
Contraindications - the VADOplex 
is contraindicated for patients 
where an increase of fluid to 
the heart may be detrimental, 
including some patients with 
congestive heart failure and 
those with pre-existing deep vein 
thrombosis, thrombophlebitis or 
pulmonary embolism. The device 
should be used with caution 
on the infected or insensitive 
extremity.

www.vadoplex.com
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THE VENOUS FOOTPUMP: INFLUENCE ON TISSUE PERFUSION AND PREVENTION OF 
VENOUS THROMBOSIS

ARTERIAL FLOW ENHANCEMENT BY IMPULSE COMPRESSION

EFFECT OF FOOT COMPRESSION ON THE VELOCITY AND VOLUME OF BLOOD FLOW 
IN THE DEEP VEINS

A.M.N. Gardner and R.H. Fox
TORBAY HOSPITAL, TORBAY, DEVON, UK
Annals of the Rheumatic Diseases, 1992, October, 51(10) pp1173-1178

R.H. Morgan, G. Carolan, J.V. Psaila, A.M.N. Gardner, R.H. Fox and J.P. Woodcock
CARDIFF, WALES, TORQUAY AND DEVON, ENGLAND
Journal of Vascular Surgery 1991, January/February, pp8-16

B. Andrews, K. Somerville, S. Austin, N. Wilson and N.L. Browse
DEPARTMENT OF SURGERY, ST THOMAS’ HOSPITAL, LONDON
British Journal of Surgery, 1993, February, Vol 80, 198-200

Increased arterial blood flow following 
foot compression has been observed 
for over a century. Until recently there 
has been no satisfactory explanation 
for these observations. The discovery 
of endothelial cell derivatives, and 
most importantly endothelial derived 
relaxing factor (EDRF) has increased 
our understanding of the control of 
the microcirculation.
EDRF mediates the relaxation of arterial 
smooth muscle, and its production in 

the endothelium is stimulated by ‘shear 
stress’ caused by sudden pressure 
change. The short half-life of EDRF (6-
50 seconds) corresponds well with the 
short duration of post-impulse com-
pression hyperaemia observed with 
the use of the A-V Impulse System. 

This graph illustrates the effect of im-
pulse pumping on common femoral 
arterial flow in a patient with a femo-
ropopliteal arterial block.

This study was prompted after preli-
minary observations of rapid relief of 
ischaemic rest pain following applica-
tion of a foot compression device (A-V 
Impulse System™, Orthofix Vascular 
Novamedix, Andover, UK). The aim of 
this study was to quantify the imme-
diate effects of impulse compression 
on popliteal artery blood flow.

12 normal subjects (Doppler ankle/
brachial pressure index >1.0) and 10
patients with peripheral vascular di-
sease (mean Doppler ankle/brachial 
pressure index 0.62, range 0.33 – 
0.74) were studied.
None of the patients were diabetic and 
none were currently under treatment 
with peripherally active medication.

Popliteal artery volume flow was cal-
culated by means of a duplex ultra-
sound imager interfaced with a Dopp-
ler spectrum analyzer.

Over the 5 minute period of pump ap-
plication, mean popliteal blood flow 
increased by 93% (p<0.0001) in nor-
mal subjects and 84% (p<0.003) in 
peripheral vascular disease patients. 
In 5 normal control subjects, a ‘pla-
cebo’ device produced no significant 
change in flow (p>0.1).

The A-V Impulse System temporarily
increases subsequent flow in the pop-
liteal artery both in normal subjects 
and in patients with arterial obstruc-
tion. It is suggested that the hypera-
emic effect may be explained by the 
liberation of endothelial derived re-
laxing factor (EDRF), a powerful rela-
xant of vascular smooth muscle, pro-
duced in response to sudden pressure
changes (haemodynamic shear-stress)
within the venous system.

Impulse pumping whatever its phy-
siologic explanation, has a number of

potential applications in the clinical 
field. In ischaemic limbs it can incre-
ase blood flow and relieve rest pain 
and so is likely to limit tissue damage 
in patients awaiting surgery or when 
surgery has nothing to offer. After ar-
terial grafts, impulse pumping may 
have a place in maintaining uncertain 
graft flow.

10 healthy patients in a supine, 10 de-
gree foot down position were studied. 
Using a duplex scanner the effects 
of altering pressure, pulse duration 
and frequency of foot compression 
on the velocity and volume of blood 
flow in the superficial femoral and 
popliteal veins were quantified. In 
20 legs, foot compression of 50, 125 
and 200mmHg significantly increased 

the maximum venous blood flow by 
9.0, 13.4 and 15.1 ml/s respectively 
(p<0.001). Conversely, reducing the 
frequency of compression from 6 to 
3 cycles per min significantly increa-
sed the rise in peak flow from 10.1 
to 14.8 ml/s (p<0.001). Changing the 
duration of compression from 1 to 3 
seconds had no significant effect on 
peak flow. Increased blood flow is best 

achieved with high-pressure, low-fre-
quency foot compression. Increasing 
the duration of compression beyond 
1 second has no effect on augmentati-
on of flow in the deep veins. A typical 
venous flow response, as measured 
in the femoral vein, with the applica-
tion of the A-V Impulse System clearly 
showed a surge of blood flow through 
the entire leg.
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IMPROVING WALKING ABILITY AND ANKLE BRACHIAL PRESSURE INDICES IN SYMP-
TOMATIC PERIPHERAL VASCULAR DISEASE WITH INTERMITTENT PNEUMATIC FOOT 
COMPRESSION: A PROSPECTIVE CONTROLLED STUDY WITH ONE-YEAR FOLLOW-UP  

K.T. Delis, A.N. Nicolaides, J.H.N. Wolfe and G. Stansby
ST MARY’S HOSPITAL, LONDON, UK
Journal of Vascular Surgery, 2000, April, (31) 4, pp650-661

The purpose of this study was to de-
termine the effect of the A-V Impulse 
System on claudication distance and 
arterial haemodynamics in patients 
with intermittent claudication caused 
by peripheral vascular disease.
37 patients with stable intermittent 
claudication were recruited; 25 recei-
ved the A-V Impulse System, for >4 
hours/day for 4.5 months (Group 1). 
The remaining 12 patients acted as 
controls (Group 2).

Both groups were advised to exercise 
unsupervised for > 1 hour daily and 
received aspirin 75mg/d. Initial clau-
dication distance (ICD), absolute clau-
dication distance (ACD), resting ankle 
brachial index (r-ABI), ankle brachial 
pressure index after exercise (p-eABI), 
and popliteal artery volume flow were 
measured at day 0, 2 weeks, and 1, 2, 
3 and 4.5 months. On completion of 
the treatment period both groups con-
tinued with aspirin and unsupervised 

exercise and were re-examined after 
12 months.
Over the 4.5 months of active treat-
ment Group 1 results showed that, 
median ICD increased by 146% 
(p<0.001); median ACD improved 
by 106% (p<0.001); median r-ABI 
improved by 18% (p<0.001); medi-
an p-eABI in group 1 improved by 
110% (p<0.001) and mean popliteal 
artery volume flow increased by 36% 
(p<0.001). No significant changes 
were found in Group 2 when measu-
ring these parameters. Twelve months 
post-treatment, walking ability and 
ABIs in Group 1 were not statistically 
different from those at 4.5 months 
and remained significantly better than 
those of the control subjects.
The A-V Impulse System used at home
for 4.5 months increased claudication
distance by over 100%. Associated 
increases in r-ABI, p-eABI and arterial 
calf inflow suggest an improved col-
lateral circulation. Maximum benefits 
seem to be offered over the first three 
months. Treatment benefits are main-
tained 1 year after treatment.

THE PLANTAR VENOUS PLEXUS AND APPLICATIONS OF A-V IMPULSE SYSTEM

J.V. White and J.I. Zarge
TEMPLE UNIVERSITY, PHILADELPHIA, USA
Review Article

THE A-V IMPULSE SYSTEM AND POST-REVASCULARISATION OEDEMA

TREATMENT OF UNRECONSTRUCTABLE END STAGE DISTAL ISCHAEMIA

Patients undergoing distal vascular 
reconstruction for limb salvage were 
treated with the A-V Impulse System. 
Use of the footpump on the operative 
leg began in the recovery room and 
continued for 7 days. Calf and ankle 
circumference were measured daily. 
The preoperative measurements were 

taken as baseline. Wound complica-
tions were also recorded. 
Preliminary results in 10 patients de-
monstrated a significant benefit of 
using the A-V Impulse System after 
lower extremity revascularisation.
Oedema was markedly reduced and 
there were no wound complications 

in the immediate postoperative pe-
riod in patients treated with the A-V 
Impulse System. 
However, the control group demons-
trated a progressive increase in calf 
circumference and wound complica-
tions occurred in 3 of 5 patients in the 
control group.

To determine whether augmentation 
of venous outflow can result in en-
hanced arterial inflow in patients with 
severe peripheral arterial occlusive 
disease, 7 extremities in 5 patients 
have been treated.
Four patients presented with toe ulcers, 
rest pain and had unreconstructable 
vascular disease by angiography. One 
patient had severe distal disease and 

rest pain but had to delay surgery 
until cardiac problems could be con-
trolled. Ankle brachial indices ranged 
from 0.0 – 0.31.
The A-V Impulse System was used for 
4-6 hours each day. All patients had 
at least a 1cm reduction in calf cir-
cumference and reported a significant 
reduction in rest pain within 2 days of 
treatment. One patient demonstrated 

a return of her dorsalis pedis pulse. 
Toe ulcers began to heal. These preli-
minary data strongly suggest that the 
AV Impulse System may be of benefit 
in those patients with severe distal 
ischaemia and unreconstructable va-
scular disease.
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EFFECTS OF INTERMITTENT PNEUMATIC COMPRESSION OF THE FOOT ON THE
MICROCIRCULATORY FUNCTION IN ARTERIAL DISEASE

IS IMPULSE COMPRESSION OF THE FOOT A POTENTIAL THERAPY FOR DIABETIC PATIENTS 
WITH REST PAIN AND TOE OR FOOT ULCERS OF A VASCULAR ORIGIN?

A. Abu-Own, T. Cheatle, J.H. Scurr, and P.D. Coleridge Smith
DEPARTMENT OF SURGERY, UNIVERSITY COLLEGE AND MIDDLESEX SCHOOL OF MEDCINE, LONDON, UK
European Journal of Vascular Surgery, 1993, September, Vol 7 pp 488-492

K. Van Acker, A. Bouten, P. Abrams, D. Ballaux, Prof P. Van Schil, F. Van den Brande.
DEPARTMENT OF ENDOCRINOLOGY/FOOT CLINIC/DEPARTMENT OF VASCULAR SURGERY, UZA, ANTWERP, BELGIUM
International Union of Angiology, 2000, May, Ghent Belgium

The management options available 
for patients with severe peripheral 
occlusive arterial disease (POAD) who 
are not suitable for reconstructive 
surgery or angioplasty are very limi-
ted. Drug treatment to improve the 
microcirculatory blood flow in such 
patients has been advocated but most 
clinical trials have produced disap-
pointing results.

The aim of this study was to evaluate
the effect of mechanical activation of 
the foot pump on the microcirculation 
of the skin in patients with peripheral 
occlusive arterial disease.

15 patients with POAD (mean Doppler
ankle brachial pressure index 0.52, 
range 0.31-0.68) and 15 control sub-
jects had the A-V Impulse System ap-
plied to the foot. Diabetic patients 
were excluded from the study. Laser 
Doppler flux (LDF) and transcuta-

neous oxygen tension (tcPO2) were 
measured on the big toe with the sub-
ject supine, before, during and after 
a 10 minute period of foot pumping. 
The study was repeated with the sub-
ject sitting.

On sitting there is a fall in LDF and a 
rise in tcPO2. Application of intermit-
tent pneumatic compression to the 
foot in the sitting position resulted 
in an increase in LDF. In patients, the 
median percentage increase was 57% 
and the median difference was 82 
arbitrary units (AU) (95% CI 60-130, 
p<0.001). In controls, the median per-
centage rise was 66% and the median 
difference was 124 AU (95% CI 73-275
p<0.001). There was a corresponding
‘further’ increase in tcPO2 in both 
groups of subjects. In patients, the 
median percentage increase was 8%, 
in controls the median percentage in-
crease was 10% (p <0.01).

It can be concluded that intermittent 
pneumatic compression of the foot in 
the dependent position increases LDF 
and tcPO2. Mechanical activation of 
the venous foot pump may improve 
the microcirculatory blood flow sug-
gesting the possibility of a new form 
of treatment for patients with rest 
pain and ischaemic ulcers.

The objective of this pilot study was 
to investigate whether plantar impul-
se compression could be potentially 
efficacious in the treatment of rest 
pain, foot or toe ulcers where the un-
derlying cause was vascular. Diabetic 
patients with toe or foot ulcers, with 
or without rest pain were included. 
All patients included had absence of 
dorsal pedal pulse and posterior tibial
pulse together with ABPI < 0.8. Seven
patients completed the study.

Patients received in-hospital training 
for 2-5 days to prepare them for a 
minimum of 6 hours of impulse com-
pression per day at home. Follow up 
visits were at 14 days, one month, 
and then once a month. At each visit, 
ulcer size and rest pain were recor-
ded.

These preliminary results show poten-
tial efficacy in the treatment of both 
rest pain and ulcers of vascular ori-
gin. In clinical usage of the foot pump 
since the submission of this data, the 

authors are beginning to observe a  
high rate of reduction of rest pain in 
patients using the A-V Impulse System. 
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EFFECT OF FOOT IMPULSE TECHNOLOGY IN PATIENTS WITH
DIABETIC OR ISCHAEMIC ULCERS

AN ASSESSMENT OF THE EFFECT OF THE FOOT PUMP ON VENOUS EMPTYING IN 
CHRONIC VENOUS INSUFFICIENCY

M.E. Gschwandtner, S. Maric, T. Maca, A. Willfort, H. Ehringer and E. Minar
DEPARTMENT OF MEDICAL ANGIOLOGY, VIENNA GENERAL HOSPITAL, UNIVERSTIY OF VIENNA, AUSTRIA
International Union of Angiology, 2000, May, Ghent Belgium

G. McMullin, H.J. Scott, P.D. Coleridge-Smith, and J.H. Scurr
DEPARTMENT OF SURGERY, THE MIDDLESEX HOSPITAL, MORTIMER STREET, LONDON, W1N 8AA
Phlebologie 1989, John Libbey Eurotext Ltd pp69-71

Therapeutic options for treatment of 
patients with severe limb ischaemia, 
who are not suitable for endovascular 
or surgical recanalisation, are limited. 
There is some evidence that impul-
se compression of the foot could be 
another alternative for conservative 
treatment of ischaemic or diabetic ul-
cers. This study investigated whether 
impulse compression of the foot has a 
similar effect on foot microcirculation
as prostanoids. For this purpose sin-
gle channel laser Doppler fluximetry 
was used.
10 patients (8 male, 2 female, 7 diabe-
tic) with arterial ulcers at their forefeet 
were investigated. Treatment and mea-
surements were performed with the 
patients in a supine position with the 
upper parts of their bodies slightly ele-
vated (20-30 degrees). The A-V Impulse 
System was used for four hours. Laser 
Doppler flux was determined on the 
border of the ulcers by means of a laser 
blood flow monitor (MBF 3D; Moor Ins-
truments, England). Measurements for 
300 seconds were performed before, 
after 235 minutes, at termination of in-
termittent pneumatic compression and 
15 minutes after the end of intermittent 
pneumatic compression.

Laser Doppler flux before intermittent
pneumatic compression was (MEAN 
+/- SD) 7.6+/-4.9 AU. After 235 minu-
tes of intermittent compression, flux 
increased to 9.6+/-4.9 AU (p>0.05). 
At termination of intermittent com-
pression, flux was almost statistically 
different in comparison with flux befo-
re treatment 12.1 +/-7.5 AU (p<0.06). 
15 minutes after the end of treatment 
flux was highest, 14.5 +/- 7.5 AU, and 
statistically significant compared with
values before treatment (p<0.05).

The data indicates that the A-V Impul-
se System effects skin microcirculation 
in patients with severe limb ischaemia. 

Even after the termination of inter-
mittent pneumatic compression with 
the A-V Impulse System, the effect is 
prolonged and still increases. These 
findings could explain the promising 
clinical action of the A-V Impulse Sys-
tem for patients with severe periphe-
ral arterial occlusive disease.

This investigation was undertaken 
to compare the efficiency of the foot 
pump with the calf pump in patients 
with venous insufficiency. 23 patients 
were studied, all had clinical signs of 
venous insufficiency.

The venous system of each limb was 
assessed by means of duplex scanning. 
By this means, limbs were categorised 
into groups; those with deep vein in-
competence, those with superficial 
vein incompetence, and those with 
incompetent perforating veins.
Ambulatory and resting venous pres-
sures where then recorded. The A-V 
Impulse System was then applied and

resting venous pressure and drop in 
pressure was calculated.

The drop in pressure produced by the 
foot pump was found to closely pa-
rallel the pressure drop produced by 
walking. The results suggested that 
within the foot there is a powerful sti-
mulus to venous emptying which is as 
significant as the calf muscle pump. 
The mechanism is effective in all types 
of venous insufficiency: deep, superfi-
cial and perforator incompetence.
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Legend

(WM-STVX-XX) Original study number
FIT Foot Impulse Technology
DBS Circulatory disorders
pAVK Peripheral vascular disease
SD Standard deviation
LDF Laser Doppler flow velocity
tcPO2 Transcutane oxygen tension
ICD Initial claudication distance
ACD Absolut caudication distance
p-e-ABI Post exercise ankle brachial pressure index
r-ABI Resting ankle brachial pressure index
ABPI Ankle-brachial-pressure-index




