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COBPEMEHHAS MO3UIUSA AHTUKOATYJISAHTOB IIPA OCTPOM TIJIA:
JOCTUXEHUS, OTPAHUYEHUS, ITIEPCIIEKTHUBbI

© I0.B. Tepexosckas, B.I'. Oxopokos, H.H. Hukynuna

OI'bOY BO Pszanckuii rocy1apCTBEHHbIA MEIUITUHCKUNA YHUBEPCUTET
nMm. akan. M.N. [TaBnoBa Munszapasa Poccuu, Ps3zans, Poccus

TpomOGoambomus erounoit aprepuu (TDJIA) — TpeTbe 10 pacIpOCTPaHEHHOCTH CEPACUHO-
cocynucToe 3abojeBaHue Mmocie MHQpapKTa MUOKapAa M MHCYJbTA, a TaKKe OJHA U3 OCHOBHBIX
npuduH cMepTHOCTH B EBpornie. I]ens. AHanu3 coBpeMEHHON Hay4yHOH 0a3bl 10 BOSMOXHOCTSIM U
OTrpaHMYEHUSIM HCII0JIb30BaHUs aHTUKOArylsiHTHOM Tepanuu (AKT) Ha pa3snuuHbIX 3Tanax okasa-
HUS MeAMLMHCKOM oMoy npu TOJIA B 3aBUCHMMOCTH OT cTpaTtuuKkanuu pucka. B craree ot-
pakeHa No3uLUs coBpeMeHHbIX KiMHnYeckux pekoMeHaanuil, pe3yapTaThl OCIeIHUX HCCie10-
BaHUN U HEKOTOpble criopHble U HepemeHHble Bonpockl AKT npu TOJIA. 3axknwuenue. B na-
CTOsIIIIee BpeMsi TOJTydeHa JOCTaToOYHas JoKa3aTesbHas 0aza B mois3y Toro, uro AKT noBeimaer
BbDKMBAEMOCTH MALMEHTOB, NepeHecnx TOJIA, naxe ¢ y4eToM yBEIMUEHHUS YacTOThl remMoppa-
TMUYECKUX OCJIOKHEHUi; B OCHOBE BBbIOOpa cxeM Tepanuu TOJIA nexutr crpatudukanus pucka
nanueHToB; pa3padotansl cxeMbl AKT i octporo nepuoja, nocieayome npohuiakTuku pe-
uauBoB TOJIA, moaydeHsl 10Ka3aTeNIbCTBA 11e1eCO00Pa3HOCTH €€ JallbHEeHIero NpoJIOHr1poBa-
Hus (M3ydeH puBapokcabaH B f03e 10 Mr); HCIOJIb30BaHUE MPSAMBIX OpajbHBIX aHTUKOAryJISHTOB
(ITIOAK) y maumenToB, neperecummx TOJIA, numeer Gornee ontumanbHbd Tpoduis 3¢dexTus-
HOCTB/0€30MacHOCTh 10 cpaBHEHUIO ¢ aHTtaroHucramu ButamuHa K (ABK). Oxnako, He Bce BO-
npocbl AKT npu TOJIA pemiensl, 103TOMyY K nepcrekTuBaM uzydeHus u npuMenenuss AKT npu
TOJIA MOXHO OTHECTH CIEIYIOIIUE: 11eIecOo00pa3Ho MoslyyeHrne 000CHOBAHHBIX JIaHHBIX IO HC-
noab3oBaHuto [IOAK nocne npoBeneHust TpoMOoau3Uca, y NallMEHTOB CO CHHYKEHHOHN (yHKIMER
MoYeK, ¢ aHTUPOCHONUNUIHBIM CUHIPOMOM, OHKOJOTMUYECKUMHU 3a00JEBaHUSAMH, a TaKKe s
OTpe/ieNIeHUs] YeTKUX CPOKOB IPOJUIEHHOHN Tepanuu; HeoOXOIUM IMOUCK JOMOJHUTENbHBIX Mpo-
rHoctudeckux (axktopos npu TOJIA; uzydyenue u perucrpanusi CielUPUUECKUX aHTUIOTOB IJIs
[TOAK (B Hacrosiiee Bpemst B PO 3apeructpupoBaH crnenu(uyeckuii aHTUIO0T K Jaburarpany —
unapyuusymab); yseanuenue B AKT nomu [TOAK kak mpenaparoB ¢ oKa3aHHBIM JIYYLIHM IpO-
¢duiem 3¢ppexTrBHOCTE/OE30MaCHOCTH 10 cpaBHEeHUIO ¢ ABK.

Knrouegwle cnosa: mpombosmoonus necounou apmepuu, TOJIA, anmuxoacyianmuas mepa-
nusi, anmaz2onucmel eumamuna K, npamoii opanvhviil aHmuKoazynsiHm, HOGblU OPAIbHbIL AHMU-
KOA2YIAHM, CMPaAmupuKayus pucka.

MODERN POSITION OF ANTICOAGULANTS IN ACUTE PULMONARY
EMBOLISM: ACHIEVEMENTS, LIMITATIONS, PROSPECTS

Yu.V. Terekhovskaya, V.G. Okorokov, N.N. Nikulina
Ryazan State Medical University, Ryazan, Russia

Pulmonary embolism (PE) is the third most common cardiovascular disease after myocardial
infarction and stroke, and one of the leading causes of death in Europe. Aim. Analysis of the modern
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scientific base concerning the possibilities and limitations of use of anticoagulant therapy
(ACT) at different stages of medical care in PE depending on risk stratification. The article re-
flects the position of modern Clinical guidelines, the results of recent studies and some contro-
versial and unresolved issues of the ACT for PE. Conclusion. Currently, a sufficient evidence
base has been obtained in favor of the fact that the ACT increases the survival rate of patients
with past PE even taking into account an increase in the frequency of hemorrhagic complica-
tions; the choice of therapy schemes for PE is based on the stratification of the risk of patients;
the schemes of the ACT for the acute period, for the subsequent prevention of relapses of PE
are developed, the evidence of the expediency of its further prolongation (a study of rivaroxaban
at a dose of 10 mg for prolonged therapy) is obtained. Use of direct oral anticoagulants (DOAC)
in patients with past PE has a more optimal efficacy/safety profile compared to vitamin K anta-
gonists (VCA). However, not all the issues of the ACT for PE are solved, therefore the pros-
pects for the study and application of the ACT in PE include: reasonability of obtaining substan-
tiated data on use of DOAC after thrombolysis, in patients with reduced renal function, with an-
tiphospholipid syndrome, with neoplastic diseases, and also for determination of exact periods
of extended therapy. It is necessary to search for additional prognostic factors for PE, to study
and register specific antidotes for DOAC (currently in the Russian Federation a specific antidote
to dabigatran — ldarucizumab-registered); to increase the share of DOAC in the ACT as drugs
with a proven best profile efficacy/safety compared to VCA.

Keywords: pulmonary embolism, PE, anticoagulant therapy, vitamin K antagonists, direct
oral anticoagulant, new oral anticoagulant, risk stratification.
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non-fractionated heparin (NFH) due to its
short half-life period (Ti), which, taking
into account its use in the form of infusion
and the existence of antidote (protamine sul-
fate), permits fast interruption of the effect.
Besides, NFH is preferable in patients with
evident obesity. And, ultimately, the main
parameter in favor of NFH in this category
of patients is a high probability for conduc-
tion of TLT [1].

Anticoagulant Therapy
Phase of Confirmed PE

According to modern CG, management
of patients in the acute phase is defined not by
the volume of damage of the pulmonary artery
system, but by a risk of an early unfavorable
outcome [1,6-8].

Patients in whom PE is manifested by
hypotension or shock (drop of the blood pres-
sure by 40 mm Hg within 15 minutes, or sys-
tolic blood pressure below 90 mm Hg) are
under a high risk of death. These patients, be-
sides hemodynamic support and oxygen ther-
apy, require primary reperfusion. A preferable
variant is systemic thrombolysis (class and
level of evidence I,B, according to the Euro-
pean Society of Cardiology, ESC, 2014), in
case of contraindications to TLT or its inef-
fectiveness surgical embolectomy is possible
(1,C) or transcutaneous intervention (lla,C)
[1]. For ACT in this group of patients NFH is
recommended, since use of LMWH in pa-
tients with shock or hypotension is studied
insufficiently. Besides, TLT is associated
with a high risk of bleeding and a probable
need for immediate interruption of the action
of anticoagulant.

In patients without shock/hypotension,
after confirmation of the diagnosis of PE,
stratification of the risk of early death should
be implemented using PESI (Pulmonary Em-
bolism Severity Index) scale or its simplified
version — sPESI (Simplified Pulmonary Em-
bolism Severity Index) [1].

The risk of early unfavorable outcome
is evaluated as low with I-11 class according

in Acute

to PESI or 0 points according to sPESI scale.
These patients are indicated administration of
only ACT (without reperfusion therapy), here,
an alternative to standard ACT may be use of
direct oral anticoagulants (DOAC). Besides,
CG of ESC (2014) consider a possibility of
early discharge of this group of patients from
hospital with continuation of their manage-
ment in conditions of outpatient clinics [1].

With 11-1V class by PESI scale or with
at least 1 point by sPESI scale, the risk is eva-
luated as intermediary [1]. Resting on the re-
sults of a number of clinical examinations in-
cluding PEITHO with comparison of ‘TLT +
heparin’ and ‘placebo + hepain’ approaches
in normotensive patients [9], ECS experts
recommend additional stratification of risk on
the basis of identification of signs of dysfunc-
tion of the right ventricle (RV) by the data of
echocardiography or computed tomography,
or of damage or overload of the myocardium
(increase in the level of troponin or of natri-
uretic peptide, NUP). Patients with dysfunc-
tion of the RV or increased troponin should
be referred to the category of intermediate-
high risk [1]. In such patients TLT showed
advantage in terms of reduction of the risk for
hemodynamic collapse, but at the price of in-
crease in the rate of hemorrhagic strokes and
intracranial hemorrhages [9]. Therefore, in
this group of patients the primary reperfusion
cannot be recommended, but they require tho-
rough monitoring of hemodynamics and re-
consideration of reasonability of reperfusion
in case of appearance of signs of instability of
hemodynamics [1]. Taking this into account,
patients that are referred to the group with a
possibility of conduction of TLT, should be
preferably administered NFH.

In literature, data of some research are pre-
sented concerninguse of reduced doses of re-
combinant tissue activator of plasminogen that
showed a higher safety in patients with a mod-
erate risk for PE [10]. However, according to
ECS experts (2014), selection of the approach to
management of patients with intermediate-
moderate risk requires further study [1].
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In patients with PEwho do not present
with signs of RV dysfunction and/or increased
troponin or NUP, the risk is evaluated as in-
termediate-low. Application of TLT in them is
unreasonable, and according to the existing
evidence data, only ACT is indicated [1].

Peroral Anticoagulants in Treatment
Schemes of PE and of Prophylaxis of its
Relapses

Since prophylaxis of PE relapses actual-
ly starts simultaneously with treatment of the
episode of PE and requires a prolonged ACT,
the transition from parenteral to peroral anti-

LMWH or NFH > 5 days

coagulants is inevitable.

A standard approach (Fig. 1) suggests
simultaneous application of vitamin K anta-
gonist (VKA) — warfarin — and NFH/LMWH
(within minimum 5 days). After reaching the
target values (2.0-3.0) for the international
normalized ratio (INR) within the two subse-
quent days, transition to VKA monotherapy is
made [1]. A standard starting dose of warfarin
is 5 mg, further the dose is selected under
control of INR according to the common al-
gorithm, the process may be simplified and
accelerated by pharmacokinetic testing [11].

Standard
approach

Simultaneously: VKA (INR up to 2-3) and further > 3 mob

LMWH or NFH >5 days

Further: dabigatran > 3 months >

Or: rivaroxaban or apixaban > 3 months

e

New approaches

Fig. 1. Schemes of anticoagulant therapy of PE according
to Clinical guidelines of ESC (2014) [1]

On the basis of several studies on appli-
cation of DOAC in treatment for PE conclu-
sions are obtained that these drugs do not
yield to warfarin in effectiveness, and, proba-
bly, surpass the standard approach (heparin
+VKA) in safety [1,6-8,12].

Thus, by the results of RE-COVER
group of studies (total n=5 128 patients), the
frequency of large bleedings with dabigatran
did not differ from that with warfarin, but the
total number of bleedings was lower [13,14].
In EINSTEIN-DVT and EINSTEIN-PE stu-
dies with rivaroxaban (total n=8 282 patients)
the same rate of large and small, but clinically
significant bleeding was recorded, however,

large bleedings were less common than in the
group with warfarin [15,16]. According to
AMPLIFY study (n = 5395), with apixaban
somewhat lower amount of large bleedings
were recorded, and a significantly less total
number of large and clinically significant
moderate bleedings [17]. Therefore, in rec-
ommendations of ESC (2014), DOAC are
considered as an alternative to standard ap-
proach (Fig. 1) [1]. To note, in the mentioned
studies apixaban and rivaroxaban were used
immediately after the moment of determina-
tion of indications to VKA both with and
without simultaneous introduction of paren-
teral anticoagulants [15-17], while dabigatran
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was administered after >5 days of use of pa-
renteral anticoagulants [13,14]. This was re-
flected in schemes for application of DOAC
in PE in CG [1].

Thus, dabigatran was recommended at a
dose of 150 mg twice a day (110 mg twice a
day in patients >80 years old or with a con-
current intake of verapamil) after interruption
of intake of parenteral anticoagulants in the
acute phase (1,B) [1]. It is possible to shift to
rivaroxaban or apixaban as early as within the
first two days after parenteral ACT: rivarox-
aban is recommended at a dose of 15 mg
twice a day within 3 weeks with subsequent
transition to 20 mg once a day (1,B), apixaban
— at a dose of 10 mg twice a day within 7
days, with further transition to 5 mg twice a
day (1,B) [1].

The fourth DOAC mentioned in the
international clinical guidelines [1,6,7] —
edoxaban — was studied in Hokusai-VTE
research (n=8 240) [18], but at the moment
of preparation of the given work for publi-
cation it was not registered in the RF. Its
intake scheme is close to that of dabigatran
— transition to it in the acute phase after pa-
renteral ACT [1].

Thus, from the point of view of conven-
ience of transition to the maintaining dose the
most preferable is the scheme of intake of
apixaban — 7 days (in the RF this is the period
of standard management of a patient in hos-
pital), and of dabigatran (immediately after
parenteral ACT, that is, also within the hospi-
talization period, while with rivaroxaban tran-
sition is performed after 3 weeks, and here
not only the dose must be changed (from 15
mg to 20 mg), but also the frequency of in-
take (from twice a day to once a day) which
requires a high level of interaction of a physi-
cian with a patient at the stage of outpatient
observation. On the other hand, only rivarox-
aban (the only DOAC registered at present in
the RF) has a maintaining dose that requires
intake once a day which predetermines a
probability for a higher adherence of patients

to a long intake of rivaroxaban.

The evidence base for use of rivarox-
aban in PE also has certain limitations. Thus,
not a single DOAC has been studied for a
case of suspicion of PE, and no sufficient
data exists on use of drugs in patient with
disorders in kidney function. In view of this,
treatment with DOAC should be delayed un-
til confirmation of the PE diagnosis and ob-
taining the data about glomerular filtration
rate of the patient. According to CG of ESC
(2014), DOAC should not be used in patients
with a severe chronic kidney disease
(GFR<30 ml/min for rivaroxaban, <25 ml/min
for apixaban; I11,A) [1]. To note, in the in-
struction to rivaroxaban and apixaban a con-
traindication to their use is mentioned — crea-
tinine clearance <15 ml/ml, below this level
correction of the dose in patients with PE is
not required [19-21]. However, it should be
remembered that a sufficient amount of pa-
tients with disorders in kidney function and a
special renal dose are studied only for riva-
roxaban, and only in patients with fibrillation
of atria [22], while there is no sufficient evi-
dence base for patients with PE and expressed
dysfunction of kidneys.

Besides, it is obligatory to take into ac-
count the parameters of liver function. In pa-
tients with class C hepatic failure by Child-
Pugh scale all DOAC are contraindicated,
with class B hepatic failure it is possible to
use apixaban and dabigatran (rivaroxaban is
contraindicated). If the scale parameters are
changed in result of treatment, the therapy
may be reconsidered [1,22].

The question of the time of transition to
DOAC after TLT also remains unclear, since
such patients were not included into study of
any DOAC. There exist data of only one
small study of application of rivaroxaban in
24 hours after TLT in a half dose of tissue
activator of plasminogen that showed efficacy
and safety of this kind of treatment [23].

There is no sufficient data on the efficacy
and safety of DOAC in patients with antiphos-
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pholipid syndrome (APLS) which is one of fac-
tors for development of PE. In TRAPS study,
rivaroxaban was associated with increased risk
of unfavorable events (death, thrombosis, large
bleedings) in patients with high risk of APLS as
compared with warfarin [24].

All DOAC are contraindicated in preg-
nancy due to their ability to cross hematopla-
cental barrier, such patients should be kept on
NFH or LMWH (with obligatory control of
the peak of anti-Xa activity in 4-6 hours after
introduction) over the whole period of preg-
nancy and after renewal of warfarin intake
after deliveries [1].

In individuals with PE and oncological
diseases, ESC (2014) recommends dalteparin
to be taken, American College of Chest Physi-
cians (ACCP) gives reference to LMWH and
DOAC in comparison with warfarin [6,8]. This
IS because LMWH are associated with reduc-
tion of risk of thromboembolic complications
without any significant increase in the rate of
large bleedings in comparison with VKA [25].
As to DOAC, rivaroxaban and edoxaban in
SELECT-D and HOKUSAI-Cancer researches
respectively demonstrated a lower amount of
PE relapses, but at the price of increase in the
rate of large bleedings, especially in patients
with an oncological process localized in the
gastrointestinal tract (GIT) or urogenital tract
(UGT) [26,27].

International Society on Thrombosis
and Hemostasis, in CG of 2018, suggests a
probability for use of DOAC (edoxaban and
rivaroxaban) in treatment for PE of oncolog-
ical patients with a low risk of bleeding after
discussion with a patient of reasonability of
potential risk of relapse at the expense of in-
crease in potential risk of bleeding. At
present a publication is awaited with the re-
sults of CARAVAGGIO study for compari-
son of apixaban and deltaparinin patients
with PE associated with an oncological dis-
ease. In patients with a high risk of bleeding
(tumors of GIT with exophytic growth, tu-
mors of UGT, pathology of GIT mucosa)

LMWH should be used [28].

Duration of Anticoagulant Therapy
in PE

Reasonability of prolonged ACT in PE
is determined depending on the existence of a
provocative risk factor (RF), its character and
removability, frequency of PE episodes, risk
of bleedings. The risk of relapse of throm-
boembolic complications is minimal in case
of presence of a large transient RF (especially
of a surgical one) — 1% in the first year (3%
within 5 years), a little higher with non-
surgical risk factors (which is partially asso-
ciated with their difficult removability — 3%
in the first year (15% within 5 years). The
risk of relapse is highest in patients with
‘non-provoked’ PE - 10% within the 1% year
(30% within 5 years) and in those in whom a
RF persists or even builds up — more than
10% for the 1% year [29].

According to ESC guidelines (2014), the
patients with reversible RFs should receive
ACT within 3 months. Prolonged therapy is
recommended to patients with the first episode
of ‘non-provoked’ PE and with a low risk of
bleeding (lla,B). Indefinitely long, probably
life-long ACT is recommended to patients
with a relapse of ‘non-provoked’ PE (I,B) or to
individuals with APLS, with deficit of proteins
C and S, to homozygotes for factor V' Leiden
or for G20210A prothrombin [1].

At present patients with oncological
diseases are recommended therapy with
LMWH within 3-6 months with prolongation
for indefinite period or until recovery from
tumor (Ila,B) [1].

In case of prolonged ACT for preven-
tion of relapses of PE, a regular assessment of
the risk/usefulness ratio is required for timely
changing the decision if necessary (I,C) [1].

ACCP distinguishes a number of risk
factors (Table 1), absence of which in a pa-
tient permits to refer him to the category of
lower risk of large hemorrhages, presence of
one factor refers a patient to the group of
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moderate risk, >2 (or 1 evident RF) — to the
group of higher risk of damages [11].

It should be taken into account that risk
of relapse of thromboembolic complications
again increases in 6-12 months after cessation
of ACT [30]. The consensus of ACCP says
that the additional factors that speak in favor
of prolongation of ACT may be male gender

and the level of D-dimer in a month after ces-
sation of ACT. However, it is noted that at the
moment the evidence base for the given ap-
proach is insufficient and cannot serve the
ground for their inclusion into CG [6].

In prolonged therapy for venous throm-
boembolic complications, besides VKA, there
were also studied rivaroxaban, apixaban and

Table 1

Risk Factors for Development of Bleeding
in Prolonged Anticoagulant Therapy in Patients with PE*

Age>65 years

Anemia

Age>75 years

Thrombocytopenia

Frequent falls

Renal failure

Preceding bleeding

Hepatic failure

Preceding stroke

Polymorbid pathology, limitation of functional activity

Recent surgical interventions

Insufficient control of anticoagulant therapy

Malignant oncological disease

Antithrombocytic therapy

Malignant oncological disease with metastases

Intake of non-steroidal anti-inflammatory drugs

Diabetes

Alcohol abuse

Note: ‘adapted from: Antithrombotic Therapy for VTE Disease. CHEST Guideline and Ex-
pert Panel Report, 2016 [11]; two gradations by age are due to different approaches to division of
patients into age groups in the analyzed clinical parameters

dabigatran which showed efficacy and safety
comparable with those of warfarin [31-33].
According to ESC (2014), DOAC may be an
alternative to warfarin in prolonged ACT for
PE excluding patients with severe renal insuf-
ficiency [1]. According to ACCP (2016),
DOAC is more preferable than VKA in a pro-
longed prophylaxis of PE relapses [6].

The joint analysis of EINSTEIN EXT
and CHOICE studies showed that reduction
in the dose of warfarin reduces the efficacy
of treatment, but does not influence the rate
of bleedings. With this, a sufficient evidence
base isaccumulated in favor of probable re-
duction of DOAC dose in prolongation of
ACT for PE. Thus, in AMPLIFY EXT re-
search, apixaban at a dose of 2.5 mg twice a
day was comparable in efficacy with a stan-

dard therapeutic dose (5 mg twice a day), but
caused a little less number of large bleed-
ings. The dose of rivaroxaban 10 mg/day
showed itself to be not worse than the rec-
ommended dose 20 mg/day [32,33]. This
permits to think it possible to reduce the
doses of rivaroxaban and apixaban in 6
months of ACT for PE. The dose of rivaro-
xaban 10 mg has been recently registered in
the RF for treatment of PE [19].

Anticoagulant Therapy in Relapse of
PE

If a patient develops a relapse of PE
with the underlying intake of warfarin or
DOAC, it is proposed to transfer him to
LMWH; if the patient has already received
LMWH before, the dose should be increased.
Here, it should be clarified whether this is re-
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ally a relapse, whether the patient received
adequate anticoagulant therapy, if he has an
oncological disease, APLS or other condi-
tions that influence coagulation [6].

Peculiarities of Pharmacokinetics of
Anticoagulants Used in PE

The present use of warfarin as the only
representative of VKA is due to its best safety
profile in comparison with representatives of
its class. However, in comparison with other
classes of peroral anticoagulants, warfarin, as
it was mentioned earlier, is considerably infe-
rior to them in terms of efficacy/safety ratio
[1,6-8].

From the point of view of pharmacody-
namics this can be explained by the fact that
all DOAC have one application point — Il or
Xa coagulation factor, while warfarin is re-
sponsible for inactivation of four factors of
coagulation system (Il, VII, IX, X), and, be-
sides, can inactivate factors of anticoagulation
system, for instance, C and S proteins, which
is one of the reasons for administration of he-
parin in the first days of intake of warfarin.
The ability of warfarin to inactivate natural
anticoagulants underlies such side effect of
warfarin as coumarinic necrosis of skin (oc-
curring in patients with deficit of S and C pro-
teins) [34].

Mechanism of action of warfarin me-
diated through vitamin K, makes its efficacy
dependent on entry, and, to be more exact, on
stability of entry of vitamin K from the out-
side, which makes it necessary to repeatedly
educate patients in this aspect, and increases
adherence of patients not only to medicinal
therapy, but also to dietary habits.

The main enzyme of biotransformation
of warfarin in the liver is isoenzyme of P-450
CYP2C9 cytochrome, and the target molecule
is 1 subunit of vitamin K-epoxide-reductase
complex (VKORC1). At present the dose of
warfarin is proved to be genetically deter-
mined. It is polymorphisms of CYP2C9 and
of target molecule VKORCL that is responsi-
ble for differences in the individual maintain-

ing dose of warfarin [34]. According to
E.S. Kropacheva et al., about 20% of the Rus-
sian population have maximal (judging by the
results of genotyping of CYP2C9 and
VKORC1) sensitivity to warfarin [11].

Dependence of biotransformation of
warfarin on cytochrome P-450 (the main
catalyzer of metabolism for S-enantiomers
of warfarin — CYP1A2 and for R-
enantiomers — CYP1A2 and CYP3A4 [34]),
presence of strong inhibitors and inductors
of these enzymes in medical drugs and food
products [35] and a high rate of comorbid
pathology [5,36], predetermine numerous
clinically significant drug interactions of
warfarin [3] which must be taken into ac-
count by any specialist who manages a pa-
tient taking warfarin.

The first peculiarity of pharmacokinet-
ics of DOAC s their significantly shorter
half-life period (T12) [22,34], which provides
a clinically significant improvement of he-
mostasis as early as in 12-24 hours after a
skip of the next DOAC dose [22]. However,
this information is obtained in the population
of patients taking DOAC for atrial fibrillation
(not for PE) and is reflected in the respective
clinical guidelines. The question whether
these data could be justifiably extrapolated to
the situation with PE, or additional clini-
cal/pharmacokinetic studies are required, re-
main open.

It is also known that apixaban and riva-
roxaban are substrates of CYP3A4 enzyme
(which is responsible for 25% and 8% of their
metabolism, respectively) [22], and, taking
into account a great share of this enzyme in
cytochrome P-450 system and absence of any
dependence on the genetics of the patient, the
probability for drug interactions mediated
through this way, may be considered clinical-
ly insignificant. Nevertheless, the question, if
this conclusion can be extended on the clini-
cal situations with receiving several substrates
of CYP3A4 enzyme and/or several inhibitors
of CYP3A4, remains without answer.
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It is also known that all registered DOA
are substrates of P glycoprotein (Pgp, syn-
onym: multiple drug resistance protein 1
(MDR1)) which predetermines clinically sig-
nificant drug interactions. For example, for
dabigatran it is a drug interaction with vera-
pamil; for dabigatran, rivaroxaban and edox-
aban — with dronedarone; for edoxaban — with
clarithromycin and erythromycin, etc.) [22].
Moreover, one should acknowledge that in-
formation of drug interaction of DOAC is ob-
tained from different studies, without direct
comparisons which makes presentation of
their significance within one table compli-
cated and often unjustified [37]. The problem
of drug interactions mediated by Pgp, is now
being actively studied, and for DOAC as well
[38,39], therefore this information is likely to
be supplemented in the near future.

Factors that increase safety of using
DOAC, undoubtedly include specific anti-
dotes to them. At present in the RF a specific
antidote to dabigatran is registered — idaruci-
zumab [40], and studies of antidotes for direct
inhibitors of Xa (for example, andexanet alfa)
and of antidotes blocking any of the regis-
tered DOAC (for example, aripasin), are be-
ing continued [41].

Conclusion

Thus, achievements of anticoagulant
therapy in PE may include the following:

1) At present a sufficient evidence base
is obtained showing that use of anticoagulants
significantly increases survival rate of pa-
tients with past PE due to reduction of its re-
lapses and of other thromboembolic compli-
cations even taking into account increased
rate of hemorrhagic complications;

2) Selection of the therapeutic schemes
of PE therapy is based on stratification of risk
for patients obtained from the clinical studies
which makes management of patients with
PE more personalized and safe;

3) Schemes of anticoagulant therapy are
developed for acute periods of PE and alsofor
the subsequent prophylaxis of PE, with the

obtained proofs of reasonability of its further
prolongation (rivaroxaban was studied at a
dose 10 mg);

4) Use of direct oral anticoagulants (in
the RF dabigatran, rivaroxaban, apixaban are
registered) proved to have a more optimal ef-
ficacy/safety profile in patients with past PE
in comparison with vitamin K antagonists;

5) In the RF the first specific antidote
for direct oral anticoagulant (dabigatran) —
Idarucizumabis registered.

However, far not all the problems of
anticoagulant therapy in PE are solved. Thus.

1) Not a single direct oral anticoagulant
was studied in case of suspicion of PE (data
for warfarin were obtained empirically);

2) In clinical studies of direct oral coagu-
lants, patients with a severe organic pathology
were not included, so evidence base is absent
(data on warfarin were obtained empirically);

3) Use of any anticoagulant therapy re-
quires a regular control of the clinical condi-
tion of the patient, active interaction of a pa-
tient and a doctor which is not always possi-
ble in the routine clinical practice;

4) Warfarin with considerably poorer
efficacy/safety profile remains the most
commonly administered (for non-medical in-
dications) preparation.

Prospects of anticoagulant therapy in
PE are:

1) It is reasonable to obtain substan-
tiated data on use of direct oral anticoagulants
in PE after thrombolysis, in patients with im-
paired kidney function, with antiphospholipid
syndrome, oncological diseases, and also for
determination of distinct terms of prolonged
therapy;

2) Search for additional prognostic fac-
tors in PE;

3) The fourth DOAC used in the world —
edoxaban — is undergoing registration in the RF;

4) Specific antidotes for direct inhibi-
tors of Xa factor (andexanet alfa) and for
those blocking any registered direct oral anti-
coagulants (aripasin), are under active study;
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5) Increase in the share of direct oral
anticoagulants in therapy of PE as drugs with

proven better efficacy/safety profile.
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