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D-DIMER - LABORATORY ASCPECTS AND CLINICAL APPLICATION
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Pesiome. D-gumep e kpaeH NpoayKT Ha NNasMMHOBOTO pasrpaxpaaHe Ha KpbCTOCAHO-CBbp3aHus (uOpWH 1 € Mapkep 3a akTuBa-
UusTa Ha KoarynauuoHHaTa v (ubpuHONMTYHaTa CUCTEMW. B pyTWHHATA KNWHUYHA MpaKTUKa Ce 13Mon3Ba LUMPOKO 3a
W3kroyBaHe Ha BeHo3eH Tpomboembonuabm (BTE), 3a oLeHka Ha pucka oT peuuansupaly Tpombo3an n onpeaensHe Ha
onTUManHaTa NpoAbIKUTENHOCT HA aHTUKOarynaHTHaTa Tepanus, 3a A1arHo3a v MOHUTOPUPaHe Ha CUHAPOM Ha Auce-
MWHMpaHa MHTpaBasanHa koarynauus (QVK). AHanutuynuTe MeToam 3a uamepsaHe Ha D-gumep ce xapaktepuaupar ¢
BIMCOKA YyBCTBUTENHOCT, HO OTHOCUTENHO HUCKA CNeLMdMYHOCT, Thid kaTo D-AuMep e NoBuLLEH Npy peauLia puavonoruy-
HM 11 NaTONOrMYHN CbeTosHMS. KomBuHaLmsiTa oT namepBaHeTo Ha D-AuMep CbC ckanu 3a OLeHKa Ha KIMHUYHaTa BEpOosiT-
HOCT no3BonsiBa H6e3onacHo oTxBbpnsHe Ha BTE. C Len noBuwiaBaHe Ha AnarHoCTYHaTa HaAEXAHOCT Ca NpeanoXeHu
cTpaTervu, KouTo Aa nosuwat cneumdnyHocTTa Ha D-gumep. MpunaraHeTo Ha Bb3pacTOBO-KOPUIMpaH U afanTupaH
KbM KNUHWYHATa BEPOSITHOCT pasrpaHunymuTeneH npar 3a BTE no3BonsiBa 0TXBbPNSIHE HA AuarHo3ata npu no-ronsm 6poi
nauueHTy Oe3 fa ce Hanara U3BbPLUBAHE Ha LOMbIHUTENHN 06pa3HM U3cnenBaHus.
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Abstract. D-dimer is a terminal product of plasmin-mediated degradation of cross-linked fibrin and is a marker for the activation
of both the coagulation and fibrinolytic systems. D-dimer is widely used in routine clinical practice to rule out venous
thromboembolism (VTE), assess the risk of recurrent thrombosis, and determine the optimal duration of anticoagulant
therapy, as well as for the diagnosis and monitoring of disseminated intravascular coagulation (DIC). The analytical
methods for measuring D-dimer are high sensitive but relatively low specific, as D-dimer levels are elevated in several
physiological and pathological conditions. The combination of D-dimer measurements with clinical probability scores
allows for the safe exclusion of VTE. To improve diagnostic accuracy, several strategies have been proposed to increase
the specificity of D-dimer testing. The application of age-adjusted and clinical probability adapted cutoff values for VTE

allows VTE exclusion in a greater number of patients without the need for additional imaging studies.
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BbBEOQEHMUE

TepmuHbT D-gnmep e onncaH 3a NbpBU NbT Npes
1970 r. ¥ npeacTaBnsiBa XxeTeporeHHa CMec OT MHOXe-
CTBOTO NENTUAHWU chparMeHTn, KoMTo ce obpasysaTt B
pesynTtaTt Ha pasrpaxgaHe Ha KpbCTOCaHO CBbp3aHus
¢unbpuH B npoueca Ha pubpuHonmsaTta [1]. 3a opmu-
paHeTo Ha D-gumep e HeobxoanMmo nocneaoBaTennHOToO
OeNCTBME Ha TPU KIOYOBU eH3MMa — TPOMOWH, akTUBK-

INTRODUCTION

The term D-dimer was first described in 1970 and
represents a heterogeneous mixture of various pep-
tide fragments formed as a result of the degradation
of cross-linked fibrin during fibrinolysis [1]. The gener-
ation of D-dimer requires the sequential action of three
key enzymes — thrombin, activated factor XIII (FXllla),
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panua daktop Xl (pXllla) n nnasamun [2-4]. PasTeo-
pUMUAT PUOPUHOreH ce nmpeBpbLLa BbB HUOPMHOBK
MOHOMEpPM NoA AeWCTBMETO Ha obpasyBaHMs B Npo-
Leca Ha KpbBOCbCMpBaHe TPOMOWH, KOWTO oOTLensa
ABa Marnku dparmeHta (cmbpuHonentuam A n B) ot
E-nomenHa Ha pmubpuHoreHa [4]. B pesyntaT Ha anoc-
TEPUYHM NPOMEHM B MofneKynarta Ha pubpuHoreHa Ha-
CTbMNBa CMOHTaHHa nonumepusauna Ha pubprHoBUTE
MOHOMEpPM MNOCPEACTBOM HEKOBANEHTHW BOAOPOAHMU
Bpb3kM [2]. AkTuBMpaHuaT oT TpombuH ¢Xllla kata-
nnsmpa obpasdyBaHe Ha HanpeYyHN KOBarneHTHN BPb3KN
Mexay BbHLWHMUTE D-gomMernHn Ha aBa cbeeaHn ounbpu-
HOBM MOHOMepa 1 cTabunmanpa oUbpUHOBKS CbCUPEK
[1, 3]. NMog mencTBne Ha TbKaHHWA MNNA3MUHOrEHOB
aKkTMBaTop, KOWTO ce OcBOOOXOaBa OT eHAOoTenHuTe
KNEeTKM B pe3ynTaT Ha CbAoOBa yBpeda, HEaKTUBHUAT
NpeKkypcop NMasMWHOIEH Ce MpeBpblla B NasMuH —
OCHOBHUS! eH3MM Ha hnbpuHoNMTUYHaTa cuctema [4].
B pesyntart Ha meguupaHata OT nna3MuH npoTeonusa
Ha KpbCTOCaHO CBbp3aHnTe PnbpMHOBM NonNMMepu ce
obpasyBa cmec oT pubpuH-gerpagaunoHHN NPOAYKTH
(®AOMM) ¢ pasnuyHa monekynHa maca. Camo pasrpax-
AaHeTo Ha PnbpMHOBM NONMMEPU, KOUTO Ca NpeTbpre-
nn meammnparo ot pXllla KpbCcTOCaHO CBbpP3BaHe, LUe
posede 0o obpasyBaHe Ha bparMeHTU, CbabpXalin
KOBaNneHTHN BPb3KM Mexay ABa cbcegHn D-gomeriHa
[2]. D-gumep e cneundudeH I, kOMTO NpegocTass
YHVKaneH TapreTeH enuTon 1 ce pasno3HaBa OT aHTU-
Tenata B TbproBckute kutose [5, 6]. [NpucbcTBNETO
Ha D-gumep B uupkynauusita e Gerner 3a egHoBpe-
MEHHOTO aKkTMBMpaHe in Vvivo Ha koarynauuMoHHaTa u
(punbprHONUTMYHATaA cucCTeMa n ce siBsIBa MHOUPEKTEH
MapKep 3a TpoMOOTMYHaTa 1 nocnegpaliara Tpombo-
NUTUYHA akTUBHOCT [4]. EnumMuHupa ce 4pe3 6b0pey-
Ha eKCKpeuusa W KreTkUTe Ha peTuKynoeHgoTernHata
cuctema [2, 5]. MNMonyxunBoTsbT My e 6-8 yaca npu Hop-
ManHa o6bbpeyHa PYHKUMSA U € 3HAYMTENHO MO-AbITbr
B CpaBHEHWe C Opyrn MapKepu Ha koarynauuoHHaTa
cuctemMa Kato npoTpoMOuH dparmeHTn 1+2 (90-120
min), TPOMOUH-aHTUTPOMOMH komnnekc (10-45 min) un
punbpuHonentnam A n B (3-5 min) [2]. Huckn HMBa Ha
D-gumep ce oTKpuBaT B KpbBTa Ha 34paBu MHAUBUAM,
Tb KaTo Marnku konuyectsa oUOPUHOreH ce NpeBpbL-
wat BbB pubpuH npu dusmnonornyHn ycnosus [1, 3].
O6LwoTo KonMyecTBo Ha obpasyBaHute D-gumepu 3a-
BMCK OT MacaTa Ha (pmbpuHOBNTE OTNaraHnsi (MHTpa- n
eKcTpaBasarnHu), NoBbpXHOCTHaTa (oubprHOBa NOLL,
OOCTbIMHA 3a AeNCTBMETO Ha NnasMuvHa U MHTEH3UTEeTa
Ha cdonbpuHonusaTa [3].

JIABOPATOPHU METOQU

MbpBaTa reHepauusi aHanUTUYHW MeToaM W3MOoN3-
BaT MONMKIIOHANHN aHTUTENa U ca U3BbPLUBAHN CaMo B
cepyM nopaam KpbCcTocaHaTa peakTUBHOCT ¢ (oubpuHo-
reHa [7, 8]. CbBpeMeHHUTe nabopaTtopHu MeToam ce Oa-

and plasmin [2-4]. Soluble fibrinogen is converted
into fibrin monomers by thrombin, which is generated
during blood coagulation; thrombin cleaves two small
fragments (fibrinopeptides A and B) from the E-do-
main of fibrinogen [4]. Due to allosteric changes in
the fibrinogen molecule, spontaneous polymerization
of the fibrin monomers occurs through non-covalent
hydrogen bonds [2]. FXIllla, activated by thrombin cat-
alyzes the formation of cross-linked covalent bonds
between the external D-domains of two adjacent fi-
brin monomers, thereby stabilizing the fibrin clot [1,
3]. Under the action of tissue plasminogen activator,
which is released from endothelial cells as a result
of vascular injury, the inactive precursor plasminogen
is converted into plasmin — the main enzyme of the
fibrinolytic system [4]. As a result of plasmin-mediated
proteolysis of cross-linked fibrin polymers, a mixture
of fibrin degradation products (FDPs) with varying
molecular masses is formed. Only the degradation of
fibrin polymers that have undergone FXllla-mediat-
ed cross-linking leads to the formation of fragments
containing covalent bonds between two adjacent D
domains [2]. D-dimer is a specific FDP that provides
a unique target epitope and is recognized by antibod-
ies in commercial assay kits [5, 6]. The presence of
D-dimer in the circulation reflects the simultaneous in
vivo activation of both the coagulation and fibrinolytic
systems and is an indirect marker for thrombotic and
subsequent thrombolytic activity [4]. D-dimer is elimi-
nated via renal excretion and by the cells of the retic-
uloendothelial system [2, 5]. The half-life is 6-8 hours
in normal renal function, and is significantly longer
compared to other markers of the coagulation system
such as prothrombin fragments 1+2 (90-120 minutes),
thrombin-antithrombin complex (10-45 minutes), and
fibrinopeptides A and B (3-5 minutes) [2]. Low levels
of D-dimer are detectable in healthy individuals, as
small amounts of fibrinogen are converted into fibrin
under physiological conditions [1, 3]. The total amount
of D-dimers produced depends on the mass of fibrin
deposits (both intravascular and extravascular), the fi-
brin surface area available for plasmin action, and the
intensity of fibrinolysis [3].

LABORATORY METHODS

The first generation of analytical methods uti-
lized polyclonal antibodies and were performed only
in serum due to cross-reactivity with fibrinogen [7,
8]. Current laboratory methods are based on sever-
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3UpaT Ha HSKOIKO aHanMTUYHU npyHumna. D-gumepute
ce OTKpMBaT M M3MepBaT KONMYECTBEHO MOCPEACTBOM
MOHOKIIOHAHW aHTUTEeNa, HAaCOYEHN KbM CneLmguyHmn
3a Tax enutonu (Tabn. 1) [5]. Mpu ELISA (enzyme-linked
immunosorbent assay) meToguTe MMOBUNIM3NpPaHO aH-
TMTSANo cebp3Ba D-aMmep aHTureHa. [oGaBsHETO Ha
BTOPO MapKMpaHO aHTUTSANO reHepupa KonopuMeTpuy-
Ha peakuus, KOATO ce M3mepBa konuyecTtseHo. [Nopa-
an Bucoka cu vyscTButenHoct ELISA ce npuema 3a
pecepeHTeH MeToA, HO ThI KAaTO HE e aBToMaTM3upaH
N N3NCKBA BpEeME N TEXHUYECKM YMEHWs, HEe e Mogxo-
[0S 3a pyTuHHaTa npakTtuka [7, 9]. NMpn ELFA metogute
(enzyme-linked immunofluorescence assay) getekums-
Ta Ha D-gumep ce ocHoBaBa Ha (hriyopecLeHTHa peak-
uusi. Te NnpegocTaBaT YyBCTBUTENHOCT M CNELMEUYHOCT
cbnoctaBumn ¢ ELISA, Ho ¢ npeaMmcTBoTO, Ye ca Ha-
MbJIHO aBTOMATM3NpPaHW 1 Pe3yNTaTbT € FOTOB B PAMKU-
Te Ha 30 min [3, 10, 11]. NNaTekc-ycuneHaTta uMyHoTypOu-
OnmeTpusa e aBToMaTnsmpaH n 6up3 aHanua ¢ nogobHa
Ha ELISA 4yscTtBUTENnHOCT. lMpUHUMNBT Ce OcHOBaBa
Ha NPOMEHWTE B OMTUYHATa MITbTHOCT, NpeausBuKaHn
OT arnyTUHauMsaTa Ha NaTekCoBU YaCTULM, MOKPUTU C
BMcokocneundunyHm 3a D-gumep MOHOKMOHAaMHU aHTu-
Tena [1, 4]. MNpv HannuMeTo My B u3cneaBaHaTa npoba
HacTbnBa NpomsiHa B abcopbuusaTa, KOSTO ce n3Mepea
(HPOTOMETPUYHO U € MPaBO NPOMOpLMOHANHa Ha Komnu-
yectBoTO D-gmmep. CLIA metoguTe (chemiluminescent
enzyme immunometric assays) 4eMOHCTpMpaT CbNocTa-
BuMa ¢ ELISA, ELFA v nartekc-ycuneHata Typougume-
TpUSA YyBCTBUTEMHOCT. MarHUTHM YacTuumM, NOKPUTU C
MOHOKIOHanNHM aHTUTena, cneumdunyHn 3a D-gumep, ce
dukenpaT ¢ MapkmMpaHo C U30NYMUHON aHTUTANMO U re-
HEPUPAHUAT CBETIIMHEH CUrHamM e NponopuuoHaneH Ha
KOHueHTpauusita Ha D-gumep [3, 4].

al analytical principles. D-dimers are detected and
quantitatively measured using monoclonal antibod-
ies directed against their specific epitopes (Table 1)
[5]. In ELISA (enzyme-linked immunosorbent assay)
methods, an immobilized antibody binds the D-dimer
antigen; the addition of a second labeled antibody
generates a colorimetric reaction that is quantita-
tively measured. Due to its high sensitivity, ELISA is
considered the reference method; however, because
it is not automated and requires time and technical
expertise, it is not suitable for routine practice [7, 9].
In ELFA (enzyme-linked immunofluorescence assay)
methods, the detection of D-dimer is based on a flu-
orescent reaction; they provide sensitivity and speci-
ficity comparable to ELISA, but with the advantage of
being fully automated and provide results within 30
min [3, 10, 11]. Latex-enhanced immunoturbidimetry
is an automated and rapid analysis with sensitivity
similar to that of ELISA. The principle is based on
changes in optical density caused by the agglutina-
tion of latex particles coated with D-dimer-specific
monoclonal antibodies. In the presence of D-dimer
in the sample, a change in absorbance occurs, which
is measured photometrically and is directly propor-
tional to the amount of D-dimer [1, 4]. CLIA methods
(chemiluminescent enzyme immunometric assays)
demonstrate sensitivity comparable to ELISA, ELFA,
and latex-enhanced turbidimetry. Magnetic particles
coated with D-dimer-specific monoclonal antibodies
are bound by an isoluminol-labeled antibody, and the
generated light signal is proportional to the concen-
tration of D-dimer [3, 4].

Tabnuua. 1. XapaktepucTuka Ha OCHOBHUTe MeToau 3a onpeaensiHe Ha D-gumep [1]
Table 1. Characteristics of the main methods for D-dimer measurement [1]

INarekc-ycuneHa MMyHoTyp6u-

Specifity (95% Cl), %

MeTtopn ELISA ELFA POC
aumeTpus
Method ELISA ELFA L_atex-Enhanced Immunoturbi- POC
dimetry
Bpewme 3a obpaboTka
’ 2-4 h 35 min 15 min 2-5 min
Turnaround time
YyscteutenHoct (95% Cl), %
94 (86-97 96 (89-98 93 (89-95 83 (67-93
Sensitivity (95% Cl), % ( ) ( ) ( ) ( )
C 95% Cl), %
neuguiHoct (95% Cl), % 53 (38-68) 46 (31-61) 53 (46-61) 71 (57-82)

Bucoka vyBcTBU-

Bucoka vyBcTBUTEN-

Cobnocrtasuma ¢ ELISA vyBcTBU-

JleceH 3a U3NbNHEHNKE;

HOCT Tpyaoembk

HOCT

MpegumcTea
TenHoCT HocT ABTOMaTnampaH | TenHocT ABTOMaTu3vpaH BMCOKa creyndu4HoOCT
. e High sensitivity; Comparable sensitivity to ELISA; | Easy to perform; High
AERETIEGES ALl ST Automated Automated specificity
HegocTarbLy YmepeHa crnieunduy- | YmepeHna cneunduy- YMepeHa cneLmdmMIHoCT Hucka wyscTBUTEN-

HOCT

Disadvantages

Moderate specificity

Labor-intensive;
Moderate specificity

Moderate specificity

Low sensitivity

U3nonseaHu cbkpaweHus: I/ Abbreviations: ELISA — enzyme-linked immunosorbent assay, ELFA — enzyme-linked immunofluorescence assay,

POC - point of care
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ArmnyTrHaumsaTa Ha MbJiHa KPbB Ce OCHOBaBa Ha Xu-
OpuaHu, brcneunduyHM aHTUTENa CbC CBbP3BALLIM MEC-
Ta KakTo 3a aHTureH Ha D-amMmep, Taka 1 3a aHTUreH Ha
epvTpoumMTHaTa MeMbpaHa; B NpucbCcTBue Ha D-gumep
HacTbMNBa arnyTUHaUUS Ha EPUTPOLIUTUTE, KOATO Ce OT-
ymnTa BU3yanHo [4, 7]. Tean meToam ca KayecTBeHU nnm
NONyKONMUYECTBEHUN U Pe3yNTaThbT Ce U3passiea kaTo ,0T-
puuateneH* unu ,nonoxunteneH”. B npaktukarta Hamu-
paT NpuroXxeHne kaTto ,TeCT Npu nernoTo Ha 6onHus"
— point of care (POC). PaspaboTteHun ca n peguua konm-
yectBeHn POC TecToBe C KpalHa TOYKa Ha OTYUTaHe,
OCHOBaHa Ha UMyHoxpomaTtorpadgus, dryopecLeHumst
unun xemmnymuHecueHuusa [3, 10]. POC TectoBeTe ca
yOOOHM 3a haMUNHWUTE MpaKTUKKU, Pe3ynTaTbT € roToB
B paMKuTe Ha MWHYTU, NO3BOMSBAT ObpP3 CKPUHUHI 3a
TpoMboembonmMyHM 3abonsBaHus U UMaT NoTeHuuman
aa obnekdaTt cnewHuTe 3BeHa [10]. B o06o6uieHue,
KONMMYeCTBEHUTE METOAM Ce XapakTepusupat C Mo-Bu-
COKa YyBCTBUTEMHOCT M OTpuLaTenHa npeackassalla
CTOMHOCT 3a TpoMb03a, B CPaBHEHWE C KayeCTBEHUTE
1 nonykonuyecteeHute metoau. POC metoguTte ¢ nbn-
Ha KpbB Ca C OTHOCUTENHO MO-BMCOKA CrneunduyHOCT
1 No3BonsBaT OTXBbprsiHe Ha BTE npu no-ronsam 6pon
naumMeHTn, TAXHaTa YyBCTBUTENHOCT obaye € no-Hucka
1 He Bcuukn POC meToam ca ogobpeHn 3a OTXBbpPIisSiHE
Ha BTE [3, 10].

NMPOBNEMU NPU CTAHOAPTU3ALIUATA
HA TECTOBETE 3A D-AUMEP

CraHpapTusaumsTa Ha nabopaTopHuTe TecToBe
3a D-gMmep e npegusBuKaTencTtBo No peguua npu-
4nHK. PaspaboteHn ca noeye oT 30 TbProBCKM KuTa
C pasnuyHa YyBCTBUTENHOCT U CNeUMdUYHOCT, KOUTO
Bapupar no OTHOLIEHWE Ha TapreTHUTe enuTonu Ha
D-gumep, NpuHUMNA Ha ynaBsiHe U OeTeKUUs, UHCTPY-
MeHTapuyma 1 kanubpaumoHHuTe ctaHgaptm [3, 12].
Jluncea mexagyHapoaeH pedepeHTeH matepuan, Kom-
TO [a Ce M3Mnon3Ba KaTo yHMBepcaneH CTaHdapT 3a
KannbpupaHe Ha aHanuanTe U AUPEKTHOTO CPaBHEHWE
Ha pasnuMyHuTe nabopaTopHU METOAM HE € Bb3MOXHO
[2, 12]. Opyr acnekT B TPyAHOCTUTE 3a CTaHAapTu3a-
uns e m3passiBaHeTo Ha pesynTtatuTe. B 3aBucumocT
OT U3Non3BaHns kanubpartop ce cbobLiasat ABe eau-
HUUM 3a maca. PubpUHoOreH ekBMBaneHTHaTa eaMH1La
(FEU) cpaBHsiBa MmacaTa Ha D-ammep ¢ Ta3u Ha onbpu-
HoreHa, gokato D-gumep eguHunuata (DDU) onpegens
MacaTa Ha ua4ducrneHoTo Terno Ha D-gumep [10]. Bba
OCHOBa Ha mornekynHute macu DDU (195 kDa) moxe
Aa ce koHBepTupa BbB FEU (340 kDa) cnen kopekuus
X 2 [7]. OnucaHn ca noHe 7 MepHu eamHuum — ng/mL,
mg/L, g/L, g/mL, mg/dL, pyg/mL n pg/L [8, 10]. MepHaTa
efuHULa, KoATo ce gobnmkasa Han-mHoro 4o Mexay-
HapogHaTa cuctema Sl, e ug/L (unu ng/mL) n ce npe-
nopbyBa OT UTANMaHCKM KOHCEHCYCEH AOKYMeHT [13].

Whole blood agglutination is based on hybrid, bispe-
cific antibodies with binding sites for both the D-dimer
antigen and an erythrocyte membrane antigen; in the
presence of D-dimer, agglutination of erythrocytes oc-
curs, which is visually detected [4, 7]. These methods
are qualitative or semi-quantitative, and the result is ex-
pressed as “negative” or “positive”. In practice, they are
used as bedside tests or point-of-care (POC) assays.
A number of quantitative POC tests have also been
developed, with endpoint detection based on immuno-
chromatography, fluorescence, or chemiluminescence
[3, 10]. POC tests are convenient for family practices,
provide results within minutes, allow rapid screening
for thromboembolic diseases, and have the potential
to reduce overcrowding in emergency departments
[10]. In summary, quantitative methods are character-
ized by higher sensitivity and a higher negative predic-
tive value for thrombosis compared to qualitative and
semi-quantitative methods. Whole blood POC methods
have relatively higher specificity and allow for the ex-
clusion of VTE in a larger number of patients; however,
their sensitivity is lower, and not all POC methods are
approved for ruling out VTE [3, 10].

PROBLEMS IN THE STANDARDIZATION
OF D-DIMER TESTS

The standardization of laboratory tests for D-dimer
is challenging for several reasons. More than 30 com-
mercial kits have been developed with varying sensitiv-
ity and specificity; these kits differ in the target epitopes
of D-dimer, the capture and detection principles, instru-
mentation, and calibration standards [3, 12]. There is
no international reference material available to serve
as a universal standard for calibrating assays, mak-
ing direct comparison among the different laboratory
methods impossible [2, 12]. Another difficulty in stan-
dardization is related to the expression of the results.
Depending on the calibrator used, two different mass
units are reported. The fibrinogen equivalent unit (FEU)
compares the mass of D-dimer to the mass of fibrino-
gen, whereas the D-dimer unit (DDU) represents the
mass of the calculated D-dimer fragment [10]. Based
on the molecular weights, DDU (195 kDa) can be con-
verted to FEU (340 kDa) by applying a correction factor
of 2 [7]. At least seven measurement units have been
described: ng/mL, mg/L, g/L, g/mL, mg/dL, yg/mL, and
pg/L [8, 10]. The measurement unit that most closely
aligns with the International System of Units (SI) is pg/L
(or ng/mL), and it is recommended by an lItalian con-
sensus document [13].
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Mopaaun dakTa, 4e D-aumepuTe morat ga 6vaar yc-
TaHOBEHW B Nna3mara Ha 34paBu UHOMBUAMW, € aeduvHn-
paH pa3rpaHUYUTENEH Npar 3a BCEKV aHanuUTU4eH MeTo/,
nopg kovito BTE moxe oa 6bae oTXBbpPIeH ¢ ronsMma 6e3o-
nacHocr. [NpeacraensiBa koHUeHTpaumaTa D-aumep, npe-
[ocTaBsilLa Han-gobpaTa guarHoCTUYHa YyBCTBUTENHOCT
(Bucoka oTpuLaTenHa npeackasealla ctonHocT) 3a BTE,
N e eETEPMUHMPaH B KIMHWUYHW NPOYYBaHNS NpW NaumeH-
T cbe cycnekTeH BTE, npu kouto amnarHosata ce 06ekTu-
BM3upa ¢ obpasHo nscneasade [10]. PasrpaHnuntenHmaTt
npar He € e4VH 1 Cbl, 3a Pa3nNMYHUTE aHaNUTUYHN METO-
an. Ham-yecto tor e 500 ng/mL FEU, Ho cbluecTByBaT 1
METOAM C MO-HUCBK pasrpaHuymuTeneH npar mexgy 200
n 300 ng/mL DDU [2, 4]. Pesyntatute 3a D-gumep ce
WHTEPNPETUPAT KaTo NONIOXUTENHU, KOraTto n3MepeHuTe
HVMBa Cca CbOTBETHO Haf MpeaBapUTENHO OnpeaerneHus
pasrpaHnuuTeneH npar. Cnopeg npenopbkuTe Ha NHCTU-
TyTa 3a KINMHUYHU U NTabopaTopHU CTaHdapTu MeToauTe
3a oTxBbpnsaHe Ha BTE Tpsabsa oa npenocTtaBsaT 4yBCT-
BUTENHOCT = 98% npu poseputeneH nHtepsan Cl = 95%
[14]. KnuHnumctute cnegsa Aa ca 3anos3Hatu CbC crie-
LMPUKMTE Ha KOHKPETHUA TECT, U3MON3BaH B fiokanHata
nabopatopus [2].

MPUYUHU 3A NOBULIEH D-AUMEP

Pegouua cbetosiHMa ce acouumpaTt C akTUBMpaHe
Ha KoarynawuuoHHaTa cuctema u popmmpaHe Ha CbCu-
PeK, PECMNEKTUBHO C NoBuLLaBaHe Ha D-gumep, oopu un
npu oTCbCTBUE Ha Tpombo3a [6, 9].

®usmonormyHo noBuLLEHNE ce Habnogasa npes
OpemMeHHOCTTa M nyeprnepuyma, Npu nuua B Hanpeg-
Hana Bb3pacT, Npu THOTIOHONywWeHe u ap. [1, 4, 5, 12,
15]. Mpu noutn 80% OT xocnNMTanM3npaHUTe NauueHTn
D-gnmepuTe ca yBenuyeHu, NpuyMHUTE 3a NoBULLEHNE-
TO MoraT fa Ce ObipKaT Ha CbCTOSHUA, pasfnyHy OT
BTE v UK [3, 10, 16]. B koxopTta ot 813 naumeHTn, no-
CETUIU CMeLIHO 3BeHO, Npu 148 oT TAx ce ycTaHoBABAT
CWIHO noBuLleHn HuBa Ha D-aumep > 5 pg/mL FEU [17].
Han-vyectute npuunHu ca cencuc (24.3%), ManurHeHo
3abonseaHe (14.9%), TpaBma (13.5%), BTE (11.5%),
MO3bYHOCBHA0BO CcbbuTre (11.5%), ocTpa aopTHa auce-
kaums (6.8%), umposa (6.8%). Cnen xupyprudHa npo-
uenypa HuBata Ha D-gumep ce noBuwaear u gocturat
MYK ceamMmua Nno-KbCHO, creq KOeTo 3anoysar Aa Hama-
nsear ¢ 5-10% OHEeBHO 1 ce OTKpMBAT €OuH MeceL| crieq,
ToBa [10, 18]. B nuTepatypata ca onucanHu criy4au, npu
kouTo D-gumep e HeraTMBEH OOPW M NPU Hanuymne Ha
TPOMOOTMYHO CbOUTME (hanwmBO OTpULATENHM pe-
3yntati). Morat ga ce Ob/kaT Ha aHanuTUYEH METOL
C HMCKa YYyBCTBUTENMHOCT, CbCTOSIHME Ha XMnodunbpu-
HOMn3a, Npu NauuMeHTn ¢ guctanHa gbnbdoka BeHO3Ha
Tpombo3a (OBT) unun cybcermeHTeH 6enogpobeH Tpom-
B6oembonusbm (BTE) ¢ HUCHK TpoMBOTUYEH TOBap, KO-
rato aHTMKoarynaHTHaTa Tepanuvsi € Bede ctapTMpaHa u

Because D-dimers can be detected in the plas-
ma of healthy individuals, a cutoff value is defined
for each analytical method, below which VTE can
be safely ruled out. This cutoff represents the con-
centration of D-dimer that provides the best diag-
nostic sensitivity (i.e., high negative predictive val-
ue) for VTE and is determined in clinical studies of
patients with suspected VTE, in which the diagnosis
is confirmed by imaging studies [10]. The cutoff val-
ue is not uniform across different analytical meth-
ods. Most commonly, it is 500 ng/mL FEU; howev-
er, there are methods with a lower cutoff between
200 and 300 ng/mL DDU [2, 4]. D-dimer results are
interpreted as positive when the measured levels
exceed the predetermined cutoff. According to the
recommendations of the Clinical and Laborato-
ry Standards Institute, methods for ruling out VTE
should provide a sensitivity of = 98% with a confi-
dence interval (Cl) of 2 95% [14]. Clinicians should
be familiar with the specifics of the test used in their
local laboratory [2].

CAUSES OF INCREASED D-DIMER

Several conditions are associated with the activa-
tion of the coagulation system and subsequent clot for-
mation, leading to elevated D-dimer levels even in the
absence of thrombosis [6, 9].

D-dimer levels may be elevated due to physiologic
conditions such as pregnancy and puerperium, in el-
derly individuals, smoking, and in other situations [1,
4, 5,12, 15]. In nearly 80% of hospitalized patients,
D-dimer levels are increased; the causes of these
elevations may be related to conditions other than
VTE and DIC [3, 10, 16]. In a cohort of 813 patients
presenting to the emergency department, 148 were
found to have markedly elevated D-dimer levels (>
5 pyg/mL FEU) [17]. The most common causes were
sepsis (24.3%), malignancy (14.9%), trauma (13.5%),
VTE (11.5%), cerebrovascular events (11.5%), acute
aortic dissection (6.8%), and cirrhosis (6.8%). After
surgical procedures, D-dimer levels increase and
reach a peak approximately one week later, then de-
crease by 5-10% per day, and can be detected even
one month after surgery [10, 18]. Cases with negative
D-dimer have been reported despite the presence of
a thrombotic event (i.e., false-negative results). They
may be due to an analytical method with low sensitiv-
ity, a state of hypofibrinolysis, distal deep vein throm-
bosis (DVT), or subsegmental pulmonary embolism
(PE) with a low thrombotic burden, when anticoagu-
lant therapy has already been initiated, or when the
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KoraTo M3CrnedBaHeTO € M3BbPLUEHO TBbpPAE PaHO Mmu
TBbPAE KbCHO CNPSIMO KNMHUYHaTa u3sisa Ha Tpombo3a-
Ta [3, 10, 15]. O6pasyBaHeTo Ha D-amMmep ce noTucka ot
BCWUYKM aHTMKoarynaHTHu cpegctaa [19].

B vMyHONoOrmyHnTEe METOAM Ca OnUcaHu aHanuTuy-
HW UHTepepeHLmnm nopaan NpUCLCTBUE B U3CNEABaHa-
Ta npoba Ha NonupeakTUBHW aHTUTENa, aBToaHTUTena,
peBmaTtouaeH akTop, No3HaTh KaTto XeTepouIHA aH-
TMTEna, KOUTo BOAAT A0 ddaniumBo NONOXUTENHN pesyr-
Tatun [15, 20]. B tabn. 2 ca npegcraBeHn Han-vyecTuTe
NpUYMHK, BOZELLM A0 noBuweHne Ha D-gumep.

measurement is performed too early or too late rela-
tive to the clinical manifestation of thrombosis [3, 10,
15]. The generation of D-dimer is suppressed by all
anticoagulant agents [19].

In immunological methods, analytical interferenc-
es have been described due to the presence in the
sample of polyreactive antibodies, autoantibodies, and
rheumatoid factor — known as heterophilic antibodies
— that can lead to false-positive results [15, 20]. In Ta-
ble 2 we present the most common causes leading to
D-dimer elevation.

Tabnuua 2. CbCcTOAHMSA, acouMmMpaHu ¢ nosuweHne Ha D-gumep (Moauduumpana no [6, 10, 15])
Table 2. Conditions associated with elevated D-dimer (modified from [6, 10, 15])

XPOHWYHO Bb3naneHne
AopTHa aucekaums
MHdapkT Ha Mrmokapaa
MpeacbpaHo MbxaeHe
Bb6peyHn 3abonsBaHns
YepHoapobHu 3abonsBaHus
TpombonutnyHa Tepanus

Chronic inflammation
Aortic dissection
Myocardial infarction
Atrial fibrillation
Renal diseases

Liver diseases
Thrombolytic therapy

MaTonornynun PU3NONOrnYHn AHanUTU4HU NHTepchepeHunn
Pathological Physiological Analytical Interferences
BeHo3HM 1 apTeprantu Venous and arterial BpemeHHoCT 1 nyepnepuym | Pregnancy and XetepodunHu aHtutTena
Tpom603un thromboses HanpegHana Bb3pact puerperium Heterophilic antibodies
OWK cuHapom DIC ETHoc (adppo-amepukaHum) | Advanced age
Heonnaamun Cancer TioToHOMYyLLEHE Ethnicity (African-
TpaBma Trauma Americans)
[MocTonepatueeH nepuog, Postoperative period Smoking
WHeynT Stroke
WHdekunmn/cencuc Infections/Sepsis

KNnMHWYHO NPUNOXEHUE HA D-gQUMEP

B npaktukata D-gumep Hamupa OCHOBHO MpuIio-
XXeHue 3a gnarHosa v nosegeHne nNpu CbCToAHMS, aco-
uumpaHu ¢ Tpombosa, BknounTenHo BTE, oueHka Ha
pucka OT peuuausmpalLLm Tpomb0o3n, ycTaHoOBsIBaHe Ha
onTumariHaTa npoabimKUTEINHOCT Ha BTOpUYHaTa npo-
dounakTuka ¢ aHTUKoaryrnaHTu cnej nbpey ennson Ha
HenpoBokupaH BTE, B gmarHosata Ha OCTpPU aopTHU
CUHOPOMMW, AMarHo3a u MOHUTOPUPAHE Ha NauneHTU ¢
OVK cnHgpowm [5, 10].

BTE

B cBetoBeH mawab BTE e TpetoTo no 4yecrtota
OCTPO CbpAeYHO-CHOOBO 3abonsiBaHe crnef nHdapkTa
Ha MMOKapga M MO3bYHWSI MHCYMT C roguLlHa YecToTa
1-2 Ha 1000 gywwm [18, 21]. 3a ga ce yBenuuu nonsa-
Ta oT uamepBaHe Ha D-gnmep npu cbMHeHne 3a BTE,
n3cneaBaHeTo ce KOMOMHMPa CbC CKanu 3a OLeHKa Ha
KNMHWYHaTa BEPOSITHOCT KaTo YacT OT AMAarHOCTUYEH
anroputbMm [1, 4, 15]. B nocnegHoTo AecetuneTue pe-
auua npoydBaHusA nokasaxa, 4e cneuudguyHocTTa Ha
D-goumep Moxe fa ce MnoBuUWKM cnep npunaraHe Ha
No-BUCOK pasrpaHnyMTeneH npar 3a OTXBbprisiHe Ha
BTE npw nauneHTn B HanpegHana Bb3pacT [22].

CLINICAL APPLICATION OF D-DIMER

In practice, D-dimer is primarily used for the di-
agnosis and management of conditions associated
with thrombosis, including VTE, the assessment of
the risk of recurrent thrombosis, determining the op-
timal duration of secondary prophylaxis with antico-
agulants after a first episode of unprovoked VTE, the
diagnosis of acute aortic syndromes, and the diag-
nosis and monitoring of patients with DIC syndrome
[5, 10].

VTE

VTE is the third most common acute cardiovas-
cular disease after myocardial infarction and stroke,
with an annual incidence of 1-2 per 1,000 persons
[18, 21]. To increase the utility of D-dimer measure-
ment in suspected VTE, the D-dimer test is combined
with clinical probability scores as part of a diagnostic
algorithm [1, 4, 15]. In the last decade, several stud-
ies have shown that the specificity of D-dimer can be
increased by applying a higher cutoff to rule out PE in
elderly patients [22].



D-gnmep — na60paTopHM aCNeKTUn U KIMNHUYHO NMpunoxxeHne

13

Bb3 ocHOBa Ha He3aBUCUMW MPEOMKTOpPU 3a 3a-
bonseaHe, BknovBawy 6enesv, CMUMNTOMU U PUCKOBU
dakTopu, ca pa3paboTeHn MHOXECTBO ABY- U TPUCTe-
NEeHHN MOZENM 3a OLEeHKa Ha KITMHMYHATa BEPOSITHOCT.
Han-wupoko npunoxexHne mmat Wells ckana 3a BTE
n OBT n Geneva ckana 3a BTE (1abn. 3 n 4) [23, 24].
Te ca BanuavpaHn B cepusi OT NMPOy4YBaHUSA U 4eCcTo
ce npunarar B LUMpoKoMaLabHu MexayHapoaHu Knu-
HUYHWM n3nutBaHusa [21]. Jokato Wells ckanaTta e Ba-
nvavpaHa npu amBynaTopHu U XOCnuTanua3npaHu na-
uneHTn, To Geneva ckanarta e BanugupaHa camo npu
ambynaTtopHu naumeHTn [25]. B knacudeckust guarHoc-
TMYEH anropuTbM MbpBaTa CThIKa € OLeHKaTa Ha Knu-
HU4HaTa BeposaTHocT 3a BTE. Npu H1ucka oo ymepeHa
KNHWYHA BEPOSATHOCT, CE Npeanpuema nscnegBaHe Ha
D-gumep v npu pesynTaTt noa npeasapuTtenHo gedu-
HWpaH pasrpaHU4YnTENeH npar guarHosaTa ce OTXBbp-

Based on independent predictors of disease,
including signs, symptoms, and risk factors, numer-
ous two- and three-tier models have been devel-
oped to assess clinical probability. The Wells score
for PE and DVT and the Geneva score for PE are the
most widely used (Tables 3 and 4) [23, 24]. These
models have been validated in several studies and
are often used in large-scale international clinical
trials [21]. While the Wells score has been validated
in both outpatient and hospitalized patients, the Ge-
neva score has been validated only in outpatients
[25]. In the classical diagnostic algorithm, the first
step is the assessment of the clinical probability of
VTE. In cases of low to moderate clinical probability
a D-dimer assay is performed, and if the result is

Ta6bnuua 3. iBycteneHHa WELLS ckana 3a oueHKa Ha KnMHM4YHaTa BepoATHoOcCT 3a BT [23]

Table 3. WELLS Score for DVT [23]

Kputepun Toukun
Criteria Score
o AKTMBHO ManurHeHo 3abonsBaHe o Active cancer 1
¢ [Napanu3a/napesa; ckopoLlHa MOBMNN3aLMs Ha JOMHU o Paralysis/paresis; recent immobilization of the lower
KpamHnuum extremities 1
o [locTeneH pexvm > 3 OHW; ronsiMa XupypruyHa npoueaypa e Bedridden for > 3 days or major surgery within the last
B nocneaHute 12 cegMmuum 12 weeks 1
e JlokanusupaHa YyBCTBUTEMHOCT MO NPOTEXEHWE Ha AbnbokuTe e Localized tenderness along the deep 1
BEHU veins 1
e OTOK Ha uenusa Kkpak o Entire leg swelling
o OToK Ha nogbegpuuata > 3 cm CnpsiMO acCMMNTOMATUYHUST Kpak e Calf swelling > 3 cm larger than a asymptomatic side 1
e OTOK, OrpaHv4eH A0 CUMMTOMAaTUYHUSA Kpak e Pitting edema confined to symptomatic leg 1
o KonaTepanHu NoBbpPXHOCTHU BEHU (HEBAPUKO3HMN) e Collateral superficial veins (non-varicose) 1
o [lpeaxoaHa OBT e Previous DVT 1
e Hanuuue Ha anTepHaTVBHa AnarHosa o Alternative diagnosis at least as likely as DVT -2
o [1BT e BeposiTHa e DVT is likely 22
o [1BT e cnabo BeposiTHa e DVT is unlikely <1
Ta6bnuua 4. OnpocteHa Geneva ckana 3a oueHKa Ha KNMHU4YHaTa BeposaATHocT 3a BTE [24]
Table 4. Simplified Geneva Score for PE [24]
KnuHu4yHa xapaktepucTuka Toukun
Clinical Characteristic Score
e [peoxogeH BTE vnm OBT e Previous PE or DVT 1
e CbpaeyHa yecToTa: e Heart rate:
o 75-94 ya./min o 75-94 bpm 1
o 295 ya./min o 295 bpm 2
o Xvpyprusi unu cpaktypa B nocrneaHnsa meced e Surgery or fracture in the last month 1
o XemonTusa e Hemoptysis 1
e AKTVMBHO ManurHeHo 3abonsiBaHe o Active malignancy 1
e YHunatepanHa 6onka Ha JONeH KpanHuK o Unilateral lower limb pain 1
e YHunateparneH oTok 1 6onka Ha JoMneH KpamHUK npu o Unilateral swelling and pain on venous palpation of the
BEHO3Ha nannauus lower limb 1
e Bbapact Han 65T e Age over 65 years 1
o Hucka BeposiTHOCT o Low probability: <2
o YMepeHa BepOSITHOCT o Moderate probability: 2-4
o Bucoka BeposiTHOCT o High probability: >5
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na [2, 3]. MNonoXuTenHuAT pesynTtaT n3nckea npeanpu-
eMaHe Ha obpa3Hu uscnedBaHus 3a NOTBbpXAaBaHe
U OTXBbPMSHE Ha guarHosata. To3w nogxon Hama-
nsiea 6posi Ha M3BbPLUEHMTE KOMMOTbP-TOMOrpadocku
nynMoaHruorpacpum (KTMA) n cebp3aHute ¢ TaX pu-
CKOBe OT anepruyHn peakumu, KOHTpacTHa Hedpona-
TUSI U €KCNO3ULMSA KbM NOHU3MPALLO NbYeHUe, CnecTa-
Ba BpeMe M HamarnsBa CTOMHOCTTa Ha MeauuuHcKaTa
ycnyra [10]. MNpu nauneHTUTEe C BUCOKA KMMHUYHA Be-
posATHOCT 3a BTE gupekTHO ce npegnpuemat obpasHu
n3cneaBaHvs 3a NOTBbpXAaBaHe Ha AmarHosaTa. Us3-
MepBaHeTo Ha D-gumep He e OT nonsa, Tbil KaTo MHO-
ro ot puckosute daktopu 3a BTE BogaT oo Hecneum-
PUYHOTO My MOBULLIEHNE — OHKONOTMYHO 3abonsBaHe,
CKOPOLLHa XMpypruyHa nHtTepseHunst n ap. [6]. B 0606-
LleHne, TecTbT 3a D-gumep e BUCOKOYYBCTBUTENEH 3a
ocTbp BTE 1 no3sonsiBa 6bp3 Tpuak Ha naumeHTn CbC
CbMHeHue 3a BTE. KombuHaumaTa Ha ckana 3a oLeHka
Ha KnMHUYHaTa BEPOSATHOCT U un3cnensaHe Ha D-gumep
3a oTxBbpnsHe Ha BTE, 6e3 notBbpxagaBallo obpas-
HO m3cnegBaHe, ce cuuTa 3a HagexgHa n besonacHa.
Tosn noagxop e cBbp3aH C HMCKa YecToTa Ha Tpombo-
embonunyHnTe cubuTtuna (nog 1-2%) cneg TPUMECEYHO
npocnegssaHe [26].

CTPATErUM 3A MOBULUABAHE HA [IUAT-
HOCTUYHATA HAAEXAHOCT HA D-QUMEP

Bb3pacToBo-KOpUrMpaH pasrpaHu4uUTerieH npar

Yectorarta Ha BTE HapacTBa ¢ Bb3pacTtTa [10, 27]. [No-
pagy Mo-BUCOKUTE KOHLEHTpauumn Ha cpubpuHoreHa, Ha-
MarneHaTta 6bbpeyHa enMMMHaLMS, HaNMYMETO Ha (OKymT-
HW) ManurHeHu 3abonsiBaHWsl, XPOHWYEH Bb3nanuTtereH
npoLec, ce yBenuyaBa U KOHUeHTpauusita Ha D-gumep
[6]. B pesynTar cneumduyHoctTa Ha D-gumep 3a BTE
HamansBea. [JaHHUTe NoKa3ear, Ye crneunduyHoCTTa Bapu-
pa B nHTepBana 49-67% npu nuua noa 50 rog. n 0-18%
npv nuua Hag 80 roa. [3]. CnegoBaTenHo npy NauneHTn
B HanpeaHana Bb3pacT HapacTea bposaT Ha chanumeo no-
NOXUTENHUTE pe3ynTaT, CbOTBETHO Ha TOBa HapacTea
N HeobOXOAMMOCTTa OT U3BbPLLUBAHE Ha MOTBbPXKAABALLM
obpasHn mscnenpaHusa [15]. bewe npegnoxeH Bb3pa-
CTOBO-KOPUrMpaH pasrpaHuduTeneH npar npyv MHOMBMOM
Hag 50 rog., KOWTO ce usducrnsiBa Kato Bb3pacTTa B rof,.
ce ymHOXu X 10. Taka 3a nuue Ha 70 roa. Ton e 700 ug/L
FEU BmecTo ctangaptHust npar ot 500 ug/L FEU [5, 10].
Toan nogxop e BanuavpaH B NPOCNEKTUBHOTO MpoyyBa-
He ADJUST-PE npu Hag 3000 naumeHTn CbC CycrneKkTeH
BTE, B KOETO Bb3paCTOBO-KOPUrMpaH pasrpaHuymUTerneH
npar e KOMOMHMPaH CbC cKara 3a OLEHKa Ha KIMUHUYHa-
Ta BEPOATHOCT [22]. 3-Mece4yHaTa YyecToTa Ha TpoMboem-
BonnyHuTe CcLOUTMS NpU NaumeHTUTe ¢ OTXBbpreH BTE
Bb3 OCHOBa Ha cTonHoCTM Ha D-gmumep Hag 500 ug/L, Ho
MO-HUCKN OT Bb3PaCTOBO-KOPUTMPAHWNS pasrpaHnYmnTENeH

below the cutoff, the diagnosis is ruled out [2, 3]. A
positive result requires imaging studies to confirm
or exclude the diagnosis. This approach reduces
the number of computer tomography pulmonary an-
giographies (CTPA) performed and minimizes the
associated risks of allergic reactions, contrast-in-
duced nephropathy, and exposure to ionizing radi-
ation, while also saving time and reducing medical
costs [10]. Patients with a high clinical probability
proceed directly to imaging studies to confirm the
diagnosis. When the clinical probability for VTE is
high a D-dimer result is not helpful, since many of
factors that increase the risk of VTE lead to a non-
specific increase of D-dimer — cancer, recent sur-
gery etc. [6]. In summary, the D-dimer test is highly
sensitive for acute VTE and enables rapid triage of
patients with suspected VTE. The combination of
clinical probability score and D-dimer testing to rule
out VTE, without confirmatory imaging studies, is
considered reliable and safe. This approach is as-
sociated with a low rate of thromboembolic events
(less than 1-2%) after 3-month follow-up [26].

STRATEGIES TO IMPROVE THE
DIAGNOSTIC ACCURACY OF D-DIMER

Age-adjusted cutoff

The incidence of VTE increases with age [10, 27].
Due to higher level of fibrinogen, reduced renal elim-
ination, the presence of (occult) malignancies, and
chronic inflammatory state, D-dimer levels also in-
crease [6]. Consequently, the specificity of D-dimer for
VTE decreases. Data indicate that specificity ranges
from 49-67% in individuals under 50 years to 0-18% in
those over 80 years [3]. As a consequence, in elderly
patients the number of false-positive results and the
need for confirmatory imaging studies increases [15].
An age-adjusted cutoff has been proposed for indi-
viduals over 50 years, calculated by multiplying the
age by years by 10. For example, for a 70-year-old
person, the cutoff becomes 700 ug/L FEU instead of
the standard 500 pg/L FEU [5, 10]. This approach was
validated in the prospective ADJUST-PE study involv-
ing over 3,000 patients with suspected PE, in which
the age-adjusted cutoff was combined with a clini-
cal probability score [22]. The 3-month incidence of
thromboembolic events in patients with PE ruled out
based on D-dimer values above 500 pg/L but below
the age-adjusted cutoff was 0.3% (95% ClI, 0.1-1.7%).
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npar, € 0.3% (95% CI, 0.1-1.7%). MNpunaraHeTo Ha Bb3-
pacTOBO-KOPUMVIpaH pa3rpaHUYnTENEH npar yBenuyaea 5
nMbTM 6post Ha nauneHTUTe, Npu komuto BTE Moxe aa 6bae
OTXBbprieH 6e3 JOMbIAHWUTENHN 0bpasHM u3cneaBaHus —
ot 6.4 Ha 30%. lNMpoyusaHeTto RELAX-PE notBbpxaasa
©e30MacHOTO MPUNOXEHNE Ha Bb3PaCTOBO-KOPUrMpaHUst
pasrpaHuuuteneH npar [28]. 3a 3-meceyHusi nepuoa Ha
HabntogeHune yectotata Ha BTE npu naumeHTn, kouTo ca
OCTaHanm HeTpeTupaHu crneg oTxebprsHe Ha BTE, e 6una
0.07% (95% Cl, 0.01-0.40%) npv Te31 CbC CTOMHOCTM Ha
D-gumep < 500 pg/L n 0.0% (95% Cl, 0.0-1.41%) npwn Te3un
CbC CTOMHOCTM Ha D-gumep = 500 pg/L, Ho < (Bb3pacT X
10) pg/L. B 0600LleHMe, Bb3paCTOBO-KOPUIMPAHKAT pas-
rpaHnumTeneH npar nossonsea BTE ga 6bae otxBbpreH
6e3onacHo npu 40% ot ambynaTtopHuTe naumeHTn, 6e3 aa
ce Hanara nsebpluBaHe Ha KTT1A, kaTo Han-uspaseHa e
nonaara npv nauneHTn Hag 75 roa. [29].

A,an'ITI/IpaH KbM KITMHU4YHaTa BEPOATHOCT
pa3rpaHunydunuTeneH npar

Belwe npegnoxeH pasrpaHWyMTENEH npar, agan-
TMPaH KbM npearecToBaTa KIVMHUYHA BEPOSTHOCT C
uen ungeHtTnduumpaHe Ha noesede nauueHTUn, Npu Kou-
TO obpasHoTO m3cneaBaHe 6y mormno ga ce usberHe.
MpoyyBaHeTo YEARS Banvaupa ynecHeH anroputbm,
KOMTO KOMOVHMpa OBYCTENEHEH pasrpaHnyuTeneH npar
CbC CKana 3a OLeHKa Ha KIMHU4YHaTa BEPOATHOCT. Ts
BKITHO4BA CaMO TPW KpUTEPUS: KNMHUYHK Genesun 3a 0BT,
xemonTtusa u BTE kato Ham-BeposTHa guarHosa [30].
AKO HWUTO €UH OT KpUTEepUMTE He € Hanuue, ce npunara
pasrpaHununTteneH npar 1000 pg/L FEU; npu Hannyne Ha
€0WH 1K NoBeYe KpUTEpUI ce npunara CTaHaapTHUAT
pasrpaHununteneH npar 500 ug/L FEU. Pesyntatute no-
ka3axa abcontotHa pegykums ¢ 14% B 6post Ha U3BbP-
weHuTe KTT1A B cpaBHEHME C Knacnyeckus noaxomq, U Ts
€ NpuUIoXxrnmMa 3a BCUYKM Bb3pacToBu rpynu. Yectotata
Ha BTE Ha 3-Tna meceu e 0.61% (95% Cl, 0.3-0.96%).

MpenctaBeHnMTe OaHHWM criedBa fa MOAMOMOrHaT
KNVHULMCTUTE B HAMMPAHETO Ha AenukatHusa GanaHc
Mexay pucka ot nponycHat BTE v nsebpLuBaHe Ha He-
Hy>kHW KTT1A. [JokonkoTo oyakBaHaTa YectoTa Ha BTE
He BUHAarn e 3BecTHa, T9 MOXe Aa OKaXke Bb3AencTane
BbpXy edmkacHocTTa M 6Ge3onacHoCTTa Ha AmarHoc-
TUYHUTE cTpateryn. lpuema ce, 4e Bb3PaACTOBO-KO-
PUIMPaHNAT pasrpaHnynTeneH npar e no-6esonaceH u
€ pa3ymMHO Ada ce nmpwnara npu noarpyny ¢ oyaksaHa
yecTtoTta Hag 15% v npu TakmBa C BUCOK puck oT BTE
[29]. MocnegHunTe Hacokn Ha EBpONENCKOTO ApYKECTBO
no kapgmonorusa (ESC) 3a gnarHo3a n nosegeHvne npu
octbp BTE npenopbuyBaT namepsaHe Ha D-gumep npu
NauneHTN C HMUCKa OO0 YMEpPEHA KIMHWYHA BEPOSITHOCT
C BUCOKOYYBCTBUTEMNEH MMYyHOQHANU3 U NOAKPENAT npu-
NoXeHne Ha Bb3pacTOBO-KOPUTMpPaH WnW aganTtupaH
KbM KIWHWYHATa BEPOATHOCT pasrpaHuMuuTeneH npar,
Makap ¥ € No-H1CKa cura Ha gokasatencreeHocT [31].

Using the age-adjusted cutoff increased the number
of patients in whom PE could be safely ruled out with-
out additional imaging by fivefold — from 6.4 to 30%.
The RELAX-PE study confirmed the safe use of the
age-adjusted cutoff [28]. Over a 3-month observation
period, the incidence of VTE in patients who remained
untreated after PE was ruled out was 0.07% (95% ClI,
0.01-0.40%) in those with D-dimer values < 500 pg/L
and 0.0% (95% CI, 0.0-1.41%) in those with D-dimer
values = 500 pg/L but < (age x 10) yg/L. In summary,
the age-adjusted cutoff allows PE to be safely ruled
out in 40% of outpatients without the need for CTPA,
with the greatest benefit observed in patients over 75
years [29].

Clinical probability adapted cutoff

A cutoff adjusted to the pre-test clinical probability
has been proposed with the goal of identifying more
patients in whom imaging studies could be avoided.
The YEARS study validated a simplified algorithm that
combines a two-tier cutoff with a clinical probability
score. This algorithm includes only three criteria: clini-
cal signs of DVT, hemoptysis, and PE as the most like-
ly diagnosis [30]. If none of the criteria are present, a
cutoff of 1000 ug/L FEU is applied; if one or more crite-
ria are present, the standard cutoff of 500 ug/L FEU is
used. The results showed a 14% absolute reduction in
the number of CTPA performed compared to the clas-
sical approach; the results are applicable across all
age groups. The 3-month incidence of VTE was 0.61%
(95% Cl, 0.3-0.96%).

The data presented are intended to help clini-
cians strike the delicate balance between the risk
of missing a PE and performing unnecessary CTPA.
Since the expected incidence of PE is not always
known, it can affect the efficacy and safety of diag-
nostic strategies. It is assumed that the age-adjusted
cutoff is safer and should be applied in subgroups
with an expected incidence above 15% and in those
with a high risk of PE [29]. The latest guidelines from
the European Society of Cardiology (ESC) for the di-
agnosis and management of acute PE recommend
measuring D-dimer in patients with low to moderate
clinical probability using a high-sensitivity immuno-
assay and support the use of an age-adjusted or clin-
ical probability adapted cutoff, although with a lower
level of evidence [31].
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D-gumep u 6pemMeHHOCT

Octpusat BTE e Bogella npuymHa 3a ManynHa 3a-
00nAemMocCT 1 CMBbPTHOCT B pa3BuUTUTE CTPaHn. PnckbT
oT BTE e 4-5 nbTK N0-BMCOK N0 BPEME Ha BpEMEHHOCT-
Ta M gocTura nNuk B nocrtnaptanHus nepuog [3]. Ana-
rHo3aTta Ha BTE npu 6GpemMeHHN € CEPUO3HO KITMHUYHO
npeguasmkarencrTeo. KoHueHTpauusita Ha D-gumep
HapacTBa ycrnopegHo C recTtauMoHHaTa Bb3pacT U
JOoCTUra M3xogHU CTOMHOCTWU OKono 6 ceamuum crnepf
paxgaHeto [5, 15]. KnuHnyHuTe cumntomn Ha BTE —
Taxuvkapgusi, OTOK Ha AOMHUTE KpanHUUU U OUCMHES,
Cce MpunokpmMeaT CbC CUMMATOMUTE, MPUYUHEHU OT
dur3nonornyHnTE NpoMeHn npes dpemeHHocTTa [32].
KTMNA e cBbp3aHa C puCK OT eKCno3uums Ha mamnkarta
M nnoga KbM MOHU3MPALLO NTbYEHME U KOHTPacTHOTO
BewecTBo [15]. OTxBbpnsiHeTO Ha BTE Bb3 0OCHOBa Ha
cTtonHoctn Ha D-gumep nop pasrpaHMuuTenHus npar
€ Bb3MOXHO camo npu 10% oT BpemMeHHUTE C HucKa
40 yMepeHa KMMHUYHa BEPOSATHOCT, TO3M MPOLEHT Ha-
Mansea go 4 B Tpetusa Tpumectbp [31]. MNpes 2019 r.
e nybrnvMKkyBaHO MPOCMNEKTUBHO MYMTULEHTPOBO MpO-
yuBaHe, OLeHsABaLlo ebMKacHOCTTa Ha aganTupaH 3a
6pemeHHocTTa YEARS anroputbm [33]. BTE e oTxBbp-
neH npw nunca Ha konTto n ga e YEARS kputepun n
ctonHoctn Ha D-gumep nog 1000 pg/L FEU wnu npu
Hanunyune Ha noHe eanH YEARS kpuTtepun n ctonHocTtu
Ha D-gpumep nog 500 upg/L FEU. lMpu GpemeHHUTe C
KNUHUYHM 6enesun Ha [BT e nsBbpLuieHa KOMNPECUOH-
Ha ynTpacoHorpadusi Ha CUMNTOMATUYHKS Kpak 1 npu
NoTBbpPAEHA AMarHo3a e HasHayeHa aHTMKoaryrnaHTHa
Tepanusa 6e3 JOMbIHUTENHWM OOpasHWM M3crnenBaHus.
Ako [0BT e oTxBbprneHa, no-HaTaTbLHOTO NoBeaeHne
cnenea knacuvecknsa YEARS anroputbm. o Bpeme
Ha 3-MeceyHusi nepuopg Ha HabngeHne YectoTaTa Ha
OBT e 0.21% (95% ClI, 0.04-1.2%), He e noTBbpAeH
HUTO eawmH cnydanm Ha BTE. KTTA e usberHata npu
39% oT GpemMeHHUTE N Han-CbLUECTBEHA peayKuus e
nocTurHata npes nbpeus TpumectTbp — 65%, korato
PUCKBLT OT yBpeda Ha nnoga OT MoHM3Mpalia pagua-
LS e Har-BUCoK. CuctemaTtnyeH ob63op 1 MeTaaHanms
oueHsiBa 6e3onacHocTTa Ha D-gumep 3a oTXBbprisiHE
Ha ocTbp BTE npu OpemeHHn. Pesyntatnte nokasear
99.5% (95% CI, 95.0-100.0) wyBctBMTENHOCT 1 100%
(95% CI, 99.19-100.0) oTpuuaTtenHa npenckasBalla
CTOMHOCT Ha D-gumep npu H1UCKa Jo ymMepeHa KNUHNY-
Ha BepodATHOCT [34]. Cnopen HacokuTe Ha ESC nsmep-
BaHe Ha D-gumep B kombrHauusa ¢ Mogenu 3a oueHka
Ha KNWHWYHaTa BEPOSTHOCT crefBa Aa ce B3emaT B
cbobpaxeHne 3a oTxBbprsiHe Ha BTE npu 6pemen-
HOCT 1 B nocTnapTtanHus nepvog [31].

D-aumep ¥ nporHosnpaHe Ha pucka
oT peunausupaiwy BTE

CuctemaTtnyeH ob63op 1 metaaHanu3 ot 2019 r.
npv NaumMeHTn ¢ MbpBU eNM30 Ha HenpoBokupaH BTE

D-dimer and pregnancy

Acute PE is a leading cause of maternal morbidi-
ty and mortality in developed countries; the VTE risk
is 4-5 times higher during pregnancy and peaks in
the postpartum period [3]. The diagnosis of VTE in
pregnant women is a significant clinical challenge.
D-dimer concentrations increase in parallel with ges-
tational age and return to baseline levels around 6
weeks after delivery [5, 15]. The clinical symptoms of
VTE - tachycardia, lower limb edema, and dyspnea
— overlap with those caused by the physiological
changes during pregnancy [32]. CTPA is associated
with the risk of exposing both the mother and the fe-
tus to ionizing radiation and contrast agents [15]. Rul-
ing out PE based on D-dimer values below the cutoff
is possible in only 10% of pregnant women with low
to moderate clinical probability, and this percentage
decreases to 4% in the third trimester [31]. In 2019,
a prospective multicenter study was published eval-
uating the efficacy of a pregnancy-adapted YEARS
algorithm [33]. In this algorithm, PE was ruled out in
the absence of any YEARS criteria and with D-dimer
values below 1000 pg/L FEU, or in the presence of
at least one YEARS criterion and with D-dimer val-
ues below 500 pg/L FEU. In pregnant women with
clinical signs of DVT, compression ultrasonography
of the symptomatic leg was performed, and if DVT
was confirmed, anticoagulant therapy was initiated
without additional imaging studies. If DVT was ruled
out, subsequent management followed the classical
YEARS algorithm. During the 3-month observation
period, the incidence of DVT was 0.21% (95% ClI,
0.04-1.2%), and no cases of PE were confirmed.
CTPA was avoided in 39% of pregnant women, with
the greatest reduction achieved in the first trimes-
ter — 65%, when the risk of fetal injury from ioniz-
ing radiation is highest. A systematic review and
meta-analysis assessing the safety of D-dimer for
ruling out acute VTE in pregnancy showed a sensi-
tivity of 99.5% (95% CI, 95.0-100.0) and a negative
predictive value of 100% (95% CI, 99.19-100.0) in
patients with low to moderate clinical probability [34].
According to ESC guidelines, D-dimer measurement
in combination with clinical probability assessment
models should be considered for ruling out PE during
pregnancy and in the postpartum period [31].

D-dimer and prediction of recurrent VTE risk

A systematic review and meta-analysis from 2019
in patients with a first episode of unprovoked VTE
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nokasa, 4Ye KymyrnaTuMBHaTa 4YectoTa 3a peunamsupaly,
BTE cnepn npeyctaHOBsiBaHE Ha aHTUKOaArynaHTHara
Tepanus e 16% Ha BTopata, 25% Ha netata n 36% Ha
TpeTtaTa roguHa [35]. lNoBuweHnTe HMBa Ha D-anmep
crnep, nNpeycTaHOBsIBAaHE Ha aHTWKoaryrnaHTHaTta Tepa-
nusa ca acouumpaHu ¢ puck ot peuuamsupaiy BTE [1,
3, 10, 15]. B npocnekTtnBHoTO npoyyBaHe PROLONG
naumeHTuTe ¢ HenposokupaH BTE, nekyBaHu Han-man-
ko 3 meceua c ButamuH K-aHtaronuct (BKA), npu kou-
TO Ce yCTaHOBsIBaT NOBULLIEHM HMBaA Ha D-gumep eguH
MeceLl cnef cnupaHe Ha TepanusTa, ca paHaoMu3unpa-
HW Ja Bb3CTAaHOBAT UMW Aa NpeyCcTaHOBAT TepanudaTa
¢ BKA [36]. Peungme Ha BTE Bb3HukBa npu 15% ot
naumeHTuTe, npeyctaHoBunu npmema Ha BKA, n camo
npu 2.9% OT naumeHTUTE, NPOABLIPKUNN TepanusiTa c
BKA (HR 4.26; 95% CI 1.23-14.6; p = 0.02). AsTOpUTe
3akno4yaear, Ye naumeHTu ¢ nosuweH D-gumep cneq
npeycTaHoBsIBaHe Ha aHTMKOaryrnaHTHaTa Tepanus, ca
KaHauaaTu 3a yabibkeHa Tpombonpodunaktmka. 9-01o
n3gaHve Ha HacokMTe Ha AMEpPUKaAHCKOTO ApPYXeCTBO
Ha rpbgHuTe cneuynanuctm (ACCP), peBuaupaHo npes
2021 r., npenopbyBa 1 mMeceL cneq cnMpaHe Ha aH-
TMKOoarynaHTHaTa Tepanus ga ce uacrnegsa D-gumep.
Mpn nepcucTupalLy NoBULLEHN CTOMHOCTN ce 0bMUcnst
NpoObIMKMTENHA BTOPUYHA NpOodUNakTuKa npu naum-
€HTu ¢ HenpoBokmpaH BTE [37].

MpOCNEKTUBHOTO  MYNTULEHTPOBO  MpOy4YBaHe
APIDULCIS oueHsiBa nauueHTu, KOUTO ca npuema-
nn nepopaneH aHTukoarynaHt Ham-manko 12 mece-
Lua cnen nbpeu enu3od Ha HenposokupaH BTE n npu
kouto D-gumep e namepsan cepunHo 15, 30 n 60 gHn
cneqn cnvpaHe Ha adTukoarynaHta [38]. denbT Ha
nauneHTuTe, NeKyBaHW C AWPEKTEH OparieH aHTUKO-
arynaHT (JOAK), e 91.3%. MNMauneHTuTe ¢ HeraTtMBeH
D-oumep octaBaT 6e3 Tepanusi C aHTMKOArymnasT, a
Tesu ¢ noBuweH D-gumep nonyyaeaTt HUCKa Aosa anu-
kKcabaH 2 x 2.5 mg gHeBHO 3a 18 meceua. 3Ha4yMmMo
MO-BMCOK MPOLIEHT Ha HEXenaHn CbouTUs — peumamBum-
pawy BTE, kbpBeHe u cMbpT oT BTE — ce Habniogasa
B rpynarta 6e3 aHTukoarynaHTtHa Tepanus (7.3%; 95%
Cl, 4.5-11.2) cnpsamo nonyyaBanute anvkcabaH (1.1%,
95% Cl, 0.4-2.6). 3a pasnuka or PROLONG, ToBa npo-
y4BaHe He NoTBbpXJaBa nonsaTta oT M3MepPBaHETO Ha
D-gnmep 3a cTpatndmumpaHe Ha naumMeHTy 3a yabri-
XeHa TpombonpodunakTuka. Team pesyntatn NoBAUr-
Haxa AOMCKYCUS B KakBa CTEMneH BMAbLT Ha aHTuKoary-
naHTa MoXe fa noenvsie CToMHocTute Ha D-gumep,
nocTuUrHaTu no Bpeme Ha TepanugaTta. Tripodi u cbTp.
CpaBHSABaT CTOMHOCTM Ha D-gumepa npu naumeHTn Ha
XpoHunyHa Tepanusa ¢ BKA n JOAK [39]. MegnaHata
Ha D-gumepa e 3Ha4YMMO MO-HMCKa MpU MauueHTuTe,
nekyBaHu ¢ BKA, B cpaBHeHMe C naumMeHTuTe, nekysa-
Hn ¢ JOAK, n Tasn TeHaoeHUUs ce 3anasBa 3a BCEKU
€eOUH OT YeTnpuTe MegmkameHTa — puBapokcabaH, oa-
fuvratpaH, anukcabaH n egokcabaH. ABTopuTe gonyc-

showed that the cumulative incidence of recurrent VTE
after discontinuation of anticoagulant therapy is 16% at
2 years, 25% at 5 years, and 36% at 3 years [35]. EI-
evated D-dimer levels after cessation of anticoagulant
therapy are associated with an increased risk of recur-
rent VTE [1, 3, 10, 15]. In the prospective PROLONG
study, patients with unprovoked VTE who had been
treated for at least 3 months with a vitamin K antagonist
(VKA) and in whom elevated D-dimer levels were found
one month after stopping therapy were randomized to
either resume or discontinue VKA therapy [36]. Arecur-
rence of VTE occurred in 15% of patients who discon-
tinued VKA therapy compared to only 2.9% of those
who continued VKA (HR 4.26; 95% CI 1.23-14.6; p =
.02). The authors concluded that patients with elevat-
ed D-dimer levels after stopping anticoagulant therapy
are candidates for extended thromboprophylaxis. The
9th edition of the guidelines from the American College
of Chest Physicians (ACCP), revised in 2021, recom-
mends measuring D-dimer one month after cessation
of anticoagulant therapy; if elevated values persist, ex-
tended secondary prophylaxis should be considered in
patients with unprovoked VTE [37].

The prospective multicenter APIDULCIS study
evaluated patients who had taken oral anticoagu-
lants for at least 12 months after a first episode of
unprovoked VTE, with serial D-dimer measurements
at 15, 30, and 60 days after cessation of the anti-
coagulant [38]. The proportion of patients treated
with a direct oral anticoagulant (DOAC) was 91.3%.
Patients with a negative D-dimer remained off an-
ticoagulant therapy, while those with elevated D-di-
mer received low-dose apixaban (2 x 2.5 mg daily)
for 18 months. A significantly higher rate of adverse
events (recurrent VTE, bleeding, and VTE-related
death) was observed in the group without anticoag-
ulant therapy (7.3%; 95% CI, 4.5-11.2) compared to
those receiving apixaban (1.1%; 95% CI, 0.4-2.6).
In contrast to PROLONG, this study did not confirm
the benefit of D-dimer measurement for stratifying
patients for extended thromboprophylaxis. These
results have raised a discussion about the extent
to which the type of anticoagulant may affect the
D-dimer values achieved during therapy. Tripodi et
al. compared D-dimer levels in patients on chronic
therapy with VKAs and DOACs [39]. The median
D-dimer was significantly lower in patients treated
with VKAs compared to those treated with DOACs,
and this trend persisted for each of the four med-
ications — rivaroxaban, dabigatran, apixaban, and
edoxaban. The authors suggested that the difference
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KaT, 4ye pasnukarta B HMBaTa Ha D-gumep mexay asete
KOXopTy 61 mMorna ga ce ObIMKM Ha pasnuyHns mexa-
HU3BM Ha OENCTBME Ha [BaTa BuOa aHTMKOAryrnaHTy,
Tbl kaTto BKA nHxnbupar noseve ot egnH dakTop Ha
KpbBOCbcupBaHe [39]. PeTpocnekTnBeH aHanms3 noka-
3a CUrHUUKAHTHO MO-BMCOKM HUBA Ha D-ammep npwu
1716 naumeHtn ¢ BTE, npuemawm JOAK, B cpaBHeHME
C KOHTporHa rpyna ot 402-ma nauueHTu, npvemalum
BKA [40]. PasnukaTta BbB Bb3pacTTa, nona, nHaekca
Ha TeNeCcHOTO Terno u Tuna Tpombo3a mexay ABeTe Ko-
XOpTW He e 3Ha4mma. OT gpyra cTpaHa, nogrpynoB aHa-
nun3 Ha npoyyBaHeTo RE-LY nokasa, 4ye npu naumeHTn
C NpeacbpoHO MbXAeHe BapdapvHbT HamarnsBa Hu-
BOTO Ha D-gumep c 44%, B cpaBHeHne ¢ gaburaTtpaH,
KonTo noHmxkasa D-gumep ¢ 51% [41]. B 0606LeHne,
TUNBT aHTMKOArynaHT crnefgBa Ja Ce B3eMe B CbO-
OpaxxeHue npu oueHkaTa Ha HuBaTa Ha D-gumep npu
naumeHTn ¢ Tpombosa. Heobxogumu ca no-mailabHu
Npoy4BaHnd, KOUTO Aa NOTBbPAAT Te3n HabnogeHus.
MoHacToswem D-gumep e BKMoYEH B HAKONKO Moaena
3a NporHo3npaHe Ha pucka oT peumame Ha BTE, kaTo
HERDOO2, DASH u Vienna [42, 43, 44]. Tosetto u
CbTp. pa3paboTBaT ckana 3a oueHka Ha puck — DASH
(D-dimer, Age, Sex, Hormonal therapy), koaTo npega-
CTaBs rOAMLLIHMS PUCK OT PeLManB No CreaHUs HaunH:
nosuweH D-anmep: 2 To4kK, Bb3pacT < 50 rogmHu: 1
TOYKa, MBXK/ NoM: 1 To4ka, U MPpUeM Ha XOpMOHaIHa
Tepanus (nposokupaH BTE): -2 Toukwn [43]. [Npn npuna-
raHe Ha DASH ckanarta roguwHuAT puUck OT peungme
ce usuucnsea Ha 3.1% npu pesyntat < 1 Touka, 6.4%
npu 2 Toukn 1 12.3% npu = 3 Toukn. Ha ToBa ocHoOBa-
HWe aBTopUTE NpenopbYBaT N3bsarsaHe Ha ObNrOCPOY-
Ha aHTUKoarynaHTtHa Tepanus npu naumMeHTn ¢ pesyn-
TaT < 1 TOYKa, KOUTO CbCTaBMSIBAT MOYTU MOMOBUHATA
OT KOoxopTaTa, BKModeHa B npoy4BaHeTo. MogenuTe 3a
OLeHKa Ha pycKka OT peLmanB ca npenopbyaHn B PbKO-
BoACTBaTa Ha AMEPUKaHCKOTO APYXEeCTBO MO XeMaTo-
norus n EBponenckoTo ApyXeCcTBO MO KapAnonorus 3a
noseaenHune npu OBT n BTE [25, 31].

D-aumep 1 ocTpa aopTHa AuceKauus

OcTtpata aopTHa AMcekauuns e TEeXKO CbCTosHUe
C BMCOKa CMbPTHOCT M paHHaTa AuarHocTuka u nede-
HMe ca OT CblLUeCcTBEHO 3HadeHue. belue nokasaHo,
Yye CTOMHOCTUTE Ha D-gumep ca NoBULLEHW NMpuK OCTpa
aopTHa gucekauusa [3, 5, 10, 45]. PetpocnektnBeH
aHanu3 ycrtaHoBsiBa MeguaHa Ha D-gumep 2455 ng/
mL npu naumeHTn c ocTpa aopTHa AWCeKauus cpeLly
385 ng/mL npu Te3n c HecneundunyHa rpbaHa dornka (p
< 0.0001) [45]. Mpwu nNpunaraHe Ha cTaHOAPTHUS pas-
rpaHnyuTeneH npar 500 ng/mL, 4yyBCTBUTENHOCTTA Ha
TecTta € 91.1%, a cneundudHoctta — 71.45%. N3Bo-
ObT Ha nscnegosatenute e, Ye D-gumep e ¢ BUCOKa
YyBCTBUTENHOCT 3a OCTPa aopTHa AnceKaLuus, HO T He
€ JoctaTbyHa 3a CaMOCTOSITENHO MY M3Morn3BaHe 3a

in D-dimer levels between the two cohorts might be
due to the different mechanisms of action of the two
types of anticoagulants, as VKAs inhibit more than
one coagulation factor [39]. A retrospective analysis
showed significantly higher D-dimer levels in 1,716
patients with VTE receiving DOACs compared with
a control group of 402 patients receiving VKAs [40].
The differences in age, sex, body mass index, and
type of thrombosis between the two cohorts were not
significant. In contrast, a subgroup analysis of the
RE-LY study showed that in patients with atrial fibril-
lation, warfarin reduced the D-dimer level by 44%,
compared with dabigatran, which reduced D-dimer
by 51% [41]. In summary, the type of anticoagulant
should be considered when evaluating D-dimer lev-
els in patients with thrombosis. Larger studies are
needed to confirm these observations. Currently,
D-dimer is included in several models for predict-
ing the risk of recurrent VTE, such as HERDOO?2,
DASH, and Vienna [42, 43, 44]. Tosetto et al. de-
veloped a risk assessment score — DASH (D-dimer,
Age, Sex, Hormonal therapy) — which quantifies the
annual risk of recurrence as follows: elevated D-di-
mer: 2 points, age < 50 years: 1-point, male sex: 1
point, and use of hormonal therapy (provoked VTE):
—2 points [43]. When applying the DASH score, the
annual risk of recurrence is calculated at 3.1% for
a score £ 1, 6.4% for a score of 2, and 12.3% for
a score = 3. On this basis, the authors recommend
avoiding long-term anticoagulant therapy in patients
with a score < 1, who constitute almost half of the co-
hort included in the study. The models for predicting
recurrence risk are recommended in the guidelines
of the American Society of Hematology and the Eu-
ropean Society of Cardiology for the management of
DVT and PE [25, 31].

D-dimer and acute aortic dissection

Acute aortic dissection is a severe condition with
high mortality, and early diagnosis and treatment are
essential. It has been shown that D-dimer values are
elevated in acute aortic dissection [3, 5, 10, 45]. A
retrospective analysis found that the median D-dimer
levels were 2455 ng/mL in patients with acute aor-
tic dissection compared to 385 ng/mL in those with
nonspecific chest pain (p < 0.0001) [45]. Using the
standard cutoff of 500 ng/mL, the sensitivity of the
test is 91.1% and the specificity is 71.45%. The re-
searchers concluded that D-dimer has high sensitiv-
ity for acute aortic dissection but is not high enough
that D-dimer levels alone can be used in isolation
to exclude acute aortic dissection. A large retrospec-
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OTXBbPIISIHE Ha AMarHo3aTta. [onsaMo peTpoCneKTUBHO
npoy4BaHe cbobLuiaBa, Ye oT 1319 nauneHTn c NOTBbP-
[eHa amarHosa ocTpa aopTHa aucekauus, npu 1227
OT TSAX CTOMHOCTMTE Ha D-gmmep ca Hag 500 ng/mL un
yyBCcTBUTENHOCTTa Ha Tecta e 0.93 [46]. JaHHuTe oT
MeTaaHanm3, BKMoYBaL, 16 KMMHUYHU NPOyYBaHUSA U
noseye ot 1000 naumeHTn C ocTpa aopTHa Ancekauns,
nokaseat 0.96 (95% CI 0.91-0.98) wyBcTBUTENHOCT Ha
D-gumep [47]. Cnopea pvkoBoacTBoTo Ha ESC o1 2024
I. 3@ NOBEAEHME MpuU NaUMeHTN ¢ nepudepHn aptepu-
anHu 3abonsaBaHusa 1 6onectn Ha aopTaTa Npu CbMHe-
HMe 3a OCTpa aopTHa AMCeKauus ce U3BbpLUBa OLEH-
Ka Ha KNMHWYHaTa BEPOSITHOCT Bb3 OCHOBA Ha PUCKOB
mogen — ADD-RS (Aortic Dissection Detection-Risk
Score), BKIOYBALY, aHaMHe3a CbC CbMbTCTBALLM 3a60-
NsiBaHUS, xapakTepuctMka Ha bonkata u uamkanHm
cumntomn. Heratmeuust D-gumep B KOMOMHauusi ¢
WHCTPYMEHTaNHN nscneaBaHvs oTXBbpns AnarHosarta
npu NaUMeHTU C HUCKA KITMHUYHA BEPOSTHOCT [48].

D-pumep v OUK cuHgpom

OVK cuHapoMbT e XmBoTo3acTpallaBallo CbC-
TOSIHME, XapaKTepu3mpallo Ce C aKTMBMpaHe Ha Koa-
rynaumsta ¢ BbTpecbioBa TPOMOMHOBA reHepaums u
oTnaraHe Ha pubpVH, KOHCYMaLms Ha hakTopu Ha Cb-
cMpBaHe 1 TPOMOOLUTY U PUCK OT OpraHHa AncdyHKUms
n cmbpT [3, 4]. PaHHaTa guarHosa e oT NbpBOCTENEHHO
3HayeHue 3a npunaraHe Ha NOAXOASALLO NevyeHue, Yu-
ATO Len e ga orpaHuMyn ocHoBHaTa npuudmHa 3a QUK
— cencuc, Heomnnasma, TpaBma, aKyLUepCKn YCroXHe-
Hus n gp. [10, 18]. Nopaaun Bucokata YyBCTBUTENHOCT
Ha D-gumep, CTOMHOCTU B pedbepeHTEH MHTepBarn us-
kritouBat AMK. Bce nak camocToaTenHO n3amepBaHe Ha
D-gnmep He e gocTaThb4yHO 3a NOTBbPXKAABaHe Ha ava-
rHosata [5]. HactosiwmTte Hacokm Ha MexayHapogHOTO
OpyxecTBo no Tpombosa n xemoctasa (ISTH) npeno-
pbyBaT BanuaMpaH MoAern 3a OLeHKa, BK4YBaLL, Npo-
TpoMOMHOBO Bpeme, Bpoi Tpombountn, nbpuUHoreH
n D-anmep, KakTo 1 cepunHn namepsaHusa Ha D-guvep
3a MOHUTOpUpaHe Ha esontoumsaTa Ha AWK, konto ga
PBKOBOAAT KIMMHUYHOTO WM TepaneBTUYHOTO noBefe-
Hue. B pguarHoCTU4YHMA anropuTbMm, NPeasioXeH oT
ISTH, ctonHocTn Ha D-gumep Haa 3 ug/mL ce npyuemar
3a YMEPEHO MOBULLIEHN — 2 TOYKK, @ CTOMHOCTK Hapg, 7
Mg/mL ce cumTat 3a CUMHO NoBULLEHN — 3 TOUKM [49].

3AKNIOYEHUE

D-gonmep e mapkep Ha akTMBMpaHe Ha koaryrnauus-
Ta n pubpuHonusaTa n e eavH OT Harn-4ecTo HasHava-
BaHUTE XeMOCTa3HN TeCTOBE. AHaNUTUYHUTE METOAN Ce
XapakrtepusupaTt C BMCOKa YyBCTBMTEMHOCT N yMepeHa
crneuundmyHoct. CtaHgapTusaumaTa Ha nabopatopHuTe
MEeToaM e 3aTpyaHeHa nopagu nuncarta Ha cepTudunum-
paH yHMBepcaneH KanubpaunMoHeH CTanOapT, HAYMHbBT

tive study reported that among 1319 patients with a
confirmed diagnosis of acute aortic dissection, 1227
had D-dimer values above 500 ng/mL, providing a
sensitivity of 0.93 [46]. Data from a meta-analysis,
including 16 clinical studies and over 1000 patients
with acute aortic dissection, indicate a sensitivity of
D-dimer of 0.96 (95% CI 0.91-0.98) [47]. According
to the 2024 ESC guidelines for the management of
patients with peripheral arterial and aortic diseases,
when acute aortic dissection is suspected, the clini-
cal probability is assessed using a risk model — ADD-
RS (Aortic Dissection Detection Risk Score) — which
includes the patient’'s medical history with comor-
bidities, pain characteristics, and physical signs. A
negative D-dimer, in combination with instrumental
studies, can exclude the diagnosis in patients with
low clinical probability [48].

D-dimer and DIC syndrome

DIC syndrome is a life-threatening condition char-
acterized by the activation of coagulation with intravas-
cular thrombin generation and fibrin deposition, con-
sumption of clotting factors and platelets, and a risk of
organ dysfunction and death [3, 4]. Early diagnosis is
crucial for the implementation of appropriate treatment
aimed to eliminate the underlying cause of DIC — such
as sepsis, malignancy, trauma, obstetric complications,
etc. [10, 18]. Due to the high sensitivity of D-dimer, val-
ues within the reference range effectively rule out DIC.
However, D-dimer measurement alone is insufficient to
confirm the diagnosis [5]. Current guidelines from the
International Society on Thrombosis and Haemostasis
(ISTH) recommend a validated assessment model that
includes prothrombin time, platelet count, fibrinogen,
and D-dimer, as well as serial D-dimer measurements
to monitor the evolution of DIC, which should guide
clinical and therapeutic management. In the diagnostic
algorithm proposed by ISTH, D-dimer values above 3
pg/mL are considered moderately elevated (2 points),
and values above 7 pg/mL are considered markedly
elevated (3 points) [49].

CONCLUSION

D-dimer is a marker of coagulation and fibrino-
lysis activation and is one of the most frequently
ordered hemostasis tests. The analytical methods
demonstrate high sensitivity and low specificity. The
standardization of laboratory methods is difficult be-
cause of the lack of a certified universal calibration
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Ha cbobLLaBaHe Ha pe3ynTatuTe U MEpHUTE e4UHULM
CblLO He ca cTaHgapTuavpaHu. B cbBpemeHHuTe au-
arHoctuyHun anroputmun 3a BTE D-gumepsbT e knodoB
KOMMOHEHT B KOMOMHaUMsA C BanvMaupaHu ckanu 3a
OUEHKa Ha KruHMYHaTa BeposTHOCT. CTOMHOCTWM nof
npeaBapuTenHo AeduHupaH pasrpaHuyuTeneH npar
nossonsear 6e3onacHo oTxBbpnsiHe Ha BTE npw nauu-
€HTW C HUCKa OO0 YMepeHa KIMHMYHA BepoATHOCT. Norno-
XUTENHUAT pesynTaT M3NCKBa U3BbPLLBAHE Ha AOMb-
HUTENHM 06pa3HN n3cneaBaHns 3a NOTBbPXKAABAHE Ha
AvarHosarta, nopagu LUMPOKKS CNeKTbP OT 3abonssaHns
N CbCTOSIHWSA, KOUTO Ce XapakTepmampaT C MNOBULLEHWE
Ha D-gumep. lMNMpunaraHe Ha Bb3pacToOBO-KOPUIMpaH U
ajanTupaH KbM KIMHWYHATa BEPOSITHOCT pasrpaHuyu-
TeneH npar 3a oTxBbpnsiHe Ha BTE goeeae oo nogobps-
BaHe Ha KINvMHW4YHaTa nomnasa ot u3mepBaHe Ha D-gumvep
npv NaumMeHTV B HanpegHana Bb3pacT 1 npu nuuata ¢
HUCKa 0O YMepeHa KNUMHUYHa BeposaTHoCT. M3acneasaHe-
TO Ha D-gnmep e noneseH NHCTPYMEHT B NMPOrHOCTUYHA-
Ta oUeHKa Ha pucka oT peunamsupalLm Tpomoo3n, 0co-
BeHo npw nauueHTn ¢ HenposokmpaH BTE, n nognomara
AedUHNPaHETO Ha oNTUMAarHaTa NPOL4bIHKUTENHOCT Ha
aHTMKoarynaHTHata Tepanus. lpu naumeHTn ¢ ocTpa
aopTHa aucekaumsa D-gymep B KOMOMHaUUSI C OLEHKa
Ha KIMWMHWYHMTE CUMMTOMM € 4acT OT AMarHOCTUYHWSA
npouec. Npes3 nocneaHuTe roaMHN ca HaTpynaHn 4aHHU
3a ©GesonacHoO npunaraHe Ha MO-BUCOK pasrpaHuyuTe-
neH npar Ha D-guvep B KOMOUHAUUSI C HUCKA KITMHUY-
Ha BEPOATHOCT Npu BpeMeHHN xeHun. MIamepBaHeTo Ha
D-ovmep TpsibBa fa ce n3BbpLuBa B ONpeaeneHn K-
HWUYHW YCIOBUSA U MMa OrpaHnyeHa KnnH1u4Ha nonsa npu
HenogbpaHu amBynaTopHU NaUMEeHTH.

He e deknapupaH KOH¢hrukm Ha uHmepecu
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