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The study was initiated following observation of complete recanalization of thrombus in subjects with
DVT treated with rivaroxaban after 1-2 weeks.

The aim of this observational retrospective study was to evaluate clinically, and by means of Echo color
Duplex, the fibrinolytic effect of rivaroxaban in patients with recent and previous DVT. To this end,
we evaluated two populations of patients:

1st group: 31 patients (range of age 52-73 years) with popliteal-femoral DVT (12 months ago) treated
with standard anticoagulant therapy (warfarin). In these patients we found a complete superficial femoral
recanalization and partial recanalization of the popliteal vein (30 % of residual thrombus). The patients
had normal creatinine clearance and liver function. The patients were switched from warfarin to rivarox-
aban due to a lack of compliance with warfarin therapy.

2nd group: 22 patients (range of age 65-82 years) with previous popliteal-femoral DVT and complete
common femoral veins recanalization (already known or documented) who presented with a recent super-
ficial femoral vein re-thrombosis (1 week before). The patients had normal creatinine clearance and liver
function. The patients switched from warfarin to rivaroxaban due to a lack of compliance with warfarin
therapy.

Results. In the 1st group, all patients exhibited the complete recanalization of the popliteal veins after
4 weeks of rivaroxaban therapy. In the 2" group, all patients exhibited the complete recanalization of the
popliteal veins after 4 weeks, and the complete recanalization of the acute re-thrombosis of the superficial
femoral veins, after 2 weeks of rivaroxaban therapy. No adverse events for both groups were observed.
Our results suggest that rivaroxaban could have a pro-fibrinolytic effect not only on recent thrombus but
also on organized thrombus that results in a complete recanalization of affected veins. It is proposed that
this lytic effect will preserve venous valve structure and lead to a reduction of incidence of post-

thrombotic syndrome in treated patients.
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Introduction. In patients receiving anticoa-
gulation for the treatment of thrombosis, the
goals of therapy are prevention of extension of
the thrombus, avoidance of pulmonary embolism
(PE), prevention of recurrence of VTE and ulti-
mately the avoidance of post-thrombotic syn-
drome (PTS). Post-thrombotic syndrome i sa
problem that can develop in nearly half of all pa-
tients who experience a deep vein thrombosis
(blood clot) in the leg. PTS symptoms include
chronic leg pain, swelling, redness, and ulcers
(sores). PTS has been estimated to affect
23-60 % of individuals with DVT, frequently
occurring within 2 years of the DVT episode.
Among factors potentially related to the devel-
opment of PTS is the lack of vein recanalization
within the first 6 months following. Clearly, ear-

lier, more complete recanalization correlates
with less PTS [1-2].

Rivaroxaban is a direct oral anticoagulant
that specifically targets factor Xa. The pharma-
codynamic effects of rivaroxaban (for example,
inhibition of factor Xa and prolongation of
prothrombin time) are closely correlated with ri-
varoxaban concentrations in plasma [4]. Riva-
roxaban is approved for a variety of indications
including the treatment of acute DVT. For the
initial treatment of acute deep vein thrombosis,
the recommended dosage of rivaroxaban is
15 mg twice daily for the first 21 days followed
by 20 mg once daily for continued treatment and
prevention of recurrence [3—7]. There has been
the suggestion in the literature that rivaroxaban
administration may be associated with additional
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effects beyond anticoagulation. For instance,
during the treatment of the patients with DVT, a
complete recanalization of thrombus has been
observed following 1-2 weeks of rivaroxaban
therapy [8].

The aim of the current observational retros-
pective research is to evaluate clinically the fi-
brinolytic effect of rivaroxaban in patients with
recent and previous DVT.

Material and methods. Two populations of
patients were evaluated in this study. Group 1
consisted of 32 patients with a mean age of
60.7 years (range 52-73 years), whose previous
popliteal-femoral DVT (12 months ago) was
treated with standard anticoagulant therapy (war-
farin). These patients experienced complete su-
perficial femoral recanalization, but only partial
recanalization of the popliteal vein. These pa-
tients had a mean residual thrombus of 30 % in
the popliteal vein. Group 2 consisted of 22 pa-
tients with a mean age of 64.5 years (range 65 to

82 years) with previous popliteal-femoral DVT
and complete common femoral veins recanaliza-
tion with partial recanalization of the popliteal
vein (already known or documented) who also
experiences a recent superficial femoral vein re-
thrombosis (1 week before). Patient demograph-
ics are described in Table 1.

At the time of enrollment, patients were
switched to rivaroxaban due to a lack of com-
pliance with warfarin therapy (frequent long dis-
tance travel with important jet-lag, no observa-
tion for the food, continuous change of INR val-
ues, no correct observance of dosages) or an into-
lerance to warfarin. Patients in both groups were
treated with standard dosages of rivaroxaban,
15 mg twice daily for the first 21 days followed
by a 20 mg once daily. All patients had normal
creatinine clearance and liver function. All pa-
tients underwent clinical and echoduplex exami-
nation prior to initiating rivaroxaban therapy and
every 7 days during rivaroxaban treatment.

Table 1
Populations of patients evaluated in the study
Group 1 Group 2
Patients 32 22
Mean age 60.7 years 64.5 years
Range 52—73years 65-82 years
Males/females 11/21 10/12

Onset of old thrombosis

max 12 months

max 12 months

Onset of acute thrombosis - 1 week
Complications none none
Adverse effects by rivaroxaban none none

Results and discussion. Figure 1 shows by
duplex ultrasound the recanalization of the pop-
liteal vein following 4 weeks of treatment with
rivaroxaban. All patients in group 1 exhibited
complete recanalization of the popliteal veins af-
ter 4 weeks of treatment with rivaroxaban. In
group 2, all patients exhibited complete recanali-
zation of the popliteal veins after 4 weeks as
well as the complete recanalization of the acute
re-thrombosis of the superficial femoral veins af-

ter 2 weeks of the therapy of rivaroxaban. No
adverse events for both groups were observed.
Factor X has long been known to have a key
role in hemostasis. Activation of factor X to fac-
tor Xa occurs through both the intrinsic and ex-
trinsic pathways of the coagulation cascade. Fac-
tor Xa initiates the final, common pathway that
results in thrombin activation via the prothrom-
binase complex. Early studies of naturally occur-
ring factor Xa inhibitors indicated that targeting
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factor Xa could provide effective anticoagulation
[9]. Selective inhibition of factor Xa produces
antithrombotic effects by decreasing the genera-
tion of thrombin, thus diminishing thrombin-
mediated activation of both coagulation and
platelets without affecting the activity of existing
thrombin [10-12].

Rivaroxaban has been shown to decrease the
rate of coagulation, which was decreased further
at higher concentrations of thrombomodulin
(TM) [13]. The presence of either thrombin acti-
vatable fibrinolysis inhibitor (TAFI) or its T325I
variant also seemed to decrease clot formation
rate at higher levels of rivaroxaban and TM. At
all concentrations of TM, TAFI-dependent resis-
tance to fibrinolysis was attenuated by rivarox-
aban. The effect of rivaroxaban was, however,
greater for wild-type TAFI than for the T325I
variant. Thus, it appears that rivaroxaban exhi-
bits TAFI-dependent profibrinolytic effects that
are influenced by the levels of TM and the by in-
trinsic stability of TAFla. TM also affected the
dynamics of coagulation. These findings suggest
a role for the anatomical location of a procoagu-
lant stimulus and plasma TM-altering disease
phenotypes in the pharmacodynamics and a role
for the T3251 polymorphism in the pharmacoge-
nomics of rivaroxaban.

It has been shown that rivaroxaban adminis-
tration produces a>2 fold increase in the expres-
sion of matrix metallopeptidase 2 and urokinase
plasminogen activator (u-PA), and prevents the
FXa (9 nM)-induced up-regulation of several
pro-inflammatory genes and FXa-enhanced
platelet adhesion to human umbilical vein endo-
thelial cells (HUVEC). Rivaroxaban increased u-
PA protein expression in HUVEC supernatants
and enhanced u-PA activity. Rivaroxaban
(1 nMuM) produced a significant, dose-
dependent positive effect on HUVEC growth
that was inhibited by BC-11-hydroxybromide,
an inhibitor of u-PA. Healing properties after a
wound on HUVEC cultures, and fibrinolytic
properties were also observed following rivarox-
aban exposure.

Both effects could be reversed by BC-11-
hydroxybromide. Rivaroxaban enhanced viabili-
ty, growth and migration of HUVEC, mainly by
u-PA activation and upregulation, which also
contributes to the rivaroxaban-induced fibrino-

Iytic activity of the endothelium. Rivaroxaban
also protected HUVEC from the pro-inflam-
matory effects of FXa. Altogether, these results
suggest a means by which rivaroxaban may im-
prove endothelial functionality and provide car-
diovascular benefits.

Some laboratory tools for determining the
rate of thrombus formation and fibrinolysis in
whole blood and plasma include techniques such
as the thromboelastograph (TEG) and an assay
performed in a 96-well microtiter plate (MPA).
As reported by Lau et al (15) the rate of clot dis-
solution is more rapid in rivaroxaban patients.
The TEG and MPA identify differences in
thrombogenesis and fibrinolysis in the presence
of different DOACs with major action in riva-
roxaban patients. Rivaroxaban had the greatest
influence of slowing thrombogenesis, giving a
result (69 % inhibition) close to that of warfarin
(65 % inhibition).

From the clinical point of view, the EINS-
TEIN investigators [16, 17] conducted a post-hoc
subgroup analysis of the Einstein DVT trial
(n=3449) to assess the impact of rivaroxaban
therapy on the development of PTS. Kaplan-
Meier survival analysis was performed to com-
pare the cumulative incidence of PTS in rivarox-
aban and enoxaparin/VKA-treated groups. They
included 336 patients, 162 (48 %) treated with ri-
varoxaban and 174 (52 %) with enoxaparin/VKA.
The cumulative PTS incidence at 60 months was
29 % in the rivaroxaban group and 40 % in the
enoxaparin/VVKA group. After adjusting for age,
gender, body mass index, previous VTE, ipsila-
teral recurrent DVT, extent of DVT, idiopathic
DVT, duration of anticoagulant treatment, com-
pliance to as signed study medication, elastic
compression stocking use and active malignancy,
the hazard ratio for PTS development with riva-
roxaban treatment was 0.76 (95 % CI: 0.51-1.13).
The investigators concluded that treatment of
acute DVT with rivaroxaban was associated
with a numerically lower but statistically non-
significant reduction in risk of PTS compared
with enoxaparin/VKA treatment.

Van Es [18] confirms early clot regression
in acute PE in the 88 % of patients with PE fol-
lowing 21 days of rivaroxaban.

Koitabashi [19] reported a case of a 77-year-
old patient with a proximal deep-venous throm-
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bosis (DVT) with external compressive syn-
drome (such as May-Thurner Syndrome) who
experienced a substantial reduction of throm-
bus mass. The patient was enrolled in the
J-EINSTEIN Study (the Japanese EINSTEIN
VTE treatment with rivaroxaban program) and
was assigned to receive rivaroxaban 15 mg twice
daily for 21 days, the initial therapy on-label re-
gimen. His leg edema progressively decreased.
CT scan on day 22 showed that the iliac vein
thrombosis had almost completely disappeared.
These data were supported by another small
study conducted by Kusnetzov [20]. In evaluat-
ing 33 DVT patients treated with rivaroxaban
(15 mg BID for 3 weeks followed by 20 mg OD)
and 38 patients treated with enoxaparin followed
by VKA, significant vein reopening detected by
duplex scanning was observed in the group
treated with rivaroxaban. Interestingly, it was
observed that such recanalization happened in
the early stages of treatment, when rivaroxaban
was being administered at a dose of 15 mg BID.
No major bleeds were reported in either arm.
Our results indicate that rivaroxaban could
have a fibrinolytic effect not only on the recent
thrombus, as demonstrated from several trials,
but also on organized thrombus with a complete
recanalization of the previous residual thrombus.

VENA POPLITEA sn INEQMPRIMIBILE

This action may be due to an effect on remode-
ling of the endothelium, considering that the or-
ganization of thrombus begins after adherence of
the clot to the vessel wall, with formation of a
thin lining of endothelial cells over its surface,
followed by ingrowth of cells from the intima
media and capillary buds into the thrombus. Our
data suggest that rivaroxaban could be a useful
drug for reducing the incidence of post-
thrombotic syndrome and preservation of the
valve structure.

It may be clinically relevant to identify the
speed of clot resolution during anticoagulant
treatment.

As in patients with a suspected recurrent
DVT, it is often unclear whether thrombi reflect
a recurrence or an old thrombus. Consequently,
knowledge about the time to clot resolution
might be helpful in the diagnostic work-up of
patients with recurrent DVT. In our case reports,
we observed the complete resolution of acute
thrombi after 2 weeks and the complete recanali-
zation of old thrombi after 4 weeks.

While additional observations to confirm
these hypotheses and to establish the correct do-
sage of drug are necessary, we believe that the
single drug approach (20 mg OD) for extended
periods could be the correct.
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Fig. 1. Previous thrombosis of popliteal vein (a) and recanalization
after 4 weeks of treatment (b)
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CHVDKAET JIV1 UCITIOJIb3OBAHVE PUBAPOKCABAHA
ITPV1 JIEMEHUU TPOMBO3A I''TYBOKMX BEH
YACTOTY BOSHUKHOBEHMS ITOCTTPOMBOTUNMYECKOI'O CMHOPOMA?
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UccaedoBanue npobBodusocy nocae BbiAbaeHus MNOAHOU peKkaHAAU3Ayuu mpomba Yy nayueHmob
¢ mpombosom eayboxux en (TT'B), noayuabuiux pubapokcaban uepes 1-2 Heo.

Llesw 3moeo 3kcnepuMeHmalbHo20 penpocnekmubHoeo uccaedobanus cocmoaia 6 mom, umobs. OyeHUms
KAUHUYECKU U C noMouybio yBemmotl donep-axoxkapouoepagpuu ubpunosumuueckutl sgpgpexm puba-
poxcabana y nayuenmo8 ¢ TI'B u nayuenmob, nepenecuiux TI'B.

C amoii yeavio bbLau chopmupobarivl 06e epynnsl nayuenmob. IepBywo epynny cocmabua 31 nayuenm
(52-73 200a) ¢ TI'B nodkosento-bedperHoi aokasusayuu (neperecenrsim 12 mec. Ha3a0), noayuabuiuil
cmandapmuyio anmuxoazyAanmuyio mepanuto (Bapgapun). Y smux 604bHbix 0biaa 0OHAPYKEHA NOAHAA
noBepxuocmnas pexanaiusayus 0edpa u 4ACMUYHAA pexanaisusayus nooxosennon Benvt (30 % ocma-
mounoeo mpomba). Kaupenc xpeamununa u yukyus nevenu Y OaHHwuix nayuenmol 0viiu 6 Hopme.
Iayuenmur 6vi1u nepefedensvt ¢ Bapgpapuna Ha pubapokcadban us-3a HecobAwOeHus mepanuu bapgapu-
HoM. Bmopas epynna 6bi1a npedcmabaena 22 borvhoimu (65-82 e0da) ¢ TI'B nodkoserro-bedperHon A0-
KAAU3AYUY U NOAHOU pexanaiusayueil odujux Oedpennvix Ben (0okymeHmaivHo no0mbeproeHHo).
Y nayuenmoB dannoi epynnst Hedeseil panee bvia noBmopHo OuaeHocmupoBar noBepXHOCHIHbLI MpPoMOO3
bedpennvix Ben. Kauperc kpeamununa u pynxyus neweny maxxe oviau 8 nopme. Ilayuenmot nepewiiu
om Bapcpapuna x pubapokcabany us-3a Hecobato0enus mepanuu 6apgapurom.

Pesyavmamut. Y Bcex nayuenmob nepbotl epynnv. 00HAPYKeHA NOAHAA PeKAHAAUZAYUA NOOKOAEHHBIX BeH
nocae 4 ned. mepanuu pubapoxcabarom. Bo 6mopoii epynne y Bcex nayuenmob Bviabirena noinas pexa-
HAAU3AYUS NO0KOACHHBIX BeH uepe3 4 Hed. U NOAHAS PeKaHaIU3ayLs ocmpoeo pempombosa nobepxHocm-
HbiX Dedpernvix Ben uepes 2 Hed. nocae mepanuu pubapoxcabanom. Huxaxux nobounsix sghgpexmol
8 obeux epynnax He HAOA00aA0CH.

Saxatouenue. Ioayuenrsie pesyavmamst c6udemesscmbyiom o mom, umo pubapoxcaban Moxem oka3bi-
Bams npogpudpunosumuveckoe Oeiicmbue He mMoALKO HA HOBbU, HO U HA YxKe cpopmupobabuiuiics
mpomb, umo npubodum xk noAHoU pexaHasusayuy nopaxennsix Ben. Ilpednosaeaemes, umo amom Au-
muveckutl sgpghexm coxpanum cmpykmypy Beno3Hoz0 kAanaHa u npubedein k YMeHbUIEHUIO HACHIONMb
nocmmpompomuUueckoeo cunopoma y nayuenmob, noiyuabuiux coombemcmbyoujee sederiie.

KaroueBore croBa: pubakcaban, mpombos eayboxux Get.



