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ABSTRACT

Questions remain on the use of sequential
pneumatic compression including where does
the fluid flow to and whether fluid can be
moved to the non-swollen tissues of the
hypogastrium and gluteal region? During
pneumatic massage of the limb, we studied
pathways of lymph and mobile tissue fluid
flow using lymphoscintigraphy: a) from the
calf and thigh across the inguinal region to
the healthy non-swollen tissues of the
hypogastrium and b) in the hypogastrium to
the lateral and upper abdominal quadrants.
To examine if there was effective fluid flow
during pneumatic massage, plethysmographic
flow measurements were also carried out. We
demonstrated that: (i) pneumatic compression
moved isotope in lymph remaining in
functioning lymphatics and in tissue fluid in
the interstitial space toward the inguinal
region and femoral channel, (ii) there was no
isotope crossing the inguinal crease or moving
to the gluteal area, and (iii) isotope injected
intradermally in the hypogastrium did not
spread during manual massage to the upper
and contralateral abdominal quadrants. In
conclusion, intermittent pneumatic compres-
sion is effective in pushing mobile tissue fluid

and relocating large fluid volumes toward the
groin. However, the question that still remains
is how to facilitate further flow toward the
non-swollen tissues and thereby increase local
absorption of fluid.
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In obstructive lymphedema of lower
limbs following infections, trauma, surgery or
irradiation, most or all lymphatic collectors
leading to the superficial and deep inguinal
lymph nodes are obstructed (1). The limited
hydraulic function of damaged collecting
lymphatics results in accumulation in the
interstitial space of capillary filtrate
containing plasma humoral and cellular
components and parenchymal cell products.
Impairment in transport of plasma filtered
macromolecules and protein–bound ions
generates high osmotic pressure. This attracts
water from the vascular compartment and
further increases the stagnant tissue fluid
volume. Furthermore, accumulating fluid
deforms the soft tissue structure and spon-
taneously creates fluid conducting channels
in the subcutaneous tissue (2). This natural
hydraulic process is insufficient for
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transporting fluid away from swollen regions
and therefore requires extrinsic approaches
such as massage and compression to force the
mobile edema fluid toward the root of the
extremity. In the calf and thigh, the natural
fluid channels form along large blood vessels
(e.g., saphenous, popliteal and femoral veins)
and also around small unnamed vessels.
These channels lead to the inguinal crease
where skin is connected with the inguinal
ligament and external oblique muscle by
natural elastic fibers (3).

The question arises whether the
accumulated tissue fluid can form natural
subcutaneous channels across the inguinal
crease to the hypogastrium. This would
facilitate absorption of fluid in normal hypo-
gastrium tissues, which could presumably
form connections with normal lymphatics.
Such newly formed flow pathways would
justify the common practice of treating the
core (truncal) lymphatics as a major therapy
component before limb massage (4,5). The
essence of this concept is that treatment 
must first be directed at lymphatic territories,

such as the hypogastrium and trunk, so that
they are adequately prepared to receive
lymph (tissue fluid) from the lower limbs. 

In this study, we investigated with use of
lymphoscintigraphy the pathways of lymph
and mobile tissue fluid flow: a) across the
inguinal and gluteal regions to the healthy
non-swollen tissues of hypogastrium, and b)
in the hypogastrium to the lateral and upper
abdominal quadrants during pneumatic
massage of the limb. In addition, to prove
that there was effective fluid flow produced
during pneumatic massage, plethysmographic
flow measurements were taken. 

MATERIAL AND METHODS

Patients

The study was carried out on 15 patients,
age 28-56 with mean weight of 65kg (58- 72),
mean height of 168 cm (161-178) and
lymphedema of one lower limb (stage II to
IV) for a duration of 2 to 15 years (Table 1).
Eleven patients reported small foot skin

TABLE 1
Demographic Data of Patients with Lymphedema of Lower Limb 
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abrasions or light trauma of the foot in the
past followed by development of foot and calf
transient edema. More extensive edema
developed months to years later and in 50%
of cases was complicated by 1 to 3 attacks of
dermato-lymphangio-adenitis. In 4 patients,
edema developed without any detectable
reason. Cases with acute inflammation,
chronic venous insufficiency, and a systemic
etiology of edema were excluded from the
study. Five patients without lymphedema, but
with suspicion of enlarged abdominal lymph
nodes, served as controls. Lymphoscinti-
graphy and tissue fluid flow measurements
are mandatory diagnostic procedures in our
hospital for all cases with lymphedema. The
consent of patients was obtained, and the
study was approved by Warsaw Medical
University Ethics Committee.

Clinical Staging

Staging was based on clinical evaluation
including level of edema in the limb from 
foot to groin and degree of skin keratosis and
fibrosis. Briefly, stage II pitting edema
affected the foot and lower half of the calf,
stage III involved the foot and calf with hard
skin in foot and ankle area, and in stage IV,
the whole limb was edematous with
hyperkeratosis of the foot and calf skin and
papillomatosis of toes (1). 

Lymphoscintigraphic Staging

Evaluation of lymphatic pathways was
performed using lymphoscintigraphy 
(Table 1). Stage II was defined as diffusion of
tracer in the foot and lower part of calf, an
interrupted outline of a single lymphatic, and
few small inguinal nodes with irregular
outline depicted. Stage III demonstrated no
draining lymphatics with some inguinal
nodes of irregular outline appearing 2 hours
after isotope injection. Stage IV was
characterized by diffusion of tracer in the 
foot and entire calf without visualization 
of collecting lymphatics or nodes.

Lymphoscintigraphy Technique

Lower limb lymphoscintigraphy was
carried out in each patient in two sessions,
the first without pneumatic compression
massage and the second 7 days later
following a 45 minutes limb pneumatic
compression massage. Intradermal injections
(0.2 ml) of 99mTc-Nanocol (3 mCi total)
(Amersham, Switzerland) was made between
the first, second and third toe (to visualize 
the superficial lymphatic system) and into 
the subcutis of mid- portion of the sole (to
visualize the deep system). Imaging was
performed using a gamma camera (Orbiter
ZLC 750, Siemens, Germany) immediately
after isotope injection and after 45 minutes 
of pneumatic massage. The images were
classified according to the stage of lymphe-
dema. In 5 of these patients (3 stage II, and 
2 stage IV) additional lymphoscintigraphy 
of skin and subcutis of hypogastrium was
performed by intradermal injection of 1/10th

of the Nanocoll dose used for limb scin-
tigraphy. The spread of isotope in the limb
and its movement toward the groin were
observed simultaneously with spread of
isotope injected into the hypogastrium.

For semiquantitative evaluation of
scintigrams, the image of lower leg and thigh
lymphatics and lymph nodes was evaluated
quantitatively. Lymphoscintigrams were
scanned and analyzed using specialized PC
software (Olympus Micro Image™ ver. 3.0.0.,
Olympus Optical Co., Hamburg, Germany).
The surface area of the lymphatics (Lv) and
inguinal lymph nodes (LN) of both extremi-
ties was evaluated in the inguinal area, thigh
and calf. Data were expressed as indices
obtained from the equations ILv or LN =
SL Lv or LN/SC Lv or LN, where SL Lv or LN were
surface of lymph vessels or lymph nodes
measured on the lymphedema (L) and
contralateral normal (C) extremity. 

Pneumatic Compression Device

Compression massage was accomplished
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