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ABSTRACT

Intermittent negative pressure devices
were initially developed by NASA to enhance
blood perfusion and combat a reduction in
orthostatic tolerance. Investigational studies
have demonstrated that the pressure differen-
tial produces changes in the blood and cardiac
systems and also documented changes in
weight and cellulite in obese patients. Although
the mechanisms are not known, previous
investigation has also reported changes in
lymphedematous limbs. These initial results
suggested to us that the inclusion of intermit-
tent negative pressure into a lymphedema
treatment protocol would be beneficial. We
subsequently undertook a study of 50 patients
with lymphedema adding intermittent negative
pressure to our CLyFT protocol and compared
them to the CLyFT protocol without
intermittent negative pressure. We found a
significant difference between the groups with
an additional 7% reduction in lymphedema
volume (p=0.008). Our study results indicate
that the inclusion of intermittent negative
pressure therapy into the CLyFT protocol 
was beneficial and further incorporation into
other protocols should be investigated.
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INTRODUCTION

Developmental History of the Device

A lower body negative pressure device
was developed by NASA for use in space to
ensure perfusion of astronauts’ limbs and
combat a reduction of orthostatic tolerance
(1-3). The negative pressure is thought to be
beneficial for recovery of the baroreceptor
reflex and venous tone by astronauts and is
used, in combination with medication, as a
treatment for orthostatic hypotension in
astronauts (4). In addition, beneficial venous
effects of intermittent negative pressure
therapy have been shown with athletes, and
use has been slowly spreading into patient
populations.

Principles of Alternating Negative Pressure
Therapy

The lower body (legs and lower abdomen
to the level of the iliac crest) is placed into 
a cylindrical vacuum tube with the person
lying on back. The tube is closed with nylon
webbing that cinches around the waist to
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effectively seal the tube on the lower body. 
A vacuum pump generates lower pressure in
the cylinder that is alternated with periods 
of normal pressure. This pressure differential
leads to an increased flow of blood into the
lower body thus improving lower body
circulation. The differential lowers blood
pressure in the central vein, cardiac stroke
volume, cardiac output, and mean arterial
pressure (5,6). Cardiac compensatory
mechanisms are activated by this shift in
fluid towards the lower body, increasing the
heart rate and peripheral vessel resistance.
This also activates the sympathetic response
in the heart and peripheral vessels, increases
catecholamine secretion, and reduces release
of atrial natriuretic peptide (7). In healthy
volunteers, lower levels of body negative
pressure (starting at -20mmHg of negative
pressure) reduces central venous pressure. 
At higher levels of negative pressure (e.g., 
-40mmHg) there is a reduction in stroke
volume index and cardiac index. Blood
pressure is generally unchanged because of 
an increase in total peripheral resistance and
heart rate but hypotension has occurred at 
-40mmHg and greater and may be a result 
of hypovolemia (8,9).

The release of the negative pressure and
the return to normal pressure is accompanied
by rapid return of blood to the chest and 
head from the legs, a spike in arterial
pressure, and bradycardia (3). The shift of
blood volume from distal regions towards the
central body leads to vasodilatation in the
peripheral blood vasculature because of the
baroreceptors particularly in the lower
extremities (10). These reports illustrate that
the local effect of pressure variation in the
lower limbs and abdomen leads to changes in
the peripheral blood circulation (11).

Initial Work in Patient Populations

Initial patient studies applied the ration-
ale of the NASA developers to investigate 
and attempt to treat the detrimental effects 
of prolonged bed-rest or patients prone to

orthostatic hypotension (4). Given the effects
of intermittent negative pressure therapy on
peripheral blood circulation, further studies
with patients have been conducted, including
diabetic and cardiac patients (12,13).

Löberbauer-Purer et al investigated use
of negative pressure therapy combined with
dietary controls and exercise in the treatment
of obesity (11). All treatment modalities (diet,
diet and exercise, diet, exercise, and negative
pressure therapy) led to a reduction in weight
after 12 weeks. The addition of negative
pressure therapy produced positive effects in
the appearance of cellulite with significant
improvement in subjective rating of cellulite.
A widely held hypothesis is that cellulite is
caused by a change in the microcirculation
and an increased accumulation of fluid in the
dermis and in the intra-or interlobular septa
(14). Löberbauer-Purer et al concluded that
negative pressure therapy promoted move-
ment of extracellular water to reduce the
amount of cellulite present on the lower body.

Milicevic et al examined the effect of
intermittent negative pressure treatments on
the hemostatic system in patients with
lymphedema of the lower limbs (15). Eighty-
nine patients received 10 treatment sessions
in a hypobaric sack (Green sack) with
alternating negative and normal pressure.
Pre- and post-treatment platelet aggregate
test with the addition of ADP, adrenaline,
and collagen, as well as CBC and CRP
analysis were performed. They concluded
that intermittent negative pressure treatment
had a beneficial effect by decreasing platelet
reactivity in patients with lymphedema.

Milicevic et al did not measure the effect
of the negative pressure treatment on the
limb volume in their sample of lymphedema
patients. Chronic lymphedema is associated
with a buildup of fibrous adipose tissue that
also contributes to the excess limb volume. If
intermittent negative pressure therapy might
be effective in reducing this adipose compo-
nent as it promotes cellulitic tissue lysis and
also contributes to weight loss in obese
patients who have an excess of adipose tissue. 
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In addition, the alternating pressure of
the intermittent negative pressure system
leads to accelerated lymphatic flow and
increased micro-perfusion in the peripheral
venous system (6). Montgomery et al
investigated blood flow in lymphedematous
and non-lymphedematous arms (16). They
found altered arterial and venous properties
in the lymphedematous limbs, lower venous
tone, lower venous return, and increased
arterial blood flow into the lymphedematous
limb. It is possible that the intermittent
negative pressure device would have a
beneficial effect on the venous and arterial
flow and also excess volume in patients with
lymphedema, where an overload on the
venous system contributes to excess fluid in
the affected limb (17).

Intermittent negative pressure has been
shown to change arterial and venous blood
flow as well as effect changes in weight in
obese patients with excess adipose tissue.
Accordingly, we chose to investigate whether

the inclusion of intermittent negative pressure
as part of our lymphedema treatment protocol
would result in enhanced improvements for
patients with lymphedema.

MATERIALS AND METHODS

Fifty patients with primary or secondary
lower limb lymphedema underwent an inte-
grated treatment protocol including lymphatic
microsurgery and pre- and post-surgical
physical therapy. This treatment protocol
involved daily sessions of intermittent
negative pressure therapy in the intermittent
negative pressure device (Weyergans Ltd.,
Germany) (Fig. 1), as described below. Excess
volume reduction and infection rate at the
completion of this treatment protocol were
compared to data from 50 patients (as controls)
with lower limb lymphedema who completed
the analogous protocol prior to the inclusion
of the intermittent negative pressure device. 

Derivative multiple lymphatic-venous

Fig. 1. Patient positioned in the intermittent negative therapy pressure device (Vacumed, Weyergans) used as part
of the CLyFT lymphedema treatment protocol.

Permission granted for single print for individual use. 
Reproduction not permitted without permission of Journal LYMPHOLOGY.



200

anastomoses (MLVA) or lymphatic pathway
reconstruction using interpositioned vein-
grafted shunts (MLVLA) were performed 
at a single site, in the inguinal-crural region.
Healthy appearing lymphatics found at the
site of surgical operation are directly intro-
duced together into the vein by a U-shaped
stitch and then fixed to the vein cut-end by
means of additional stitches between the 
vein border and the perilymphatic adipose
tissue. At the end, the first U-shaped stitch 
is removed to avoid the risk of closure of
lymphatic collectors. With the use of Patent
Blue dye (a sodium or calcium salt of
diethylammonium hydroxide), properly
functioning lymphatics appear blue, and the
passage of blue lymph into the vein branch
verifies the patency of the lymphatic-venous
anastomosis under the operating microscope
when the anastomosis is completed.

Microsurgical interventions are part of 
an integrated treatment protocol called
‘Complete Lymphedema Functional Therapy’

(CLyFT – Fig. 2) (18). The other elements of
the protocol consist of manual and mechani-
cal lymphatic drainage and intermittent
negative pressure therapy, in conjunction
with appropriate compressive garments.
Mechanical lymphatic drainage refers to the
use of uniform and sequential pneumatic
devices. In Genoa, Italy, CLyFT is applied in
three phases: an intensive pre-operative phase
to reduce the size of the affected limb as
much as possible prior to the microsurgical
intervention, followed by a gentle post-
operative phase in which the pressure of the
lymphatic drainage is gradually increased as
healing continues, and finally, a long-term
maintenance phase of daily mechanical
lymphatic drainage and physical exercise
(particularly swimming) to strengthen the
anastomotic joins over time. The timing of
the treatment protocol depends on the pre-
operative stage of the disease but in general
there is one-to-two weeks of pre-operative
CLyFT, the microsurgical intervention, and

Fig. 2. Algorithm of the Complete Lymphedema Functional Treatment (CLyFT) protocol used in the treatment of
both primary and secondary lymphedema.
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then one-to-two weeks of post-operative
CLyFT, before patients initiate the mainte-
nance phase. The effectiveness of our
derivative and reconstructive lymphatic
microsurgery techniques in providing a
functional repair of the lymphatic system
have been discussed elsewhere (18-22) and
are not the focus of this review.

As part of the pre- and post-surgical
physical therapy, patients completed 20-
minute sessions in the intermittent negative
pressure device. The treatment parameters
were set on a 30 second cycle of 21 seconds 
of negative pressure (-35mmHg reaching 
-40mmHg) and 7 seconds of normal pressure.
Each patient completed 12 sessions in the 
two weeks prior to lymphatic microsurgery
and two to three weeks of post-surgical
treatment, averaging 14 sessions in this post-
surgical period. Thus each patient completed
24-30 sessions of intermittent negative
pressure therapy as part of the ClyFT
treatment protocol. 

Percent volume reduction obtained at the
end of the treatment protocol 2-3 weeks post-
surgery, as measured by water volumetry and
rate of post-surgical infection were assessed
for each patient group. Student’s two-tailed 
t-tests were conducted using Microsoft Excel
2011, with a 95% confidence level.

RESULTS

Average post-treatment percent volume
reduction for patients with CLyFT and
intermittent negative pressure treatment was
83.02 ± 10.78% (Mean ± Standard Deviation)
compared to 76.44 ± 13.48% for the control
group. The addition of intermittent negative
pressure treatment significantly improved
percent volume reduction (p = 0.008). 

Both groups had a very low rate of 
post-operative infection with 2 cases in
intermittent pressure treatment group and 
3 in the controls. This was not significantly
different. 

DISCUSSION

The combined treatment protocol CLyFT
(including intermittent negative pressure) 
is an effective treatment regimen for lymph-
edema. Significant reductions in excess limb
volume are achieved almost immediately
after surgery and maintained in the long-term
(18). Lymphatic microsurgery is effective in
restoring the flow of lymph from the affected
limb, as demonstrated by long-term lympho-
scintigraphy (19-22), and intensive physical
therapy is useful to reduce the swelling as
much as possible in preparation for surgery.
Post-surgery, physical therapy helps to
maintain the patency of the anastomoses and
stabilize the newly established lymphatic flow
from the limb. 

It is difficult to determine the effect that
the various components of the CLyFT treat-
ment protocol have on the overall outcome 
as they are applied as a set of therapies, 
and some components are impossible or not
feasible to investigate individually. For
example, it is well established that the use 
of elastic stockings or bandages are necessary
to maintain the volume reductions achieved
through physical therapy, as without this
support limb swelling immediately recom-
mences (23). Thus, given that the aim of
treatment is to improve the swelling and
reduce the associated risk of infection and
increasing physical limitations, removing 
this component in order to determine its
contribution to the treatment protocol would
be regarded as unethical. We do know that
lymphatic microsurgery can provide greater
reduction in limb volume compared to
physical treatment alone and, when applied
early in the disease course, it offers the
possibility of completely restoring lymphatic
flow and thus, patients may be able to
eventually give up the use of physical
treatments and elastic stockings. 

Intermittent negative pressure therapy
was one of the later components to be added
to the CLyFT treatment protocol and
therefore data is available on a subset of
patients who completed treatment prior to
the addition of the intermittent negative
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pressure therapy. It appears that intermittent
negative pressure therapy contributes an
additional 7% benefit in terms of volume
reduction to the already significant improve-
ments obtained with the CLyFT protocol. Is
this clinically significant? We think so. In
some cases of advanced lymphedema, the
excess volume can reach extreme levels; up 
to 3195ml has been reported for the upper
limb (24) and 6400 mL in the lower limbs
(25). Even an extra 7% reduction in such
advanced stages of lymphedema would have
a positive impact on the patient’s ability to
perform daily activities and/or fit into
clothing. Treatment with the vacuumed
system appears to be an effective way to
enhance volume reduction in lymphedema
patients. The mechanism of action is not
entirely clear, but this improvement may be a
result of increased microperfusion enhancing
venous flow and lymphatic flow or a
reduction in adipose tissue or both.

The addition of intermittent negative
pressure therapy did not seem to have any
effect on post-operative infection. It is widely
recognized that lymphedema, particularly 
the later stages of disease, is associated with
recurrent episodes of cellulitis/erysipelas 
most likely related to chronic lymph stasis
that blocks the movement of macrophages
and also provides a perfect environment 
for bacterial and fungal growth (26,27). A
significant reduction in the incidence of
infection is typically found with the CLyFT
protocol (18-22). Given the very low rates 
of post-operative infection, it is not surprising
that there was no additional benefit from 
the addition of intermittent negative pressure
therapy. 

Intermittent negative pressure therapy 
is relatively simple to add to a lymphedema
treatment protocol. Pressure settings and
treatment length can be adjusted as needed.
The chamber of the machine is padded with
foam and the headrest (see Fig. 2) can be
elevated approximately 20° for comfort. The
intermittent negative pressure has a circum-
ference of 170cm where it cinches at the waist

and is therefore able to accommodate patients
with large limbs. No patient complained of
discomfort throughout the treatment period
of this study. In fact, anecdotally, patients
seemed to find the treatment relaxing, and
many remarked that it was the best part of
the therapy. Length of treatment time and
number of treatment sessions required to
adequately treat lymphedema have yet to be
established. In this study, intermittent
negative pressure therapy was added to a
fixed treatment protocol and therefore the
number of sessions was necessarily limited.
We also did not have the ability to examine
the effect of intermittent negative pressure
therapy in isolation. As noted above,
compression therapy is the mainstay of
lymphedema treatment and so it is highly
unlikely an intermittent negative pressure-
only treatment protocol would be ethical.
However, it would be interesting to see in
future studies how intermittent negative
pressure therapy compares to pneumatic
compression devices or lymphatic massage
for patients who maintain compression
garments after the treatment period. Given
the ease of use and lack of compression
involved, intermittent negative pressure
therapy may be a preferential addition to a
treatment protocol for elderly patients or
patients with lipo-lymphedema where the
skin is more fragile and the use of mechanical
drainage may not be appropriate.

It should be noted that this review is
limited by the small cohort of patients who
have undergone the inclusion of intermittent
negative pressure therapy in the CLyFT
protocol and the generalizability of these
results to other populations (other than the
lower limbs). However, it is likely that the
improvement in volume reduction seen with
this population sample was achieved by the
addition of intermittent negative pressure
therapy to the treatment protocol. It is
unlikely that these results were due to
differences in the patient groups since both
patient samples probably contained a similar
proportion of stages of disease. We generally
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find that most patients are in stage IIA and 
B or IIIA of the Campisi staging of
Lymphedema (28) with only a few patients
treated prior to these stages. 

In summary, intermittent negative
pressure therapy appears to improve micro-
perfusion and venous and lymphatic flow in
the lower limbs. When added to a combined
treatment protocol for lymphedema, it
appears to provide additional benefits in
terms of volume reduction. This report
supports further research and the inclusion 
of intermittent negative pressure therapy in
lymphedema treatment programs. 
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