
Contents lists available at ScienceDirect

Blood Reviews

journal homepage: www.elsevier.com/locate/blre

Review

Direct oral anticoagulant use in patients with thrombophilia,
antiphospholipid syndrome or venous thrombosis of unusual sites: A
narrative review

Laurent Bertolettia,k,l,⁎, Ygal Benhamoub, Yannick Béjotc,j, Sylvestre Marechauxd,
Saida Cheggoure, Boris Aleilf, Nicolas Lelloucheg, Jean-Guillaume Dillingerh, Aurélien Delluci,m

a Service de Médecine Vasculaire et Thérapeutique, CHU de St-Etienne, Saint-Etienne, France
b Internal Medicine and Vascular Medicine Department, Charles Nicolles Hospital, Rouen, France
cNeurology Department, University Hospital of Dijon Burgundy, France
d Cardiology Department, Catholic Institute Hospitals Group of Lille, Medicine University, Catholic University of Lille, Lille, France
e Department of Cardiology, Hospital Henri Duffaut, Avignon, France
f Cardiology Office, F-67270 Hochfelden, France
g Rythmology Interventionnel Department, Henri Mondor Hospital, Creteil, France
hDepartment of Cardiology – Anticoagulation Clinic (CREATIF) – Inserm U942, Lariboisiere Hospital, AP-HP, Paris Diderot University, Sorbonne Paris Cité, Paris, France
iUniversity of Occidentale Brittany, EA 3878 GETBO, Brest, France
jDijon Stroke Registry, EA4184, Medical School of Dijon, University of Burgundy, France
k INSERM, UMR1059, Equipe Dysfonction Vasculaire et Hémostase, Université Jean-Monnet, F-42055 Saint-Etienne, France
l INSERM, CIC-1408, CHU Saint-Etienne, F-42055 Saint-Etienne, France
mDepartment of Internal Medicine and Pneumology, Hospital de la Cavale Blanche, Brest, France

A R T I C L E I N F O

Keywords:
Direct oral anticoagulants
Cerebral venous thrombosis
Splanchnic venous thrombosis
Inherited thrombophilia
Antiphospholipid syndrome

A B S T R A C T

Direct oral anticoagulants (DOACs) are indicated in the treatment and prevention of venous thromboembolism
(VTE). However, the use of DOACs in unusual VTE, including cerebral venous thrombosis (CVT) and splanchnic
venous thrombosis (SVT), and in patients with biological thrombophilia including minor thrombophilia (Factor
V Leiden and prothrombin G20210A), major innate thrombophilia (protein C and S deficiency, and antith-
rombin) and major acquired thrombophilia (antiphospholipid syndrome [APS]), remains controversial due to
the paucity of available data. There are some reports of DOACs use in the initial treatment or long-term
maintenance of patients with either CVT or SVT, but their efficacy remains unclear. The efficacy of DOACs may
be suitable in patients with biological minor or major thrombophilia. The use of DOACs for the long-term
maintenance of patients with APS is more contentious. Randomized clinical trials, which are currently un-
derway, should offer definitive insight into the efficacy and safety profiles of DOACs in these patient populations.

1. Introduction

Thrombophilia is a condition in which abnormal coagulation of the
blood increases the risk of thrombosis, the formation of a blood clot
inside a blood vessel. Thrombotic events are a significant cause of
mortality and morbidity with the annual incidence of acute venous
thromboembolism (VTE) (i.e., deep vein thrombosis [DVT] of the lower
limbs or pulmonary embolism [PE]) approximately 1–2 cases per 1000
persons in the general population [1–3]. Less common clinical mani-
festations of VTE include cerebral venous thrombosis (CVT) and
splanchnic venous thrombosis (SVT).

Thrombophilia can be either acquired or inherited, and interactions

between genetic and acquired factors can also cause thrombosis [4].
Antiphospholipid syndrome (APS), an acquired thrombophilia, is
characterized by thrombosis, pregnancy morbidity, and the presence of
characteristic antibodies. Inherited thrombophilia is caused by estab-
lished factors including, Factor V Leiden, prothrombin G20210A, pro-
tein C deficiency, protein S deficiency, and antithrombin deficiency [5].
Mutations in factor V and prothrombin G20210A are the most common
known hereditary thrombophilia. Other hereditary thrombophilia re-
sulting from a deficiency in physiological inhibitors of coagulation
(protein C and S deficiency, and antithrombin) are more rare. Heredi-
tary thrombophilia do not have the same risk of thrombosis. The lowest
risk is attributed to factor V and prothrombin G20210A (minor
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thrombophilia). The highest risk is attributed to deficiencies in protein
C and S and especially to APS (an acquired major thrombophilia). These
unusual thrombophilias pose a clinical challenge due to the potential
severity of clinical outcomes and lack of supporting evidence from
clinical trials [6].

The basis of thrombosis treatment is anticoagulation. Traditionally,
anticoagulation has been achieved using low-molecular-weight heparin
(LMWH) along with vitamin K antagonists (VKAs) [7]. More recently,
novel forms of direct oral anticoagulants (DOACs) have been in-
troduced. The pharmacologic properties of these compounds allow their
use without any need for hemostasis monitoring. They have demon-
strated their interest in the usual presentation of VTE (i.e. DVT of the
lower limbs and PE). However, their use in the clinical setting pre-
viously presented (CVT, SVT, inherited major and minor thrombophilia,
and non-arterial APS) is unclear [6].

This review examines published reports on the use of DOACs in the
treatment of VTEs in unusual locations, including CVT and SVT, and in
patients with inherited or acquired thrombophilia, and provides an
overview of clinical trials currently underway.

2. Methods

A search of the scientific literature was conducted to identify re-
levant studies in PubMed (1 January 2009 to 14 June 2016) using the
search terms oral anticoagulant, dabigatran, rivaroxaban, apixaban,
edoxaban, Cerebral Venous Thrombosis (CVT), Splanchnic Venous
Thrombosis (SVT), Portal Venous Thrombosis (PVT), Mesenteric
Venous Thrombosis (MVT), splenic vein thrombosis, Budd Chiari
Syndrome (BCS), abdominal venous thrombosis, and antiphospholipid
syndrome. To be included, articles have to be original published works
focusing on adult humans, with symptomatic venous thrombo-embo-
lism of unusual sites (cerebral venous thrombosis, splanchnic venous
thrombosis) or venous thrombo-embolism in the context of biological
thrombophilia (inherited thrombophilia and APS). Exclusion criteria
included abstracts, studies not done in humans, and non-English lan-
guage.

The search was supplemented by screening reference lists of in-
cluded studies. On-going trials were screened on clinicaltrial.gov.

3. Data of direct oral anticoagulants (DOACs) in the general
population

DOACs, which directly inhibit a single enzyme of the coagulation
cascade include, in chronological order, the thrombin inhibitor dabi-
gatran etexilate [8] and the anti-Xa inhibitors rivaroxaban [9], apix-
aban [10], and edoxaban [11].

Large phase III clinical trials have established comparable or better
efficacy and safety outcomes of dabigatran, rivaroxaban, apixaban, and
edoxaban to a VKA (i.e., warfarin) or placebo in the treatment of pa-
tients with VTE [12–20]. In these trials two treatment strategies were
utilized. For dabigatran and edoxaban, a heparin lead-in design of at
least 5 days prior to starting DOACs with no overlap was used, whereas
for rivaroxaban and apixaban, treatment was initiated directly at in-
creased doses for several days followed by a conventional DOAC
treatment regimen. It should also be highlighted that 2–4% of patients
included in these studies had an unknown thrombophilia. These agents
have been licensed by the European Medicines Agency for the treat-
ment and prevention of DVT and/or PE in adult patients.

DOACs may offer more advantages than disadvantages when com-
pared with VKAs in the treatment and prevention of thromboembolic
diseases [21]. Such advantages include direct anticoagulant action,
rapid and reliable onset of action, safety issues (i.e., lower incidence of
major bleeds including intracranial hemorrhage), convenience for use,
short half-life, low potential for food and drug interactions, laboratory
monitoring not routinely required, a wide therapeutic window, and
fixed-dose treatments. Of note, they are associated with a lower risk of

fatal bleeding, including intracranial bleeding [22].
Disadvantages of DOACs include a lack of evidence for their use in

specific patient populations (i.e., patients with liver or kidney disease),
cost, and the importance of compliance. Meta-analysis of randomized
controlled trials evoked an increased risk of gastro-intestinal bleeding
(GIB) [23] with a distinct safety profile from one DOAC to another one
[24]. However, this increased risk may be biased by the methods used
[25] and was not found in secondary population-based studies [24,26].
The main risk factors for GIB seems to be age over 75 years, and co-
prescription of aspirin or non-steroidal anti-inflammatory drugs (when
this information was collected). Apixaban seems to be associated with a
lower risk of GIB than Rivaroxaban and Dabigatran [24], whereas
prospective head-to-head comparisons are not available. Of note, the
risk of gastrointestinal bleeding is linked to the use of any anti-
thrombotic drugs (i.e. antiplatelet agents, vitamin K antagonists,
DOACs). It may also differ according to the clinical setting (VTE, AF,
ACS, etc) and according to patients characteristics with distinct risk
factors for bleeding (comorbidities, potential drug-drug interaction,
etc.) [27].

4. Biological thrombophilia

4.1. Minor thrombophilia: Factor V Leiden and prothrombin G20210A

Factor V Leiden and prothrombin G20210A are frequent minor
thrombophilias with low risk of recurrence. DOACs were used in two
case reports in Factor V Leiden mutation but no studies were identified
in prothrombin G20210A (Table 4) [28,29]. Results in Factor V Leiden
have been conflicting. Complete resolution of spontaneous ovarian vein
thrombosis caused by Factor V Leiden homozygozy was achieved fol-
lowing long-term anticoagulation with rivaroxaban, with no adverse
effects or bleeding complications [28], whereas, recurrent gastro-
intestinal bleeds were reported during maintenance treatment with
rivaroxaban in a patient with DVT, PE, and Factor V Leiden mutation
[29]. There is no specific data on the efficacy of DOACs in patients with
minor thrombophilia. However, due to their frequency, it is highly
probable than a significant proportion of patients included in the phase
III trials had undiagnosed minor thrombophilia, without any efficacy or
safety concerns. DOACs use does not seem dangerous in these patients,
and data from registries are expected.

4.2. Major thrombophilia: Inhibitor deficiency and non-arterial
antiphospholipid syndrome (APS)

As mentioned previously, hereditary thrombophilia resulting from a
deficiency in physiological inhibitors of coagulation (protein C and S
deficiency, and antithrombin) (major innate thrombophilia) are rare,
however, they carry a high risk of thrombotic recurrence, as does non-
arterial APS (major acquired thrombophilia).

The role of DOACs in major innate thrombophilia is uncertain with
DOACs used in only two patients with protein C deficiency [30,31], and
in three patients with protein S deficiency [32,33] (Table 1). DOACs
may be preferable to VKAs in patients with severe protein C deficiency
due to higher endogenous protein C activity, which allows for the dose
reduction of protein C replacement therapy [30]. Moreover, DOACs
(dabigatran and rivaroxaban), which do not decrease the levels of vi-
tamin K-dependent coagulation proteins, may offer an alternative
treatment to warfarin in patients with warfarin-induced skin necrosis
[31,32]. Conversely, treatment with rivaroxaban may be less effective
in patients with a marked protein S deficiency, although further re-
search is required to clarify this [33,34].

Non-arterial antiphospholipid syndrome (APS), an acquired auto-
immune disease, is characterized by venous and/or arterial throm-
boembolisms and/or pregnancy morbidity, associated with persistent
antiphospholipid antibodies (aPLs) [35]. The presence of aPLs (lupus
anticoagulant, anti-cardiolipin antibodies, and anti-β2-Glycoprotein I
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antibodies) during laboratory testing determines the diagnosis of APS,
with patients displaying triple positivity (triple-aPL patients) at highest
risk for thrombosis and recurrence. The socio-economic burden of APS
is high as it can occur in younger individuals, cause thrombosis in most
organs, and may result in pregnancy loss [36]. APS can occur either as a
primary condition or related to an underlying disease, most commonly
systemic lupus erythematosus (SLE) [37]. The annual incidence of APS
is approximately 5 cases per 100,000 persons [38]. Current treatment
for patients with APS with thrombosis is long-term anticoagulation with
VKAs in order to prevent recurrences [39]. Despite speculation re-
garding the use of DOACs in patients with APS, their efficacy and safety
profiles are unknown.

One clinical study [40,41], one observational cohort study [42], one
preliminary trial [39] [43], five case series [44–48], and two case re-
ports [49,50] have been published to date with 151 patients with APS
treated with DOACs; rivaroxaban (n=129) and dabigatran (n=21)
were the main DOACs used, and apixaban was used in one patient
(Table 1).

DOACs may offer an effective alternative to VKAs for the long-term
maintenance treatment of patients with APS, although caution is
needed. The Rivaroxaban in AntiPhospholipid Syndrome (RAPS) study
(ISRCTN68222801) showed that treatment with rivaroxaban did not
increase overall thrombotic risk in patients with thrombotic APS and
previous VTE compared with warfarin, however, the non-inferior
threshold for percentage change in endogenous thrombin potential
(primary outcome) was not reached (Table 1) [40,41]. In this study,
there were no thrombosis or major bleeding events reported and
treatment with rivaroxaban was associated with improved quality of
life.

Apixaban and/or rivaroxaban were efficacious with no recurrent
thrombosis in patients with thrombotic primary or secondary APS and
in APS patients with previous VTE and poor anticoagulation control
with VKAs, although patients with previous arterial thrombosis were
excluded from these studies [43,44]. Similarly, there were no

thrombotic recurrences or bleeding events in patients with APS treated
with dabigatran or rivaroxaban from the observational cohort study
[42].

However, treatment with rivaroxaban failed to prevent thrombotic
events in eight patients with APS, with five patients developing arterial
thrombosis (Table 1) [46]. The initial manifestation of APS was venous
thrombosis in all eight patients; arterial manifestations were present in
two patients, and triple antibody positivity in three patients. Pre-
liminary evidence from this series of eight cases suggests that rivarox-
aban provided lesser protection in the high-risk group of patients with
APS, namely those with previous arterial thrombosis and/or triple an-
tibody positivity.

In addition, recurrent thrombosis was also reported in 8 out of 18
patients with APS treated with either rivaroxaban or dabigatran
(Table 1). Of the patients who failed treatment, 6 were treated with
rivaroxaban and 2 were treated with dabigatran [45,47,48]. While
waiting for specific RCT of DOACS in APS, caution is needed.

4.2.1. Ongoing clinical trials in patients with APS
Currently, there are three ongoing clinical trials in patients with

APS (Table 2).
The Rivaroxaban in Antiphospholipid Syndrome Pilot Study

(NCT02116036) is a multicenter, feasibility study of rivaroxaban in
patients with APS and prior arterial or venous thrombosis. This study
aims to examine the ability to identify 150 eligible patients with APS, to
measure the ability to obtain consent from 135 of these patients, and to
test the hypothesis that 95% compliance with daily rivaroxaban ad-
ministration can be obtained. Patients will be followed for a minimum
of 12months and bleeding and thrombosis events will be monitored as
secondary outcome measures.

The Trial on Rivaroxaban in AntiPhospholipid Syndrome (TRAPS)
(NCT02157272) is a phase III, prospective, multicenter, randomized,
open-label, non-inferiority study [36]. This study will evaluate the ef-
ficacy of rivaroxaban versus warfarin in high-risk (triple aPL-positive)

Table 1
Retrospective studies in patients with minor and major thrombophilia.

Reference Treatment No. pts Duration of
DOAC

Comments

Minor thrombophilia – Factor V Leiden
Cook, 2014 [27] Rivaroxaban 15mg bid for 3 wks then 20mg od 1 6mo Long-term anticoagulation with rivaroxaban was effective and well

tolerated. DOACs may offer an alternative to VKAs in carefully selected
patients.

Jehangir, 2014
[28]

Rivaroxaban 1 NR Maintenance treatment with rivaroxaban was not effective and pt was
switched to warfarin following recurrent GI bleed.

Major innate thrombophilia – protein C deficiency
Boey, 2016 [29] Rivaroxaban 1 12mo DOACs may be preferred for long-term anticoagulation as they avoid vitamin

K antagonism resulting in higher endogenous protein C activity, however,
strict adherence to treatment is imperative.

Hermans, 2012
[30]

Dabigatran 150mg bid 1 6mo Dabigatran was effective and safe in a pt with warfarin-induced skin
necrosis. Similar efficacy and tolerance may be obtained with anti-Xa
inhibitors.

Major innate thrombophilia – protein S deficiency
Martinelli, 2013

[31]
Rivaroxaban 5mg od gradually increased over
8 wks to 10mg, 20mg, 30mg, and 40mg
(=10mg every 6 h)

1 12mo Rivaroxaban was efficacious and well tolerated.

Wypasek, 2014
[32]

Rivaroxaban 20mg od 1 NR Rivaroxaban was not effective in pts with marked protein S deficiency.
Rivaroxaban 15mg bid then 20mg od 1

Major acquired thrombophilia – antiphospholipid syndrome
Cohen, 2016 [39] Rivaroxaban 20mg od or 15mg od for pts with

CrCl 30–49mL/min
54 6 Although the ETP for rivaroxaban did not reach the non-inferiority

threshold, the overall thrombogram indicated thrombotic risk was not
increased with rivaroxaban.Warfarin (target INR 2.5, range 2–3) 56

Betancur, 2016
[43]

Rivaroxaban 7 19 (2–36) DOACs were efficacious and well tolerated.
Apixaban 1

Signorelli, 2016
[45]

Rivaroxaban 8 NR Rivaroxaban was not effective in high-risk pts with APS.

Abbreviations: APS, antiphospholipid syndrome; bid, twice daily; DOAC, direct oral anticoagulant; ETP, endogenous thrombin potential; GI, gastrointestinal; INR, international nor-
malized ratio; mo, month; NR, not reported; od, once daily; pt, patient; VKAs, vitamin K antagonists; wks, weeks.
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patients with APS. The primary objective is to demonstrate non-in-
feriority of rivaroxaban versus warfarin in the prevention of acute
thrombosis (arterial or venous), major bleeding and death. TRAPS will
enroll the largest homogenous cohort of high-risk patients with APS and
trial results should improve our understanding of APS and may indicate
the standard-of-care for this patient population [36].

Apixaban for the Secondary Prevention of Thromboembolism
Among Patients With the AntiphosPholipid Syndrome (ASTRO-APS)
(NCT02295475) is a Phase III, randomized, open-label, multicenter
study in patients with a clinical diagnosis of APS who are already taking
an anticoagulant for the secondary prevention of thrombosis [51]. Pa-
tients will be randomized to receive either warfarin (target INR range
2–3) or apixaban 5mg twice daily. Patients will be followed by the
study team for 13months. Two in-clinic follow-up visits will be per-
formed as well as four telephone follow-up visits. This study has two
primary aims, to a). determine the ability to identify, recruit, rando-
mize, and retain patients with APS receiving a DOAC, and b). report
rates of thrombosis (arterial or venous) and death caused by throm-
bosis, as well as major bleeding plus clinically relevant non-major
bleeding over one year among patients with APS randomized to either
warfarin or apixaban [51]. If apixaban is found to be safe and effective
for the prevention of recurrent thrombosis in patients with APS, it
would provide a potential alternative to indefinite anticoagulation with
warfarin.

5. VTE in unusual locations

5.1. Cerebral venous thrombosis (CVT)

CVT, an uncommon form of stroke, is caused by thrombosis of the
dural sinus and/or cerebral veins of the brain, most often the superior
sagittal sinus [52]. In adults, the annual incidence of CVT has been
estimated at 2 to 5 cases per million [52,53], although a more recent
study found a higher incidence rate of 1.32 cases per 100,000 person-
years [54]. The majority of CVT events occur in young adults, with 75%
of these occurring in females. The most common risk factors identified
are thrombophilia, either genetic or acquired, and oral contraceptives
[55]. Anticoagulation is the mainstay of treatment for CVT despite
concerns its use may increase the risk of intracerebral hemorrhage [56].
The role of DOACs in the treatment of CVT for both initial treatment

and maintenance anticoagulation is currently unknown.
Three retrospective studies [57–59], two case series [60,61], and

two case reports [62,63] of patients with CVT who received DOACs
were identified in the literature. In total, 34 patients with CVT were
treated with DOACs; 17 patients each treated with rivaroxaban or da-
bigatran (Table 3). Recanalisation rates and clinical outcomes were
efficaious [57–59].

Off-label use of DOACs for the treatment of patients with CVT has
been described in a Canadian survey [64]. A total of 183 Canadian
neurologists and hematologists were recruited and 51 (28%) responded.
Practice patterns for initial and maintenance anticoagulation for CVT,
estimated annual case volume, and demographic information were
surveyed.

This study showed that only 6% of respondents used a DOAC as
initial treatment, whilst 31% had used a DOAC for maintenance an-
ticoagulation. DOACs used included dabigatran, rivaroxaban, and
apixaban. The main reasons for not using a DOAC included the lack of
evidence in this indication, medico-legal liability, lack of available re-
versal agents, and lack of provincial drug coverage. It must be high-
lighted, however, that off-label use of DOACs for the treatment of pa-
tients with CVT is not recommended by current treatment guidelines.

5.1.1. Ongoing clinical trials in patients with CVT
There is one clinical trial in patients with CVT (Table 4). A Clinical

Trial Comparing Efficacy and Safety of Dabigatran Etexilate With
Warfarin in Patients With Cerebral Venous and Dural Sinus Thrombosis
(RE-SPECT CVT) (NCT02913326) is a phase III, multicenter, pro-
spective, international, randomized, open-label study of dabigatran
etexilate versus dose-adjusted warfarin in patients with blood clots in
the veins or venous sinuses of the brain [65]. The aim of the study is to
determine the suitability of dabigatran versus warfarin for the treat-
ment and secondary prevention of blood clots in the veins or venous
sinuses of the brain.

5.2. Splanchnic venous thrombosis (SVT)

SVT includes PVT, MVT, splenic vein thrombosis, and BCS. In
Sweden, the population prevalence of SVT was found to be 1% based on
23,796 autopsies performed between 1970 and 1982 [66]. The in-
cidence of PVT, MVT and BCS has been reported as 0.7 per 100,000 per

Table 2
Ongoing clinical trials in patients with antiphospholipid syndrome.

Study name Rivaroxaban in antiphospholipid syndrome pilot study: a multicenter
feasibility study of rivaroxaban for patients with antiphospholipid
syndrome and prior arterial or venous thrombosis (NCT02116036)

TRAPS (NCT02157272) ASTRO-APS (NCT02295475)

Reference – Pengo, 2016 [35] Woller, 2016 [46]
Study type Phase IV, interventional Phase III, p, mc, r, c, ol, non-inferiority p, r, ol, blinded event, pilot study
Treatment Rivaroxaban 20mg od Rivaroxaban 20mg od

Rivaroxaban 15mg od in pts with
moderate renal impairment
Warfarin (target INR 2.5)

Apixaban 2.5mg bid
Warfarin (target INR range 2–3)

No. pts 150 535 200
Primary outcome Feasibility of identification for enrolment, consent, and compliance. Cumulative incidence of a first

thromboembolic event, major bleeding,
or death.

Rate of thrombosis (up to 13mo
after enrollment).
Major and non-major bleeding (up
to 13mo after enrollment).

Secondary outcomes Minor, major and fatal bleeding events.
Rates of venous and arterial thrombosis.

Any thromboembolic event.
Major bleeding.
Minor bleeding.
All-cause mortality.
Treatment compliance.

Net clinical outcome comparison
of apixaban and warfarin.
Pt satisfaction using a standardized
questionnaire.

Estimated study
completion date

December 2016 December 2018 December 2017

Abbreviations: ASTRO-APS, Apixaban for the Secondary Prevention of Thromboembolism Among Patients With the AntiphosPholipid Syndrome; bid, twice daily; c, controlled; INR,
international normalized ratio; mo, months; mc, multicenter; ol, open-label; od, once daily; pt, patient; p, prospective; r, randomized; TRAPS, Trial on Rivaroxaban in AntiPhospholipid
Syndrome.
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year, 2.7 per 100,000 person-years, and 0.8 per million per year, re-
spectively [67–69].

Liver cirrhosis and solid cancer are the most common risk factors for
SVT, and the portal and mesenteric veins are the most common sites of
thrombosis [70]. Patients with SVT are also at increased risk of bleeding
complications and recurrent thrombosis [70]. Although no randomized
controlled trials have assessed the clinical benefit of anticoagulant
treatment in patients with SVT, anticoagulation is recommended for all
patients with acute PVT and BCS [71]. An important multicenter cohort
of SVT patients treated with VKA has been published recently and was
endorsed by the International Society on Thrombosis and Haemostasis
(ISTH) [70]. The efficacy of DOACs for the initial or maintenance
treatment of patients with SVT is currently unknown.

The literature search identified one case report and one case series
of patients with SVT who received DOACs (rivaroxaban and apixaban)
(Table 5). Treatment with rivaroxaban or apixaban was shown to be
well tolerated with no significant bleeding in a case series of five pa-
tients with cirrhosis who developed PVT; two patients achieved com-
plete resolution of the portal vein after 6months treatment and one
patient had stable resolution [72]. Complete recanalization was also
reported in a patient with cryptogenic cirrhosis and partial PVT fol-
lowing 3months' treatment with low-dose rivaroxaban [73]. Recur-
rence of partial PVT occurred 2months after treatment was stopped,
with complete recanalization achieved following the reinitiation of
rivaroxaban.

5.2.1. Ongoing clinical trials in patients with SVT
There is one ongoing clinical trial in patients with SVT (Table 4).

The Treatment of Splanchnic Vein Thrombosis With Rivaroxaban: A
Pilot, Prospective Cohort Study (NCT02627053) is a phase III, open-
label, pilot study. This study will assess the safety of rivaroxaban in
patients with acute SVT without liver cirrhosis. Consecutive patients
aged ≥18 years with first episode of symptomatic, objectively diag-
nosed PVT, MVT, or SVT will be enrolled and the primary outcome
measure, major bleeding, will be assessed at 3months.

6. Conclusion

DOACs may offer more advantages than VKAs in the treatment and
prevention of thromboembolic diseases with comparable or better ef-
ficacy and safety outcomes reported in large, phase III clinical trials in
patients with VTE [12–20]. There is a paucity of available data, how-
ever, regarding the use of DOACs in unusual VTE, and in inherited or
acquired thrombophilia. Although approximately 10% of patients with
DVT also have APS, aPL status was not assessed in the phase III clinical
trials and the results of these trials are generally not applicable to pa-
tients with APS. In clinical practice, physicians who treat VTE also
encounter unusual thromboses that could potentially be a target of
DOACs. This review outlines the current understanding of the use of
DOACs in these patient populations and provides an overview of on-
going clinical trials that should help us to evaluate these drugs in these
unusual diseases.

In the published literature to date, which has mainly focused on
retrospective case series and case reports, the anti-Xa inhibitor rivar-
oxaban and the thrombin inhibitor dabigatran etexilate were the most
commonly used DOAC for the treatment of unusual presentations of
VTE. Despite there being only a limited number of patients treated with
apixaban, results showed it was effective and well tolerated and may
offer a promising alternative to standard treatment in unusual VTE.

There appears to be a role for DOACs in the treatment of patients
with CVT, with a Canadian survey of neurologists and hematologists
identifying off-label use of dabigatran, rivaroxaban, and apixaban in
this patient population [64]. Clinical benefit was also identified for all
patients with CVT treated with either rivaroxaban or dabigatran, with
no major bleeding complications or recurrent thrombotic events re-
ported [57–63]. Interestingly, rivaroxaban plus corticosteroid may beTa

bl
e
3

R
et
ro
sp
ec
ti
ve

st
ud

ie
s
in

pa
ti
en

ts
w
it
h
ce
re
br
al

ve
no

us
th
ro
m
bo

si
s.

R
ef
er
en

ce
Tr
ea
tm

en
t

N
o.

pt
s

M
ed

ia
n
du

ra
ti
on

of
D
O
A
C
(r
an

ge
)

Effi
ca
cy

ou
tc
om

e,
m
R
S
(0

or
1)

Pa
rt
ia
l
or

co
m
pl
et
e

re
ca
na

liz
at
io
n

C
om

m
en

ts

M
en

do
nc

a,
20

15
[5
8]

D
ab

ig
at
ra
n
15

0
m
g
bi
d

13
6
m
o
(2
–3

2
m
o)

86
.7
%

at
6
m
o

80
%

at
5
m
o

D
ab

ig
at
ra
n
w
as

effi
ca
ci
ou

s
an

d
w
el
l
to
le
ra
te
d.

D
ab

ig
at
ra
n
11

0
m
g
bi
d

2
W
ar
fa
ri
n

3
H
on

,2
01

2
[5
9]

D
ab

ig
at
ra
n
11

0
m
g
bi
d

2
6
m
o

N
R

10
0%

at
6
m
o

Tr
ea
tm

en
t
w
it
h
da

bi
ga

tr
an

re
su
lt
ed

in
cl
in
ic
al

im
pr
ov

em
en

t
an

d
su
cc
es
sf
ul

re
so
lu
ti
on

of
th
ro
m
bo

si
s.

G
ei
sb
us
ch

,
20

14
[5
7]

R
iv
ar
ox

ab
an

15
m
g
bi
d
fo
r
21

d
th
en

20
m
g
od

4
8
m
o
(6
–1

2
m
o)

10
0%

at
7
m
o
(r
an

ge
5–

12
m
o)

10
0%

at
7
m
o
(r
an

ge
6–

12
m
o)

R
ec
an

al
iz
at
io
n
ra
te
s
an

d
cl
in
ic
al

ou
tc
om

es
w
er
e
ex
ce
lle

nt
in

bo
th

tr
ea
tm

en
t

gr
ou

ps
;t
he

re
w
er
e
no

re
le
va

nt
or

st
at
is
ti
ca
lly

si
gn

ifi
ca
nt

di
ff
er
en

ce
s
be

tw
ee
n

tr
ea
tm

en
t
gr
ou

ps
.

R
iv
ar
ox

ab
an

20
m
g
od

3
V
K
A
s

9
A
nt
ic
ol
i,
20

16
[5
6]

R
iv
ar
ox

ab
an

15
m
g
bi
d
fo
r
21

d
th
en

20
m
g
od

2
48

w
ks

(3
2–

52
w
ks
)

10
0%

at
3
m
o

83
%

at
3
m
o

R
iv
ar
ox

ab
an

w
as

effi
ca
ci
ou

s
an

d
sa
fe

su
gg

es
ti
ng

it
s
po

te
nt
ia
l
ro
le

in
th
e

tr
ea
tm

en
t
of

C
V
T.

10
0%

at
12

m
o

LM
W
H

fo
r
4–

7
d
th
en

ri
va

ro
xa

ba
n
20

m
g
od

2
LM

W
H

fo
r
4–

7
d
th
en

ac
en

oc
ou

m
ar
ol

fo
r
15

d
th
en

ri
va

ro
xa

ba
n
20

m
g
od

1

LM
W
H

fo
r
4–

7
d
th
en

ac
en

oc
ou

m
ar
ol

fo
r
3
m
o

th
en

ri
va

ro
xa

ba
n
20

m
g
od

1

M
ut
gi
,2

01
5
[6
0]

R
iv
ar
ox

ab
an

2
3–

4
m
o

N
R

10
0%

at
3
m
o

R
iv
ar
ox

ab
an

w
as

eff
ec
ti
ve

an
d
sa
fe

in
pt
s
w
it
h
be

ni
gn

/u
nc

om
pl
ic
at
ed

C
V
T.

Su
gi
e,

20
15

[6
2]

R
iv
ar
ox

ab
an

15
m
g
+

pr
ed

ni
so
lo
ne

50
m
g
od

1
7
m
o

10
0%

at
5
m
o

10
0%

at
12

m
o

C
lin

ic
al

ou
tc
om

e
w
as

ex
ce
lle

nt
fo
llo

w
in
g
ri
va

ro
xa

ba
n
tr
ea
tm

en
t.

C
ho

,
20

16
[6
1]

R
iv
ar
oa

xb
an

10
m
g
od

1
6
m
o

N
R

N
R

R
iv
ar
ox

ab
an

w
as

effi
ca
ci
ou

s
an

d
sa
fe

as
m
ai
nt
en

an
ce

th
er
ap

y.
Pt

re
m
ai
ne

d
st
ab

le
w
it
h
no

ne
ur
ol
og

ic
al

da
m
ag

e.

A
bb

re
vi
at
io
ns
:b

id
,t
w
ic
e
da

ily
;C

V
T,

ce
re
br
al

ve
no

us
th
ro
m
bo

si
s;
d,

da
ys
;D

O
A
C
,d

ir
ec
to

ra
la

nt
ic
oa

gu
la
nt
;L

M
W
H
,l
ow

m
ol
ec
ul
ar

w
ei
gh

th
ep

ar
in
;m

o,
m
on

th
;m

R
S,

m
od

ifi
ed

R
an

ki
n
Sc
al
e;

N
R
,n

ot
re
po

rt
ed

;o
d,

on
ce

da
ily

;p
t,
pa

ti
en

t;
V
K
A
s,
vi
ta
m
in

K
an

ta
go

ni
st
s;

w
ks
,w

ee
ks
.

L. Bertoletti et al. Blood Reviews 32 (2018) 272–279

276



an alternative treatment option for CVT associated with warfarin-re-
sistant APS [63]. Although the efficacy and safety profile of DOACs in
the treatment of CVT suggests they may be useful in this patient po-
pulation, additional evidence is needed before definitive re-
commendations can be made regarding their use.

Results from the RAPS clinical trial suggest that rivaroxaban may
offer an effective, safe, and convenient alternative to warfarin in pa-
tients with thrombotic APS and previous VTE who require standard-
intensity warfarin therapy [40]. Although the primary outcome was not
achieved, there was no increase in overall thrombotic risk, no major
bleeding events, and a small albeit significant improvement in quality
of life for rivaroxaban compared with warfarin. It should be noted,
however, that these results are not applicable to patients with APS and
recurrent VTE whilst on warfarin (INR range 2–3) or with previous
arterial thrombosis [40].

Although treatment with DOACs may offer an attractive alternative
to VKAs for the long-term maintenance treatment of patients with APS,
their efficacy is controversial. From a total of 69 patients treated with
dabigatran, rivaroxaban, or apixaban, there was only one reported
thrombotic relapse [42–44]. On the other hand, Signorelli et al. re-
ported a failure of DOACs to prevent thrombotic events in eight patients
with APS [46]. Schaefer et al. also reported thrombotic events in pa-
tients with APS treated with DOACs, as did Win and Rodgers, Son et al.,
and Delgado et al. [45,47,48,50]. In the study by Schaefer et al., all
three patients had recurrent arterial and/or venous thromboembolic
complications after transitioning to DOACs, however, the underlying
mechanisms for DOAC failure were unclear and it is unknown whether
these cases represent rare treatment failures or a prothrombotic sig-
nature of APS [45].

Patients with APS and previous arterial thrombosis and/or triple

antibody positivity may represent a high-risk group in which DOACs
provide lesser protection. Patients with previous arterial thrombosis
were included in the studies by Win and Rodgers [48]. and Delgado
et al. [50], which reported recurrent thrombosis, and, in the observa-
tional cohort study of 26 patients with APS, the only patient that failed
on DOACs also had previous arterial thrombosis [42]. In the case series
by Signorelli et al., failure of thrombotic prevention during treatment
with rivaroxaban was reported in all eight patients, of which three were
triple aPL-positive and two had previous arterial events [46]. Of note,
there were no patients with previous arterial thrombosis included in the
Sciascia et al. study, which reported no thrombotic recurrences [43].

Clinical trials investigating the role of DOACs in patients with CVT
[65], SVT, and APS [36,51] are underway and results from these trials
are eagerly awaited.

DOACs have the potential to reduce the global burden of thrombosis
and especially of major bleeding, including fatal bleeding [22], it is,
however, imperative that the selection of patients, drug type, and do-
sage are appropriate, and that treatment is monitored. Ultimately, it is
envisaged that the use of DOACs will simplify long-term anticoagulant
therapy and improve its safety [74].

In conclusion, there is limited evidence regarding the use of DOACs
in unusual VTE, and DOACs may not be appropriate in high-risk pa-
tients with APS. Randomized clinical trials, which are currently un-
derway, should offer more definitive insight into the efficacy and safety
profiles of DOACs in these patient populations. Until results from these
clinical trials are finalized, VKA should remain the gold standard of
anticoagulant treatment in patients with unusual VTE.

Table 4
Ongoing clinical trials in patients with VTE in unusual locations.

Cerebral venous thrombosis Splanchnic venous thrombosis

Study name RE-SPECT CVT (NCT02913326) Treatment of splanchnic vein thrombosis with
rivaroxaban: a pilot, prospective cohort study
(NCT02627053)

Reference Boehringer, 2016 [64]
Study type Phase III, p, mc, r, ol, c Phase III, p, ol, pilot study
Treatment Dabigatran Rivaroxaban 15mg bid for 3 wks then 20mg od for 3mo

Warfarin (target INR range 2–3)
No. pts 180 100
Primary outcome Composite no. of pts with major bleeding and VTE at 24 wks. Major bleeding at 3mo.
Secondary outcomes Cerebral venous recanalization at 24 wks.

No. pts with: any bleeding event; recurring cerebral venous and dural sinus
thrombosis; DVT of any limb, PE or SVT; major bleeding or clinically relevant non-
major bleeding events at 24 wks.

Estimated study
completion date

April 2018 December 2018

Abbreviations: bid, twice daily; c, controlled; CVT, cerebral venous thrombosis; DVT, deep vein thrombosis; INR, international normalized ratio; mo, months; mc, multicenter; no.,
number; ol, open-label; od, once daily; PE, pulmonary embolism; pt, patient; p, prospective; r, randomized; RE-SPECT CVT, Randomized evaluation of the safety and efficacy of
dabigatran etexilate versus dose adjusted warfarin in patients with cerebral venous thrombosis; SVT, splanchnic venous thrombosis; VTE, venous thromboembolism; wks, weeks.

Table 5
Retrospective case reports in patients with splanchnic venous thrombosis.

Reference Treatment No. pts Duration of
DOAC

Outcomes Comments

Intagliata, 2015
[71]

Apixaban 2.5 mg bid 3 1–7mo Complete resolution in 2 pts after
6 mo treatment.

Treatment with DOACs was effective
and well tolerated.Rivaroxaban 20mg od 1

Warfarin for 3 mo then rivaroxaban 20mg
od for 3 mo then 10mg od

1 1 pt had stable resolution.
No significant bleeding occurred.

Lenz, 2014 [72] Rivaroxaban 10mg od 1 5mo Complete recanalization of PVT at
3mo.

Low-dose rivaroxaban was efficacious
and safe.

No bleeding complications were
reported.

Abbreviations: bid, twice daily; DOAC, direct oral anticoagulant; mo, month; od, once daily; pt, patient; PVT, portal vein thrombosis.
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7. Practice points

• Limited evidence for DOACs in CVT and SVT, but they offer good
potential.

• DOACs can be used for VTE treatment in minor thrombophilia.

• DOACs may be suitable in major thrombophilias with high risk of
VTE recurrence.

• Clinical trials investigating DOACs in CVT, SVT, and APS are un-
derway. VKA should remain the gold standard of anticoagulant
treatment in these setting.

8. Research agenda

• The clinical trial, RE-SPECT CVT (NCT02913326), is a randomized,
open-label, exploratory trial with blinded endpoint adjudication
(PROBE), which will compare the efficacy and safety of oral dabi-
gatran etexilate versus oral warfarin in patients with cerebral ve-
nous and dural sinus thrombosis over a 24-week period. This trial is
currently ongoing.

• Primary outcome measure is the composite number of patients with
major bleeding according to ISTH criteria and VTE at 24 weeks.

• Secondary outcome measures include cerebral venous recanaliza-
tion at 24 weeks, and the number of patients with any bleeding
event, recurring cerebral venous and dural sinus thrombosis, DVT of
any limb, PE or SVT, major bleeding or clinical relevant non-major
bleeding events at 24 weeks.

• Estimated study completion date is April 2018.

• Another ongoing clinical study, Treatment of Splanchnic Vein
Thrombosis with Rivaroxaban (NCT02627053), is a pilot, pro-
spective cohort study that will treat portal, mesenteric, and splenic
vein thrombosis with rivaroxaban (rivaroxaban 15mg bid for
3 weeks then 20mg od for 3months).

• Primary outcome measure is major bleeding at 3months.

• Estimated study completion date is December 2018.
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