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Venous Disease

 Ambulatory venous
hypertension

e ~“50% reduction with
calf muscle pump
activation

Calf muscles Calf muscles
contracted relaxed




Electrical Muscle Stimulators

Direct stimulation of muscle Indirect stimulation via nerve




Explore

* Venous haemodynamic impact of NMES

e Potential clinical applications of NMES in
venous disease

 NMES for VTE prevention



Impact on Venous Haemodynamics
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Which Muscle Group to Target?

@(Im,\al\l.nk Journal of
| Vascular Surgery

Venous and Lymphatic Disorders

The comparative hemodynamic efficacy of
lower limb muscles using transcutaneous
electrical stimulation

David Rhodri Scourfield Evans, BSc,” Katherine J. Williams, MBBS, MA (Cantab), MRCS,"

Paul H. Strutton, PhD, BSc," and Alun H. Davies, BM BCh, DM (Oxon), FRCS, FHEA," Cardiff and
London, United Kingdom
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Local vs Systemic Impact?

@(:m.\«‘m.“k Journal of
| Vascular Surgery

Laser Doppler

Blood Flow

Venous and Lymphatic Disorders

The comparative hemodynamic efficacy of

lower limb muscles using transcutaneous
electrical stimulation

David Rhodri Scourfield Evans, BSc,” Katherine J. Williams, MBBS, MA (Cantab), MRCS,"
Paul H. Strutton, PhD, BSc," and Alun H. Davies, BM BCh, DM (Oxon), FRCS, FHEA," Cardiff and
London, United Kingdom
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Potential Applications of NMES in Venous Disease

Records identified Additional records identified

through database search through other sources
(n=265) (n=5)

Records after duplicates removed (n=202)

Records screened Records
(n=202) excluded

(n=143)

Full text articles assessed Full articles
for eligibility (n=59) excluded
(n=11)

Studies included in
gualitative synthesis
(n=48)




Variation in Electrical Parameters and Outcome Measures

Pulse Waveform Pulse duration Frequency
Freq (Hz) = _1
duration
1-250Hz
200 - 350ps
“galvanic” “trapezoidal”
Intensity Electrode placement Outcome measure
“miliAmperes” Direct Air plethysmography
“microCoulombs” - Calf muscle Photoplethysmography
“Volts” Indirect Strain gauge
“to achieve muscle - Tibial nerve plethysmography
contraction” - Common peroneal Venous occlusion
nerve plethusmography
Venous duplex




Results of Systematic Review

Reduction
of oedema

Venous

haemodynamics
(n=27)




Plot Clinical Study in CVI

Eur ] Vasc Endovasc Surg (2017) 53, 114-121

Randomised Controlled Trial: Potential Benefit of a Footplate

Neuromus
Venous Di

Recruited
(n=22)

R. Ravikumar , |

Academle Sectlan of

Week 0

Sham
(n=11)

Test
(n=11)

ﬁth Chronic

|

Withdrew
(n=1)
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Haemodynamics in Individuals with
Venous Disease

Week 0 Week 6
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NMES and Limb Volume

Table 2. Limb volume in sham and test group pre- and post-stimulation at week 0 and week 6.

Sham Test

Pre-stimulation, Post-stimulation, p Pre-stimulation Post-stimulation
mean =% SD (mL) mean = SD (mL) mean = SD (mL) mean = SD (mL)
5,107 = 1,252 5,208 + 1,252 5,377 = 1,122 5,422 + 1,127
5,143 4 1,269 2,208 &= 1,272 5500 =+ 1,173 2,293 =x 1,168

NMES and Quality of Life

Table 3. Percentage difference (%) in questionnaire scores over 6 weeks in the sham and test group.

Sham Test Statistical analysis
Difference in QOL score Difference in QOL score p

—11.8 + 31.2° 327

—3.0 (—15.3 to 68.3)° —28.4 (—84.7 to —3.1)"

U.UU 7 o 18.20 J.OU . to 1.
EQSD:VAS —14.3 (—37.5 to 20.0) —~5.0 (—11.5 t0 4.2)°
SF-12: PCS 10.9 + 24.7° 0.6 + 12.7°
SF-12: MCS —=10.0 = 22.5°




Mechanical

Chemical

1900s

Heparin
(McLean
&

Howell)

What about DVT?

Unfractionated . Low molecular
) Warfarin ) )
heparin (UFH) weight heparin
(LMWH) & factor
Xa inhibitors

New oral
anticoagulants



NMES and VTE Prevention

Review Article PhIEbOIOgy

I"I'ulqll:li:llr:-ml
0{oy 1-12
i) The Author(s) 2017

Neuromuscular electrical stimulation Reprints and permissions

sagepub.co.ukljournalsPermissions.nay
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thromboembolism ®SAGE

Raveena Ravikumar, Katherine ] Williams, Adarsh Babber,
Hayley M Moore, Tristan RA Lane, Joseph Shalhoub and
Alun H Davies




NMES and VTE Prevention

Records identified through Additional records
|dentification database searching identified through other
(n =135) sources (n=7)

¥

Records screened following

Screening removal of duplicates

¥

(n =98)

Full-text articles assessed for
Eligibility eligibility

(n=42)
Studies included in

Included qualitative synthesis
(n=16)

Records excluded
—
(n =56)

Full-text articles
excluded
(n=26)




DVT
NMES vs Control

NMES Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Tulal nght M-H, Random, 95% Cl Year M-H, Random, 95% Cl
Micolaices 1972 1 & 25 10 0.06[0.01, 0.45] 1972
234 1 35 2 y 1.58]) 1973
g 1975 K l.l4] 1975
Lindstrom 1982 Y 12 40 272K 036011 1.16] 198!

Total (95% CI) ; 100.0% 0.26 [0.10, 0.72]

Tatal events 3l
Heterogeneity Tau® = 0.63; Chi® 0l 01 ] 0 100
Test far overall effect. Z = 260 F = 0.009 Favours NMES  Favours Control

Favours NMES (p=0.009)




DVT
NMES vs Unfractionated Heparin

NMES Heparin Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95%Cl Year M-H, Random, 95% CI
Micnlaides 1983 12 50 7S 62 1% 194069 5.43] 1983

Bostrom 1986 540 549 379K 126034, 4.69] 1986

Total (95% CI) 90 99 100.0% 1.65 [0.73,3.70]
Tatal eyvents 17 12
Heterogeneity Tau® = 0.00: Chi* = 0.26, df = 1(F = 0.61) = 0%

Test for overall effect £ =120 (F = 0.23)

001 01 ' 10 100
Favours NMES Favours Heparin

No significant difference (p=0.23)



DAVAL

NMES+Heparin vs Heparin

NMES + Heparin ~ Heparin Odlds Ratio
Study or Subgroup ~ Events  Total Events Total Weight M-H,Random, 95%Cl Year
el 1988 L 15 8 16 205%  0.070.01,06
Yelmahos 2005 37.8% '

l2umi 2014 5 14 4 [0.09, 0.85] 201¢

Total (95%CI) 2 100.0%  033(0.10,1.14]

Total eyents 13 28

Heterogeneity, Tau’ = 0.63 Chi* = 428, df = 2 (P = 0.12) FF = 53%

Test for owerall effect: £ = L75 (P = 0.08)

Otlds Ratio
M-H, Random, 95% CI

Favours NMES+heparin Favours Heparin only

No significant difference (p=0.08)

100




NMES and Pulmonary Embolism Prevention

NMES 6/37

s thrombosis (DVT) (dextran 40). Furthermore, the correlation between the
bmboses usually form  incidence of thromboembolic complications after general
k (3). Venous pooling surgery and the preoperative values for AT III, FPA, BTg,

ﬁg;ﬁ;};i(}grp{}?ge;tiiges plasminogen and the ability of vein walls to release fibrinolytic N O t h ro m b O p ro p hyl a X i S

activity on venous stasis was to be examined.

binally recommended
chanical methods that  Patients and methods 14 40
nous pooling (4). The  Study groups
ency of postoperative  One hundred and twelve patients (45 women and 67 men), who
t of such prophylaxis were to be subjected to major abdominal surgery, took part in (o)
km (PE) has not been  the study. All patients were above 40 years of age or had A R R 1 8 A)
malignant disease. The composition of the study groups is

hried considerably. In  shown in Table 1. The study was randomized and planned to be

lation with S e he patiep ere p in oge o he followin Qree

Electrical calf muscle stimulation with Veinoplus device NMES 2/40
in postoperative venous thromboembolism prevention Control 0/40

K. LOBASTOV, V. BARINOV, L. LABERKO, V. OBOLENSKY, V. BOYARINTSEV, G. RODOMAN ARR 5%

Nven

(1
‘e
O

* Old studies
* |nadequate control arms



Impact on Clinical Practice

CVI patients Thromboprophylaxis

- Other therapeutic - Supplement
avenues exhausted pharmacoprophlaxis

- Cannot tolerate - Where othgr VTE
compression? prophylaxis Cl

Potential
clinical
applications of
NMES
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