-200 50
Clinical case report 1000-3000 100-200 20
Short communication, reference paper, review 500-1000 - 10

MS Word files are acceptable. No specific requirements on the font size and type, spacing, margins and other
formatting are defined.

An article starts with the title (without abbreviations), the names of authors (without academic or other titles), their
workplaces designated by numeric indices, abstract, key words. Title of a scientific paper, irrespective of its genre
determination, should attract the attention, be understandable, short, and exact — it represents the study object. A subtitle
can be prepared for extended informativeness. The article also must be is submitted translated into English, as the English
translation is after the Bulgarian text (in a common file). Abstract contains the specific features of the study in a concise
manner — aim/subject matter, methods used, main results and findings. It is distributed also through secondary informational
titles (data bases), i.e. it should include the main elements of the scientific contribution. It should not contain either citation
or illustrative material, or abbreviations, which can be precluded. Key words are used for topical categorization of a paper
in data bases (and other secondary titles) and related search in inquiries. The objective of the author is to propose the
most significant concepts of his work in a synthetic manner. Key words to any kind of publication range between 3 and 8;
they can be single words or short word-groups, which are commonly accepted in the specific area of knowledge.

The list of literature references at the end of the work has to embrace only the publications virtually used and required
to delineate the basis, on which the study is designed. Avoid presenting abundant references at the account of their up-to-
dateness. Minimize self-citation. Citing (familiarity with) Bulgarian sources is strongly recommended, too.

Citation of bibliographic references within the text is designated by numbers in square brackets following the order
of appearance. Bibliography is arranged following the order of appearance of the sources within the text. Each source is
written in a new line, with an Arabic number. Sources are structured in the following manner:

— Articles: Author(s). The article title. Journal title (abbreviated under the Index Medicus), year, volume, number (issue)
in round brackets, papers (from-to). Example: Yakub YN, Freedman RB, Pabico RC. Renal transplantation in systemic lupus
erythematosus. Nephron, 2019, 27(1):197-201.

— Papers from an edited book: Author(s). Title. In: The edited book title. Edition number, editors. Place of publication
(city), publishing house, year of publication, pages (from-to). Example: Wilkinson AH. Evaluation of the transplant recipient.
In: Handbook of Kidney Transplantation. 6th ed. G. M. Danovitch (Ed.). Boston, Little, Brown and Co., 2019, 109-122.

— Books. Author(s). Title. Place of publication (city), publishing house, year of publication, pages (from-to). Example:
Sheytanov Y. Systemic Vasculitis. Sofia, Medicina i Fizkultura, 2019, 8-11.

In cases of not more than three authors, their surnames followed by their initials (without periods) are written. In cases
of more than three authors, “et al.” is written after the name of the third author. For translated books, also the original book
language and the translator are written.

The materials have to be sent by site: https://cardiojournal.eu/index.php/journal
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