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a B S t r a C t
BACKGROUNDː The aim of this study was to assess the impact of electrical calf muscle stimulation (EMS) on clinical and ultrasound outcomes 
in patients with post-thrombotic syndrome (PTS) and residual venous obstruction (RVO).
METHODSː This was a prospective, comparative, non-randomized clinical trial involving patients who had completed a standard 6-month 
course of anticoagulation therapy for a first episode of unprovoked femoro-popliteal DVT and had signs of RVO in the affected veins and PTS as 
shown by a Villalta Score of >5. a blinded outcome assessor performed the ultrasound evaluations. a total of 60 patients in the age range from 
40 to 86 years (mean 58.5±11.4) consisting of 38 men and 22 women were enrolled. They were divided into two groups of 30 participants each. 
Both groups (experimental and control) were treated by active walking, below-knee graduated compression stockings, and micronized purified 
flavonoid fraction. In the experimental group, EMS with «Veinoplus VI» device (three applications for 30 min every day) was also used. The 
patients were followed for 12 months with monthly DUS to reveal recurrent DVT and changes in RVO. The clinical criteria for treatment efficacy 
included changes in Villalta, VCSS and CIVIQ-20 scores.
RESULTSː Recurrent DVT was found in seven of 30 patients in the control group and in zero of 30 patients in the experimental group (23.3% 
versus 0%, P=0.01). Through the follow-up period the degree of RVO decreased in all affected veins in both groups (P<0.01). The most signifi-
cant changes were found in the popliteal vein; 60.8% decreased to 28.8% in the experimental group and 50.9% to 27.3% in the control group 
(P<0.01) with significant differences between the groups (P<0.01). VCSS, Villalta and CIVIQ-20 scores also significantly decreased in both 
groups (P<0.01). In the group with EMS, changes in the current parameters were more intensive (P<0.01).
CONCLUSIONSː There is an ongoing process of deep vein recanalization during the 12 months after anticoagulant therapy cessation. Use of 
EMS in PTS treatment allows for reduction of recurrent DVT rates, increase the speed of deep vein recanalization and leads to additional im-
provement in the clinical PtS outcomes.
(Cite this article as: Lobastov K, Ryzhkin V, Vorontsova A, Schastlivtsev I, Barinov V, Laberko L, et al. electrical calf muscle stimulation in patients 
with post-thrombotic syndrome and residual venous obstruction after anticoagulation therapy. Int Angiol 2018;37:400-10. DOI: 10.23736/S0392-
9590.18.03997-4)
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Deep vein thrombosis (DVT) is a vascular pathology 
that is associated with high morbidity and mortality 

rates worldwide. According to the official statistics from 
2012 to 2014 in russia, the annual incidence of DVt 
was estimated as 1.5 to 1.6 cases per 1000 persons per 
year.1, 2 These figures exceed the international epidemio-
logical data that has evaluated the incidence of DVt as 
0.9 to 1.2 cases per 1000 persons per year.3-5 Most of the 

physicians dealing with venous thromboembolism (VTE) 
are usually focused on prevention and treatment of pul-
monary embolism (PE) and recurrent DVT, and less at-
tention is typically paid to the post-thrombotic syndrome 
(PTS). At the same time, despite adequate anticoagulation, 
signs of PTS could be found in 20-50% of patients at two 
years after DVT with the maximal increase in morbidity 
after the first six months.6, 7 according to a russian epi-
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muscle stimulation on clinical and ultrasound outcomes in 
patients with rVo and PtS after cessation of standard an-
ticoagulant therapy.

Materials and methods

this was a prospective comparative parallel non-random-
ized clinical trial with blind ultrasound outcome assessor 
which took part in three clinical centers in Moscow in the 
period from 2013 to 2016: Clinical Hospital 1 of the Presi-
dent’s Administration of Russian Federation (center 1); 
Central City Hospital of Ivanteevka (center 2); and Mos-
cow Clinical Hospital 24 (center 3).

Inclusion criteria included several parameters: 1) age 
>18 years; 2) the first episode of clinically unprovoked 
DVt that obligatory involved popliteal vein and option-
ally extended into the femoral or common femoral veins 
as confirmed with duplex ultrasound (DUS); 3) complete 
standard 6-month course of anticoagulant therapy; 4) pres-
ence of residual venous obstruction (RVO) of the popliteal 
vein, and/or femoral vein, and/or common femoral vein; 5) 
the presence of PTS (≥5 Villalta Score); and 6) informed 
consent given.

Exclusion criteria included several parameters: 1) ex-
tension of the primary thrombus into iliac vein; 2) isolated 
calf vein thrombosis; 3) implanted inferior vena cava fil-
ter; 4) indication for prolonged anticoagulant therapy; 5) 
indication for prolonged (>1 month) use of parenteral an-
ticoagulants; 6) indication for dual antiplatelet therapy; 7) 
Ankle-Brachial Index <0.5; 8) severe trophic changes on 
lower limbs (5-6 clinical classes according to the CEAP); 
9) infection of lower limb soft tissues; 10) an implanted 
pacemaker; 11) impossible for patient to walk 5000 steps 
a day; 12) trauma occurred during the observation period 
and was accompanied by lower limb immobilization; 13) 
major surgery or any venous surgery performed during the 
observation period; 14) inpatient treatment with bed rest 
for >3 days during the observation period; 15) malignancy 
as revealed during the observation period; and 16) low 
study compliance. the conditions of the study allowed 
long-term use of only one antiplatelet drug (acetylsalicylic 
acid [aSa] in a dose up to 100 mg per day or ticlopidine 
at a dose of 75 mg per day).

Before enrolling, all patients underwent clinical and 
ultrasound examinations, which included collection of 
demographic data, complaints, medical history, general 
clinical examination, the clinical/etiology/anatomy/patho-
physiology (CEAP) clinical class determination, CVD 
severity according to the revisited Venous Clinical Sever-

demiological study, PtS prevalence in the general rus-
sian population may be as high as 1.4%.8 to the date, the 
primary tool for PtS diagnosis is the Villalta Score, which 
considers the subjective symptoms and objective signs of 
chronic venous disease (CVD). The presence of five scores 
confirms the diagnosis of PTS, and ≥15 scores indicate the 
development of a severe disease.6, 9, 10

the basic pathological mechanism of PtS develop-
ment is increased ambulatory venous pressure (AVP), 
which causes the microcirculation overload and appear-
ance of symptoms.11, 12 an increase in aVP appears to 
be due to residual venous obstruction (RVO) and/or val-
vular incompetence of the affected veins in addition to 
a combination of these two mechanisms.13 It has been 
shown that the presence of RVO at six months after DVT 
is a stronger predictor for PtS than the presence of iso-
lated deep vein reflux.14, 15 Moreover, the risk of recur-
rent DVt in the presence of rVo can be increased 2-25 
times.16-20

Adequate anticoagulant therapy for the primary DVT 
can prevent extension of thrombi and reduce the threat of 
potentially fatal Pe but is not responsible for the process 
of deep vein recanalization. It has been shown that after 3 
to 6-month period of vitamin K antagonist (VKA) treat-
ment, RVO signs can be detected in 38-61% of patients 
with proximal DVT.18, 19 In addition, the recanalization 
process does not stop after the anticoagulant therapy ces-
sation and can last up to 36 months.19

thus, there is a challenge to increase deep vein recana-
lization with some different treatment approaches. Pre-
viously, it has been shown that mobilization in the pres-
ence of elastic compression is a good and safe treatment 
modality for preventing PTS in patients with proximal 
DVt.21 also, it has been established that muscle contrac-
tion can activate the fibrinolytic system, and high values 
of endothelial shear stress are associated with increase in 
angioprotective, anti-inflammatory, anticoagulant, and 
antisclerotic properties of endothelial cells.22, 23 From this 
point of view, mechanical methods that accelerate blood 
outflow from lower limbs may be useful in DVT and PTS 
treatment. among different mechanical approaches, por-
table devices for electrical calf muscle stimulation (EMS) 
have particular prospects. In previous studies, it has been 
shown that modern EMS devices can significantly in-
crease the velocity of venous blood outflow, reduce sub-
jective symptoms and objective signs of chronic venous 
diseases, and decrease the incidence of postoperative 
Vte.24-28

this study aimed to assess the impact of electrical calf 
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cy (250 Hz) alternating electrical current with modulated 
periods of impulse duration (from 25 to 240 μs), which 
results in short lasting (50 ms) muscle contractions with 
a frequency of 60 to 100 min-1 per 30 min session. It con-
sists of a handheld central unit that works on a battery, 
connected to two ovoid skin adhesive electrodes. the two 
electrodes of the device are positioned symmetrically on 
the mediocentral part of the calf. During the study, it was 
recommended that patients use eMS of both legs while not 
wearing ECS three times per day (morning, afternoon, and 
evening) with the maximum tolerated power and manda-
tory achievement of effective plantar flexion in the ankle 
joint. application of both electrodes is necessary for clos-

ity Score (VCSS),29 PtS severity according to the Villalta 
Score,9 quality of life according to the CIVIQ-20 ques-
tionnaire30 in addition to detection of rVo with bilateral 
compression DUS. RVO was defined as the presence of 
residual thrombotic masses occupying >20% of the vein 
cross-sectional diameter. to determine rVo, compres-
sion DUS was performed with the patient in the horizon-
tal position. Compressibility of the common femoral and 
femoral vein (CFV and FV, respectively) were assessed 
in the supine position, and the compressibility of the pop-
liteal vein (PV) was assessed in the prone position. RVO 
evaluation was performed at the narrowest visible point of 
the vein. rVo degree was calculated as the ratio of vein 
cross-sectional diameter with maximal compression to 
the diameter without any compression at the same point: 
(dcompression / dwithout compression) x 100% (Figure 1). Each mea-
surement was repeated three times, and the mean value 
was used in all calculations. RVO extension was assessed 
by the modified Marder Score31 (Figure 2).

after informed consents were signed, the patients were 
allocated to the experimental or control group depending 
on the center at which they were examined. Participants 
were enrolled in the experimental group at center 2 and 
into the control group at center 1. active walking with a 
target number of steps ≥5000 per day was recommended 
for patients in both groups. to control the daily number of 
steps, the individual electro-mechanical pedometer “oM-
RON HJ-005” (Omron, Shangai, China) was used. Also, 
all participants were instructed to use below-knee elastic 
compression stockings (ECS) daily with a pressure of 23 
to 32 mm Hg and to take micronized purified flavonoid 
fraction (MPFF) 500 mg bid for two months regularly 
twice a year.

The patients in the experimental group also underwent 
EMS with a portable “Veinoplus V.I.” device (Ad Rem 
Technology, France). The device generates low frequen-

Figure 1.—Method for determining residual venous obstruction (RVO). 
Example of calculation of the superficial femoral vein: A) vein cross-
sectional diameter without compression; B) vein cross-sectional diam-
eter with maximal compression.
RVO = 5.8 / 10.3 x 100% = 56%. Figure 2.—Modified Marder Score.
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tomatic or asymptomatic recurrent DVt, absence of symp-
tomatic Pe. the secondary study endpoints included re-
ductions in the RVO degree and RVO extension according 
to the modified Marder Score, reduction in disease severity 
according to the VCSS and Villalta scores, improvement 
in the quality of life according to the CIVIQ-20 scores, and 
absence of CVD progression according to changes in the 
CeaP clinical class.

Symptomatic recurrent DVt was considered if pain, 
edema, redness on the affected limb suddenly increased, or 
classical symptoms of DVt appeared in the contralateral 
limb. the ultrasound criteria for DVt recurrence included 
the re-occlusion of previously recanalized venous seg-
ments in addition to occurrence of thrombotic occlusion 
on previously intact veins on the affected limb, or new 
venous occlusions on the contralateral limb. Due to the 
blinding of the ultrasound outcome assessor, final registra-
tion of DVt recurrence was done by the investigator after 
comparison of serial scans.

the study protocol was approved by the local ethical 
Committee of Pirogov russian national research Medical 
University.

Statistical analysis

Statistical analysis was done with the IBM SPSS Statistics 
v.19 package. A preliminary calculation of the sample size 
was not available because there was no reliable informa-
tion on the primary endpoints’ magnitude and the possibil-
ity of EMS influence on their changes. Thus, a prelimi-
nary assessment of the study results was planned with a 
sample size of 60 participants (two groups of 30 patients 
in each group). Based on these results, statistically signifi-
cant differences were obtained that allowed the study to 
be completed and conclusions to be drawn. Data distribu-
tion was checked with the Kolmogorov-Smirnov test. all 
numerical values were represented as the mean±standard 
deviation (M±σ). Comparison of the means was carried 
out using a t-test for independent samples and a compari-
son of the relative values using a two-sided Fisher Exact 
Test. The significance of dynamic changes in the mean 
values was obtained from the generalized linear model re-
peated measures (GLM RM). As a within-subject factor 
time (baseline, six, and 12 months) was used and group 
(either experimental or control) was used as a between-
subject factor. as a result, three P values were calculated: 
1) the within-subject factor (time); 2) the within-subject 
interaction (time*group); and 3) the between-subject fac-
tor (group). The confidence interval (CI) for the relative 
values was calculated using the Wilson method. to com-

ing the electrical circuit. It is possible to apply them to the 
single extremity, but the hemodynamic or clinical effects 
of such positioning were not studied previously. to avoid 
unpredictable results, we decided to use the standard ap-
plication on both legs as was recommended by the manu-
facturer. At the first visit, participants were taught how to 
use the “Veinoplus V.I.” also, the preferred stimulation 
power was determined. after that, the procedure details 
in addition to the stimulation power were registered in a 
specially designed log book. In addition, in the log book, 
the patient recorded the number of steps taken during the 
day, eCS use, and amount of MPFF taken. at each visit, 
the investigator studied the personal patient log book. He 
compared the number of registered eMS procedures with 
the indicator in the device, which has an integrated counter 
of completed sessions. the investigator also evaluated the 
adequacy of the stimulation power used for the last proce-
dure. Patients in the control group maintained a similar log 
book without registration of eMS sessions.

Data extracted from the individual log books were also 
used to calculate the patient’s adherence to the treatment 
protocol. Compliance with the compression stockings was 
calculated as the ratio of all days on which patients used 
ECS to the total days of follow-up (365 days if the patient 
reached the end of the study). Compliance with EMS was 
calculated as the ratio of all performed sessions to the to-
tal number of prescribed sessions (1095 sessions during 
the 12-month follow-up). Compliance with MPFF use was 
evaluated as the ratio of all days when the patient took the 
drug to the number of recommended days (120 days dur-
ing the 12-month follow-up).

all patients were followed-up for 12 months with 
monthly visits. at every visit, the investigator performed a 
clinical examination, studied medical records for the past 
period with maximal attention to the possible symptoms 
of recurrent venous thromboembolism, acute illnesses, 
surgery, injuries, hospitalization, assessed the individual 
log books, and evaluated the results of DUS obtained 
by a blinded ultrasound outcome assessor. Baseline and 
monthly DUS sessions were performed at center 3 by one 
specialist who did not have information about the patient’s 
treatment protocol or the results from the previous scan-
ning. DUS was performed every month in order to exclude 
silent DVT recurrence and at baseline, six, and 12 months 
to reassess both RVO degree and extension. Clinical out-
comes such as VCSS, Villalta, and CIVIQ-20 scores and 
changes in CeaP clinical class were assessed by the inves-
tigator at baseline, six, and 12 months.

the primary study endpoint included absence of symp-
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malignancy was diagnosed two months after enrolment; 
5) one participant underwent major abdominal surgery; 6) 
a lower limb fracture with immobilization occurred in an-
other participant; 7) and the last one was dropped from the 
study due to non-attendance at follow-up visits.

Thus, the final analysis included data on 60 patients with 
30 subjects in each of the experimental and control group. 
all patients completed the standard 6-month course of 
treatment with oral anticoagulants, including oral rivarox-
aban (63.3% of patients) and warfarin (36.7% of patients). 
Rivaroxaban was prescribed more often in center 1, so the 
number of patients finishing treatment with the novel oral 
anticoagulant was significantly higher in the control group 
(90% versus 36.7% in the experimental group). However, 
the groups were comparable according to the age, sex, 
CEAP clinical class, and localization of the primary le-
sion (Table I). The mean age was 58.5±11.4 years, males 
prevailed over females (63.3% versus 36.7%), and there 
were no significant differences between left- and right-side 
lesions (48.3% and 51.7%, respectively). Among the clini-
cal class of CVD, chronic venous edema (C3 class) was 
observed in most of the patients (66.7%). Regarding the 
severity of CVD and PTS, the patients in the experimen-
tal group were characterized with more progressive dis-

pare the cumulative incidence of reaching the endpoint, 
Kaplan-Meier statistics and the log-rank test were used. 
P<0.05 was assumed as statistically significant.

Results

Patients had been enrolled in the study from 2013 to 2015. 
During this time, a total of 137 subjects with the first epi-
sode of unprovoked femoro-popliteal DVt, that obligatory 
involved popliteal vein, in most cases involved femoral 
vein and calf veins, sometimes involved common femoral 
vein, had completed the standard 6-month course of anti-
coagulant therapy and were examined. RVO signs were 
detected in 95 cases (69.3%; 95% confidence interval [CI]: 
61.1-76.4%), and signs of PTS were observed in 75 cases 
(54.7%; 95% CI: 46.3-62.8%). Thus, 75 patients were in-
vited to take part in the study, and five of them rejected 
the invitation. Seventy participants finally were enrolled. 
During the follow-up period, 10 patients withdrew from 
the study in accordance with the exclusion criteria: 1) two 
patients showed low compliance with EMS; 2) three pa-
tients could not walk >3000 steps per day; 3) in one sub-
ject, percutaneous coronary intervention was performed 
that required double antiplatelet therapy; 4) in one subject 

Table I.— Patients’ baseline characteristics.

Characteristics Experimental group
(N.=30)

Control group
(N.=30) P

Age (M±σ), years 61.0±9.1 55.9±12.9 0.080
Males (%) 60.0 66.7 0.395
Distribution according to СЕАР clinical classes (%)
С2 0.0 3.3 0.257
С3 60.0 73.4
С4 40.0 23.3
VCSS Score (M±σ) 9.9±1.6 8.3±2.7 0.007
Villalta Score (M±σ) 18.9±3.9 12.0±6.2 <0.0001
CIVIQ-20 Score (M±σ) 67.8±8.4 47.1±19.6 <0.0001
Rivaroxaban in treatment of index DVT (%) 36.7 90.0 <0.0001
Lesion at the left side (%) 46.7 50.0 0.5
Presence of RVO at different venous segments (%)
CFV 13.3 26.7 0.333
FV 13.3 40.0 0.039
PV 100.0 100.0 -
Degree of RVO at different venous segments (M±σ)
CFV 47.2±14.3 48.3±14.9 0.903
FV 54.8±23.6 52.5±21.5 0.862
PV 60.8±17.5 49.6±21.4 0.030
Marder Score (M±σ) 5.6±2.8 5.6±3.5 0.935
Acetylsalicylic acid intake (%) 36.7 30.0 0.392
Steps per day (M±σ) 6598.5±558.2 6783.9±1094.9 0.413
Adherence to the ECS (M±σ) 91.9±5.9 93.4±6.2 0.351
Adherence to the MPFF(M±σ) 98.3±9.1 96.7±12.7 0.561
Adherence to the EMS (M±σ) 91.2±5.3 - -

Th
is

 d
oc

um
en

t i
s 

pr
ot

ec
te

d 
by

 in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

 N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
. I

t i
s 

pe
rm

itt
ed

 fo
r p

er
so

na
l u

se
 to

 d
ow

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t o
nl

y 
on

e 
co

py
 o

f t
hi

s 
Ar

tic
le

. I
t i

s 
no

t p
er

m
itt

ed
 to

 m
ak

e 
ad

di
tio

na
l c

op
ie

s 
(e

ith
er

 s
po

ra
di

ca
lly

 
or

 s
ys

te
m

at
ic

al
ly,

 e
ith

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

Ar
tic

le
 f

or
 a

ny
 p

ur
po

se
. 

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tro
ni

c 
co

py
 o

f 
th

e 
ar

tic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tra

ne
t 

fil
e 

sh
ar

in
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

 m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 th
e 

Ar
tic

le
. T

he
 u

se
 o

f a
ll 

or
 a

ny
 p

ar
t o

f t
he

 A
rti

cl
e 

fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

. T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 fr

om
 th

e 
Ar

tic
le

 is
 n

ot
 p

er
m

itt
ed

. T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

 n
ot

 p
er

m
itt

ed
. I

t i
s 

no
t p

er
m

itt
ed

 to
 r

em
ov

e,
 

co
ve

r, 
 o

ve
rla

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rti
cl

e.
 I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fra

m
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tra

de
m

ar
k,

 lo
go

, 
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.
COPYRIGHT©

 2018 EDIZIONI MINERVA MEDICA



eleCtrICal CalF MUSCle StIMUlatIon In PatIentS WItH PtS loBaStoV

Vol. 37 - No. 5 InternatIonal angIology 405

lation in three patients, during the second month in two 
cases, and at the fifth and seventh months in the last two 
cases. this corresponds to seven, eight, eleven and thir-
teen months after the primary DVt, respectively. thus, an 
overwhelming number of recurrent DVts occurred within 
the first six months after anticoagulant therapy was com-
pleted (Figure 3).

In the analysis of rVo changes, the intact and re-oc-
cluded venous segments were excluded. So, for the cal-
culations were used only significant values of RVO (from 
20% to 100%) as long as there was no increase in the 
rVo value due to recurrent DVt. the results showed a 
significant decrease in the degree of RVO in all venous 
segments throughout the whole observation period. these 
findings correspond with the active process of deep veins 
recanalization after the cessation of standard anticoagulant 
therapy (Table II). There were no significant differences 
between the groups in the speed of recanalization at the 
CFV and FV while using eMS at the PV allowed us to 
improve patency more significantly (Figure 4). Moreover, 
total RVO extension, as assessed with the modified Marder 
Score, decreased more rapidly and intensively in the pa-
tients that underwent EMS (Figure 5). In the experimen-
tal group, the mean Marder Score decreased from 5.6±2.8 
to 2.9±3.0 (1.9-fold) and in the control group, a decrease 
from 6.2±3.4 to 4.7±3.5 (1.3-fold) occurred, P=0.048. 
thus, the use of eMS allowed achieving a more complete 
recanalization during the 12-month follow-up.

ASA, at a dose of ≤100 mg daily, was taken by 36.7% 

ease and more affected quality of life as reflected by an 
increased Villalta, VCSS, and CIVIQ-20 scores (Table I).

With respect to both RVO degree and extension, patients 
were well-matched according to the Marder Score (5.6±2.8 
and 5.6±3.5 in the experimental and control groups, re-
spectively). At the same time, lesions at the femoral vein 
were more often observed in the control rather than the ex-
perimental group. rVo at the popliteal vein was detected 
in all patients but was more intensive in patients in the 
experimental group (Table I). Adherence to the treatment 
protocol exceeded 90% in both groups.

All of the patients included in the final analysis were 
followed for 12 months. no episodes of symptomatic Pe 
were observed. recurrent DVt was found in seven con-
trol patients and in none of the experimental ones (23.3%; 
95% CI: 11.8-40.9% versus 0%; 95% CI: 0-11.4%), 
P=0.011. It is important that symptomatic DVT recur-
rence was observed only in two cases and was represented 
by great saphenous vein thrombosis that extended into the 
common femoral vein and medial plantar vein thrombosis 
that extended into the posterior tibial veins. Asymptom-
atic DVT recurrences were detected in five patients who 
had undergone routine DUS and presented with PV re-
occlusion in three cases. re-occlusion of the posterior tib-
ial veins was detected in one case, and thrombosis of the 
previously intact calf muscle vein was detected in the last 
case. In all observations, the recurrent DVt had ipsilateral 
localizations. The new thrombotic events were detected 
during the first month after discontinuation of anticoagu-

Figure 3.—Cumulative rate of recurrent deep vein thrombosis. Figure 4.—the dynamic in rVo at the popliteal vein.
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eMS use reduced the incidence of recurrent DVt both in 
patients who used and did not use antiplatelets (P=0.006). 
Similarly, ASA use did not influence the dynamics of 
changes in RVO at PV in GLM RM (P=0.962).

Clinical outcomes of the treatment were analyzed in pa-
tients who were free of recurrent DVT (N.=53), and the 
results are presented in table III. Proposed therapeutic 
modalities led to a significant decrease in VCSS, Villalta, 
and CIVIQ-20 scores that was observed in both groups 
with significant differences between them (P=0.0001). 
the changes in these indices were more pronounced in the 
eMS group in comparison with the control group; decreas-
es in VCSS Score of 1.6-fold versus 1.1-fold (control), Vil-
lalta Score 2.3-fold versus 1.2-fold, and CIVIQ-20 Score 
1.7-fold versus 1.0-fold were observed. thus, the addition 
of eMS to the standard PtS therapy may lead to additional 
improvement in clinical outcomes.

as for the CeaP clinical class, its changes were not ob-
served in any of the experimental or control patients. At 
the twelfth month of observation, at which point patients 
with recurrent DVT were excluded, class C3 was identi-
fied in 66% of the cases and C4 in 34% of the cases.

Discussion

This is the first published study that evaluates the impact of 
a modern portable device for electrical calf muscle stimu-
lation on the clinical and ultrasound outcomes of standard 

and 30% of subjects in the experimental and control 
groups, respectively, during the follow-up. administration 
of the drug did not have any significant effects on treatment 
outcomes as recurrent DVT was observed in 10% (95% 
CI: 2.8-30.1%) of patients taking ASA and in 12.5% (95% 
CI: 5.5-26.1%) of those who did not use the drug (P=1.0). 
Kaplan-Meier statistics showed with equal reliability that 

Figure 5.—the dynamic in Marder Score.

Table II.— Dynamic changes in the average degree of residual venous obstruction (RVO) (M±σ). Intact and re-occluded venous segments 
excluded.

n.
Follow-up

р1 р2 р30 month 6 months 12 months

CFV
totally 11 47.8±14.8 36.4±16.3 22.2±19.7 0.0001 0.113 0.409
Experimental group 4 47.2±14,3 40.5±16.1 34.0±9.7
Control group 7 48.1±16.1 34.0±19.0 15.4±21.3
FV
totally 14 55.6±23.6 45.1±15.4 30.4±17.9 0.003 0.562 0.773
Experimental group 4 54.7±23.6 44.5±13.9 37.5±3.5
Control group 10 56.0±20.8 45.4±16.6 27.6±20.7
PV
totally 53 56.5±14.6 44.2±21.6 28.1±18.8 0.0001 0.0001 0.004
Experimental group 30 60.8±16.5 55.1±14.6 28.8±19.0
Control group 23 50.9±20.1 30.1±21.3 27.3±18.9
Marder Score
totally 53 5.9±3.0 4.7±3.3 3.7±3.4 0.0001 0.048 0.158
Experimental group 30 5.6±2.8 4.3±2.8 2.9±3.0
Control group 23 6.2±3.4 5.4±3.8 4.7±3.5
p calculations are based on the generalized linear model repeated measure (GLM RM).
p1: within-subject factor “time”; p2: within-subject interaction “time * group”; p3:between-subject factor “group”.
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dex VTE with PE and/or proximal DVT, elevated D-dimer 
after cessation of anticoagulant therapy, rVo, resumption 
of estrogen-containing pills, male gender, and/or antiphos-
pholipid antibodies.40, 41

an rVo, which persists after the completion of the 
standard course of anticoagulation, can play a particular 
role in provoking DVt. Different studies have demon-
strated that in the presence of rVo, the risk of Vte recur-
rence can be increased up to 25 times, and prolonged an-
ticoagulant therapy with VKa allows only for a reduction 
but not elimination, of this threat.16-20 It is easy to assume 
that rVo creates unfavorable conditions for venous blood 
outflow, which is the reason that methods of active blood 
drainage such as eMS can provide some relief.

This study presents the first experience of EMS technol-
ogy application in the prevention of recurrent Vte after 
cessation of standard anticoagulant therapy. Initially, the 
study implied an assessment of rVo changes in the eMS 
background. therefore, inclusion criteria were used to de-
termine the narrow scope of the technique. However, the 
unexpectedly high incidence of silent DVT recurrence was 
revealed, which allowed for reconsideration of use of eMS.

Features of the primary goal imposed many restrictions 
on the study in the field of DVT recurrence. First, only pa-
tients with clinical signs of PtS and a high Villalta Score 
were enrolled. This feature may reflect the unusual treat-
ment compliance that exceeded 90%. It should be assumed 
that in the general population, compliance with eMS and 
elastic compression may be lower than in the presented 
trial.

Second, only patients with persistent rVo were enrolled 
in the study. They had an extremely high prevalence of si-

conservative PtS treatment. there are a few important 
aspects of the study that need to be discussed, including 
the role of EMS in the prophylaxis of recurrent DVT, the 
influence of EMS on the deep vein recanalization, EMS 
capabilities in reducing signs and symptoms of PtS, and 
study limitations.

Recurrent DVT

to date, the primary method for recurrent Vte preven-
tion is prolonged anticoagulant therapy.32 Meanwhile, 
long-term use of VKa allows a 5-fold reduction in Vte 
recurrence risk with a 2.5-fold increase in major bleed-
ing risk.33 The novel oral anticoagulants (rivaroxaban, 
apixaban, dabigatran) that have become available in recent 
decades are safer when compared with VKa,34 but their 
risk/benefit ratio is limited with a maximum of 36 months 
of continuous use.35 In addition to anticoagulants, other 
antithrombotic drugs such as ASA and sulodexide may 
be used for secondary Vte prevention after cessation of 
standard anticoagulant therapy.36, 37 However, the capabil-
ity of aSa to decrease the Vte recurrence risk is too weak 
when compared with oral rivaroxaban, and its risk profile 
is imbalanced.38 the long-term use of the safest drug, sulo-
dexide, in turn, has not been adequately assessed from the 
standpoint of pharmacoeconomics.

thus, nowadays, rational decision-making for pro-
longed anticoagulant therapy and the choice of an ade-
quate pharmacological agent is based on an individual pa-
tient’s risk profile for the recurrent VTE and major bleed-
ing.32, 39 the most critical factors determining the threat 
of recurrent DVT and/or PE include clinically unprovoked 
index VTE, personal history of VTE, manifestation of in-

Table III.— Dynamic changes in the clinical post-thrombotic scores (M±σ) in free of recurrent deep vein thrombosis patients.
Follow-up

р1 р2 р30 month 6 months 12 months

VCSS
totally 9.1±2.4 7.6±1.8 6.5±1,8 0.0001 0.0001 0.391
Experimental group 9.9±1.6 7.8±1.6 6.1±1.5
Control group 8.1±2.8 7.3±2.1 7.1±2.1
Villalta
totally 16.2±6.1 12.0±4.8 9.1±4.2 0.0001 0.0001 0.109
Experimental group 18.9±3.9 12.8±4.0 8.2±2.7
Control group 12.7±6.7 10.9±5.6 10.2±5.4
CIVIQ-20
totally 59.3±17.1 49.3±13.1 43.2±13.7 0.0001 0.0001 0.118
Experimental group 67.8±8.4 51.3±8.4 40.0±10.5
Control group 48.2±19.3 46.7±17.3 47.4±16.2
p calculations are based on glM rM.
p1: within-subject factor “time”; p2: within-subject interaction “time * group”; p3: between-subject factor “group”.

Th
is

 d
oc

um
en

t i
s 

pr
ot

ec
te

d 
by

 in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

 N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
. I

t i
s 

pe
rm

itt
ed

 fo
r p

er
so

na
l u

se
 to

 d
ow

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t o
nl

y 
on

e 
co

py
 o

f t
hi

s 
Ar

tic
le

. I
t i

s 
no

t p
er

m
itt

ed
 to

 m
ak

e 
ad

di
tio

na
l c

op
ie

s 
(e

ith
er

 s
po

ra
di

ca
lly

 
or

 s
ys

te
m

at
ic

al
ly,

 e
ith

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

Ar
tic

le
 f

or
 a

ny
 p

ur
po

se
. 

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tro
ni

c 
co

py
 o

f 
th

e 
ar

tic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tra

ne
t 

fil
e 

sh
ar

in
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

 m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 th
e 

Ar
tic

le
. T

he
 u

se
 o

f a
ll 

or
 a

ny
 p

ar
t o

f t
he

 A
rti

cl
e 

fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

. T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 fr

om
 th

e 
Ar

tic
le

 is
 n

ot
 p

er
m

itt
ed

. T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

 n
ot

 p
er

m
itt

ed
. I

t i
s 

no
t p

er
m

itt
ed

 to
 r

em
ov

e,
 

co
ve

r, 
 o

ve
rla

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rti
cl

e.
 I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fra

m
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tra

de
m

ar
k,

 lo
go

, 
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.
COPYRIGHT©

 2018 EDIZIONI MINERVA MEDICA



loBaStoV  eleCtrICal CalF MUSCle StIMUlatIon In PatIentS WItH PtS

408 InternatIonal angIology october 2018 

deep vein recanalization and achieve better vein patency. 
the most impressive results were observed at the popliteal 
vein, which was affected in all patients.

Symptoms and signs of PTS

It is well known that the incidence of PtS, including its 
most severe forms, steadily increases during the eight 
years after the index DVT.6 the primary risk factor for 
PtS signs and symptoms appearance and worsening is ip-
silateral recurrent DVt. at the same time, in our study, 
we found a definite decrease in PTS severity even in the 
background of standard therapy. There are several expla-
nations for these findings. First, we excluded data from 
patients with recurrent DVT when we analyzed the pro-
posed treatment’s clinical efficacy. It should be assumed 
that if such silent recurrent DVts were missed in the ab-
sence of serial DUS, these DVts could have a negative 
impact on the clinical status and the results of utilizing 
the traditional therapeutic approach. at the same time, 
the use of active walking, eCS, and MPFF in the absence 
of recurrent DVT has significantly improved the clinical 
PtS signs even without eMS application. So, the main 
effort in the treatment of PtS should be made to prevent 
recurrent DVt. Second, the cause may lie with the un-
usually high treatment compliance that can be reflected in 
initially severe forms of PtS. Moreover, subjects in the 
experimental group had more progressive types of PTS 
and CVD that could have some influence on EMS effi-
cacy. However, GLM RM did not show any significant 
between-subject interactions with respect to the Villalta, 
VCSS, and CIVIQ-20 scores. thus, the indicated ten-
dency toward better improvement of PtS symptoms and 
signs after eMS use should be valid.

Limitations of the study

the main limitations of the study are a small sample, lack 
of randomization, different approaches in the treatment of 
index DVT, incompatibility of patients according to PTS 
and CVD severity, the degree of rVo, and absence of 
patient’s stratification according to the risk of recurrent 
DVt and major bleeding. However, this study shows a 
potential role for eMS in the prevention of recurrent DVt 
without increasing bleeding risks, in improving deep vein 
patency, and reducing the PtS signs and symptoms. Fu-
ture trials should take into account the limitations of this 
study to determine the role of eMS in the treatment of 
PtS.

lent affected vein re-occlusion. according to the literature, 
the DVT recurrence rate in the first 12 months after ces-
sation of standard anticoagulant therapy should be about 
10%.6 However, in patients with RVO, these figures may 
be as high as 27%.16 thus, it should be assumed that eMS 
efficacy in the general patient population, who were either 
positive or negative for RVO and/or PTS, may differ.

Third, the study did not assume patient stratification ac-
cording to the risk of Vte recurrence and bleeding. Par-
ticularly, D-dimer levels42-45 or other prognostic models 
such as the DaSH Score,46 Vienna predictive model,47 and 
Men continue and HerDoo2 rule48 were not taken into 
account.

Deep vein recanalization

To date, there is no clear definition of RVO. In a series of 
studies by Prandoni et al., RVO was defined as a cross-
sectional vein diameter with a >2 mm maximal compres-
sion at a single examination or 3 mm at two consecutive 
measurements.14, 19, 20 Piovella et al. considered a residual 
intraluminal mass occupying >40% of the vein cross-sec-
tional diameter as significant.16, 18 thus, there is a lack of 
consensus about the rVo threshold that may be clinically 
and/or hemodynamically significant. In the present study, 
we considered our criteria for significant RVO as resid-
ual masses occupying >20% of the vein cross-sectional 
diameter. This figure corresponded CFV and SFV diam-
eters of about 2 mm and about 1 mm PV under maximal 
compression. thus, our threshold was closer to Prandoni’s 
approach. at the same time, all previous studies on rVo 
converge at the fact that if the vein represents residual ob-
struction at 3 to 6 months after the index DVT, it will never 
regain its former characteristics and may be a substrate for 
recurrent thrombosis and/or PTS development. Thus, to-
day it is critical to find an optimal approach for the treat-
ment of such patients.

the design of our study initially was aimed at investi-
gating rVo outcomes. the hypothesis was that eMS could 
improve deep vein patency. The enrolled patients were first 
matched according to RVO degree and extension. To as-
sess RVO extension, we used the modified Marder Score. 
Initially, this scale was used to evaluate thrombus burden 
in phlebography studies, but then it was found to be use-
ful in ultrasound assessments of thrombus extension.31, 49 
Previously, we reported that the Marder Score shows good 
correlation with clinical PtS signs.50 Based on the study 
results, both RVO degree and extension were reduced in 
both groups through the 12-month follow-up. However, 
additional eMS use allowed us to increase the speed of 

Th
is

 d
oc

um
en

t i
s 

pr
ot

ec
te

d 
by

 in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

 N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
. I

t i
s 

pe
rm

itt
ed

 fo
r p

er
so

na
l u

se
 to

 d
ow

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t o
nl

y 
on

e 
co

py
 o

f t
hi

s 
Ar

tic
le

. I
t i

s 
no

t p
er

m
itt

ed
 to

 m
ak

e 
ad

di
tio

na
l c

op
ie

s 
(e

ith
er

 s
po

ra
di

ca
lly

 
or

 s
ys

te
m

at
ic

al
ly,

 e
ith

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

Ar
tic

le
 f

or
 a

ny
 p

ur
po

se
. 

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tro
ni

c 
co

py
 o

f 
th

e 
ar

tic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tra

ne
t 

fil
e 

sh
ar

in
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

 m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 th
e 

Ar
tic

le
. T

he
 u

se
 o

f a
ll 

or
 a

ny
 p

ar
t o

f t
he

 A
rti

cl
e 

fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

. T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 fr

om
 th

e 
Ar

tic
le

 is
 n

ot
 p

er
m

itt
ed

. T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

 n
ot

 p
er

m
itt

ed
. I

t i
s 

no
t p

er
m

itt
ed

 to
 r

em
ov

e,
 

co
ve

r, 
 o

ve
rla

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rti
cl

e.
 I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fra

m
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tra

de
m

ar
k,

 lo
go

, 
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.
COPYRIGHT©

 2018 EDIZIONI MINERVA MEDICA



eleCtrICal CalF MUSCle StIMUlatIon In PatIentS WItH PtS loBaStoV

Vol. 37 - No. 5 InternatIonal angIology 409

ter a first episode of deep vein thrombosis: the Duration of Anticoagu-
lation based on Compression UltraSonography (DACUS) study. Blood 
2008;112:511–5. 
17. young l, ockelford P, Milne D, rolfe-Vyson V, Mckelvie S, Harper 
P. Post-treatment residual thrombus increases the risk of recurrent deep 
vein thrombosis and mortality. J Thromb Haemost 2006;4:1919–24. 
18. Piovella F, Crippa L, Barone M, Viganò D’Angelo S, Serafini S, Galli 
l, et al. Normalization rates of compression ultrasonography in patients 
with a first episode of deep vein thrombosis of the lower limbs: association 
with recurrence and new thrombosis. Haematologica 2002;87:515–22.
19. Prandoni P, lensing aW, Prins MH, Bernardi e, Marchiori a, Baga-
tella P, et al. residual venous thrombosis as a predictive factor of recur-
rent venous thromboembolism. Ann Intern Med 2002;137:955–60. 
20. Prandoni P, Prins MH, Lensing AW, Ghirarduzzi A, Ageno W, Imberti 
D, et al.; aeSoPUS Investigators. residual thrombosis on ultrasonogra-
phy to guide the duration of anticoagulation in patients with deep venous 
thrombosis: a randomized trial. Ann Intern Med 2009;150:577–85. 
21. Jünger M, Diehm C, Störiko H, Hach-Wunderle V, Heidrich H, Kar-
asch t, et al. Mobilization versus immobilization in the treatment of acute 
proximal deep venous thrombosis: a prospective, randomized, open, mul-
ticentre trial. Curr Med Res Opin 2006;22:593–602. 
22. nicolaides an, Kakkar VV, Field eS, Fish P. optimal electrical stim-
ulus for prevention of deep vein thrombosis. BMJ 1972;3:756–8. 
23. Papaioannou tg, Stefanadis C. Vascular wall shear stress: basic prin-
ciples and methods. Hellenic J Cardiol 2005;46:9–15.
24. Griffin M, Nicolaides AN, Bond D, Geroulakos G, Kalodiki E. The 
efficacy of a new stimulation technology to increase venous flow and pre-
vent venous stasis. Eur J Vasc Endovasc Surg 2010;40:766–71. 
25. Bogachev VY, Golovanova OV, Kuznetsov AN, Shekoyan AO, Bo-
gacheva nV. electromuscular stimulation with VeInoPlUS® for the 
treatment of chronic venous edema. Int Angiol 2011;30:567–90.
26. Bogachev VY, Lobanov VN, Golovanova OV, Kuznetsov AN, Yer-
shov PV. electrical muscle stimulation with Veinoplus® device in the 
treatment of venous ulcers. Int Angiol 2015;34:257–62.
27. le tohic a, Bastian H, Pujo M, Beslot P, Mollard r, Madelenat P. 
[Effects of electrostimulation (Veinoplus) on lower limbs venous insuffi-
ciency-related symptoms during pregnancy. Preliminary study]. gynécol 
Obstét Fertil 2009;37:18–24. French. 
28. lobastov K, Barinov V, laberko l, obolensky V, Boyarintsev 
V, rodoman g. electrical calf muscle stimulation with Veinoplus de-
vice in postoperative venous thromboembolism prevention. Int angiol 
2014;33:42–9.
29. Vasquez MA, Rabe E, McLafferty RB, Shortell CK, Marston WA, 
gillespie D, et al.; american Venous Forum ad Hoc outcomes Working 
group. revision of the venous clinical severity score: venous outcomes 
consensus statement: special communication of the american Venous Fo-
rum Ad Hoc Outcomes Working Group. J Vasc Surg 2010;52:1387–96. 
30. CIVIQ users’ guide; [Internet]. Available from: http://www.civiq-20.
com [cited 2017, Mar 9].
31. Marder VJ, Soulen RL, Atichartakarn V, Budzynski AZ, Parulekar S, 
Kim Jr, et al. Quantitative venographic assessment of deep vein throm-
bosis in the evaluation of streptokinase and heparin therapy. J lab Clin 
Med 1977;89:1018–29.
32. Kearon C, Akl EA, Ornelas J, Blaivas A, Jimenez D, Bounameaux H, 
et al. antithrombotic therapy for Vte Disease: CHeSt guideline and 
Expert Panel Report. Chest 2016;149:315–52. 
33. Middeldorp S, Prins MH, Hutten Ba. Duration of treatment with vi-
tamin K antagonists in symptomatic venous thromboembolism. Cochrane 
Database Syst Rev 2014;(8):CD001367.
34. Sardar P, Chatterjee S, lavie CJ, giri JS, ghosh J, Mukherjee D, et 
al. risk of major bleeding in different indications for new oral anticoagu-
lants: insights from a meta-analysis of approved dosages from 50 random-
ized trials. Int J Cardiol 2015;179:279–87. 
35. Schulman S, Kearon C, Kakkar aK, Schellong S, eriksson H, 

Conclusions

There is an ongoing process of deep vein recanalization 
during the 12 months after anticoagulant therapy cessation 
in patients with rVo and PtS. Use of eMS in PtS treat-
ment allows for reduction of recurrent DVt rates, increase 
the speed of deep vein recanalization and leads to addi-
tional improvement in the clinical PtS outcomes.

References

1. Morbidity of the entire population of russia in 2014. Statistical mate-
rial, Part II; 2015 [Internet]. Available from: https://www.rosminzdrav.ru/
documents/9479-statisticheskaya-informatsiya-za-2014 [cited 2017, Mar 9].
2. the genral morbidity of the entire population of russia in 2012. Sta-
tistical material, Part II; 2013 [Internet]. Available from: http://www.ros-
minzdrav.ru/documents/8029-statisticheskaya-informatsiya-2012 [cited 
2017, Mar 9].
3. Hippisley-Cox J, Coupland C. Development and validation of risk pre-
diction algorithm (QThrombosis) to estimate future risk of venous throm-
boembolism: prospective cohort study. BMJ 2011;343:d4656. 
4. oger e. Incidence of venous thromboembolism: a community-based 
study in Western France. ePI-getBP Study group. groupe d’etude de la 
Thrombose de Bretagne Occidentale. Thromb Haemost 2000;83:657–60. 
5. naess Ia, Christiansen SC, romundstad P, Cannegieter SC, rosend-
aal Fr, Hammerstrøm J. Incidence and mortality of venous thrombosis: a 
population-based study. J Thromb Haemost 2007;5:692–9. 
6. Prandoni P, lensing aW, Cogo a, Cuppini S, Villalta S, Carta M, et 
al. the long-term clinical course of acute deep venous thrombosis. ann 
Intern Med 1996;125:1–7. 
7. Kahn Sr, Shrier I, Julian Ja, Ducruet t, arsenault l, Miron MJ, et al. 
Determinants and time course of the postthrombotic syndrome after acute 
deep venous thrombosis. Ann Intern Med 2008;149:698–707. 
8. Zolotukhin Ia, Seliverstov eI, Shevtsov yn, avakiants IP, nikishkov 
aS, tatarintsev aM, et al. Prevalence and risk Factors for Chronic Ve-
nous Disease in the general russian Population. eur J Vasc endovasc 
Surg 2017;54:752–8. 
9. Villalta SB. Piccioli a, lensing a, Prins M, Prandoni P. assessment 
of validity and reproducibility of a clinical scale for the post-thrombotic 
syndrome [abstract]. Haemostasis 1994;24:158a.
10. Kahn Sr, Partsch H, Vedantham S, Prandoni P, Kearon C; Subcom-
mittee on Control of Anticoagulation of the Scientific and Standardization 
Committee of the International Society on thrombosis and Haemostasis. 
Definition of post-thrombotic syndrome of the leg for use in clinical in-
vestigations: a recommendation for standardization. J Thromb Haemost 
2009;7:879–83. 
11. Prandoni P, Kahn Sr. Post-thrombotic syndrome: prevalence, prog-
nostication and need for progress. Br J Haematol 2009;145:286–95. 
12. Vedantham S. Valvular dysfunction and venous obstruction in the 
post-thrombotic syndrome. Thromb Res 2009;123(Suppl 4):S62–5. 
13. Kahn SR. How I treat postthrombotic syndrome. Blood 2009;114:4624–31. 
14. Prandoni P, Frulla M, Sartor D, Concolato a, girolami a. Vein ab-
normalities and the post-thrombotic syndrome. J thromb Haemost 
2005;3:401–2. 
15. roumen-Klappe eM, den Heijer M, Janssen MC, van der Vleuten 
C, thien t, Wollersheim H. the post-thrombotic syndrome: incidence 
and prognostic value of non-invasive venous examinations in a six-year 
follow-up study. Thromb Haemost 2005;94:825–30.
16. Siragusa S, Malato a, anastasio r, Cigna V, Milio g, amato C, et 
al. residual vein thrombosis to establish duration of anticoagulation af-

Th
is

 d
oc

um
en

t i
s 

pr
ot

ec
te

d 
by

 in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

 N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
. I

t i
s 

pe
rm

itt
ed

 fo
r p

er
so

na
l u

se
 to

 d
ow

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t o
nl

y 
on

e 
co

py
 o

f t
hi

s 
Ar

tic
le

. I
t i

s 
no

t p
er

m
itt

ed
 to

 m
ak

e 
ad

di
tio

na
l c

op
ie

s 
(e

ith
er

 s
po

ra
di

ca
lly

 
or

 s
ys

te
m

at
ic

al
ly,

 e
ith

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

Ar
tic

le
 f

or
 a

ny
 p

ur
po

se
. 

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tro
ni

c 
co

py
 o

f 
th

e 
ar

tic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tra

ne
t 

fil
e 

sh
ar

in
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

 m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 th
e 

Ar
tic

le
. T

he
 u

se
 o

f a
ll 

or
 a

ny
 p

ar
t o

f t
he

 A
rti

cl
e 

fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

. T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 fr

om
 th

e 
Ar

tic
le

 is
 n

ot
 p

er
m

itt
ed

. T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

 n
ot

 p
er

m
itt

ed
. I

t i
s 

no
t p

er
m

itt
ed

 to
 r

em
ov

e,
 

co
ve

r, 
 o

ve
rla

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rti
cl

e.
 I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fra

m
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tra

de
m

ar
k,

 lo
go

, 
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.
COPYRIGHT©

 2018 EDIZIONI MINERVA MEDICA



loBaStoV  eleCtrICal CalF MUSCle StIMUlatIon In PatIentS WItH PtS

410 InternatIonal angIology october 2018 

44. Palareti G, Legnani C, Cosmi B, Guazzaloca G, Pancani C, Coccheri 
S. risk of venous thromboembolism recurrence: high negative predictive 
value of D-dimer performed after oral anticoagulation is stopped. thromb 
Haemost 2002;87:7–12. 
45. Palareti g, legnani C, Cosmi B, Valdré l, lunghi B, Bernardi F, 
et al. Predictive value of D-dimer test for recurrent venous thromboem-
bolism after anticoagulation withdrawal in subjects with a previous id-
iopathic event and in carriers of congenital thrombophilia. Circulation 
2003;108:313–8. 
46. tosetto a, Iorio a, Marcucci M, Baglin t, Cushman M, eichinger 
S, et al. Predicting disease recurrence in patients with previous unpro-
voked venous thromboembolism: a proposed prediction score (DASH). J 
Thromb Haemost 2012;10:1019–25. 
47. Eichinger S, Heinze G, Jandeck LM, Kyrle PA. Risk assess-
ment of recurrence in patients with unprovoked deep vein thrombo-
sis or pulmonary embolism: the Vienna prediction model. Circulation 
2010;121:1630–6. 
48. rodger Ma, Kahn Sr, Wells PS, anderson Da, Chagnon I, le 
gal g, et al. Identifying unprovoked thromboembolism patients at low 
risk for recurrence who can discontinue anticoagulant therapy. CMaJ 
2008;179:417–26. 
49. agnelli g, gallus a, goldhaber SZ, Haas S, Huisman MV, Hull rD, 
et al.; ODIXa-DVT Study Investigators. Treatment of proximal deep-vein 
thrombosis with the oral direct factor Xa inhibitor rivaroxaban (BAY 59-
7939): the ODIXa-DVT (Oral Direct Factor Xa Inhibitor BAY 59-7939 in 
Patients With Acute Symptomatic Deep-Vein Thrombosis) study. Circula-
tion 2007;116:180–7. 
50. Lobastov K, Ryzhkin V, Vorontsova A, Schastlivtsev I, Barinov V, 
laberko l, et al. Correlation of clinical and ultrasound parameters used to 
assess the severity of post-thrombotic syndrome in patients after popliteal-
femoral DVT. Int Angiol 2018;37:62. [Abstract]

Baanstra D, et al.; re-MeDy trial Investigators; re-Sonate trial In-
vestigators. Extended use of dabigatran, warfarin, or placebo in venous 
thromboembolism. N Engl J Med 2013;368:709–18. 
36. Simes J, Becattini C, agnelli g, eikelboom JW, Kirby aC, Mister 
r, et al.; INSPIRE Study Investigators (International Collaboration of 
Aspirin Trials for Recurrent Venous Thromboembolism). Aspirin for the 
prevention of recurrent venous thromboembolism: the InSPIre collabo-
ration. Circulation 2014;130:1062–71. 
37. Andreozzi GM, Bignamini AA, Davì G, Palareti G, Matuška J, Holý 
M, et al.; SURVET Study Investigators. Sulodexide for the Prevention of 
Recurrent Venous Thromboembolism: The Sulodexide in Secondary Pre-
vention of Recurrent Deep Vein Thrombosis (SURVET) Study: A Multi-
center, Randomized, Double-Blind, Placebo-Controlled Trial. Circulation 
2015;132:1891–7.
38. Weitz JI, Lensing AW, Prins MH, Bauersachs R, Beyer-Westendorf J, 
Bounameaux H, et al.; EINSTEIN CHOICE Investigators. Rivaroxaban 
or Aspirin for Extended Treatment of Venous Thromboembolism. N Engl 
J Med 2017;376:1211–22. 
39. nicolaides a. the problem of recurrent DVt: can we prevent the lat-
ter? Int Angiol 2016;35:10. [Abstr]
40. Zhu T, Martinez I, Emmerich J. Venous thromboembolism: risk fac-
tors for recurrence. Arterioscler Thromb Vasc Biol 2009;29:298–310. 
41. Palareti g. recurrent venous thromboembolism: what is the risk and 
how to prevent it. Scientifica (Cairo) 2012;2012:391734. 
42. Cosmi B, Legnani C, Cini M, Guazzaloca G, Palareti G. D-dimer 
levels in combination with residual venous obstruction and the risk of 
recurrence after anticoagulation withdrawal for a first idiopathic deep vein 
thrombosis. Thromb Haemost 2005;94:969–74.
43. Palareti g, Cosmi B, legnani C, tosetto a, Brusi C, Iorio a, et al.; 
Prolong Investigators. D-dimer testing to determine the duration of 
anticoagulation therapy. N Engl J Med 2006;355:1780–9. 

Conflicts of interest.— Kirill lobastov: honoraria for lectures and travel grants from Bayer, Servier; Ilya Schastlivtsev: honoraria for lectures and travel 
grants from Bayer; Victor Barinov: honoraria for lectures and travel grants from Bayer, Servier; leonid laberko: honoraria for lectures and travel grants 
from Servier.
Funding.—the study was conducted with the technical support of “BeHo+” ltd – the distributor of adrem technology in russia. the Company provided 
the Veinoplus devices and individual pedometers for all patients. The Company did not influence collecting and analyzing data, making a decision on publica-
tion and preparing the manuscript.
Authors’ contributions.—Kirill Lobastov: study design, data collection, statistical processing, writing the manuscript; Vladimir Ryzhkin, Athena Vorontsova 
and Ilya Schastlivtsev: data collection; Victor Barinov and leonid laberko: study design, editing the manuscript; grigory rodoman: editing the manuscript.
Congresses.—The parts of this study were presented at: 1) EVF 18th annual meeting, 2017, Porto, Portugal – e-poster awarded with prize; 2) ESVS 31st an-
nual Meeting, 2017, Lyon, France – oral presentation; 3) 59th ASH Annual Meeting and Exposition, 2017, Atlanta, GA, USA – oral presentation; 4) XVIII 
UIP World Congress, 2018, Melbourne, australia – oral presentation.
Article first published online: August 28, 2018. - Manuscript accepted: July 11, 2018. - Manuscript revised: July 3, 2018. - Manuscript received: March 14, 
2018.

Th
is

 d
oc

um
en

t i
s 

pr
ot

ec
te

d 
by

 in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

 N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
. I

t i
s 

pe
rm

itt
ed

 fo
r p

er
so

na
l u

se
 to

 d
ow

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t o
nl

y 
on

e 
co

py
 o

f t
hi

s 
Ar

tic
le

. I
t i

s 
no

t p
er

m
itt

ed
 to

 m
ak

e 
ad

di
tio

na
l c

op
ie

s 
(e

ith
er

 s
po

ra
di

ca
lly

 
or

 s
ys

te
m

at
ic

al
ly,

 e
ith

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

Ar
tic

le
 f

or
 a

ny
 p

ur
po

se
. 

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tro
ni

c 
co

py
 o

f 
th

e 
ar

tic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tra

ne
t 

fil
e 

sh
ar

in
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

 m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 th
e 

Ar
tic

le
. T

he
 u

se
 o

f a
ll 

or
 a

ny
 p

ar
t o

f t
he

 A
rti

cl
e 

fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

. T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 fr

om
 th

e 
Ar

tic
le

 is
 n

ot
 p

er
m

itt
ed

. T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

 n
ot

 p
er

m
itt

ed
. I

t i
s 

no
t p

er
m

itt
ed

 to
 r

em
ov

e,
 

co
ve

r, 
 o

ve
rla

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rti
cl

e.
 I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fra

m
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tra

de
m

ar
k,

 lo
go

, 
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.
COPYRIGHT©

 2018 EDIZIONI MINERVA MEDICA


