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Venous Disease

• Ambulatory venous 
hypertension

• ~50% reduction with 
calf muscle pump 
activation



Electrical Muscle Stimulators

Direct stimulation of muscle Indirect stimulation via nerve



Explore

• Venous haemodynamic impact of NMES

• Potential clinical applications of NMES in 
venous disease

• NMES for VTE prevention



Impact on Venous Haemodynamics

n=10 healthy subjects



Time averaged 
mean velocity

(cm/s)

Flow

(cc/min)



Which Muscle Group to Target?



Local vs Systemic Impact?

Laser Doppler 
Blood Flow

Right Stimulated

Left Unstimulated



Potential Applications of NMES in Venous Disease

Identification

Screening

Eligibility

Included

Records identified 
through database search 

(n=265)

Additional records identified 
through other sources 

(n=5)

Records after duplicates removed (n=202)

Full text articles assessed 
for eligibility (n=59)

Records screened 
(n=202)

Records 
excluded 
(n=143)

Full articles 
excluded 

(n=11)

Studies included in 
qualitative synthesis 

(n=48)



Variation in Electrical Parameters and Outcome Measures

Pulse Waveform Pulse duration Frequency

“galvanic” “trapezoidal” 

200 - 350μs

Freq (Hz)  =    __1___
duration

1-250Hz

Intensity Electrode placement Outcome measure

“miliAmperes”
“microCoulombs”
“Volts”
“to achieve muscle 
contraction”

Direct
- Calf muscle
Indirect
- Tibial nerve
- Common peroneal

nerve

Air plethysmography
Photoplethysmography
Strain gauge 
plethysmography
Venous occlusion 
plethusmography
Venous duplex



Results of Systematic Review

Venous 
haemodynamics

(n=27)

Reduction 
of oedema

(n=5)



Plot Clinical Study in CVI



Week 0

Haemodynamics in Individuals with 
Venous Disease

Week 6



NMES and Limb Volume

NMES and Quality of Life



What about DVT?

Heparin 
(McLean 

&
Howell)

Unfractionated 
heparin (UFH)

Low molecular 
weight heparin 
(LMWH) & factor 
Xa inhibitors

Warfarin
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NMES and VTE Prevention



Identification

Screening

Eligibility

Included

Records identified through 
database searching 

(n = 135)

Additional records 
identified through other 

sources  (n = 7)

Records screened following 
removal of duplicates

(n = 98)

Records excluded
(n = 56)

Full-text articles assessed for 
eligibility
(n = 42)

Full-text articles 
excluded
(n = 26)

Studies included in 
qualitative synthesis

(n = 16)

Studies included in 
quantitative synthesis 

(n=9)

NMES and VTE Prevention



DVT
NMES vs Control 

Favours NMES (p=0.009)



DVT
NMES  vs Unfractionated Heparin

No significant difference (p=0.23)



DVT
NMES+Heparin vs Heparin             

No significant difference (p=0.08)



NMES and Pulmonary Embolism Prevention

NMES 6/37
No thromboprophylaxis
14/40
ARR 18%

NMES 2/40
Control 0/40
ARR 5%

• Old studies

• Inadequate control arms



Impact on Clinical Practice

Potential 
clinical 

applications of 
NMES

CVI patients

- Other therapeutic 
avenues exhausted

- Cannot tolerate 
compression? 

Thromboprophylaxis

- Supplement 
pharmacoprophlaxis

- Where other VTE 
prophylaxis CI
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