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WHAT THIS PAPER ADDS

So-called progressive compression devices can improve impaired calf pump function of patients with venous
disease restoring this to the normal range. Maintaining the calf pressure and increasing the ankle pressure did
not further improve the venous pump function. Such progressive pressure gradient devices are not available on
the market, but could act as effective, self-applied compression devices, improving calf pump function to the
same extent as an inelastic bandage which is more difficult to apply, almost always requiring assistance from an
expert nurse or doctor.

Background: Previous studies have shown that so-called progressive elastic compression stockings (PECS) with a
negative pressure gradient have a more pronounced effect on venous pump function than conventional,
graduated stockings. The aim of this study was to investigate the effect of higher graduated and non-graduated
pressures on the venous calf pump in patients with venous disease.

Methods: The ejection fraction (EF) of the calf pump was measured by plethysmography under a standardized
walking test in 20 patients suffering from chronic venous disease (CEAP C2—C5) without compression, (a) with
one and (b) two PECS on top of each other, and (c) with one additional conventional stocking covering only the
gaiter area to achieve a graduated high pressure profile. Interface pressure was measured in the gaiter area and

on the calf.

Results: A significant improvement of EF compared with baseline was found with all three compression
modalities. The two superimposed PECS, providing median pressures of 33 mmHg in the gaiter area and

46 mmHg at calf level, increased EF significantly up into the normal range. Increasing the gaiter pressure to
56 mmHg without changing the calf pressure did not result in further improvement.

Conclusions: Two PECS applied on top of each other lead to a maximal improvement of the venous pump
function, which cannot be further improved by increasing the pressure in the gaiter area thereby restoring a

graduated pressure profile.
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Venous calf pump function

INTRODUCTION

External compression of the leg increases venous calf pump
function, which can be quantified by measuring the
expelled blood volume and ejection fraction (EF) using
different plethysmographic methods.* ™

Compared with graduated elastic compression stockings
(GECS) exerting a pressure profile higher at the ankle and
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gradually lower toward the calf, progressive elastic
compression stockings (PECS) exerting a higher pressure on
the calf than on the ankle, led to a greater increase in the EF
in patients with venous disease but did not restore it to the
normal range.’

In these experiments PECS were prototypes corre-
sponding to the category of light stockings (about
18 mmHg in the gaiter area). The aim of the study was to
determine whether increasing the pressure over the calf
could achieve a greater calf pump efficiency in patients
with severe superficial venous disease, and if this could be
further improved by increasing the pressure over the
gaiter area while maintaining the same strong pressure on
the calf thereby applying a graduated pressure profile.
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MATERIAL AND METHODS

Twenty patients with chronic venous disease (12 female, 8
male, average age 53.7 + 12.1; range 37—70), presenting
with an isolated incompetent great saphenous vein (GSV)
and normal deep venous system (rev 3/2), all candidates for
varicose vein surgery, were enrolled into this study. Clinical
CEAP classes were: C2: five patients, C3: nine patients, C4a:
two patients, C4b: two patients, C5: two patients.

Inclusion criteria

Patients had clinical CEAP between C2 and C5; GSV reflux
with incompetent terminal and pre-terminal valves, diam-
eter at the level of the junction greater than 10 mm shown
by Duplex and reflux longer than 1 s; and good joint
mobility enabling patients to perform the exercises
requested by the protocol.

Patients who did not fulfill the inclusion criteria and pa-
tients who were unable to perform the exercise test
described below were excluded.

Patients were informed about the details of the exami-
nation and gave their written consent.

With the patient in the standing position, Duplex ultra-
sound investigation of the superficial and deep veins of the
lower extremity was performed in longitudinal view for
detecting venous reflux after manual calf compression and
during the Valsalva maneuver. A reflux time of more than
1 s was considered to be pathological. A cross-sectional
view was used to measure the diameter of the GSV at
the sapheno-femoral junction and 5 cm below.

Compression devices

A ready-made, knee length, elastic stocking, with a pressure
of 18 & 2 mm Hg on the ankle and 27 & 3 mm Hg on the
calf was used (Progressiv N'System, Pierre Fabre, Castres,
France). The reported pressure ranges corresponded to the
values given by the producers for the respective individual
leg sizes. The stocking was applied as a single layer and in a
double layer version by putting two stockings over each
other in order to increase the pressure and maintain an
anti-graduated, “progressive” pressure profile. Finally, a
third graduated stocking was applied up to the gastrocne-
mius muscle and then rolled down over the gaiter area to
increase the pressure only in this area and restore a grad-
uated pressure profile maintaining the same pressure as
before over the calf area.

Interface pressure measurement

The pressure of each compression modality was continu-
ously measured using a newly developed and validated
device®’ connected to a data recorder by a special com-
puter program (Picopress, Microlabitalia, Padua, Italy). The
pressure transducer consisted of a flat plastic pressure
probe (diameter 5 cm) filled with 2 mL of air for the pres-
sure measurement. Fluctuations of pressure on this probe
were transformed into electronic signals (Statham-element)
that could be recorded continuously. Two probes were used
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to measure pressure simultaneously: one at the distal leg,
about 12 cm proximal to the medial malleolus (B1 point,
which is defined by the transition of the muscular part of
the medial gastrocnemius into the tendinous part)8 and one
proximally at the point of maximum calf circumference (C
point).” Sub-stocking pressure was measured continuously
in the supine and the standing position and during the ex-
ercise programme.

Measurement of ejection fraction of the venous calf pump

Using strain-gauge plethysmography (Angioflow2, Micro-
labitalia, Padua, Italy), EF was assessed following the
method described by Poelkens et al.” An indium-gallium
alloy gauge (diameter of 1 mm) is placed around the leg
in the supine position 5 cm distally from the patella and
immediately proximal to the upper border of the elastic
stocking. The investigation started, after calibration of the
device, by elevating the examined leg in order to empty the
veins and to record the minimal volume of the leg segment.
After 1 min the patient stood up and the volume increase of
the calf segment encircled by the strain gauge probe,
reflecting venous filling, was measured continuously.
“Venous volume (VV)” is defined as the difference between
empty and filled veins. During a standardized exercise
(walking on the spot with 20 steps in 20 s), the amount of
blood expelled towards the heart (EV = expelled volume)
reflects the quality of the venous pump. EF was calculated
according to the formula 100 x EV/VV. This method was
able to assess the hemodynamic efficacy of several
compression products in a non-invasive way.'%

The experiments were carried out under baseline con-
ditions without compression and repeated with the
compression stockings applied in one, two, and three layers
in a randomized sequence in all patients.

All tests on every patient were done on the same day
with an interval of 15 min between each measurement. The
measurements were performed 5 min after stocking appli-
cation with the patient resting in the supine position in a
quiet room with constant humidity and temperature.

Discomfort

Discomfort caused by compression devices was assessed
using a Visual-Analogue Scale (VAS), where 0 was minimal
and 10 maximal discomfort.

Statistics

Based on previous results comparing EF with and without a
compression stocking, a sample size of 20 in each group was
predicted to have a 95% power to detect a difference be-
tween means of 7.91 with a significance level (alpha) of
0.05 (two-tailed) (Rev 3/3).%°

Data were expressed as median values and interquartile
ranges.

Non-parametric Friedman tests with Dunn’s multiple
comparisons were used to compare the repeated mea-
surements of EF under different compression systems.
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