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INTRODUCTION

Heparin was discovered approximately a centuryagbhas been used for the
therapy and prophylaxis of venous thromboembolisntes the late 1930s.
Heparin-induced thrombocytopenia (HIT) is a rarejt Hife-threatening
complication of heparin therapy. It is an immunedmaged disorder caused by
platelet activating 1gG type autoantibodies to gkt factor 4 (PF4)/heparin
complexes. PF4 bound to heparin expresses immuimogeaepitopes that can
provoke the production of IgG type antibodies. Thd?F4/heparin/lgG
complexes can induce strong platelet activation thair Fglla receptors
resulting in further release of PF4, procoagulamtgns and microparticles.
Development of thrombocytopenia can be explain@tigily by consumption.
HIT antibodies can also activate endothelial cal&l monocytes leading to
further procoagulant changes. Based on these misamsn despite the
thrombocytopenia and administration of heparin, kiRssociated with a high
risk of arterial and venous thromboembolism.

However, clinically overt HIT develops only in teenall proportion of the cases
associated with the presence of antibodies to RpB&fim complexes. Therefore,
detection of autoantibodies usually is requiredtha diagnosis, but itself alone
cannot prove HIT.

HIT usually features a real or relative (plateletiat fall > 50% of the baseline)
thrombocytopenia associated with new arterial arous thrombosis (HITT) in
50% of the cases during heparin therapy. Diffetgpes of HIT are known
according to the temporal development of thrombmupghia. Typical onset HIT
occurs between days 5 and 10 of heparin adminmtraRapid fall in the
platelet count appears within 24 hours after thigairon of heparin in cases of
rapid onset HIT. Only few and sporadic cases ofaykl onset HIT and
spontaneous HIT were reported.



Other causes of thrombocytopenia should be coresider cases of suspected
HIT (EDTA-induced thrombocytopenia, antiphosphdaligiyndrome, sepsis etc).
Suspicion of HIT usually arises from the clinicaluecse. The 4T's and HEP
score modells can help to estimate the likelihobéld based on the clinical
picture. Two major categories of laboratory assagsavailable for the detection
of antibodies against PF4/heparin complexes. Fomatitests detect evidences
of platelet activation in the presence of hepaemdnstrating HIT antibodies
indirectly. Immunological assays, primarily the B tests specifically and
directly identify antibodies to PF4/heparin. Théssts are widely available and
very sensitive with a moderate specificity, wher&asctional tests have got
high specificity but limited availability. Antibods to PF4/heparin complexes
can be detected for 3-4 months after the episoddTof

Early diagnosis and prevention of further complmad should be the main
purposes of HIT/T management. When HIT is suspediiactally, all types of
heparin should be withheld and one of the direcbrtibin inhibitors (DTI)
(recombinant hirudin, bivalirudin, argatroban) actor Xa (FXa) inhibitors
(danaparoid, fondaparinux) initiated. The anticdagu effect of DTIs is
monitored by using the activated partial thrombsipta time (aPTT). If
monitoring of indirect FXa inhibitors is requirethe anti-Xa level is the
recommended test. Special attention should be getibegarding the initiation
of vitamin K antagonist (VKA) due to the high risk coumarin-induced skin
necrosis and venous limb gangrene in HITT.

It may be very difficult to make a distinction ben HITT and
antiphospholipid syndrome (APS) in the clinical giree. HITT and APS have
substantial overlaps and similarities regardinghbitte pathomechanism and
clinical signs. Laboratory tests may also causdusions, since antibodies to
PF4 without any potential to induce HIT are oftetedted by ELISA in APS.
Theoretically, the incidence of antiphospholipidilaodies (APAs) may also be
higher in HIT. However, large study has not beehligsbed in this topic.



The main clinical manifestations of APS are throsdm and/or obstetric
complications associated with the presence of stersi IgG and/or IgM type
APAs, such as anti-cardiolipin (aCL), afGPl antibodies and/or lupus
anticoagulant (LA). Although aCL and afi2GPI are detected by ELISA,
detection of LA is much more complicated.

For LA screening, two different phospholipid-depent laboratory tests that
represent different coagulation pathways shoulgdr®ormed. Diluted Russell
viper venom time (dRVVT) and an aPTT-based assdk fow phospholipid
content are the recommended tests.

Diluted prothrombin time (dPT) using recombinanbthboplastin reagent also
provides a widely used, reliable assay with highsggvity for LA.

Laboratory tests for LA can be influenced by di#etr anticoagulants due to the
prolonged basal clotting times. Limited amountrdbrmation is available about
the effect of the widely used low molecular weidtgparins (LMWH) and
anticoagulants used in HIT such as DTIs or FXahnmbis on LA tests.
However, in certain medical conditions detection L&A may be required
immediately regardless of the acute thrombotic even the treatment.
Accordingly, it is important to have exact informaet about the effects of
different anticoagulant drugs on the interpretatioh LA tests. In vitro
experiments demonstrated that concentrations oérivep or DTIs in plasma
within the therapeutic range could potentially nfpdithe results and
interpretation of dRVVT based on the examinationcommon coagulation
pathway and LA sensitive aPTT tests based on tlangmation of intrinsic
coagulation pathway. Lepirudin and the FXa inhitstased in HIT have not
significant effect on prothrombin time. Therefonge intended to examine
whether these drugs have effect on LA tests basedhe examination of
extrinsic coagulation pathway. These experimentevadso important because
the dPT-based LA test is part of the algorythm Afdetection in the University

of Debrecen.



OBJECTIVES

1. To investigate the presence of antiphospholipidbadtes in HIT/T. We
retrospectively analyzed data of our patients habped for HIT/T
between 2004 and 2011 in the 2nd Department of ditesliof the

University of Debrecen.

2. To analyze, report in details and highlight HIT emashaving unique
peculiarities and rare manifestations or previousigeported associations

of these rare symptoms with scientific significance

3. To determine the effect of parenteral anticoagutimigs used in HIT
(lepirudin, danaparoid, argatroban and fondapajirand enoxaparin on
dPT ratio and interpretation of LA tests based Bii.d



MATERIALS AND METHODS

Retrospective study of our patients with HIT/T

Patients:We retrospectively studied 12 patients with thegdasis of HIT/T
who were hospitalized in the 2nd Department of e of the University of
Debrecen between 2004 and 2011. Heparin-induceamttwcytopenia was
considered present if all of the following criterieere met: 1. a 50% or greater
decrease in the platelet count under heparin tgeeaqul 2. the likelihood of HIT
was high based on the clinical course accordinrgl®and/or HEP score system
(4Ts and or HEP scoreb); and 3. a positive serologic test for HIT.
Methods: The available laboratory tests for HIT antibodiesrevnot constant
and they were changing and improved in time.

Particle gel immunoassay (PaGIA) (DiaMed AG) andZbfSA (Zymutest HIA
IgG, Hyphen BioMed) were performed as immunologitasts for HIT
antibodies in case of each patient.

One of the following functional tests for HIT waserformed if immunological
test(s) had provided a positive result.

Heparin-induced platelet aggregation (HPAG): P#tehggregation was
measured using a Chrono-Log 660 aggregometer (kaverPA). Patient’s
platelet-poor plasma (PPP) and heparin was addéeatihy voluntary blood
donor’'s platelet rich plasma, then platelet aggiega was measured.
Development of platelet aggregation in the preseotdow concentration
heparin (0.3 IU/mL) suggests the diagnosis of HIT/T

Flow cytometric assay for HITThe increased ability of activated platelets to

bind annexin-V was measured in the presence ofrimepa flow cytometry
(FACScan, Beckton Dickinson).

Detection of LA: Measurements of LA-sensitive aPTT (PTT-LA, Diagiuzs
Stago) and dPT ratio (Siemens) were performed asesing tests for LA

according to the manufacturer’s instructions. dfiorwas determined using
1:50 and 1:500 dilutions of thromboplastin (InngvibA-sensitive aPTT with



1:1 proportion of patient PPP:normal pooled plasvaa carried out as a mixing
study, while hexagonal phospholipid test (Staclét Diagnostica Stago) was
used as a confirmatory step.

Detection of aCL and anfi2GPI antibodiesBoth aCL (Quanta Lite™ ACA
IgG IlI, IgM 111) and antif2GPI (Quanta Lite™p2 GPI IgG, IgM, INOVA

Diagnostics Inc.) antibodies were detected by ELISA

Effects of alternative anticoagulants used in HIT ad enoxaparin on the
lupus anticoagulant screening tests based on dPT

LA-negative group After written informed consent, a blood sampleswa

obtained from 25 healthy voluntary blood donorshwibb recent use of non-
steroidal anti-inflammatory drugs or any type ofi@yagulants.

LA-positive group. Adults previously identified as positive for LA ithe

absence of oral or parenteral anticoagulant thesapyed as the blood donors of
LA-positive samples in the study. LA was diagnosedording to the revised
and standardized criteria proposed by the Intesnati Society of Thrombosis
and Haemostasis.

Platelet-poor plasma of both LA-negative and LA#pws individuals was used
to determine the in vitro effects of different aotgulants on dPT and dPT
ratio. Normal pooled plasma was used to investigtte therapeutic
concentrations of DTIs, as well as the effect @bmhboplastin reagent dilution
on dPT ratio.

Anticoagulants.Lepirudin (50 mg Refludan) and argatroban (250 2¥ginL

Argatra) were prepared according to the manufactuiastructions. Single-
dose, prefilled syringes of fondaparinux (2.5 mgi@dL Arixtra), enoxaparin
(10 000 anti-Xa units/mL Clexane) and danaparoidutem (750 anti-Xa
units/0.6 mL Orgaran) did not require additionapmaration.

Increasing concentrations including the therapergige of these drugs were

added to plasma samples. Samples containing faseorinhibitors were



investigated in the absence as well as in the peesef heparinase (Hepzym,
Siemens).

Coagulation testsProthrombin time (PT) and aPTT were determinedaan

automated coagulometer (BCS-XP, Siemens) usingvinremd Pathromtin SL

(Siemens), respectively.

Factor Xa inhibitor concentrations of the suppletednplasma samples were
determined using anti-Xa assay (Berichrom HepaBigmens). A Siemens
LMWH calibrator was used to determine the conceioinaof enoxaparin and

danaparoid. A fondaparinux calibrator (Diagnostteego) was applied for

measuring the concentration of fondaparinux.

Diluted prothrombin time was determined on BCS-X&agulometer using

different dilutions of Innovin reagent (1:50, 1:10D200, 1:500; diluted with

physiologic saline solution). Diluted prothrombimé ratio, calculated as the
dPT of plasma under investigation (test plasmaiddiv by the mean value of
pooled normal plasma, was used for LA-screeningPA ratio of 1.2 is used in

our laboratory as the cutoff value, based on oewipus experiments. A dPT
ratio higher than 1.2 suggests the presence of LA.

Statistics.To assess the correlation between dPT ratio angl concentrations

or coagulation time ratios the Pearson correlatoefficient (r) was calculated
using linear regression analysis. Correlation wassitlered to be statistically
significant at p < 0.05. Statistical analysis wasmeal with GraphPad Prism 4
software (GraphPad Software).

The study was approved by the local ethics comeitfehe university.



RESULTS

12 patients with HIT were hospitalized at our dépant between 2004 and
2011. Laboratory assessment for APAs were performelD of 12 cases and
eight of them had got at least one type of APA (a@hti{2GPI and/or LA).
Only LA tests with positive results were performedfour patients; three of
them were treated with lepirudin. Although lepimuaian potentially modify the
interpretation of dRVVT and LA-sensitive aPTT tests effect on dPT based
LA tests was not known. Therefore, before furthealeation of our patients’
data, in vitro experiments were planned to deteentlme impact of different
anticoagulants used in HIT on LA testing based Bf.d

Effects of alternative anticoagulants used in HIT ad enoxaparin on the
lupus anticoagulant screening tests based on dPT

Therapeutic concentrations of DTIs and their effext coagulation tests

Argatroban and lepirudin were added to pooled nbrplasma and dose-
response curves were generated by measuring thE aiirPT.Dose-response
curves of aPTT fitted by nonlinear regression waanalar for both lepirudin and
argatrobankor lepirudin 1.5 to 2.0 times the baseline aPT3 lbeen considered
therapeutic for anticoagulation, which corresportds0.26 to 0.67ug/mL
lepirudin concentrations in our study. PT showedsignificant prolongation
with increasing concentration of lepirudin. The aetnended target aPTT is
1.5- to 3.0-fold of the baseline value during amglagn treatment, which
corresponds to 0.3 to 2yiy/mL concentrations according to our data. In the
case of argatroban there was a pronounced PT jgation.

Effect of thromboplastin reagent dilution on dPHalPT ratio

Because laboratories may use various reagent ctvattens, we determined
their impact on dPT values at 4 different thromlasph dilutions: 1:50, 1:100,
1:200, and 1:500. Using pooled normal plasma, thesgeriments were
performed in the presence of predefined final cotre¢éions of each drug. Our

10



data indicated a linear correlation between the d&io and the degree of
Innovin reagent dilutions in the case of each dexgept for lepirudin.
Increasing dilutions of thromboplastin resultednareasingly longer dPT and a
higher dPT ratio. In view of these findings, thenarkedly different (1:50 and
1:500) dilutions of Innovin were applied to covdretwhole range of the
commonly used dilutions in our subsequent experimen

Effect of DTIs on dPT ratio in LA-negative samples

In the presence of DTIs, the dPT ratio was increéasetably in a dose-
dependent manner. In the case of the individualne8ative plasma samples
containing clinically relevant concentrations opiteidin, dPT ratio showed a
linear increase in relation to increasing aPTToradPTT ratios greater than 1.19
(above 0.03ug/mL lepirudin) and 1.38 (above 0.u§/mL lepirudin) resulted in
a dPT ratio greater than 1.2 in 1:500 and 1:50 ynmdilutions, respectively.
These results show that dPT ratio exceeds thefotdhfe even in the presence
of subtherapeutic lepirudin concentrations.

The cutoff value of the dPT ratio had already beeached at the lowest
(subtherapeutic) argatroban concentration (Qu8/mL) in our study,
corresponding to a 1.4 aPTT ratio with both 1:5@ ar600 Innovin reagent
dilutions, leading to false-positive interpretatioinL_A.

Effect of factor Xa inhibitors on dPT ratio in LAegative samples

The dPT ratio showed a linear increase in relatiomcreasing anti-Xa values
in samples spiked with the different factor Xa hitors. However, there were
differences in the slope of fitted regression lindfie calculated anti-Xa
activities required to achieve 1.2 dPT ratio witbQD Innovin reagent dilution
were as follows: 0.32 IU/mL anti-Xa, 0.4#/mL and 0.13 IU/mL anti-Xa in
the presence of danaparoid, fondaparinux and emoxgpespectively. In the
same context, the calculated anti-Xa activitiehwlit50 Innovin reagent were
0.87 IU/mL anti-Xa, 1.59g/mL and 0.44 IU/mL anti-Xa in the presence of

danaparoid, fondaparinux and enoxaparin, respgtiv
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dPT ratios returned to the basal value after hepae treatment only in samples
containing enoxaparin, whereas in the presencemufaparinux and danaparoid,
dPT ratio decreased, but remained elevated, maintpithe false-positive
results in spite of the presence of heparinase.

Effect of anticoaqulants on dPT and dPT ratio inph@sitive samples

In cases of LA-positive samples, the dPT ratio skwbviurther increase after
using any of the studied anticoagulants. Howevanjlarly to LA-negative
samples, dPT ratio also decreased to the basehihee \vafter addition of

heparinase without causing false-negative resuhamresence of enoxaparin.

Retrospective study of our patients with HIT/T

Patients being tested for only LA under DTI, damajsh or fondaparinux
therapy (3/12) or not tested for APAs at all (2/1#23re excluded from the
further investigation according to our in vitro expnents.

Subjects of the study had severe HIT associateld ariterial (1/7) or venous
(5/7) thrombosis except for one patient who presgntwith only
thrombocytopenia as a clinical sign of HIT. Venolimb gangrene was
developed in three cases. At least one type of ARAB2GPI and/or aCL in
medium or high titres, LA) was revealed in fourtbé seven patients. APAs
were not present in two subjects, while IgM typelLaflas detected near the
upper limit of the low titre in one patient.

Two patients’ case merits considerable attentiomges APAs could not be
detected three months after the initial evaluatod APS could be ruled out
retrospectively. Therefore these cases were foanbet worth evaluating and

reporting in details.

Case report (P1)

A 76-year-old man had surgery for traumatic lefi fiacture; his preoperative
platelet count was 160x¥0. Six hours after surgery, subcutaneous (sc)
enoxaparin was started (60 mg/day) with the aiMTE prophylaxis. Four days

12



later acenocoumarol was restarted and added tapaar because of previous
recurrent deep vein thromboses (DVT). Eight daystgueratively, he had
swelling and pain of the left leg, which rapidlyogressed to limb gangrene.
Compression ultrasonography showed acute proxidl @hith intact arterial
circulation. Coumarin-related complication (e.g. uc@rin-induced skin
necrosis) was suspected, so acenocoumarol wasntrsoed and enoxaparin
dose increased to achieve therapeutic anticoagala(60 mg bid). On
postoperative day 12, the platelet count fell ta« BE/L. Although the clinical
course was consistent with heparin-induced thromytiopenia with thrombosis,
both the PaGIA and ELISA for antibodies to PF4/mEpa@omplexes were
negative. In addition, LA and high titre of IgM amalv titre of IgG type aCL
were detected. On the basis of the laboratory resuttexaparin therapy was
continued. However, on day 14 postoperatively, @atee skin lesion developed
at the injection sites of enoxaparin, whereas &@IR remained negative as an
evidence of the absence of conventional HIT antémdDespite the result of
PaGIA, low concentrations of enoxaparin induceditro platelet aggregation
(HPAG) supporting the diagnosis of HITT with a camm-induced limb
gangrene. Recombinant hirudin was started and @aoixastopped, resulting in
improvement in clinical symptoms and platelet count

The patient received debridement and reconstrustivgeries with skin mesh
graft at the sites of skin necrosis and limb gangréHowever, amputation of
two toes of the left leg was necessaky final follow-up, wounds were healed
completely. Three months after the initial evaloiatilaboratory tests for APAs
became negative and careful transition to acenoaonirtherapy was done with

overlapping hirudin.

Case report (P2)

A 64-year-old woman was hospitalized because ofhiti#in resistant
Saphylococcus epidermidis (MRSE) sepsis, which was resolved by the
pathogen- and susceptibility-directed therapy. Byirthe hospitalization, the

13



patient did not receive any type of heparin. Pételount varied between
228x10/L and 314 x 1¥L. When the patient was discharged, the platelant
was 259x18L. Five days later, her family physician prescdberophylactic
dose of enoxaparin (40 mg od, sc.). This was themts first exposure to
heparin. Thirty-six hours later, after two sc. otjens of enoxaparin, she was
admitted to our department with a platelet cour@®k 10/L.

She presented skin necrosis at the sites of enorapgections on both upper
arms. Within 24 hours, limb gangrenes developealinng the acral parts of
left limbs. Compression ultrasonography revealedteadVT in both left
extremities, whereas arterial circulation was prfén addition, presence of
medium or high titer of IgG and IgM type aCL antlies wasevealed raising
the suspicion of APS beside HITT. Af#2GPl and LA could not be detected.
PaGIA and ELISA for antibodies to PF4/heparin caerpk were found to be
strongly positive proving the high amount of hepatependent IgG type HIT
antibodies in the plasma.

The diagnosis of HIT was confirmed by flow cytonefunctional HIT assays.
Despite the absence of previous heparin expostee,clinical course and
laboratory tests were consistent with rapid-ondét &hd thrombosis associated
with venous limb gangrenes and heparin-induced skicrosis. Accordingly,
enoxaparin was discontinued and recombinant hirgl@rapy was initiated.
Forty-eight hours after enoxaparin cessation, [@aimount returned to normal
range (196x1UL). However, amputation of the left arm and foatsainevitable
due to limb gangrenes. Finally, careful transitioracenocoumarol therapy was
performed with overlapping hirudin. Three monthrthe first measurement,

laboratory tests for APAs became negative and rolgdhe diagnosis of APS.
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DISCUSSION

A high incidence of APAs, particularly aCL and LAag observed in our
patients with HIT/T. Presence of APAs with the dal course of HIT could
cause a serious differential diagnostic probleriafT and APS. Furthermore,
these patients usually receive parenteral antidaaguhat can influence the
interpretation of LA tests complicating the sitoati Therefore, before further
evaluation of our patients’ data, in vitro expemtsewere planned to determine
the impact of enoxaparin and different anticoagislarsed in HIT on LA testing
based on dPT.

Effects of alternative anticoagulants used in HIT ad enoxaparin on the
lupus anticoagulant screening tests based on dPT

dPT using recombinant thromboplastin is a widelsfgpened, well-documented,
and sensitive screening test for LA. Different tidns of the recombinant
thromboplastin Innovin are used for determinatidndBT. We demonstrated
that increasing dilutions of thromboplastin restilte increasingly higher dPT
ratio in the presence of the investigated antictzags. In our study two
markedly different dilutions (1:50 and 1:500) oé trecombinant thromboplastin
Innovin were applied to cover the commonly usedyean

DTls such as argatroban or lepirudin dramaticaillyreased dPT and dPT ratio
causing false-positive results already at subtleerép concentrations. In view
of this effect, laboratory tests based on dPT awmeliable for detecting LA in
the presence of these drugs.

Increasing concentrations of factor Xa inhibitonsearly increased the dPT
ratios and potentially were able to cause falsetipesresults (dPT ratio>1.2).
However, different drugs have different impactstba dPT ratio. Enoxaparin
caused the greatest prolongation of dPT, followed danaparoid and

fondaparinux.
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Heparinase was able to quench each of the factombaitors measured by
anti-Xa activity. In spite of the reduced anti-Xetiaity, dPT values returned to
the baseline level and the dPT ratio could be detexd precisely only in the
case of enoxaparin. Thus, when the effect of LMW nieutralized by
heparinase, an LA test based on dPT seems to hd asea screening assay in
the diagnosis of LA during enoxaparin therapy. @e tontrary, heparinase
cannot completely inhibit the effect of danaparaitd fondaparinux on dPT
ratio.

Patients being tested for only LA under DTI or Fikhibitors therapy were
excluded from the further investigations accordimghe results of our in vitro
studies. LA positivity, however, could be resultétbm the laboratory
interference caused by anticoagulants in their scadkevertheless, subjects
under enoxaparin therapy were considered as arp@gxceand continued the
study, if LMWH was neutralized in vitro with hepaaise.

Hereafter, new and rare aspects of HIT are empddsin the basis of the seven
eligible subjects’ data. Knowledge of these newsfazan be important in the

understanding of pathomechanism, diagnostics amdgement of HIT.

Retrospective study of our patients with HIT/T

HIT associated with positivity of laboratory tefis antiphospholipid antibodies

Seven patients with HIT were examined. Four of thead LA or aCL in high

titre, while APAs in low titre were also present the most cases. This
phenomenon may have three possible explanationsequent association of
HIT/T and APS; 2. cross reactivity of HIT antiboslievith APAs; 3. high

prevalence and transient presence of real APAdTiiTHvithout APS.

The two case reports presented in details do mmasti the conception of the
real association of HIT/T and APS. Development efese HIT with massive
arterial or venous thrombosis, association of taee rheparin-induced skin
necrosis and venous limb gangrene and the trangiesence of APAs limited
to the acute phase of HIT should raise the possibéeial role of APAs in the

16



pathomechanism of HITT. Prognostic value of APAs8tl also be considered.
The detailed cases are the first reports on theiromace of transient APAS
positivity in patients with HIT/T. The knowledge tifis phenomenon can be
important in the differential diagnosis of HIT/T d&arAPS. According to our

results, further investigations should be perforrteedlarify the possible role of

APAs in HIT/T.

Rare forms and clinical manifestations of HIT/Touwr patients

Heparin-induced thrombocytopenia without antibodeeRF4/heparin complex

PF4/heparin complex is the most common and corwesititarget of HIT
antibodies. However, in less than 5% of cases, i#egpositive platelet
activation test, these classical HIT antibodies aret detectable by
Immunoassays. Antibodies to PF4-related chemokisesh as neutrophil-
activating peptide-2 or interleukin-8 are foundtese cases and considered as
casual factors in the development of HIT/T. A PEfated chemokine could also
play the key role in patient P1 explaining the pwesiresult of HPAG and
repeatedly negative results of immunoassays. Aaagisd one of the functional
HIT tests should also be performed in cases ofestisd HIT/T even when the
Immunoassays are negative.

Association of HITT and venous limb gangrene

Venous limb gangrene usually involves the acrat parthe limb affected by
DVT, whereas arterial circulation is intact. ltstip@mechanism corresponds
with coumarin-induced skin necrosis, however, #latively high prevalence in
HITT (12.1%) can be explained by additional thrombgeneration and
procoagulant conditions associated with heparinited thrombocytopenia. The
incidence of venous limb gangrene can be diminishaith the adequate
management of HITT. Of our HIT cases, three subjdetveloped venous limb
gangrene. The P2 patient requires special atterginoe the severe venous limb
gangrenes, which affected two limbs and led to datmmns developed despite
the absence of VKA therapy. Although, this phenoomers known in theory,

17



we have not found a well documented case repdhdniterature. Venous limb
gangrene in the absence of VKA therapy occurs kaely in HIT, so additional

procoagulant factors should be sought in the backygt. In our case this factor
could be due to the presence of APAs beside HITT.

Rapid-onset HITT without previous heparin exposure

Traditionally, rapid-onset HIT is suggested to kmused by the previously
produced and circulating PF4/heparin-dependentagiibodies resulting from a
recent immunizing exposure to heparin. Howeverjraeher et al. showed that
PF4 can also bind to surface polyanions of varlmacteria and the human anti-
PF4/heparin antibodies crossreact with these PBtfedoorganisms. In their
study, mice could develop anti-PF4/heparin antibsdiuring chronic artificial
peritonitis and subsequent polymicrobial sepsisheut heparin application.
Based on these experiments, it is presumed thampmenization against
PF4/heparin can occur in the presence of otheapays with ability to bind to
PF4. This theory can explain the pathomechanismragfid-onset HIT
developing after septicemia in P2 subject by tHeeng sequence of events:
1. PF4 released from activated platelets during styesis could bind to the
surface polyanions of MRSE bacteria and expose piepes; 2. primary
iImmune response against these neoepitopes of PFBEMRcteria complexes
resulted in mainly IgM, then IgG antibodies whiclbutdl crossreact with
PF4/heparin complexes; 3. enoxaparin exposure,aiom of PF4/enoxaparin
complexes; 4. circulating IgG antibodies to PF4/NERfoduced during the
sepsis could bind to PF4/enoxaparin complexesadfonset HITT developed
without previous heparin exposure.

Our case (P2) represents the first, well-documemteainple of rapid onset
HITT developing after septicemia without previousphrin exposure and
advocates the new theory of Greinacher’s teanthEBumore, this case calls the
attention that rapid-onset HIT cannot be excludesed on the absence of

previous exposure to heparin.
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SUMMARY — NEW CONCLUSIONS

Effects of alternative anticoagulants used in hepan-induced
thrombocytopenia (HIT) and enoxaparin on the lupusanticoagulant (LA)
screening tests based on diluted prothrombin time

» Direct thrombin inhibitors (DTIs) such as argatmbar lepirudin
dramatically increase diluted prothrombin time (9iPAhd dPT ratio
causing false positive results already at subtleeriap concentrations.
Laboratory tests based on dPT are unreliable feectiag LA in the
presence of these drugs.

« The predominantly factor Xa (FXa) inhibitors suck anoxaparin,
danaparoid or fondaparinux increase dPT and dR® Ibbgt different but
significant extent, potentially leading to falsesfive results. Laboratory
tests based on dPT are also unreliable for detgt#nin the presence of
these drugs.

» Although heparinase was able to quench each a$rfa@ inhibitors even
in the therapeutic range measured by anti-Xa agtilPT values and dPT
ratios returned to the baseline level only in thsecof enoxaparin.

* When the effect of LMWH is neutralized by heparmdsA test based on
dPT remain a reliable and precise screening asstyeidiagnosis of LA
during enoxaparin therapy. On the contrary, hepagrcannot completely
inhibit the effect of danaparoid and fondaparinur dPT ratio

maintaining the false positive results.

Retrospective study of our patients with HIT/T
« Transient positivity of antiphospholipid antibodig®\PAs) can be
associated with HIT even in the absence of antipholgid syndrome
(APS) leading to severe differential diagnosticljpeons in the clinical
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practice. This fact should be considered during thagnosis and
differential diagnosis of HIT.

According to our study, we should raise the possdalsual role of APAs
in the pathomechanism of thrombosis in HITT and eothrare
complications such as heparin-induced skin necrosisszenous limb
gangrene. Prognostic value of APAs should alsodosidered in cases of
HIT/T.

Occasionally the diagnosis of HIT/T cannot be edelli even in the
absence of the classical HIT antibodies to PF4fne(pelyanion)
complexes. Therefore, one of the functional HITtgeshould be
performed in each case with suspected HIT/T eveéhefimmunoassays
with high sensitivity are negative.

Although, the development of venous limb gangreseusually a
coumarin-related complication in HITT, very raratycan occur in the
absence of coumarin therapy.

Previous heparin exposure is not required for thgrsis of rapid-onset
HITT partly due to the possible preimmunization B¥4 bound to

bacterial polyanions.
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