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Aim. The aim of the study was to analyze the results of the
electrical muscle stimulation (EMS) usage in patients with
venous ulcers developed on top of a post-thrombetic syn-
drome (PTS).

Methods, Sixty patients (60 legs) with active venous ulcer
{C6EsAsdpPr according to CEAP classification) were divid-
ed into two groups. In addition to the background therapy
consisting of a standardized compression with ULCER X
and intake of micronized purified flavonoid fraction (MPFF
1000 mg daily), all the patients in the main group under
went EMS with Veinoplus® V.I. for at least 3 times a day.
Follow-up examinations were performed on days 30, 60 and
90. These included pain severity assessment with 100-nun
Visual Analogue Scale (VAS), disease severity measurement
with VCSS (Venous Clinical Severity Score) and ankle cir
cumference above malleolus, as well as recording number
of healed venous ulcers.

Results, At day 90 pain severity was reduced in both main
and control groups. However, according to VAS pain re-
duction rates were significantly higher in patients of the
main group (from 8.7:0.6 to 1.920.3 in the main group and
8.4+0.6 to 3.920.5 in the control group). At the end of the
study, ankle circumference decreased from 270.9:+4.6 mm
to 257.1x4.2 mm in the main and from 269.7+5.3 mm to
263.4x5.2 in the control group, VCSS before freatiment was
7.320.6 in the main group and 6.8:0.5 in the conirol group,
By day 90 VCSS significanily decreased to 2.3+0.4 and
4.620.5 in the main and control groups respectively. Healing
rates were significantly higher in the main group. On day 90,
the number of open venous ulcers in the main group was 3
times lower than in the control group (4 vs. 12).

Conclusion. EMS demonstrated high efficacy and good tol-
erability and provided significant reduction in pain severity,
VCSS score and ankle edema, as well as a 3-fold increase in
the number of healed venous ulcers,
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Venous ulcers’ effective treatment and preven-
tion are amongst the main problems of modern
phiebology. Endovascular treatment methods,
such as thermal ablation and microfoam sclero-
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therapy, almost completely solved the problem
of venous leg ulcers generated by superficial ve-
nous insufficiency. As for the post-thrombotic
syndrome (PTS), an active surgical approach
is usually ineffective because of hemodynamic
characteristics and microcirculatory disturbanc-
es in this pathology. Compression therapy, aimed
at improving calf muscle pump and to reduce dy-
namic venous hypertension, plays a central role
in the treatment and prevention of venous ulcers
associated with PTS, and it is usually accompa-
nied by additional treatments, such as various
wound dressings and certain venoactive drugs.!-5
A new method aimed at enhancing venous out-
flow and based on electrical stimulation of the
calf muscles has attracted considerable interest
in recent years. Electrical muscle stimulation
(EMS) has already demonstrated its efficacy in in-
creasing linear and volumetric venous blood flow
rates and alleviating vein-specific symptoms and
chronic venous edema, as well as preventing deep
venous thrombosis development and PTS.6-14
EMS was introduced in the new European and
international guidelines as one of the treatments
for chronic venous insufficiency (CVI) of CEAP
class C3 (chronic venous edema).!! In this report,
we analyze the results of EMS usage in patients
with venous ulcers developed on top of PTS.

Materials and methods

The study included 60 patients (60 lower ex-
tremities) (11 males and 19 females from 30 to
85 years old with mean age 63.8+11.6 years) with
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TaBLE 1.—Buaseline characteristics of participating patients,
according to the extended CEAP classification.

CEAP

N. of patients

CoEsAsdpPr 2,3,13,14,15,18 17
C6BsAdpPr 11,13,14,15,18 13
C6EsAdpPr 14,15,18 11
C6EsAsdpPr 3,5,11,13,14,15,18 10
CéEsAsdpPr 2,3,4,7,8,11,18 9
Totat 60

CVI of CEAP class C6EsAsdpPr (PTS with active
venous ulceration and complete recanalization
of deep vein thrombosis) (Table I). Only patients
with the presence of an open venous ulcer with
an area of 5 to 10 cm?, pain severity score of 5 or
more by a 100-mm Visual Analogue Scale (VAS),
Ankle-Brachial Index (ABI) not less than 0.8,
Body Mass Index (BMI) under 30 kg/cm?, and
with no disorders and diabetes mellitus (blood
glucose <6.0 mmol/L) were included in the study.
Additionally, patients taking NSAIDs, horinones,
calcium channel blockers and other drugs that
can influence the lower extremity edema or re-
parative processes were not included.

As shown in Table 11, the patients in the main
and control groups did not differ significantly by
any parameters that could affect the treatment’s
results.

The examination of the venous system of the
lower extremities was performed with Logiq®
Book XP and Vivid® q (GE THealthcare, Wauwa-
tosa, WI, USA) devices. PTS’s presence criteria
were: thickening of the vein wall, avalvulation and
reflux (over 0.5 seconds of duration) in the femo-
ral, popliteal or posterior tibial veins in response
to respiratory or manual compression tests in the
standing and supine position of the patient.

All patients underwent standard regimens
of compression, topical and pharmacological
treatment. For compression therapy, the ULCER
X kit (Sigvaris, Winterthur, Switzerland), de-
signed to help healing venous ulcers, was used.
Before putting on compression stockings, the
surface of venous ulcer was covered with Hy-
drosorb® Comfort interactive hydrogel wound
dressing (Paul Hartmann AG, Heidenheim, Ger-
many). The micronized purified flavonoid frac-
tion ([MPFF]; Detralex®, Laboratoires Servier,
Suresnes, France) was administered at a daily
dose of 1000 mg to all the patients as a systemic
pharmacotherapy.

Patients were assigned either to the main
group or to the control group using a random
number generator. Patients from the main
group received Veinoplus® V.I. devices for elec-
trical muscle stimulation (Ad Rem Technol-
ogy, Paris, France) with a set of replaceable
electrodes. The EMS procedure required to be
performed daily for at least 3 times a day. The
protocol allowed application of the EMS up to
3 times a day, depending on the patient’s fea-
sibility. It was recommended to perform EMS
under the following protocol: in sitting or su-
pine position, the patient placed electrodes on
the skin of posterior side of the affected ankle
in the projection of the calf muscles, put on the
lining and then the main compression stocking
(Figure 1). After turning on the Veinoplus® de-
vice, the patient could choose the pulse intensi-
ty (from 1 to 50 V) to get clearly perceivable and
visible contractions of the calf muscles without
any pain or discomfort. If muscle contraction
amplitude decreased due to habituation to the
EMS procedures, the patient could increase the
intensity of the impulses at his/her own discre-

TaBLE Il.—Comparative characteristics of patients in the main and control groups.

All patients (N.=60) Main group (N.=30)  Control group (N.=30) P value
Gender, N, (male/female) 23/37 11/19 12/18 0.9
Age, years 63.8+11.6 67.1£12.2 60.6+10.3 0.1
BMI, kg/m? 26.1+2.6 26.1£2.5 25.9+2.6 0.9
Duration of PTS, years 15.2+3.4 16.0£2.9 14.5+3.8 0.2
Duration of venous ulcer, months 9.8+2.3 9.7+2.4 9.9+2.3 0.8
Baseline area of venous ulcer, cm2 7.7+1.3 7.9+1.4 7.5£1.2 0.4
Duration of daily static loads, hours 9.1+2,1 9.5:2.1 8.7z2.1 0.3
Baseline VCSS score 7.1+1.3 7.3+1.3 6.8+1.3 0.3
Confirmed relapse of DVT, N./% 13/43.3% 7/46.7% 6/40% 0.6
Continuous intake of vitamin K 11/36.7% 6/40% 5/33.3% 0.7
antagonists, N./%
Regular compression therapy, N./% 17/56.7% 8/53.3% 9/60% 0.5
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tion. The duration of EMS procedure was stan-
dard (30 minutes), and upon expiration of this
time the built-in timer automatically turn off
Veinoplus® V.I1.

The contraindications for EMS were as fol-
lows: cardiac arrhythmias, metal implants in the
lower extremities, pregnancy, history of severe
traumatic brain injury, epilepsy and convulsive
disorders. All patients provided written informed
consent to participate in the study and received a
diary in which they noted the time and number
of performed EMS procedures.

All the methods used during the treatment are
allowed in the Russian Federation and are of-
ficially registered for described indication, thus
the approval of the local Ethics Committee was
not required.

The treatment results were assessed on days
30, 60 and 90 using the following efficacy cri-
teria: pain severity on a 100-mm VAS; circum-
ference of the narrowest segment of the tibia
(above the malleolus), measured using the Leg-
O-Meter; Venous Clinical Severity Score (VCSS),
and number of open ulcers.

Statistical analysis

Statistical data processing was performed
with licensed statistical software package SPSS

Statistics 17.0 (Mann-Whitney test and Wilcox-
on test for independent and dependent samples;
Pearson’s ¥2 test for qualitative variables).

Results

All patients participating in the study complet-
ed the treatment in accordance to the protocol.
In the main group, the impulses of 30-30 V (aver-
age 42.5x1.3 V) were required for effective EMS.
No refusals from EMS due to the adverse side
reactions were recorded, despite the fact that 11
patients performed EMS 3 times a day and 19
patients performed it 4-6 times a day.

At bascline, the pain severity was 8.7+0.6 and
8.4£0.6 scores in the main and control groups re-
spectively. At the follow-up examinations on days
30, 60 and 90, a significant reduction in pain se-
verity was observed in both the main group and
the control group. However, the rates of pain re-
duction were significantly higher in patients of
the main group (Figure 1).

Prior to the treatment, the ankle circumfer
ence measured at the narrowest part (above the
malleolus} was 270.9+4.6 mm and 269.7+5.3 mm
in the main and in the control group, respective-
ly. During the follow-up, a significant progressive
reduction in ankle circumference was observed
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Figure 1—Pain severity changes in the main and control groups from day 0 to day $0.
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Figure 2.—Changes in ankle circumference from day 0 io day 90.
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Figure 4—The changes in the number of open venous ulcers from day 0 to day 90.
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in both groups, but it was faster in those patients
who underwent EMS (Figure 2).

A marked positive trend was observed in the
VCSS, with significant differences versus base-
line values in both the main and the control group
(Figure 3). On days 30 and 60 the differences be-
tween the groups were significant (P<0.0001), in
favor of those patients who underwent the EMS
treatment.

On the day 90, the number of open venous ul-
cers in the main group was 3 times lower than in
the control group (4 vs. 12). For changes in the
healing of venous leg ulcers in both groups, see
Figure 4.

These fndings suggest that EMS combined
with compression and pharmacological therapy
significantly reduces pain severity and chronic
venous edema, and increases the rate of healing
of venous ulcers associated with the PTS.

EMS’s efficacy in the combination treatment
of venous ulcers is well illustrated by the follow-
ing clinical case.

Patient Sh., woman, 83 years old. She underweni to-
tal knee replacement of the right knee joint 12 vears ago,
complicated by thrombosis of the iliac, femoral, pop-
liteal and tibial veins in the postoperative perfod, which
was contfirmed by ultrasound examination and CT. After
a standard course of anticoagulant therapy, Sh. was ad-
ministered warfarin and RAL standard class 2 compres-
sion stockings. In 3 years, the follow-up ultrasound ex-
amination revealed complete recanalization of deep vein
thrombosis, and warfarin was discontinued. The regimen
of compression therapy remained the same. Five years
ago, the patient noticed a gradual increase in the ankle
edema, induration and darkening of the skin above the
medial malleolus. As the treating physician advised her,
she took occasionally aspirin and various venoactive

Figure 5.—Lower limb with active ulcer before treatment.
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drugs and used the ointments and gels. Thirteen months
ago, alter a home injury an ulcer appeared in the area
of medial malleolus, and it rapidly increased in size. The
skin around the ulcer became inflamed, and severe pain
syndrome developed that worsened in the evening and
was associated with sleep disturbances. To relief the pain,
the patient had to take regularly NSA¥Ds, which led to the
development and agranulocytosis, and, therefore, were
discontinued. At examination of the medial malleclus, the
venous ulcer of 10 cm? was identified. Ultrasonography
revealed complete recanalization of the deep veins with
continuous reflux in all deep venous segments. The pain
syndrome was rated at 10 points by the VAS, and the an-
kle circumierence above the malleolus was 265 mm. The
patient was randomly assigned to the main group, and
the usage of ULCER X kit and EMS procedures at least
3 times a day were recommended. At the follow-up ex-
amination on day 30, the patient reported pain reduction
to 5 points and normal sleep restoration. After 90 days
of treatment, the venous ulcer was completely closed, the
signs of indurative cellulite decreased, and pain syndrome
intensity was rated as 0 points. To maintain the achieved
result, the wearing of class 3 cornpression stockings (RAL
standard) was advised to the patient.

Discussion

EMS is a relatively new method of treatment
for CVI. Previous studies show great efficien-
cy of EMS for patients with symptoms of CVI
and chronic venous edema. However, the exact
mechanism behind that medical effect is not
completely clear and requires further studies. It
could be said that there are several mechanisms
supporting each other. Among them, the direct
activation of the calf muscle pump that enhance
veins blood flow and drainage, the decrease of
retrograde flow volume due to forced rhythm
of muscular contractions, and influence upon
microcirculation bed that reduces blood pres-

Figure 6.—Lower limb 90 days after treatment.
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sure in its venous part. In the current study, the
mechanisms of EMS are not discussed. Instead,
this study shows significant positive effects of
this treatment, such as the decrease of clinical
symptoms and the healing of venous ulcers. This
also means that EMS enhances microcirculation
and tissue metabolism. Obviously, further stud-
jes are required for a better understanding of the
medical mechanism of EMS and to develop opti-
mal parameters for patients with different clini-
cal classes of CVI.

Conclusions

EMS, thanks to an additional activation of
the calf muscle pump in the setting of adequate
compression therapy combined with pharmaco-
logical support, substantially reduces complaints
and accelerates the healing of venous ulcers
caused by the PTS. The ease of use, safety, avail-
ability and efficacy of EMS facilitate its wide-
spread use in outpatients with severe forms of
the CVI. Further studies are needed to determine
the optimal regimens and clarify indications for
the use of EMS in various forms and stages of
chronic venous disease.

References

1. Erickson CA, Lanza DJ, Karp DL, Edwards JW, Seab-
rook GR, Cambria RA ef al. Healing of venous ulcers in
an ambulatory care program: the roles of chronic ve-
nous insufficiency and patient compliance. J Vasc Surg
19953;22:629-36.

2. Klyscz T, Junger M, Rassner G. Physical therapy of the

262

INTERNATIONAL ANGIOLOGY

ankle joint in patients with chronic venous incompe-
tence and artrogenic congestive syndrome. In: Hafner
3, Ramelet A-A, Schmeller WU, editors. Book manage-
ment of leg ulcers. Brunner: Karger; 1999. p. 141-7.

3. Partsch H. Indication for compression therapy in venous
and lymphatic disease, Int Angiology 2008;27:193-219.

4. Griffin M, Nicolaides AN, Bond D, Geroulakos G, Kalo-
diki E. The efficacy of a new stimulation technology to
increase venous flow and prevent venous stasis, Eur J
Vasc Bndovasc Surg 2010;40:766-71.

5. Man IOW, Lepar GS, Marrissey MC, Cywinski JK. Ef-
fect of meuromuscular electrical stimulation on foot/
ankle volume during standing. Med Sci Sports Exerc
2003;35:630-4.

6. Zuccarelli F, Launay J, Le Magrex k. Activation de la
pompe musculaire du mollet par electrostimulation
Veinophus, Angeologie 2005;57:48-54.

7. Zuccarelli F.,, Le Magrex J., Pujo M. Sur un cas de gueri-
son d’une ulceration chronique de 50 ans d’age par utili-
zation de Veinoplus, Angeologie 2006;58:32-3.

8. Bogachev VY, Golovanova OV, Knznetsov AN, Shekoyan
AD, Bogacheva NV. Electromuscular stimulation with
Veinoplus for the treatment of chronic venous edema.
International Angiclogy 2011;30:567-70.

9. Bogachev VY, Golovanova OV, Kuznetsov AN, Shekoy-
an AO, Bogacheva NV. Elektromuskulare Stimulation
mii Veinoplus zur Therapie des chronischen venosen
Odems, VASOMED 2013;Ansgabe 1:52-3.

10. Lobastov K, Barinov V, Laberko L, Obolensky V,
Boyarintsev V, Rodoman G. Electrical calf muscle stim-
ulation with Veinophus device in postoperative venous
thromboembolism prevention. Int Angiol 2014;33:42-9,

11. Cornu Thenard A, Scuderi A, Ramelet AA, Eklof B,
Flour M, Delis K et al., all the members of the C3 Team.
Int Angiol 2012;31:414-9.

This paper was presented at the UIP 2013, Boston, MA, USA.
Conflicts of interest.—The authors certify that there is no con-

flict of interest with any financial organization regarding the
material discussed in the manuscript.

Received o December 11, 2014; resubmitted on January 10,

2015; accepted for publication on February 23, 2015.
Epub ahead of print on February 26, 2015.

Corresponding author: V. Y. Bogachey, Department of An-
giology and Vascular Surgery, Russian State Medical Uni-
versity, Sadovaya-Kudrinskaya street 28/30, app.6, 123001
Moscow, Russian Federation.

E-mail; vadim.bogachev63@gmail.com

June 2015



