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SAZETAK

Uvod: Od proglasenja KOVID-19 pandemije, testiranje D-dimera Cesto se koristi
unestandardnim i ¢esto neopravdanim indikacijama. Ovo je dovelo do pogresnih
dijagnoza, prekomernog sprovodenja dijagnostickih procedura i nepotrebnih
troSkova.

Prikaz slucaja: Bolesnica, stara 50 godina, javila se u sluzbu urgentne medicine
sa tegobama u vidu bola u grudima, kratkog daha, zamaranja i bola u levoj nozi.
U ucinjenim analizama uocen je povisen D-dimer (4,73 mg/I (N:<0,5)) zbog Cega
su iskljuceni tromboza dubokih vena, plu¢na tromboembolija, kao i KOVID-19.
Nakon toga u terapiju je uveden rivaroksaban u dozi od 10 mg/dan. Nakon se-
dam dana, D-dimer je i dalje rastao (17,52 mg/l), pa je umesto rivaroksabana
uveden nisko-molekularni heparin. Nakon jos pet dana, D-dimer je i dalje rastao
(27,26 mg/1), a u nalazu kompletne krvne slike (KKS) je uocena trombocitopeni-
ja (54 x 10°/1). Kako je 4T skor za heparinom indukovanu trombocitopeniju bio
5, uradena su anti-heparin/PF4 antitela koja su bila pozitivna (4+). U terapiju
je uveden fondaparinuks-natrijum, a pacijentkinja je upucena hematologu. Na
hematoloskoj kontroli je uoceno krvarenje po kozi i sluznici gingive. U labora-
torijskim analizama uoceni su pancitopenija (hemoglobin = 101 g/I; leukociti
(Le) = 1,7 x 10°/I; trombociti = 29 x 10%/1) i potrosna koagulopatija (/NR = 1,7;
aPTT =271 s; fibrinogen = 0,8 g/I; D-dimer = 30,9 mg/1). U¢injena je aspiracija
kostane srzi nakon cega je postavljena dijagnoza akutne monoblastne leukemije,
47, XX, + 12 [4] / 46, XX [16], FLT3-ITD, NPM1 — divlji tip.

Zakljucak: D-dimer je mocan dijagnosticki test ukoliko se koristi prema indika-
cijama. Nikada se ne sme sagledavati kao izolovan rezultat, a uvodenje terapije
samo na osnovu povisenih vrednosti D-dimera se ne savetuje.

Kljucne reci: akutna monoblastna leukemija, D-dimer, heparinom indukovana
trombocitopenija
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ABSTRACT

Introduction: Since the beginning of the COVID-19 pandemic, D-dimer testing
has been widely used in not-yet-approved indications. This has led to misdiagno-
sis, overuse of diagnostic procedures, and unnecessary costs.

Case report: Herein, we report the case of a 50-year-old female patient who
came to the emergency department with chest pain, shortness of breath, fatigue,
and pain in her right leg. Because of an elevated level of D-dimer (4.73 mg/I
(N:<0.5)), deep vein thrombosis and pulmonary embolism, as well as COVID-19
were excluded. Therapy with rivaroxaban, 10 mg/day, was initiated. Seven days
later, the D-dimer level continued to rise (17.52 mg/I), which was why rivarox-
aban was replaced with low molecular weight heparin (LMWH). After another
five days, the level of D-dimer continued to rise (27.26 mg/l). A complete blood
count revealed significant thrombocytopenia (54 x 10%/1). As the 4Ts score for
heparin-induced thrombocytopenia was 5, the anti-heparin/PF4 antibody test
was performed, and it came back strongly positive (4+). LMWH was replaced
with fondaparinux sodium, and the patient was referred to a hematologist. On
examination, cutaneous bleeding and gingivorrhagia were present. Laborato-
ry analyses registered pancytopenia (hemoglobin = 101 g/I; white blood cell
count = 1.7 x 10/l; platelet count = 29 x 10°/I) and consumption coagulopathy
(INR=1.7; aPTT = 27.1 5; fibrinogen = 0.8 g/I; D-dimer = 30.9 mg/I). Bone mar-
row aspirate was analyzed and the diagnosis of acute monoblastic leukemia, 47,
XX, +12 [4] / 46, XX [16], wild type FLT3-ITD and NPM1, was established.

Conclusion: D-dimer is a powerful diagnostic tool when used properly. It should
never be treated as a single, isolated result and the decision to introduce antico-
agulant therapy should never be made based on its value alone.

Keywords: acute monoblastic leukemia, D-dimer, heparin-induced
thrombocytopenia
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uvoD

Molekuli D-dimera nastaju kao rezultat razgradnje fi-
brinskih polimera. U svakodnevnoj praksi, D-dimer slu-
Zi kao marker aktivacije koagulacionih i fibrinolitickih
sistema [1,2]. Indikacije za testiranje D-dimera, kao $to
je iskljucivanje venske tromboembolije, procena rizika
od ponovne tromboze, i dijagnoza i le¢enje disemino-
vane intravaskularne koagulacije (engl. disseminated
intravascular coagulation — DIC), su jasno definisane [3].
Medutim, od pocetka pandemije KOVID-19, testiranje
D-dimera se Siroko koristi u neopravdanim indikacija-
ma. Ovo moze da dovede do prekomerne upotrebe ra-
zlicitih dijagnosti¢kih metoda snimanja i nepotrebnih
troskova [4].

Prikazujemo sluc¢aj pacijentkinje kod koje je nea-
dekvatno testiranje D-dimera dovelo i do neadekvatne
terapije antikoagulansima, komplikovane heparinom
izazvanom trombocitopenijom, krvarenjem i odloze-
nom dijagnozom akutne leukemije.

PRIKAZ SLUCAJA

Pacijentkinja, stara 50 godina, dosla je u Urgentni cen-
tar (UC) zaledi se na bol u grudima, koji je bio prisutan
prethodna dva dana i javljao se na 15 minuta. Tako-
de se zalila se na kratak dah, zamaranje i bol u desnoj
nozi, $to je bilo prisutno prethodna tri dana. U li¢noj
anamnezi, prijavila je arterijsku hipertenziju, displazi-
ju dojke i KOVID-19, prelezan osam meseci pre ovog
pregleda. Pacijentkinja je bila nepusac i nije prijavila
tromboti¢ne dogadaje u svojoj porodi¢noj anamnezi.

Lekar koji ju je pregledao je naloZio da se urade labo-
ratorijske analize, iako je sam pregled pacijentkinje dao
uredan nalaz i elektrokardiogram je bio normalan. Kom-
pletna krvna slika je pokazala leukopeniju (3,2 x 10%/1) sa
normalnom leukocitarnom formulom, kao i nnormalne
vrednosti hemoglobina i trombocita. U to vreme nije ra-
den razmaz periferne krvi. Utvrden je povisen nivo laktat
dehidrogenaze (LDH) (534 U/l (N:<460)) kao i D-dimera
(4,73 mg/l (N:<0,5)). Sr¢ani markeri (troponin T i kreatin
kinaza MB) su bili normalni. KOVID-19 je isklju¢en an-
tigenskim testom, a kasnije i testiranjem polimerazne
lancane reakcije (engl. polymerase chain reaction testing
— PCR). Velsovi kriterijumi za duboku vensku trombozu
(DVT) [5] i pluénu emboliju (PE) [6] tada nisu izra¢unati,
ali je retrospektivno izracunavanje pokazalo vrednost od
1 (grupa umerenog rizika) za DVT i vrednost od 3 (grupa
umerenog rizika) za PE. Uradena je kompjuterizovana
tomografska angiografija (engl. computed tomography
angiography — CTA) plu¢ne arterije i nisu otkriveni znaci
tromboembolije. Uvedena je terapija rivaroksabanom u
dozi od 10 mg/dan i pacijentkinja je otpustena.

Dva dana kasnije, uradena je dupleks ultrasono-
grafija donjih ekstremiteta sa normalnim nalazom. Se-

LESSONS LEARNT FROM INAPPROPRIATE D-DIMER TESTING — CASE REPORT

INTRODUCTION

D-dimer molecules are formed as the result of the
degradation of fibrin polymers. In everyday practice,
D-dimer serves as a marker of the activation of coag-
ulation and fibrinolytic systems [1,2]. Indications for
D-dimer testing, such as exclusion of venous thrombo-
embolism, assessment of risk of recurrent thrombosis,
and the diagnosis and management of disseminated
intravascular coagulation (DIC), are clearly defined [3].
However, since the beginning of the COVID-19 pan-
demic, D-dimer testing has been widely used in not-
yet-approved indications. This may lead to the overuse
of imaging diagnostics and unnecessary costs [4].

We present the case of a patient wherein inappro-
priate D-dimer testing led to inadequate anticoagulant
therapy complicated with heparin-induced thrombo-
cytopenia, bleeding, and delayed diagnosis of acute
leukemia.

CASE REPORT

A 50-year-old female patient came to the emergency
department (ED) with chest pain, lasting two days pri-
or and occurring at 15-minute intervals. Moreover, she
complained of shortness of breath, fatigue, and pain in
the right leg, which had been present for three days.
In her personal history, she reported arterial hyperten-
sion, mammary dysplasia, and COVID-19, eight months
prior to the exam. She was a non-smoker and reported
no thrombotic events in her family history.

The attending physician ordered laboratory tests,
although her physical exam and electrocardiogram
were normal. A complete blood count revealed leu-
kopenia (3.2 x 10%1) with a normal differential and a
normal hemoglobin level and platelet count. At the
time, a blood smear was not performed. The level of
lactate dehydrogenase (LDH) was elevated (534 U/I
(N:<460)) as well as D-dimer (4.73 mg/I (N:<0.5)). Cardi-
ac enzymes (troponin T and creatine kinase MB) were
normal. COVID-19 was excluded with antigen, and lat-
er, with polymerase chain reaction (PCR) testing. Wells
criteria for deep venous thrombosis (DVT) [5] and pul-
monary embolism (PE) [6] were not calculated at that
point, but retrospective calculation showed values of
1 (moderate risk group) for DVT and 3 (moderate risk
group) for PE. Computed tomography angiography
(CTA) of the pulmonary artery was performed and re-
vealed no signs of thromboembolism. Therapy with ri-
varoxaban, 10 mg/day, was introduced and the patient
was discharged.

Two days later, duplex ultrasonography of the
lower extremities was performed with a normal find-
ing. Seven days later, D-dimer levels continued to rise
(17.52 mg/l). Rivaroxaban was replaced with a prophy-
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dam dana kasnije, nivoi D-dimera su nastavili da rastu
(17,52 mg/l). Rivaroksaban je zamenjen profilakti¢ckom
dozom heparina niske molekularne tezine (engl. low
molecular weight heparin — LMWH). Pacijentkinja je
upucéena na mamografiju i kod ginekologa. Mamogra-
fija nije pokazala znakove maligniteta. CT nalaz abdo-
mena je bio normalan.

Posle joS pet dana, D-dimer i LDH su nastavi-
li da rastu (27,26 mg/l i 1.730 U/l). KKKS je poka-
zala znacajnu trombocitopeniju (54 x 10%1), uz le-
ukopeniju (Le = 2,4 x 10%/I; neutrofili = 1,3 x 10%I;
limfociti = 0,8 x 10%/I; monociti = 0,2 x 10%1), dok je nivo
hemoglobina bio normalan (124 g/l). Posto je 4Ts skor
za heparinom indukovanu trombocitopeniju (HIT) bio
5 [7], uraden je test antitela na heparin-PF4, koji je bio
snazno pozitivan (4+). LMWH je zamenjen fondapari-
nuks-natrijumom, a pacijent je upuc¢en hematologu.

Prilikom pregleda u nasem centru, konstatovano je
kozno krvarenje na mestima punkcije vene i mestima
davanja LMWH-a, uz difuzne petehije ekstremiteta i
gingivoragiju. Laboratorijskim analizama je registrova-
na pancitopenija (hemoglobin = 101 g/I; MCV = 84,8 f],
Le = 1,7 x 10%/I; trombociti = 29 x 10%/1), potrosna koa-
gulopatija (INR=1,7;aPTT=27,1s; fibrinogen=0,8g/|;
D-dimer = 30,9 mg/I; ISTH DIC skor = 7) [8]. U razmazu
periferne krvi su otkriveni sledeci elementi: neutrofili
38%, limfociti 46%, monociti 4%, bazofili 1%, metami-
jelociti 1%, mijelociti 3% i limfoidni elementi 7%. Istog
dana je analiziran aspirat koStane srzi i postavljena di-
jagnoza akutne monoblastne leukemije (AML), 47, XX,
+12[4]/ 46, XX [16], FLT3-ITD i NPM1 - divlji tip (Slika 1).

Indukciona hemioterapija, koja se sastojala od idaru-
bicina i citarabina, zapoceta je zajedno sa suportivhom
terapijom za DIC [9]. Posle &etvrtog dana leenja nisu
bili prisutni znaci potrosne koagulopatije (Grafikon 1).

lactic dose of low molecular weight heparin (LMWH).
The patient was referred for a mammography and to
a gynecologist. The mammography showed no signs
of malignancy. The abdominal CT finding was normal.

After another five days, D-dimer and LDH contin-
ued torise (27.26 mg/l and 1,730 U/I, respectively). CBC
revealed significant thrombocytopenia (54 x 10%1),
along with leukopenia (WBC = 2.4 x 10%I; neutrophils
=1.3x10%I; lymphocytes = 0.8 x 10%/]; monocytes = 0.2
x 10%/1), while the hemoglobin level was normal (124
g/l). As the 4Ts score for heparin-induced thrombocy-
topenia (HIT) was 5 [7], the anti-heparin-PF4 antibody
test was performed, and it came back strongly positive
(4+). LMWH was replaced with fondaparinux sodium,
and the patient was referred to a hematologist.

On examination at our center, cutaneous bleeding
was noted at the venepuncture and LMWH application
sites, along with diffuse limb petechiae and gingivor-
rhagia. Laboratory analyses registered pancytopenia
(hemoglobin =101 g/I; MCV = 84.8 fl, WBC = 1.7 x 10%/I;
PC =29 x 10%/1), consumption coagulopathy (INR=1.7;
aPTT =27.1 s; fibrinogen = 0.8 g/I; D-dimer = 30.9 mg/I;
ISTH DIC score = 7) [8]. The peripheral blood smear re-
vealed the following elements: neutrophils 38%, lym-
phocytes 46%, monocytes 4%, basophils 1%, metamy-
elocytes 1%, myelocytes 3%, and lymphoid elements
7%. The bone marrow aspirate was analyzed on the
same day, and the diagnosis of acute monoblastic
leukemia (AML), 47, XX, +12 [4] / 46, XX [16], wild-type
FLT3-ITD and NPM1, was established (Figure 1).

Induction chemotherapy treatment comprising
idarubicin and cytarabine was initiated along with sup-
portive measures for DIC management [9]. After the
fourth day of treatment, no signs of consumption co-
agulopathy were present (Graph 1). Fondaparinux was

Slika 1. Aspirat koStane srZi koji prikazuje infiltraciju leukemijskim blastima;
100x; Mej-Grinvald-Gimza metoda bojenja

Figure 1. The bone marrow aspirate showed infiltration of leukemic blasts; 100
X; May-Griinwald Giemsa staining
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Pre dijagnostikovanja AML-a
Before AML diagnosis

PLT 54 INR 1.7 ‘
e PIT 114 INR 1.5 fib ‘
fib. 1.4 g/L D-d
PLT 178 |NR 1.1 D-dirmer 27.36 :
INR 1.05 fib. 2.3 g/L
fib. 3.3 D-dimer 17.53

D-dimer 4.73

Nakon zapocinjanja terapije za AML
After the start of AML therapy

° PLT 112
INR 1.14

PLT 59

fib. 2.6 g/L
LAl lNR 123 D-dimer 33.52 -
INR 1.66 fib.2.1g/L .
fib. 1.0 D-dimer 115

D-dimer 385.95

Grafikon 1. Pokazatelji koagulopatije pre i nakon otpocinjanja lecenja

AML: AML - akutna monoblasna leukemija; PLT - broj trombocita; INR -
internacionalni normalizovani odnos; fib. - fibrinogen; DO - dan dijagnoze; D1
- dan otpocinjanja lecenja

Fondaparinuks je davan u periodu od Cetiri nedelje. As-
pirat koStane srzi procenjen 27. dana lec¢enja pokazao je
da je pacijentkinja postigla kompletnu remisiju.

DISKUSUJA

D-dimer je koristan i jeftin test, lako dostupan u vecini
bolnica. Pruza relevantne dijagnosticke i prognosticke
podatke u dijagnostici pacijenata kada se koristi na
odgovarajuci nacin [1]. Medutim, studije koje se bave
primenom analize D-dimera u praksi su otkrile da je
40% - 60% izvrsenih testova nepotrebno [10,11]. Jed-
nom merene, visoke vrednosti D-dimera se ne mogu
zanemariti, imajudi u vidu potencijalno fatalne kom-
plikacije kao sto je PE [12]. Ovo moze dovesti do feno-
mena poznatog kao dijagnosti¢ka kaskada koji ima za
posledicu sprovodenje jos vise dijagnostickih testova,
neprijatnost za pacijenta, Stetu po pacijenta i poveca-
nje troskova zdravstvene zastite [10,11].

U nasem slucaju, glavni razlog nepotrebnog testi-
ranja je ubrzavanje protoka pacijenata u Urgentnom
centru. Prijavljeno je da u nekim ambulantama urgen-
tne medicine testove krvi vrSe medicinske sestre i po-
moc¢no zdravstveno osoblje pre lekarske procene kako
bi se smanjilo vreme koje pacijent provodi u urgentnoj
sluzbi. Ovakva praksa je dovela do nepotrebne dijagno-
stike, ¢ak i kod pacijenata sa jasnom dijagnozom [12].

Nadalje, neadekvatna primena D-dimera moze biti
posledica nedostatka jasnog razumevanja ogranicenja

Graph 1. Coagulopathy-related parameters before and after AML treatment:
AML - acute monoblastic leukemia; PLT — platelet count; INR — international
normalized ratio; fib. — fibrinogen; DO — day of diagnosis; D1 — day when the
treatment started

administered for a period of four weeks. Bone marrow
aspirate assessed on the 27" day of treatment showed
that the patient had achieved complete remission.

DISCUSSION

D-dimer is a useful and inexpensive test, readily avail-
able in most hospitals. It provides relevant diagnostic
and prognostic information in patient workup when
used appropriately [1]. However, studies looking at re-
al-world D-dimer testing have found that 40% - 60%
of the tests performed are unnecessary [10,11]. Once
measured, high D-dimer values cannot be ignored,
bearing in mind potentially fatal complications such as
PE [12]. This can lead to a phenomenon known as the
diagnostic cascade resulting in more diagnostic tests
as well as patient discomfort, harm to the patient, and
increased healthcare costs [10,11].

In our case, the main reason for unnecessary testing
is speeding up the patient flow in the ED. It has been
reported that in some EDs, blood tests are performed
by nurses and healthcare assistants before medical
assessment so as to reduce the time that the patient
spends in the ER. This practice has led to unnecessary
diagnostics, even in patients with a clear diagnosis [12].

Furthermore, the inappropriate use of D-dimer
may be due to the lack of a clear understanding of the
limitations of this test. There is a general perception
that a D-dimer test is the investigative tool of choice
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ovog testa. Postoji opsta percepcija da je D-dimer test
analiza prvog izbora za dijagnozu venske tromboem-
bolije kod svakog pacijenta, a da se pri tom dovoljno
ne razmatranja klinicki status pacijenta i komorbidite-
ti [13]. D-dimer moze biti povisen u brojnim stanjima.
Studija koju su sproveli Sut i saradnici pokazala je da su
medu pacijentima sa izuzetno povisenom vredno3c¢u
D-dimera (> 10 xiznad grani¢ne vrednosti) prisutna sle-
deca stanja: plu¢na embolija (32%), malignitet (29%),
sepsa (24%), trauma/operacija (24%), te duboka venska
tromboza (13%). Zbog toga ovi autori sugeriSu da ek-
stremno povisen nivo D-dimera moze ukazati na ma-
lignitet ¢ak i u prisustvu tromboze [14]. Ukoliko znamo
da procenimo koji pacijenti ¢e imati koristi od testiranja
D-dimera i umemo da ih adekvatno identifikujemo pri-
likom prijema u ambulantne urgentne medicine, sma-
njicemo broj nepotrebnih snimanja [1]. Pokazalo se da
D-dimer treba testirati samo kod pacijenata sa malom
klinickom verovatnocom za vensku tromboemboliju,
nakon procene skorova klini¢ke verovatnoce. Kod onih
sa velikom klinickom verovatno¢om, malo je verovatno
da ce ovaj test imati znacajan klini¢ki dorinos [13].

Slucaj nase pacijentkinje pokazuje da zapocinjanje
terapije antikoagulansima bez jasno utvrdenog razloga
povisenog D-dimera moze dovesti do razli¢itih kompli-
kacija i odloZene dijagnoze. Jedna od prvih komplika-
cija kod nase pacijentkinje je bila heparinom indukova-
na trombocitopenija — HIT. Kod pacijenata sa HIT-om,
broj trombocita se ¢esto vraca na bazalni nivo nakon
prestanka le¢enja derivatima heparina. Medutim, kod
nase pacijentkinje, trombociti su nastavili da opadaju
¢ak i nakon sto je prekinuto davanje LMWH-a. Dalji te-
stovi i klini¢ki pregled otkrili su DIC (ISTH DIC skor = 7).
Prevalencija DIC-a kod akutne leukemije varira u razli-
¢itim studijama izmedu 8,5% i 25% medu pacijentima
sa ne-akutnom promijelocitnom AML i akutnom lim-
foblastnom leukemijom [15]. Kod nase pacijentkinje,
DIC je verovatno bio uzrokovan osnovnom bolescu,
odnosno AML-om, medutim, treba uzeti u obzir i DIC
povezan sa HIT-om, $to bi mogla biti jo$ jedna kompli-
kacija neadekvatne upotrebe LMWH-a [16].

ZAKLJUCAK

D-dimer je odlican dijagnostic¢ki pokazatelj, kada se
pravilno koristi. Nikada se ne sme sagledavati kao izo-
lovan rezultat, a odluku o uvodenju antikoagulantne
terapije nikada ne treba donositi samo na osnovu nje-
gove vrednosti. Na ovaj nacin se mogu izbedi ozbiljne
komplikacije, kao 3to su krvarenje ili HIT. S druge stra-
ne, treba izvrsiti detaljnu dijagnosticku obradu kod
pacijenata sa povisenim D-dimerom i nista se ne sme
prenebregnuti.

Sukob interesa: Nije prijavljen.

Panti¢ N. etal.

for the diagnosis of venous thromboembolism in any
patient, without enough consideration having been
given to their clinical status and comorbidities [13].
D-dimer can be elevated in numerous conditions. A
study by Schutte et al. showed that among patients
with extremely elevated D-dimer levels (> 10 x cut-
off), the following conditions were present: pulmonary
embolism (32%), cancer (29%), sepsis (24%), trauma/
surgery (24%), and deep vein thrombosis (13%). This is
why these authors propose that an extremely elevated
D-dimer level should raise suspicion of cancer even in
the presence of thrombosis [14]. Knowing which pa-
tients will benefit from a testing the D-dimer level and
selecting them appropriately in the ED will reduce un-
necessary imaging tests [1]. It has been shown that a
D-dimer test should be requested only in patients with
a low clinical probability of venous thromboembolism
after the assessment of the clinical probability scores.
In those with high clinical probability, this test is un-
likely to add any useful diagnostic value [13].

The case of our patient shows that starting antico-
agulant therapy without a clearly determined reason
for D-dimer elevation can lead to different complica-
tions and delayed diagnosis. One of the first compli-
cations in our patient was HIT. In patients with HIT, the
platelet count often returns to basal levels after the
cessation of treatment with heparin derivates. Howev-
er, in our patient, PC continued to decline even after
LMWH was discontinued. Further tests and a physical
examination revealed DIC (ISTH DIC score = 7). The
prevalence of DIC in acute leukemia varies in different
studies between 8.5% and 25% among non-acute pro-
myelocytic AML and acute lymphoblastic leukemia pa-
tients [15]. In our patient, DIC was probably caused by
the underlying AML, however, we should also take into
consideration HIT-associated DIC, which could be an-
other complication of the inappropriate use of LMWH
[16].

CONCLUSION

D-dimer is a powerful diagnostic tool when used prop-
erly. It should never be treated as a single, isolated re-
sult and the decision to introduce anticoagulant ther-
apy should never be made based on its value alone.
In this way, serious complications like bleeding or HIT
may be avoided. On the other hand, thorough diagnos-
tic workup in patients with elevated D-dimer should
be performed and nothing ought to be overlooked.
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