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Emerging Role of Direct Oral
Anticoagulants in the Management of
Heparin-Induced Thrombocytopenia

Phu Ngoc Tran, MD' and Minh-Ha Tran, DO?*?

Abstract

Heparin-induced thrombocytopenia (HIT) and heparin-induced thrombocytopenia with thrombosis (HITT) are rare but
potentially limb- and life-threatening complications of heparin therapy. Continuation of heparin or low-molecular-weight heparin
is contraindicated due to platelet activation in the presence of (heparin-dependent) HIT antibodies. Primary treatment options
currently include argatroban, fondaparinux, or bivalirudin. However, the parenteral administration routes and interference of
argatroban with traditional coagulation markers complicate management. The goal of this review is to assess the viability of direct
oral anticoagulants as an alternative treatment option in patients with HIT/HITT. Their use in HIT/HITT is reasonable, given
absent cross-reactivity preformed with HIT antibodies. Furthermore, their rapid onset of action and induction of effective
anticoagulation provide a favorable basis for their use in this condition. Herein, we summarize 3 studies and 8 case reports

comprising 56 patients in whom direct oral anticoagulants were used in the treatment of HIT/HITT.
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Introduction

Heparin-induced thrombocytopenia (HIT) is an immunologic
drug reaction capable of inciting an intensely prothrombotic
state and occurs in up to 4.9% of patients treated with unfrac-
tionated heparin (UFH).' This risk is modified based upon
patient category (surgical > medical), UFH source (bovine >
porcine), sex (female > male), and is lower with low-
molecular-weight heparin (LMWH).? For instance, HIT occurs
among 1% of hospitalized patients receiving heparin and 4.8%
and 0.6% of orthopedic surgery patients receiving postopera-
tive UFH and LMWH, respectively.> Pathologic antibodies
directed against a Platelet Factor 4 (PF4)-heparin neoepitope
bind and activate Fcylla receptors located on platelets and
monocytes.* Further enhanced by endothelial cells, the activa-
tion of platelets and monocytes increases thrombin generation.’
Increased activation of thrombin and platelet causes clinical
problems. Testing provides additional diagnostic information
and generally comes in the form of antigen assays, which detect
potentially pathologic antibodies, and functional assays, which
detect platelet activation in the presence of patient sera.® Cal-
culation of the HIT 4Ts (i.e., degree of Thrombocytopenia,
Timing of thrombocytopenia vs heparin, Thrombosis, and other
causes of Thrombocytopenia) score aids in the decision to con-
vert to therapeutic doses of a nonheparin-based anticoagu-
lant,”® which typically needs to be done prior to availability
of laboratory test results due to the high rate of thrombosis

among untreated patients. HIT can be associated with devastat-
ing thromboembolic complications, including pulmonary
embolism (PE), ischemic limb necrosis necessitating limb
amputation, acute myocardial infarction, and stroke.’
Historically, treatment has proceeded with a parenteral
direct thrombin inhibitor such as argatroban. Once the platelet
count has stabilized, the patient can be bridged to warfarin and
thromboses treated typically for 3 to 6 months.® Due to its
“niche” indication for use in HIT, argatroban is infrequently
used by clinicians, making dosing and monitoring require-
ments more challenging. Even the appropriate monitoring of
argatroban can potentially lead to treatment failure, as HIT-
associated coagulopathies may lead to misinterpretations of
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Partial Thromboplastin Time (PTT) monitoring (a problem
known as “PTT confounding”), resulting in inaccurate dosage
adjustments.'®"" For example, one report described an HIT-
positive patient with a pretreatment PTT range of 38 to 41
seconds who was treated with agartroban.'® After treatment
initiation, the PTTs rose to more than 100 seconds, prompting
treatment reduction and interruption. This patient subse-
quently died of ischemic stroke as a result of HIT progression.
A treatment strategy that does not rely on PTT (or other
laboratory) monitoring, such as direct oral anticoagulant
(DOAC) therapy, should avoid this important limitation of
argatroban therapy.

However, even in the setting of strict monitoring of arga-
troban, the HIT-mediated thrombophilia may remain quite
intractable. This was borne out in the original argatroban
clinical trials, ARG-911 and ARG-915, representing histori-
cally controlled prospective studies. Both trials used the same
historical control group of patients with HIT and HIT-
associated thrombosis (HITT), in whom the rates of a compo-
site primary end point comprising all-cause death, all-cause
amputation, or new thrombosis were 38.8% and 56.5%,
respectively.'>!'* The ARG-911 study demonstrated that the
primary composite end point still occurred in 25.6% of
patients with HIT (hazard ratio [HR] 0.60, 95% confidence
interval [CI] 0.40-0.89, P = .010) and 43.8% of patients with
HITT (HR 0.57, 95% CI 0.36-0.90, P = .014). Similarly, the
ARG-915 showed the occurrence of primary end points in
28.0% (patients with HIT; HR 0.64, 95% CI 0.43-0.93, P =
.02) and 41.5% (patients with HITT; HR 0.56, 95% CI 0.36-
0.85, P =.008). This may be related to high rates of premature
treatment discontinuation of argatroban or absence of longer-
term anticoagulation in the ARG-911 and ARG-915 studies—
10% and 13%, respectively.'*

The American College of Chest Physicians provide
evidence-based guidelines for management of forward antic-
oagulation in patients with acute HIT or HITT."> Currently,
oral anticoagulation with vitamin K antagonist (VKA) ther-
apy for a minimum period of 4 weeks in isolated HIT and 3
months in HITT is recommended.'> Premature transition to
VKA therapy is not recommended due to significant risk of
warfarin-induced skin necrosis or development of venous
limb gangrene.'> Most clinicians transition to oral warfarin
when the platelet level reaches 150 x 10°/L.

Avoidance of a VKA mechanism of action and favorable
pharmacokinetic profiles therefore support immediate or
bridged introduction of a DOAC as an option for HIT. The
DOAC:s are currently approved for prophylaxis and treat-
ment of VTE and for reduction of stroke risk in nonvalvular
atrial fibrillation.'® Rapid onset of action of these agents
represents a favorable pharmacokinetic attribute.!” Recently,
there has been a growing number of case reports and studies
in the medical literature supporting the use of DOACs as
primary or secondary treatment of HIT. Given the emer-
gence of this off-label use of DOACs, we conducted a lit-
erature review to gain additional insight into the use of
DOAC:s for treatment of HIT.

Preclinical Rationale for Management of HIT
With DOACs

Unlike heparin, DOACs do not interact and complex with PF4
and are not recognized by preexisting HIT antibodies. Walenga
et al demonstrated that apixaban did not interact with pre-
formed HIT antibodies as determined by 14C-serotonin assay
(serotonin release assay [SRA]), similar to fondaparinux.'® As
a result, platelet aggregation was not observed by platelet
aggregation assay.'® Similarly, dabigatran and rivaroxaban did
not cause any platelet activation in the presence of HIT anti-
bodies even at therapeutic concentration as demonstrated by
the absence of platelet microparticle formation and platelet P-
selectin upregulation.'®*® Furthermore, they did not interact
with PF4 and had no effect on antibody binding to PF4/heparin
complexes as indicated by its unchanged anti-FXa activity
before (control) and after incubation with purified PF4.%° In
contrast, the antithrombin activity of heparin and anti-FXa
activity of enoxaparin was decreased by 43% and 23%, respec-
tively, relative to the control.”® These preclinical data provide
rationale for treatment of HIT with DOACs.

Clinical Experience in Management of HIT
With DOACs

A total of 56 reported cases of patients with HIT/HITT treated
with DOACs were found, which included 12 patients from a
prospective study, 34 patients from 2 case series, and 10
patients from case reports (Tables 1 and 2). Mean (range) age
was 70 (46-87). Among the 44 patients in whom gender was
reported, 61% were male. Thirty-two (57%) patients had HIT-
related thrombosis (HITT). At the time of HIT/HITT diagnosis,
a nonheparin parenteral agent was initiated in 42 (75%) of 56
patients. Among these 42 patients, the initial parenteral choice
was argatroban in 28 (67%), bivalirudin in 6 (14%), fondapar-
inux in 7 (17%), and danaparoid in 1 (2%). Of the total 56
reported, rivaroxaban, apixaban, and dabigatran were utilized
in 54%, 29%, and 18% of cases, respectively. The cumulative
duration of DOAC follow-up represented by 54 of 56 patients
for whom it was reported was 4587.25 person days. There were
2 (4%) instances of recurrent thrombosis with DOAC therapy,
yielding an incidence of 0.43/1000 person days.?' Platelet
count recovery was documented in 55 (98%) of 56 patients.
In the 1 (2%) case where the platelet count did not recover, the
patient ultimately died of metastatic gastric cancer at day 21.%!
Major bleeding occurred in 3 patients who did not appear to be
on DOAC therapy at the time of bleed.*'** The reviewed lit-
erature is summarized in Tables 1 and 2.

Rivaroxaban

Of the approved DOACsS, rivaroxaban has become the most
studied for HIT treatment. Linkins et al conducted a multicen-
ter, single-arm, prospective cohort study of patients with sus-
pected or confirmed HIT to evaluate the efficacy and safety of
rivaroxaban (Table 1).2' About 527 patients were screened for



“J2oued 3un| |92 snowrenbs pasueApe 4|[e20| 01 A1epuodas 1UaA3 sisAidoway 34aA3s | SAILIEA DLIISES UMOWY UM QD 40} [2480pidod uo Juaned ul pas|q |9 auQ,

*| T Aep Jdued dLaseS dneIseIsw Jo palp pue uonejndeodnue xnulsedepuoy Sulinp g Aep uo 3uipaa|q [e3de4 padojeasp jusied suQ,

‘wisijoquiaoquio.y3

SNOUBA ‘JJ A ISIUOSEIUE Y| UILEIA “YHA ‘PUNOSEIIN ‘G/ ‘ABSSE DSEI|SJ UIUOIOJDS “YYS ‘UBGEXOUBALI‘BAY Junod 19j31e|d 9d Quaned 9y paitodau Jou ‘YN ‘suaned Jo Jaquinu ‘N ‘Dew ‘| ‘SISOquIoJdyl pajerdosse-| [H
‘1 11H ‘eiuadoakooquiodys pasnpul-ulaeday ‘| |H ‘leunssiulolses ‘|o) 9jewa) ‘4 ‘ABSSE JUSGIOSOUNWIWI PAYUIj-BWAZUS YS|7] ‘SISOqUOJY) SNOUSA daap ‘| AQ “AUBINSEBODNUE [BJO 123JIP ‘DY ‘OSBISIP JB|NISBAOIPJED ‘SAD
{(unw/qw ut) @dUBIES|D BUIUNEIID U4|DJD) {BAISIUI DDUBPLUOD ‘| AIa34ns ssedAq Aiae Aueuo.od ‘Hgyo) ‘aseasip A1alie A1euodod ‘qyo ‘auljaseq “1g ‘uegexide ‘exidy ‘uone|[liqy [eliIe ‘Jy ‘UONE|NSEOdNUE ‘)Y [SUONEBIADIGQY

*(z-1 @8ued) syzuow G| :sisoquio.ays Inoyaim siuaned ul Adeaayy jo uoneanp {(9|-| a8ued) syzuow 9 uelpaw :sisoquioJyl yum sauaned ur Adessyl jo uoneunQq

“(sAep g-1) 1/ 0§< 3unod
31d |3UN panunRUOd uIpnJifeAlq Jo ueqoaleday \yS dAnisod padinbau sisouelp | |H S |/71+ | 1/6 BANY/exidy Yaim paieasy | |H jo sisouSelp sAnIULap yaim syuaned 3npe ||y 2Andadso.lay

s/n syauow
Jsiddog sisoquioJy 91-]
‘syauow 9 US4NdR. ovod L RE| N
01 ¢ AI9Ad 4SPa2|q ON ‘sAep g-| uiyum “(7) Al uIpnuijeAlq 3ou /€ soiydea3ownq 2B
paienjeAy Jofely SuoN| [le ul Auisaodaa 34 (0]) exidy Jueqoneday J1HYIMZl/6 WYS sod 71/ WN Tl =u  saues ase) quny|

ueqo.esJe Jo UONBNURUOISIP SUIMO[|O} SInoY 7 PalJels DY SINoy $F 7€ X ulw/3/Bw §'0-¢'0 ueqo.aiedae Yam pajeady A|jeniul syusaned
[IV "P3233s ueqexide uay3 yjsid SuIpa3|q 40 ulw/qw Og> 4D i poluad Ja3e| ‘Alljiqe|ieae uodn paseq uond3|Rs DO U0 Al4e] "aAneSau S| 73 § VYIS ‘Pawopad ys|13
ulseday-4d @SNed INOYUM T7/,0] X 001> O3 40 g JO %0§< Aq 3unod 13[a3e|d Ul BUIP3P sn|d dunsodxa ploutieday 1uadad i pasouselp | |H ‘PaIUSP! A[PANds0.19.1 1U0Y0D)  AIIRdSONRY

syuow
901
€ x Ajrep
0IM1
s(s=uv) ©
exidy (t4) sixe|Aydoud
syusned Q| ‘Ajrep 211s uonda|ul “(§) 3LA
03 PSpUBWIWIOIDI 20IM1 ulredexous pa31dadsng
DV auyepul 0s1 (9 Je ysed ‘(b) 3LA
Dyoquo  =u)iqeq SuiznouossN| T Ul Aluo pawuoD)
s s3d g| ‘syauow  ‘AepAuans (0 3LA -[ea1u> 107 ‘(€) av (9F)
9 1® sisoquioJy 07 sinoyy F 7€ ‘[eryaadng IR NI A RE! {(7) A498ung 7. 98¢ ueaw
suoN suoN 031 9np syiesp oN (|| =u)eAy X ueqo.zedly “(S) LAQ + [eamn> (0) DaVD ‘L/SIH/INTT=u  sdles 3seD | lLieyS

'0€ Aep |nun AepAiaAs Sw Qg USY) ‘SISOQUIOJY] DINJE JI | T [13UN ISEI| JB U0 AI9A0DaJ 19|91e|d [nuUn AepAuars 3w G| uegexoueAl Buisoq
“VYS 2AlIsod pue < s]§ | |H :SisouSelp | |H ‘4239y3ed [eanpida Suljompul wu3-3uo| ‘4a3npul/1o3iqiyul u130adodk|D-d Pue pYEJAD SUOIIS UM JUSWIEDI] JUDIINOUOD

‘syzuow 9 3se| uiyam 3uipas|q Jo sl I suoisa| Jo 3uipasjq dANdE Aj[ediuld ‘D Jo g y3nd-pjiyD ‘Ui Qg J[DJ4D) ‘DA[eA 1Jeay [ediueydaw ‘Buisinujaueudaud :uoisnpdxy BIIDIID
T Aep 1B uonessad o€
(%6°€1 (%€T-%0 eAll padinbas Aep |nun
-T6 ‘1D ‘1D %S6) AaaA0234 3|d KepAians (auswijoaus (1 (t4)
%56) %¥'1 1 %Sy ILA - ouymm g|/| “(skep 0T Uy o1 Jod sisoquio.yy aupipaw
ueqo.yedie (SIUDAD USJINd9d 7 uelpaw) AISA0DBU [enul sAep ¢-| Joy [el491e () (%001 “(g) Apnis
Jojy 1A 3uipas|q pey 31d panaiyde Ajrep xnulredepuoy a8eyJaoway -9,€8 @3ue.) A8ojoduo (£8-SS) S92 140yod
JU8J4Nda -Ovod syuaned eluadoykdoquioayy 201M) YIIM padea [euaape () %G6 dsedald ‘(5) sAD a8e ueipaw wae-aj3uls
[edlo3IsIH  Jofew oN 7140 | yam sauaned /6 G| 'AIY 9J9M sjuaned 9) 3d ‘(b)) LAQ Uuluol0JSS UBd| ‘() A19Bung  ig// jIW TI=U  ‘dAndadsoud  supjur]
310N SIUSAZ 1A Aoeoyg  uonusAIu| Juswies.lald sisoquioJy | sisougelq qeT u oy u ‘qusned adA) Apnmig
9SUOAPY  JUR.UNDDY paiePY-1IH Joj uonesipu|

"11IH/LIH Ul sDYOQ uo ssliag aAndadsoaiay pue aAndadso.d jo Alewwng *| ajqe

203



“WISI|OqUISOQUIO.IY3 SNOUBA ‘J] A 3SIUOSEIUR Y| UIWEIA ‘WA ‘uliedsy psieuondelun ‘Hyn ‘Aasejdoayiie aawy €303 ‘|| osop [e103 ‘q ‘yeJd
uldA snouaydes ‘DAS LIWRIIXS J9MO| IYSIJ ‘T TY ‘A1914e AUBU0.0D IYSIJ ‘YDY ‘UBQEXOIBALI ‘BAIY AISA0DU ‘AADY sisoquio.yl uldA [eriod ‘| Ad “aunod 19ja1e|d |4 ‘pariodad J0u ‘YN ‘uliedsy 1ySiom-Jends|ow-mo| ‘HAAINT
‘ejuadolfooquioayy pasnpui-ulieday ‘| |H Xnuiiedepuoy ‘epuod ‘sisoquioayy snouaA dasp ‘] AQ ‘uenedigep ‘Iqeq ‘suonedijdwod ‘sux?) (Ul Jw ul) 9dUEBIE3|D SUIUNEIID ‘4|DJD) ‘duljaseq “1qg ‘ueqexide ‘exidy :suoneiraiqqy

(02 RIE
N ‘8 ow G'¢ x Ajiep 231m1 G exidy A‘S SISOQWIOJYl M3U ON $8<00€ 00 uledaapep ‘34 gUSIET 4 T/
(o1) H4N ‘49Aes |92 mNuoucon_-x_u._m._.
Iqeq sAep G¢ 1sed] e N ‘0| Ajrep @3u0 (7 Iqep «—Ajiep 92u0 (| eAlY A UN SUON L96€T uoisnjsue.noiny E VA
Syuow 4 e suxd oN N ‘9 ow G X Aliep 321m3 G| BAY AN AQ (b) 87181 HMW1 3d 5N ‘W ‘99
ow (€1 H4N
N ‘S §1 X Ajrep 93u0 gz«—sAep | X Ajiep 931m1 G| BAIY AN 3d ‘1Ad 0C—8CC ‘BlwBydst quun 5N ‘W ‘9
(o1 0]
01>41D4D 03 @np WHA— ‘N ‘8l ow 9 X WA+ SAep 7T X Aliep 93uQ (| eAly A UN 1Ad 19<-9€7 H4N ‘sisAjeipoway 5N 4 ‘€9
1/01 X 0T = ow | 3e3d
‘sisoquioJyl qinq pioJed uolssaudau [enJed sisoquioJys qjnq pi3o.Jed
PUE 3jei3 DY DAS UORN|OSaI ‘OW | Y ‘Yei3 YOY—DAS (av (ZBPleyanogy
N N ow | x Ajiep 3uo (7 BAlY AL jo sisoquioay] (9) Sz—6€¢  uiredexous 'Sy ‘W €S
sfep || x sixelAydoud Joy pasn uiiedeued (9) (ap)
‘1|H ©3 Joud syauow g 3uns oyio ‘N ‘9 ow ¢ X @O 07 BAY uayy ‘sAep g X Bpuo4 A9 1IAQ  19]<p€7 uuedexous ‘JAQ 57MOMES ‘N ‘89
HMIWT<H4N
(Tn ‘LAd ‘Blwayds! 7e02M3YAIULY
sod e[ N ‘€ Ajrep 221m1 0§ | 19eQ UBY) ‘sAep 9¢ X uipn.ida] A8 3d  €21<-0001 Slussay 449
ulsedexoud
1AQ Jo uonezijeueda. pajesisuowap 1) ‘sixejAydoud
s3iddo( ‘1qe Jo Aep 30| UO ‘N ‘¥ Ajrep 221m1 01| I9eQ YN “UN IAQ Te—eLl J1A doasod  Ipewepily 4 /9
sAep g x annadessyn ulsedexous
1££9D ¥4H1W V01707 uiquoayio.d ‘sep YN [2un panunuod yoq “(1/,01 X 0§1< snquioays (n ‘sixe|Aydo.d
T x snnadesayl YN Jo3e paddors Igeq (N ‘p 3|d) pasueas WA ‘sAep § X Ajiep 221m3 0G| I9eQ N ‘8 [eLIe Y Id 3219 *LAQ 3TN 99—¢€I¢ V>11-3sod PULSRI: I VA
s10N| “(N/A) SuxD ‘AAdY 1|d 03 skeq # Juswadeuel, (N/A) sisoquiody] JIH skep#t ULy aweN
wJayuo “IpeN <19 ‘JY J0} Uoseay Joyiny ausned
qel ‘sl 1/,01 X 3d

"LLIH/LIH ut 35N DYOQ jo saseD parioday T 3qe L

204



Tran and Tran

205

the study and 22 enrolled. The most common reasons screened
patients did not proceed to enrollment were HIT 4Ts score <4
(n = 325) and creatinine clearance <30 mL/min (n = 131). Of
the 22 enrolled, HIT was ultimately excluded by negative
SRA in 10, leaving 12 patients in the final study group, with
a mean serotonin release of 95% (range 83%-100%).2' The
planned sample size of 200 was based upon previous data
supporting that confirmation of HIT by SRA will ensue in
6% of patients in whom HIT is suspected, thus allowing a
final sample of 10 to 30 patients with confirmed HIT.*® Poor
enrollment led to early discontinuation of the study, and avail-
able data were reported.

Among the 12 participants, 10 patients had thrombocytope-
nia and 6 had HIT-associated thrombosis at the time of study.
Seven patients were treated with either fondaparinux or dana-
paroid for 1 to 3 days, and 5 patients were immediately started
on rivaroxaban. Nine of 10 patients with baseline thrombocy-
topenia achieved platelet recovery, with mean and median
times to recovery of 11 and 7 days, respectively.?! In this study,
11 of the 12 patients had resolution of HIT-related thrombosis.
One HIT-positive participant had symptomatic recurrent
venous thromboembolism (VTE) presenting as extension of a
previously diagnosed, apheresis catheter-related thrombosis.
The authors note that a repeat ultrasound was not performed
at study entry, so the possibility exists that the thrombus exten-
sion preceded initiation of rivaroxaban—the catheter was
removed, rivaroxaban continued, and complete resolution of
symptoms and thrombocytopenia ensued. Although not consid-
ered as a recurrent thrombosis on DOAC by the authors, one
patient developed acute ischemia requiring bilateral amputa-
tion—to be conservative, we have added this to the total tally of
recurrent thrombotic events. None of the patients in the current
study experienced any major bleed while on rivaroxaban. Four
patients died of non-HIT-related causes (sepsis, end-stage
chronic obstructive pulmonary, and gastric cancer).”' The
results of this study suggest that DOACs were effective in
patients with HIT regardless of whether they were started
immediately or first bridged with an alternate agent.

In a retrospective study of 22 patients with HIT, 11 were
treated with rivaroxaban®* (Table 1). The diagnosis of HIT
required history of recent exposure to heparin products and a
>50% decline in platelet count or to <100 x 10°/L without
other explainable causes. With suspicion of HIT, all heparin
products were discontinued and argatroban initiated, with
DOAC (apixaban if CrClr < 30 mL/min) started 2 hours after
argatroban discontinuation.?* Ultimately, 20 of 22 patients had
additional confirmation of HIT diagnosis with positive
enzyme-linked immunosorbent assay (ELISA) or SRA; in 2
of 22, therefore, the diagnosis was solely clinical. The number
of patients with positive SRA was not reported in this study. It
is known that for patients having positive ELISA without SRA,
about 50% of ELISA+ patients probably do not have true
HIT.? Five of 22 had new deep venous thromboses. Superficial
vein thromboses were detected in 2 additional patients. All
patients received a short course of argatroban (mean of 32 +
4 hours) prior to initiation of DOACs. Eleven patients received

rivaroxaban, 6 patients received dabigatran, and 5 patients
received apixaban. The mean platelet levels at baseline, nadir,
and day of discharge were 168.8 + 87.1 x 10°/L, 82.1 + 38.6
x 10%/L, and 188.4 + 52.5 x 10%/L, respectively. At 19 months
of follow-up, 6 patients had died of nonthrombotic causes. By 6
months, 18 patients were still on DOAC therapy. There were no
bleeding or recurrent VTE events in any patient.”* Although
the retrospective nature of the study did not allow for the same
degree of diagnostic certainty for HIT as in Linkins et al,?!
platelet recovery and absence of recurrent thromboses or bleed-
ing support its efficacy and safety.

Multiple case reports provide further evidence to support the
role of rivaroxaban in HIT management®®° (Table 2). Sartori
et al reported the case of a 68-year-old male with recent ortho-
pedic procedure who came to the ED for suspected lower
extremity deep venous thrombosis (DVT). He received
weight-based enoxaparin but developed thrombocytopenia
6 days later. His 4Ts score was 6, and an immunoglobulin
G (IgG)-specific ELISA was positive (Optical Density =
1.548). The presence of HIT was confirmed by a heparin-
induced platelet aggregation (HIPA) test (52% with 1 TU/mL
UFH). After enoxaparin discontinuation, the patient was
treated with fondaparinux for 2 days prior to initiation of rivar-
oxaban. He completed a total of 3 months of anticoagulation
therapy with no bleeding or recurrent thrombotic complica-
tions. Other case reports are summarized in Table 2.

Dabigatran

The data for dabigatran in the treatment of HIT are less
robust than rivaroxaban but supportive. Of the 22 patients
evaluated by Sharifi et al, 6 patients were treated with dabi-
gatran.®* The study did not specify the outcome of patients
who were taking dabigatran. However, no patients had
recurrence of thrombosis or bleeding, suggesting that dabi-
gatran was efficacious.

Mirdamadi described a 67-year-old woman who developed
HIT-related DVT from enoxaparin prophylaxis about 2 weeks
after orthopedic surgery.*® Her platelet count decreased from
173 x 10%/L at baseline to 32 x 10°/L at nadir. She was started
on dabigatran 110 mg twice a day by mouth, with resolution of
thrombocytopenia in a few days and canalization of thrombosis
after 10 days. Bircan et al reported a 57-year-old Turkish female
who received 11 days of prophylactic enoxaparin after knee
replacement.' She presented to the hospital with a massive
pulmonary embolism (PE) with right ventricular strain. She also
had associated atrial thrombus and DVT. Thrombophilia workup
was positive for heterozygous mutations for both prothrombin
20210A and methylenetetrahydrofolate reductase (MTHFR)
C677T. Her platelet count decreased to 66 x 10%/L from a base-
line count of 313 x 10°/L. She was diagnosed with HIT based on
a 4Ts score of 8 and started on dabigatran 150 mg twice daily.
Thrombocytopenia improved within days and upon achieving a
count of 150 x 10°/L was bridged to warfarin. Although the
long-term outcome of this patient is unknown, this case demon-
strates rapid clinical improvement with dabigatran even in the
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setting of hypercoagulable state (HIT, prothrombin 20210A, and
MTHFR). In another case report, dabigatran treatment was asso-
ciated with rapid reversal of HIT-related thrombosis in a patient
with essential thrombocythemia.*?

Tardy-Poncet and colleagues present an interesting case of a
patient with remote (>100 days) heparin exposure who devel-
oped thrombocytopenia upon exposure to heparinized auto-
transfusion product during orthopedic surgery; there were no
other heparin exposures.?® Postoperative thromboprophylaxis
was initiated with daily rivaroxaban (10 mg) started 8 hours
following wound closure after right knee replacement and con-
tinued through day 21. Baseline platelet count was 239 x 10°/L
falling to 57, 56, and 58 x 10°/L by days 17, 18, and 20,
respectively. Because the platelet count was failing to rise,
rivaroxaban 10 mg daily was converted on day 21 to daily
dabigatran (220 mg), with platelet count improvement to 100
x 10%/L by day 27 (dabigatran day #6), 140 x 10°/L by day 31
(dabigatran day #10), and 150 x 10°/L by day 35 (dabigatran
day #14). The authors did not specify the reason for dabigatran
switch, which was presumably due to the concern of persisting
HIT in the presence of rivaroxaban. However, the patient was
only on the prophylactic dose of rivaroxaban, and increasing
rivaroxaban to the therapeutic dose could theoretically lead to
HIT resolution. It is unclear as to why the prophylactic dose of
dabigatran was effective in this case.

Apixaban

Retrospective data suggest safety and efficacy of apixaban in
HIT management. As discussed earlier, 5 of 22 patients in Shar-
ifi et al were on apixaban, and no patients in the study had
recurrence of thrombosis or bleeding complications.** In a retro-
spective study of 12 patients in whom clinical HIT was con-
firmed by SRA, 10 patients were transitioned to apixaban (and
2 to rivaroxaban) after platelet recovery (to >50 x 10%/L) on
initial treatment with argatroban or bivalirudin (Table 1).*?
Seven patients with thrombosis were on apixaban for a median
of 6 months (range 2-13 months), whereas the 3 patients without
thrombosis were treated with apixaban for median of 1.5 months
(range 1-2 months).?? There were no recurrent thromboses, but 1
patient on apixaban had major gastrointestinal hemorrhage
leading to therapy discontinuation. Of the remaining 9 patients,
safe and effective anticoagulation with apixiban was noted for
up to 16 months without adverse effects. The authors concluded
that DOACs provide safe and effective outpatient anticoagula-
tion for patients with HIT but that further prospective studies are
needed before they could be accepted as standard of care.

A 72-year-old female undergoing treatment for metastatic
pulmonary adenocarcinoma developed acute pulmonary embo-
lism and was treated with dalteparin 200 IE/kg.>* A decline in
platelet count from baseline >200 x 10°/L to 84 x 10°/L by
day 20 and HIT 4Ts score of 5 raised suspicion for HIT. Dal-
teparin was continued for an additional several days until con-
firmatory tests returned: heparin-PF4 ELISA “highly positive”
and positive HIPA. At that point, she was switched over to
apixaban 5 mg twice daily. The patient experienced clinical

improvement after 3 days and reported no adverse reactions
to the treatment. Platelets rapidly increased and p-dimer
declined. The patient continued to do well on apixaban at
3.5-month follow-up. While the efficacy of apixaban in
patients with thrombosis in the setting of active cancer and HIT
is unknown, the successful outcome in the setting of super-
imposed hypercoagulable states supports the strong antithrom-
botic properties of apixaban.

Discussion

The DOACs present a promising alternative for the manage-
ment of HIT/HITT. Preliminary evidence from our review of
the literature provides support for this treatment avenue. Cur-
rently, there are no randomized controlled data that support the
role of DOACs in the management of HIT/HITT, and rando-
mized controlled trials have proven difficult to conduct in HIT
given its rarity.** Heparin-induced thrombocytopenia may be
confirmed in only 6% of those in whom it is initially sus-
pected.”® Even when pretest probability is increased through
the use of 4Ts scoring, less than a quarter of patients with 4Ts
score >4 will have a positive 14C SRA.”

Our review of the literature uncovered only a single prospec-
tive study, which was discontinued prematurely due to poor
enrollment.?' Nonetheless, power analysis confirmed that an
acceptable number of patients were enrolled, allowing the authors
to conclude that rivaroxaban appeared effective for patients with
confirmed HIT. Two other studies comprising 34 patients were
retrospective in nature.**** The remainder were comprised of
case reports. 2283933 Reporting bias is therefore a concern.

There was some variability in the rigor required for HIT
diagnosis. Some studies required confirmatory SRA testing,
whereas others allowed ELISA-based testing combined with
clinical criteria. A minority of patients were diagnosed solely
on clinical grounds. Although this may reduce scientific valid-
ity, it is fairly representative of real-world conditions and there-
fore should not necessarily be considered a major detriment.

It remains unclear whether an initial parenteral treatment
course is necessary. We observed that 75% of reviewed courses
included a parenteral treatment phase. The overall efficacy of a
5-to 6-day course of intravenous argatroban in the ARG 911 and
ARG 915 trials did not appear to provide absolute protection
against recurrent thromboembolism. However, the inpatient set-
ting often demands the flexibility afforded by bivalirudin (t72
[half-life]: 25-40 minutes) or argatroban (t/4: 40-50 minutes).>
The DOACsS, on the other hand, have longer half-lives—with
factor Xa inhibitors in the realm of 6 to 12 hours. Duration of
effect is roughly comparable between dabigatran (t’2: 12-17
hours) and fondaparinux (t%2: 17-21 hours) and both require
renal adjustment.®>*® In 25% of observed reports, however,
apparently effective anticoagulation was carried out with direct
initiation of DOAC-based anticoagulation, even in patients with
HIT and other hypercoagulable conditions such as prothrombin
20210A, MTHFR, Essential Thrombocytosis, and active malig-
nancy.>'"*® As studied in clinical trials and recommended in their
respective package inserts, a lead-in period with parenteral
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anticoagulation is utilized during treatment of acute VTE with
dabigatran or edoxaban. Conversely, rivaroxaban and apixaban
trials did not employ a lead-in period with parenteral therapy.>’
These latter 2 agents may therefore be reasonable options for the
management of HIT/HITTs and also represented the bulk of
management options presented in our review (83%).

Compared to argatroban and bivalirudin, fondaparinux is sub-
cutaneously dosed, thus allowing potential cost savings in the
areas of reduced length of stay as well as overall drug costs.**>°
The DOAC:s represent an additional nonparenteral option with
similar potential benefits. As experience has grown with fonda-
parinux for HIT, off-label use has become fairly common.***!
We anticipate that the use of DOACs in HIT/HITT will follow a
similar trend, particularly since the literature basis for fondapar-
inux is comprised predominantly of retrospective and case
report-level data as opposed to prospective studies.*?

Additional study is required, however, to provide addi-
tional confidence in the safety and efficacy of DOACs in
HIT/HITT. For example, would clinicians feel comfortable
in the initial management of massive or submassive pulmon-
ary embolism, limb-threatening arterial thrombosis, vena
caval thrombosis, or cerebral thrombosis with DOAC therapy
as opposed parenteral agents? In our review, a patient with
HIT-related thrombosis of a coronary artery graft experienced
resolution of this thrombus (as well as partial regression of a
carotid bulb thrombosis) after 1 month of rivaroxaban ther-
apy.27 In another patient, however, extensive VTE comprising
bilateral DVT, bilateral PE, and right atrial thrombus was
managed only with a brief period of dabigatran prior to tran-
sitioning to warfarin.*!

The optimal duration of therapy with DOAC-based treat-
ment for HIT/HITT is not known. Outside the prospective
study environment, and excluding patients transitioned from
DOAC to warfarin, we observed a 3-month median duration
of therapy for patients receiving DOAC-based treatment of
HIT/HITT.**?¢%*3% Furthermore, Sharifi et al reported safety
and efficacy among 18 patients followed at least up to 6 months
on extended DOAC-based therapy.>* While the ideal duration
remains unclear, current practices as well as ACCP Guidelines
recommend at least 3 months of anticoagulation for patients
with HIT-related thrombosis.

In terms of practicality, those using warfarin as longer-
term management of HITT have available 4-factor prothrom-
bin concentrate as an evidence-based reversal agent.*>***
Currently, only dabigatran has an available target-specific
antidote in the form of idarucizumab.*> Although there is
optimism for future approval of andexanet alfa as well as
ongoing development of ciraparantag as reversal agents for
the factor Xa inhibitors,*® target-specific antidotes for these
agents are as yet unavailable. This could represent an obstacle
toward adoption of factor Xa inhibitors for off-label use.
Keeping the limitations of available data in view, major
bleeding events did not appear to be a major risk associated
with DOAC therapy. If anything, HIT incites such an intense
prothrombotic state that underanticoagulation would likely
be of greater concern.
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