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Running title: Lymphoscintigraphy during pneumatic compression

ABSTRACT

The open questions remain where does the fluid flow to during
sequential pneumatic compression and whether it can be moved to
the non-swollen tissues of hypogastrium and gluteal region?
During pneumatic massage of the limb we studied the pathways
of lymph and mobile tissue fluid flow: &) from the calf and thigh
across theinguinal region to the healthy non-swollen tissues of
the hypogastrium and b) in the hypogastrium to the lateral and
upper abdominal quadrants, with the use of lymphoscintigraphy.
To prove that there was effective fluid flow during pneumatic
massage, the plethysmographic flow measurements were carried
out.

We showed that: (i) pneumatic compression pushed isotopein
lymph in the remaining functioning lymphatics and tissue fluid in
the interstitial space toward the inguinal region and femoral
channel, (ii) there was no isotope crossing the inguinal crease or
running 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 compression is effectivein
pushing mobile tissue fluid and relocating large fluid volumes
toward the groin. However, the question that remainsis. how to
facilitate further flow toward the non-swollen tissues and local
absorption of fluid.

Key Words: lymphoscintigraphy, lymphedema, pneumatic
compression, massage.

INTRODUCTION

In obstructive lymphedema of lower limbs most or al lymphatic
collectors leading to the superficial and deep inguinal lymph nodes
are obstructed following infections, trauma, surgery or irradiation®.
The limited hydraulic function of the damaged collecting
lymphatics results in accumulation in the interstitial space of
capillary filtrate containing plasma humoral and cellular
components, as well as parenchymal cell products. Impairment of
flow away of plasma filtered macromolecules and protein—bound
ions generate high osmotic pressure. This attracts water from the
vascular compartment and further increases the stagnant tissue
fluid volume. Furthermore, the accumulating fluid deforms the
soft tissue structure and spontaneously creates fluid conducting
channels in the subcutaneous tissue®.

This natural hydraulic process remains insufficient in transporting
fluid away from swollen regions requiring mechanical forces.
They can be provided to the swollen limb as massage squeezing
the mobile edemafluid toward the root of the extremity.

In the calf and thigh the natural fluid channels form along large
blood vessels, as the saphenous, popliteal and femoral veins and
also around small unnamed vessels, leading to the groin region.
There they end up at the inguinal crease where skin is connected
with the inguinal ligament and external oblique muscle by natural
elastic fibers®.

The question arises whether the accumulated tissue fluid can
form natural subcutaneous channels across the inguinal crease to
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the hypogastrium. Thiswould facilitate absorption of fluidin
normal hypogastrium tissues and presumably forming 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™9.
The essence of this concept isthat 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 swollen regions.

In this study we investigated with use of lymphoscintigraphy the
pathways of lymph and mobile tissue fluid flow:

a) acrosstheinguinal and gluteal regionsto the healthy
non-swollen tissues of hypogastrium and

b) inthe hypogastrium to the lateral and upper abdominal
quadrants, during pneumatic massage of the limb.

To prove that there was effective fluid flow during pneumatic
massage, the plethysmographic flow measurements were taken.

MATERIAL AND METHODS

Patients

Study was carried out on 15 patients, age 28-56, mean weight

65 kg (58-72), mean height of 168 cm (161-178), with diagnosis of
lymphedema of one lower limb, stage Il to IV, duration of 2 to 15
years (Table 1). Eleven patients reported small foot skin abrasions
or light trauma of foot in the past followed by development of foot
and calf transient edema. Larger edema devel oped months to years
later and in 50% of cases was complicated by 1 to 3 attacks of
dermato-lymphangio-adenitis. In 4 patients edema devel oped
without any detectable reason. Cases with acute inflammation,
chronic venous insufficiency and systemic etiology of edema
were excluded from the study. Five patients without lymphedema
with suspicion of enlarged abdominal lymph nodes served as
controls. Lymphoscintigraphy and tissue fluid flow measurements
arein our hospital the mandatory diagnostic proceduresin 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: level of edema
embracing limb from foot to groin and degree of skin keratosis and
fibrosis. Bri€fly, in stage Il pitting edema affected foot and lower
half of the calf, in stage 111 foot and calf were involved, with hard
foot and ankle area skin, in stage IV the whole limb was
edematous with foot and calf skin hyperkeratosis and
papillomatosis of toes®.

Lymphoscintigraphic staging

Evauation of lymphatic pathways was done on lymphoscintigraphic
images (Table 1). They revealed in stage |1 spread of tracer in foot
and lower part of calf, interrupted outline of asingle lymphatic
and few small inguinal nodes with irregular outline. In stage 111 no
draining lymphatics were seen with some inguinal nodes of
irregular outline appearing 2 hours after isotope injection. Stage
IV was characterized by spread of tracer in the foot and entire calf
without visualization of collecting lymphatics and nodes.

Lymphoscintigraphy technique

Lower limb lymphoscintigraphy was carried out in each patient in
two sessions, the first without pneumatic massage and the second
days later following a 45 minutes limb pneumatic massage.
Intradermal injection of ®"Tc-Nanocol (3 mCi) (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 ZL C 750,
Siemens, Germany) immediately after isotope injection and after
45 minutes of pneumatic massage. The images were classified
according to the stage of lymphedema. In 5 of these patients (3
stagell, and 2 stage 1V) additionally lymphoscintigraphy of skin
and subcutis of hypogastrium was performed by intradermal
injection of /10" of the Nanocoll dose used for limb scintigraphy.
The spread of isotope in the limb and its movement toward the
groin were observed simultaneously with spread of isotope
injected into the hypogastrium.

Table 1. Demographic data of patients with lymphedema of lower limb

M/F AGE GROUP/STAGE LEVEL OF EDEMA SKIN CHANGES LYMPHOSCINTIGRAPHY
2M, 3F | 28-45 Il mid calf none foot & lower calf spread,
few collectors and inguinal nodes
3M, 2F | 25-52 [ knee foot keratosis foot & calf spread,
single collector,
inguinal node remnants
3M, 2F | 26-48 v whole limb foot, foot & calf spread,
calf keratosis no lymphatics and inguinal nodes
2M, 3F | 28-52 No limb lymphatics normal
lymphedema,
controls
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For semiquantitative evaluation of scintigrams, the image of lower
leg and thigh lymphatics and lymph nodes was eval uated
guantitatively. 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
extremities 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/SCLV or LN? Where S_v or LN were SUI'f&e Of Iymph
vessels or lymph nodes measured on the lymphedema (L) and
contralateral normal (C) extremity.

Pneumatic compression appliance

We used adevice produced for us by Biocompression

(Moonachie, NJ) (Fig. 1). The sleeve was composed of 8 segments
9 cm long each, it was sequentialy inflated, inflation pressures
were regulated from 50 to 125 mmHg, gradient pressures were
decreasing proximally by 20%, inflation time of each chamber was
50 sec, total inflation time equaled 400 sec., there was no deflation
of distal chambers, deflation time of all chambers was 50 sec at
the end of each cycle. The sleeve embraced the whole limb to the
inguinal crease.

Manual massage of hypogastrium

Manual massage for hypogastrium fluid clearance was performed
for 10 minutes at the site of isotope injection in the upper and
lateral direction.

Measuring tissue fluid flow volume

Strain gauge plethysmography was used to measure sequential
changes of circumference changesin the calf and thigh during
massage (Fig.1). The obtained data served for calculation of
volume changes of the massaged limb segments. A plethysmograph
(Hokanson, Bellevue, WA, type EC6) in arecording vein mode
was applied. Six mercury strain gauges of alength of 22 cm to 53
cm were put around limb at chamber levels 3 to 8 (Fig. 1).

SITES OF TISSUEFLUID
PRESSUREAND LIMB
CIRCUMFERENCE RECORDING

o \ 3 4 5 & 7 8 -
- RESSURE
i
SENSOR
?_‘-h—
1 2 3 4 S 6 T 8

STRAIN GAUGE
SLEEVE CHAMBER NUMBERS

Figure 1: Schematic presentation of lower limb in a pneumatic
sleeve with 8 chambers 9cm wide each. Tissue fluid pressurewas
measured at 6 pointsindicated by large dots. The lowest point in
the calf was at chamber 3 level, then at levels4 and 5. In the thigh,
pressureswere measured at chamber levels6, 7 and 8. Thelines
encircling calf and thigh show the site of strain gauge placement
for continuous measuring of circumference changes during
compression.

Increase in circumference caused elongation of the gauge that was
read off on the recorder graph scalein mm. The obtained
numerical datawere used for calculation of volume by multiplying
the cross area of limb segments by 90 mm (length of the
compressing chamber). Subtracting the volume value before
compression from that during compression provided data on the
proximally transferred volume.

Statistical evaluation

For comparison of numerical data of lymphoscintigrams’
densitometry Students t-test was applied with significance at
p<0.05.

RESULTS

L ymphoscintigraphic evaluation of lymph
and tissue fluid flow in the massaged limb

Lymphoscintigraphic and volumetric evaluation of lymph and
tissue fluid flow has been presented on Tables 2 and 3.

Table 2. Comparison of lymphoscintigraphic images
and lymph and tissue fluid flow after intermittent
pneumatic massage.

Calculated flow

. (ml/cycle)
Lymphoscintigraphy

Total volume
reaching groin

Before massage After massage During massage
Stage I Tracer spread Tracer spread 20-30
in foot and calf, in foot and calf,
single vessel, lymphatics up
few small to the groin,
inguinal nodes, inguinal nodes,
no iliac lymphatics | iliac lymphatics
Stage Il Tracer spread Tracer spread 40- 60
in foot and calf, in lower thigh,
fragments of vessels, lymphatics
sporadically small and fragments
inguinal node of nodes visible,
no iliac lymphatics | no iliac lymphatics
Stage IV Tracer spread Tracer spread 60-120
in foot and calf, in foot,
no vessels calf and thigh up

and nodes visible |the inguinal crease,
no lymphatics
and nodes visible,
tracer
in femoral canal

Table 3. Semiquantitative densitometric evaluation
of lymphoscintigrams before and after intermittent
compression (ratio edematous/ normal limb).

Limb area Inguinal
(incl. lymphatics and tissue spread of tracer) | lymph nodes

Calf Thigh
Before 24 +45 1.2+25 0.3+04
After 2.8+5.0 2.5+ 3.0* 0.6 + 1.0*

(*) After vs before treatment p<0.05
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The pathways of lymph and tissue fluid flow during pneumatic
massage have been shown on Figs 2-7 and evaluation presented in
Table 2. After massagein stage Il (Fig. 2) and some cases in stage
I (Fig. 3,4) the tracer filled the upper parts of the thigh tissues.

It flowed along lymphatics to the femoral canal and
retroperitoneal space. In stage 1V, it reached the inguinal crease
and accumulated in the upper thigh (Fig. 5,6,7). No pictures of
isotope flow from the thigh across the inguinal crease to the lower
abdominal quadrant were observed. In normal limbs isotope
flowed along the superficial and deep lymphatic system to the
inguinal nodes and through the femoral canal to iliac lymph nodes.

BEFORE AFTER

Figure2: Lymphoscintigramsin postinflammatory lymphedema of
the right lower limb, stage Il. A. Before massage. Accumulation
of isotope in the swollen calf. Weak outline of the superficial
lymphatics. Inguinal and iliac lymph nodes visualized. B. After 1
hour of pneumatic massage most isotope was moved along normal
thigh lymphatic to the groin and iliac vessels. This proved efficacy
of the pneumatic massage.

BEFORE

AFTER

Figure 3: Lymphoscintigrams in postinflammatory lymphedema
of the left lower limb, stage I1l1. A. Before massage. |sotope
accumulated in the subcutaneous space of the swollen calf. No
superficial and deep lymphatics are seen. Some subepider mal flow
in the thigh and a small inguinal lymph node. No iliac nodes.
B. After 1 hour of pneumatic massage most isotope was moved
along the subcutaneous space to the groin to visualize single small
inguinal nodes. Further isotope flowed through the femoral canal
along large iliac blood vessels visualizing single iliac nodes. It did
not flow to the hypogastrium or gluteal region.
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BEFORE AFTER

Figure4: Lymphoscintigramsin posttraumatic lymphedema of the
left lower limb, stage IV. A. Before massage. | sotope accumulates
in theinternal aspectsof the calf with afaint outlinein thethigh. No
lymphatics are seen. B. After 1 hour of pneumatic massage only
some isotope moved along the internal aspect of the thigh to the
groin level but did not visualizeinguinal nodes. Thiswas caused by
obliteration of lymphatics and fibrosis of inguinal nodes proved by
biopsy. Therewasno flow to the hypogastrium or gluteal region.

Figure 5: Lymphoscintigrams in postinflammatory lymphedema
of both lower limbs, stage V. A. Before massage. | sotopein dilated
calf lymphatics and tissue subcutaneous spaces reaching mid-thigh
level. B. After 1 hour of pneumatic massage most isotope was moved
to the thigh but did not reach the groin. This was presumably due
totheresistanceto flow in thefibrotic inguinal lymph nodes. There
was no flow to the hypogastrium or gluteal region.

Figure 6: Lymphoscintigrams in
postinflammatory lymphedema
of the right lower limb, stage 1V
after one hour of pneumatic
massage. The isotope visualized
dilated subcutaneous spaces up
to the inguinal level but not
lymphatics. Note a sharp border
for isotope flow at the inguinal
ligament level. Further, isotope
moved along the femoral canal
to theiliac region and visualized
two small lymph nodes. There
was no flow to the hypogastrium
or gluteal region.




BEFORE

AFTER

Figure7: Lymphoscintigramsin postinflammatory lymphedema of
the right lower limb, stage I1l. A. Before massage. L eft normal
side. 99T ¢ Nanocoll was injected into the toeweb of foot (arrow)
and it visualized the superficial and deep lymphatics. To visualize
lymph drainage from the hypogastrium another dose of Nanocoll
was injected intradermally in the left lower abdominal quadrant
(arrow). Right lymphedema side. Nanocoll injected into right foot
(with lymphedema) showed few calf lymphatics (two arrows). B.
After 1 hour pneumatic sequential massage of the lymphedematous
right limb isotope spread in the subcutaneous tissue of calf and
partly thigh but did not cross the groin level despite high pressure
sequential compression. Isotope did not move to the abdominal
area. Moreover, isotope injected bilaterally into hypogastrium
spread dlightly radially, however, did not flow to the upper or
lateral quadrant.

Semiquantitative evaluation of lymphoscintigrams before
and after intermittent compression

In the whole group of patients there was increase in the spread of
tracer to the thigh and inguinal region including inguinal lymph
nodes (Table 3). There were wide individual variations.

Lymphoscintigraphic evaluation of lymph flow from
hypogastrium during limb massage

There was minimal radial spread of the isotope from the site of
injection with no signs of its movement toward the upper or
contralateral quadrants (Fig. 7) In two patients flow was directed
toward inguinal nodes.

Tissue fluid volume transfer during pneumatic massage
Continuous recording of circumference changes during sequential
compression gave indirect insight into the volumes of fluid

transl ocated from the compressed segments to the proximal ones.
The increase in circumference at each level was recalculated into
increase in volume. Summarized data of 15 patients are presented
on Fig. 8. Thetissue fluid flow ranged from 20-30 ml/cyclein the
calf to 60-105 ml/cycle in the thigh.

Relationship between the isotope spread and tissue fluid flow

Pneumatic compression caused flow of tracer toward groin both in
the lymphatics and interstitial space (stage Il and [11). In stage IV
tracer spread in the interstitial space of entire limb with a sharp

ml

Figure 8: The calculated tissue fluid flow during intermittent
pneumatic compression from thecalf tothegroin (ml/cycle, mean+-
SD of 15 patients stage I1-1V). The sdeeve chambers have been
numerated. Inflation from 1 to 8 at 120mmHg, each chamber 55
sec, no distal deflation.

border at the inguinal crease, not entering the femoral channel.
The proximal flow of tracer was accompanied by tissue fluid flow
(Table 2, Fig. 8). Most of tracer and massaged fluid accumul ated
in the thigh.

DISCUSSION

This study provided the following information: (i) pneumatic
compression of the lower limb pushed isotope in lymph in the
remnant lymphatics and tissue fluid in the interstitial space toward
theinguinal region and femoral canal, (ii) no isotope filling fluid
channels crossing theinguinal crease or running to the gluteal
areawas visualized, (iii) there was no isotope flow either in
lymphatics or in tissue fluid to the hypogastrium, and (iv) the
isotope injected intradermally in the hypogastrium did not spread
during both manual and pneumatic massage to the upper and
contralateral abdominal quadrants.

Our study showed that sequential pneumatic compression with
high inflation pressure are very effective in pushing stagnant
lymph and tissue fluid in cases with obstructive lymphedema. The
lymphoscintigrams showed that tissue fluid finds its way toward
the root of the extremity along the natural pathways with least
hydraulic resistance. These are the perivascular spaces and
spontaneously formed by tissue deformation subcutaneous
channels®@. |sotope accumulated along the great saphenous vein
and internal aspect of the thigh. Even if there was some flow
along femoral and iliac lymphatics, tissue fluid reaching the
inguinal crease did not passit. In advanced stage IV tissue fluid
moved to the knee or lower thigh level only.

The flow of tracer followed during pneumatic compression the
tissue fluid flow. Large volumes of proximally moved fluid
indicated that it was not only lymph in the subepidermal plexus
and the remaining patent lymphatics but also the tissue fluid
accumulating in the spontaneously formed tissue spaces, where the
bulk of edemafluid is usually found@. The qualitative comparison
of lymphoscintigraphic pictures and flow data clearly showed that
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sequential compression propelled lymph and stagnant tissue fluid
toward the groin. Most of the fluid accumulated in the groin,
which was expected. However, in contrast to the genera view, it
did not move toward the hypogastrium but to the femoral channel.
Results of our study revive the questions of: what is the fate of
fluid accumulating in the groin. Doesit find its way to the pelvis
through the femoral and obturator channels? How are large
portions of fluid is absorbed in the upper thigh and genitals? It
cannot be water only as tissue fluid protein concentration remains
at low level and at the same concentration asin the calf fluid
(personal observations)

There are only few publications on lymph and tissue fluid flow
during pneumatic compression of swollen limbs®?, Based on the
results of lymphatic vascular factorial analysis, abeneficial effect
of intermittent pneumatic compression was detected in 18 of 22
limbs examined. It facilitated radiocolloid transport in the
proximal portion of the limb and a so pushed tracer from the
injection site toward the lymphatics. The effect was evident as
soon as external compression therapy began®©. In another study,
pneumatic compression brought about decrease in the volume of
the massaged limb, however, no flow of tracer toward the groin
was observed 7. The authors concluded that water was absorbed
but fluid proteins remained in the massaged regions. No data on
applied pressure and inflation timing were presented which would
alow analysis of tissue fluid flow. None of these papers
addressed the problem of massaged fluid flow through the groin to
the hypogastrium or pelvis through the femoral channel.

Thereis awidely accepted notion that emptying of the
hypogastrium by manual or pneumatic massage prior to limb
massage creates space for lymph and tissue fluid from the
massaged tissues. The essence of this concept is that treatment
must first be directed at lymphatic territories, such asthe trunk, so
that they are adequately prepared to receive lymph from
subsequently treated lymphedematous regions such as the arm or
leg. Thistruncal clearance or decongestion approach makes
intuitive sense to most intensively trained practitioners.
According to Foeldi @ lymphatic tributary regions or territories are
separated by lymphatic watersheds. The term watershed is
borrowed from hydrology, where it can be thought of as a drainage
basin usually bounded by ridges of higher ground. Although
lymphatic watersheds are not true anatomical structures, their
dividing lines delineate the direction of lymph flow ®. Although
treatment of the trunk has long been a standard MLD (manual
lymphatic drainage) process, there have been no anatomical
studies confirming presence of watersheds either randomized
clinical trials comparing manual lymphatic drainage with and
without truncal decongestion .

In our studies we were not able to confirm lymph and tissue fluid
flow to the hypogastrium and from there to the neighboring
guadrants. The isotope containing lymph and tissue fluid were
stopped at the inguinal crease and flow was directed toward the
femoral channel. Also isotope flow away from the hypogastric
subcutaneous tissue was not observed. Manual massage of this
region revealed radia spread of isotope but not flow to the upper
or lateral quadrant. We think the concept of proximal clearing-
hypogastrium clearance should be reevaluated basing on objective
physiological studies of tissue fluid hydraulics.

Taken together, sequential intermittent compression of the
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lymphedematous lower limbs s effective in propelling lymph and
tissue fluid toward the groin. It isdirected toward the femoral
cana but not to the hypogastrium. These findings point to the
necessity of applying high compression pressures at the groin region
and also searching for pharmacological and surgical methods
facilitating fluid flow across the inguinal crease.
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ABSTRACT

Authors describe their clinical experience in the treatment of
patients referred to the Unit of Lymphatic Surgery and affected
from injuries to the lymphatic system due to surgery or trauma.
Epidemiological data point out the significant prevalence of
lymphatic injuries correlated mainly to oncological operationsin
the ambit of general, gynaecological and urological surgery.
Moreover, also venous and arterial surgery may be responsible of
the appearance of early and late lymphatic complications.
Diagnosis includes ultrasonography, CT, MRI,
lymphoscintigraphy and oil contrast lymphography. Preventionis
based on different technical details, for example a proper skin
incision, lymphnodal dissection, adeguate use of drain tubes, right
compressive medications on wounds, etc.. It is very important to
follow-up the patient not only clinically but also by
lymphoscintigraphy. For the treatment, different procedures are
used including microsurgical methods, CO2 LASER, laparoscopic
approach, etc.

It was identified a protocol of prevention of secondary limb
lymphedema that included above all, from the diagnostic point of
view, lymphoscintigraphy and, as concerns therapy, it recognized
also arole to early microsurgery. Authors conclude that it is
necessary to accurately follow-up the patient who has undergone
an operation at risk for the appearance of lymphatic complications
and, even better, to assess clinically and by lymphoscintigraphy
the patient before the surgical operation.

Key words: Lymphatic injuries, Surgery, Trauma, Microsurgical
Treatment, Prevention.

INTRODUCTION

In the prevention of injuries to the lymphatic system we must
consider a primary and a secondary prevention.

Primary prevention includes anamnesis, which aims at pointing
out risk factors, such as biological factors (constitution, sex-
hormonal status, familiarity, etc.), hygienic, environmental and
climatic factors, working activity and the most significant events
in remote pathological anamnesis, and protective factors, such as
style and habits of life (diet, sanitary measures, sports activity,
etc.), social-sanitary culture of Preventive Medicine and
epidemiological studies. However, for most of risk and protective
factors, mechanism of action are not known yet 4,

The rate of occurrence of post-operative complications after
inguinal lymphadenectomy reported in Literature is of 6-40% for
seromas or lymphocele, 2-4% for haematomas, 17-65% for wound
dehiscence, 6-20% for wound infection and 22-80% for
lymphoedema .

The problem of prevention of lymphatic injuriesin surgery is
extremely important if we think about the frequency of both early
complications such as lymphorrhea, lymphocele, wound
dehiscence and infections and late complications such as
lymphangites and lymphedema. Nowadays, it is possible to
identify risk patients and prevent these lesions or treat them at an
early stage®19,

We tried to perform a protocol of prevention which includes
diagnostic investigations such as lymphoscintigraphy and early
therapeutic strategies which involve both physical and surgical
procedures.
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MATERIALSAND METHODS

The main causes of secondary lymphatic injuries are represented
by surgical operations, irradiations, infections, infestations
(filariasis), traumas, metastatic lymphnodal involvement, etc.

The high risk surgical operations include: radical mastectomy,
Wertheim-Meigs operation, oncologic operation in urology,
abdominal surgery, lymphadenectomiesin “critical sites’

(groin and axilla).

Other operations are represented by exeresis of lipomasin critical
sites, saphenectomy, inguino-crural hernioplasty, etc.

Our experience includes the treatment of a patient with left
supraclavicular chylocele due to thoracic trauma, in which we
could repair the thoracic duct fistula by microsurgical technique
avoiding its surgical closure. In asimilar case of thoracic duct
fistula, but due to bioptic excision of a supraclavicular lymphnode,
we could reconstruct the thoracic duct preventing its ligation. In
another patient with wound infection and lymphangitis at the groin
after groin lymphadenectomy due to vulvar carcinoma, we had to
excise the infected soft tissues and cover the wide gap with a
muscular flap from the rectus abdominis, preserving lymphatics
coming from the leg thanks to the blue dye injected at the thigh, to
avoid secondary lymphedema of the leg. Seven patients with
pelvic lymphocel e were treated by conservative method by putting
two drain tubes through the skin guided by ultrasounds and using
sclerosing agents and maintaining the tubes in deep aspiration.

Three patints with inguinal lymphocele were treated by removing
the lymphocele and performing lymphatic-venous anastomoses to
prevent secondary lymphedema of the corresponding limb. In
these cases, lymphoscintigraphy is of great help in showing the
lymphatic way that fills and maintain the lymphocele. Our widest
experienceisin the prevention and early treatment of arm
lymphedema after breast cancer treatment (195 patients followed-
up at 5-7 years). This experience includes the possibility to
perform lymphatic-venous anastomoses directly at the same time
of axillary lymphadenectomy or very early after breast cancer
surgery, following the patient both clinically and by
lymphoscintigraphy. Another important clinical experienceisin
the prevention of lymphatic injuries in venous surgery, by using
blue dye and preserving lymphatic and lymphnodal structures or
performing lymphatic-venous shunts at the same time of the vein
surgery, depending on the entity of the lymphatic damage
associated with the venous dysfunction.

In patients with anamnestic potential risk, it isimportant to
educate the patient to examine himself, to visit him periodically
and to perform alymphoscintigraphy. On the other hand, patients
without anamnestic risk can be educated to examine themselves
and to visit them at distance of time from primary operation.
Secondary prevention includes clinical examination and
lymphoscintigraphy, which can point out an initial lymphatic
impairment beforeits clinical manifestation (Figs.1,2).

Fig. 1. The patient was addressed to our hospital because he was affected by a chylous fistula at the left supraclavicular region
occurred after alymphnodal biopsy. Traditional oil contrast lymphangiography allowed to visualize chylous leakage and the fistula

and thethoracic duct was repaired by microsurgical technique.
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Fig. 2. The patient was addressed to our hospital because he was affected from chylous ascitis appeared after an urological
oncological operation with extended lymphoadenectomy. Lymphangiography demonstrated the site of lymphatic leakage and a
laparotomy after a fatty meal allowed us to find the lymphatic injury and repair it by microsurgical techniques and placing

biological sealing material.

RESULTS

Our results were evaluated both clinically and instrumentally
(lymphoscintigraphy, ultrasounds, CT, etc.). As concerns the
treatment of supraclavicular lymphocele and chylocele, along
term follow-up has shown the compl ete disappearance and the
absence of any relapse of the pathology. Also ultrasounds and CT
scan confirmed the good long term outcome. The lymphatic
drainage of patients after groin surgery with lymphatic prevention
using the blue dye was investigated by lymphoscintigraphy
performed at medium and long term after surgery, and it was
demonstrated a good lymphatic sparing and a consequent
sufficient lymphatic drainage of the limb. There was no relapse of
pelvic lymphocele even at long term follow-up (over 3-5 years),
demonstrating how the conservative treatment of these disorders
might be to consider asfirst choice before a second surgery. The
treatment of inguinal lymphocele, removing the lymphocele and
performing lymphatic-venous anastomoses to prevent secondary
lymphedema was successful. There were no relapse of the
lymphocel e and there was no appearance of secondary leg
lymphedema. Early treatment of arm lymphedema following
breast cancer therapy proved to carry out a complete recover of the
disease with the stable disappearance of lymphedema and no
necessity to wear any compression garment. The same outcome

was for the primary surgical prevention of secondary arm
lymphedema, performing lymphatic-venous shunts at the same
time of axillary dissection, In venous surgery, results of the use of
the blue dye and of lymphatic-venous shunts during surgical
operation for varices demonstrated to bring about positive results,
in treating patients with both venous and lymphatic disorders or in
preventing lymphatic injuries during vein surgery.

DISCUSSION AND CONCLUSIONS

The wide clinical experience above reported in the prevention of
lymphatic injuries in general, oncologic, vascular and other
specilistic (urologic, gynaecologic) surgery allows usto say that it
is nowadays possible to identify patients at low, medium and high
risk to develop lymphatic diseases and to prevent them, besides
treating lymphatic complications early in order to obtain better
results.

The diagnostic investigations that can help usin this sense are
represented by ultrasonography, CT scan, MRI,
lymphoscintigtaphy and lymphangiography (12-14).

From the operative point of view, it isimportant to pay attention to
lymphatic vessels al so during skin incision and to use
magnification devices during lymphnodal dissection, using suture
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material for lymphatic ligations instead of electric coagulation. It
isimportant to use properly the drain tubes, to put themin
adequate aspiration associated with proper compression
medication on wounds, which might be closed without excessive
tension. Proper postural immobilization have to be considered as
well (15).

Finally, a proper follow-up of these patients helpsin identifying
any possible lymphatic complications precociously and thusto
treat it very early allowing to overcome the problem completely.
Thisis, therefore, a proposal of prevention and early treatment of
secondary lymphatic injuries, which might be applied by all
different specialists (general surgeons, urologists, gynaecologists,
oncologists, radiotherapists, etc.) during their daily clinical
activity to try to get to the aim of preventing the patients, who
undergo "risk" operations, from fighting also against complex
lymphatic acquired disorders such as lymphorrhea, lymphocele,
lymphedema, etc, besides their already more or less serious
primary pathological condition.
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EDITORIAL

Through many decades, no one paid enough attention on the
obscure but unique origin of the primary lymphedema but
considered harmless to deal as one of chronic lymphedema® 2.
Indeed, through the last century our knowledge on primary
lymphedema has been so limited that we did not know the full
nature of the primary lymphedema as atip of the iceberg of the
lymphatic malformation (LM); it is still considered not much
seriousissue to the clinicians® 4.

On the contrary, the secondary lymphedema, mostly involved to
the cancer management in the developed countries, has been well
investigated for advanced management to reduce if not prevent the
condition by appropriate measurement &9,

Nevertheless, the efforts to define the relationship of the primary
lymphedema with the rest of lymphatic malformation for more
than two decades began to deliver substantial new information to
help us to understand this neglected condition better. Recently
published “UP Consensus on Primary Lymphedema-2009” is one
of these contribution®.

This consensus group, however, decided to limit its scope strictly
to the subject linked to the clinical aspect of primary lymphedema
as the most crucial message to be delivered at thistime; the other
side of the coin from the LM's point of view as one of vast groups
of the congenital vascular malformations (CVMs) was
intentionally left to avoid unnecessary confusion®,

Regardless, conventional concept defines primary lymphedema
based on this anatomical defect on the lymph transporting system,
classified to the LM even though some of the primary
lymphedema by definition has alimited pathology in the
functional level with no morphological/ anatomical defect
involved @,

Therefore, additional knowledge on the LM side view will be
certainly helpful to understand the nature of the primary
lymphedema as one of the LM, and subsequently for improved
management as one of the LM with a bird eye' s view, which we
can no longer afford to ignore.

The LM isthe outcome of defective development of the lymphatic
system during various stages of the lymphangiogenesis either
alone or combined with other vascular defects affecting the
capillary, arterial, and venous system. Such combined condition
with other CVMsisdistinctively different from independent
condition on itsclinical behavior so that it is now separately
classified as “hemolymphatic malformation” to improveits
management © 19, (Table 1)

Therefore, thoughtful consideration on this risk combined with
other CVMs (e.g. Klippel-Trenaunay Syndrome) is mandated on
every primary lymphedema even if the condition is clinically
obvious asasolitary LM lesion®?,

The majority of primary lymphedema represent the clinical
manifestation of this LM developed during the “later” stage of the
lymphangiogenesis, which is grouped as the “truncular” lesions.
Such embryological subclassification is extremely important
because the “extratruncular” lesion from the “early” stage keepsits
evolutional potential originated from the mesenchymal cellswhile
the truncular lesion from the 'later' stage does not 2 13,

Another words, the “truncular” LM lesion to cause primary
lymphedemais a“stable” lesion involved to fully matured
lymphatic vessel trunk/system in general as defective conditions of
hypoplasia, aplasia, numerical hyperplasia, or dilation
(lymphangiectasia) with valvular incompetence. But the
“extratruncular” LM lesion, often known as “lymphangioma’, is
such “unstable” condition to grow when stimulated (e.g. female
hormone, menarche, pregnancy, trauma, surgery) 419,
Infrequently, we clinicians encounter the primary
lymphedema/truncular LM coexisting with the extratruncular LM
(e.g. capillary/cavernous lymphangioma) often in a hidden
condition; afair portion of such condition is further combined with
additional CVM lesions (e.g. truncular & extratruncular venous
malformation) to make its clinical management much complicated.
Without proper management of coexisting extratruncular LM
lesions with priority, the truncular LM as primary lymphedema
would not respond to DLT (decongestive lymphatic therapy) -
oriented conservative care effectively ® and often deteriorate fast
following increased frequency of the local-regional-systemic
infection with/without lymphatic |eakage from the extratruncular
LM lesions. When the primary lymphedemais further combined
with venous malformation (VM) @718 the VM lesion should have
apriority to any of coexisting extratruncular LM lesions except
life-threatening lymphangioma (e.g. infected cystic hygroma
affecting the upper airway).

By timely care on coexisting VM - truncular and/or extratruncular -
lesions (e.g. Klippel-Trenaunay Syndrome), the DLT-based
primary lymphedema care will be more effective with much better
long term prognosis.

When the arterio-venous malformation (AVM) @929 is further
combined with the VM to the LM, known as Parkes-Weber
Syndrome, the AVM lesion should be controlled with priority
whenever feasible with no delay. Otherwise, the lymphedemawill
progress rapidly resisting to the conventional DLT.

11
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Table 1. Hamburg Classification of Congenital Vascular Malformation (CVM), modified*

O Arterial malformation

O Venous malformation

O AV (arteriovenous) shunting malformation
O Lymphatic malformation

O Capillary malformation

O Combined vascular malformation

Embryological subclassification:

O Diffuse, infiltrating
O Limited, localized

O Obstruction & Stenosis
Hypoplasia; Aplasia; Hyperplasia
Membrane; Congenital spur; Web

O Dilatation
Localized (aneurysm)

Diffuse (ectasia)

Main classification based on its predominant vascular component:

O Extratruncular forms - developmental arrest at the earlier stages of embryonal life:

O Truncular forms - developmental arrest at the later stages of embryonal life:

(*) Both extratruncular and truncular forms may exist together in same vascular malformation; may be combined with other various
malformations (e.g. capillary, arterial, AV shunting, venous, hemolymphatic and/or lymphatic); and/or may exist with hemangioma.

(*) Based on the consensus on the CVM classification through the international workshop in Hamburg, Germany, 1988, which was
upheld by subsequently founded ISSVA (International Society for Vascular Anomaly).

CONCLUSION

Primary lymphedemais mostly clinical manifestation of the
truncular LM lesion; it should be managed with full consideration
on closely existing extratruncular LM aswell as other CVM
lesions for fail-proof management.
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Running title: Tissue fluid pressure and flow in lymphedema

ABSTRACT

Background: Physiotherapy of edemain cases with obstructed
main lymphatics of lower limbs requires knowledge of how high
external pressures should be applied manually or setin
compression devicesin order to generate tissue pressures high
enough to move tissue fluid to the non-swollen regions and how to
measure its flow rate. Methods: We measured tissue fluid pressure
and flow in subcutaneous tissue of lymphedematous limbs stage 1
to 1V at rest and during pneumatic compression under various
pressures and inflation timing. An 8-chamber sequential
compression device inflated to pressures 50 to 120 mmHg, for 50
sec each chamber, with no distal deflation was used. Pressures
were measured using wick-in-needle and electronic manometer.
Fluid flow was calculated from continuously recorded changesin
limb circumference

using strain gauge plethysmography. Results: Before massage, in
all stages of lymphedema, stagnant tissue fluid pressuresin
subcutaneous tissue ranged between —1 to +10 mmHg and did not
differ from those measured in normal subjects. Pressures generated
in tissue fluid by pneumatic compression reached 40 to 100 mmHg
and were lower than those in inflated chambers. High pressure
gradient through the skin was caused by itsrigidity (fibrosis) and
dissipation of applied compression force to proximal non-
compressed limb regions. The calculated volumes of displaced
tissue fluid ranged from 10 to 30 ml per compression cycle to
reach in some cases 100 ml in the groin region. Conclusions:
tissue fluid pressures generated by a pneumatic device were found
lower than in the compression chambers. The obtained results
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point to the necessity of applying high pressures and longer
compression times to generate effective tissue fluid pressures and
provide enough time for moving the stagnant fluid.

Key Words: Tissuefluid, lymph, lymphedema, compression
therapy.

INTRODUCTION

Pneumatic compression of tissues with lymph stasisis beside the
manual massage a commonly used therapeutic modality in limb
lymphedema. A number of pneumatic devices have been
constructed and they are being widely used . The classification list
of pneumatic compression devices includes non-segmental and
segmental home models for half or full leg without or with
caibrated gradient pressure®*?, The devices differ with respect to
the number of chambers, time of inflation, deflation, regulation of
inflation pressure and calibrated gradient pressure aswell as
garments design. Most garments are customized for limbs,
however, there are aso some for the trunk and hypogastrium.

The diversity of devicesand their function programs bear upon the
results of treatment. Comparison of datais difficult because the
applied compression parameters vary in different centers. Thisis
reflected in the pertinent literature by lack of reports of
comparative studies determining inflation pressure levels,
inflation/deflation cycle times, total pumping timesin patients
grouped according to the etiology of lymphedema, its duration and
staging, tissue compliance and histological changes,



lymphoscintigraphic evaluation, frequency of recurrent septic
attacks (dermato-lymphangio-adenitis, DLA) and other
parameters.

The technical parameters of pneumatic compression devices are
usually based on blood rheological data derived from the
textbooks. These are the capillary and venous blood pressure,
tissue venous blood flow and capacitance, capillary filtration rate
and laser-measured capillary flow. Unfortunately, there are no
data on tissue fluid and lymph hydraulics. Basing on the blood
pressure/flow data, the recommended compression pressures for
treatment of lymphedema do not exceed 50mmHg, time of
compression by a sleeve chamber remains around 5 seconds and it
isfollowed by rapid deflation. Total compression time by an
8-chamber sleeve ranges between 20 to 40 seconds. Most devices
have calibrated pressure gradients decreasing proximally by up

to 20%.

Lack of consistency in results of treatment by pneumatic
compression prompts investigation of the pathophysiological
events and hydraulic parameters in the interstitial space of the
massaged tissues and in particular the tissue fluid pressures/ flows
and hydraulic conductivity in normal and edematous lower limbs.
We measured tissue fluid pressures and flow under the skin of
lymphedematous and control healthy lower limbs at rest and
during pneumatic compression using a specially constructed,
according to our design, compression device (Biocompression,
Moonachie, NJ). It was made of 8 sequentialy inflated chambers,
with proximal gradient pressure, time of inflation sufficient for
trandocation of fluid from the compressed to the proximal regions
and no deflation of distal chambersto prevent fluid back-flow and
venous stasis. The obtained data are the first in the literature
showing the hydraulic conditions created by pneumatic
compression in the lymphedematous limb.

MATERIAL AND METHODS

Patients

Study was carried out on 15 patients of Polish and Indian ethnic
origin, age 28-56, mean weight 65 kg (58-72), mean height of 168
cm (161-178), BMI ranged 18.5 - 25 with diagnosis of
lymphedema of one lower limb, stage Il to IV, duration of 2 to 15
years (Table 1). There were no obese individuals. All patients

originated from large cities. They practiced daily foot washing
with antiseptic soap and were wearing shoes. Seventeen patients
reported small foot skin abrasions or light trauma of foot in the
past followed by development of foot and calf edema disappearing
after rest. Larger edema devel oped months to years later and in
50% of cases was complicated by 1 to 3 attacks of dermato-
lymphangio-adenitis. In 3 patients edema devel oped without any
detectabl e reason. Cases with acute inflammation, chronic venous
insufficiency and systemic etiology of edema were excluded from
the study. Five male volunteers with healthy legs served as
controls.

Clinical staging

Staging was based on clinical evaluation: level of edema
embracing limb from foot to groin and degree of skin keratosis and
fibrosis. Briefly, in stage | pitting edemawas limited to the foot, in
stage Il pitting edema affected foot and lower half of the calf, in
stage |11 foot and calf were involved, with hard foot and ankle area
skin, in stage IV the whole limb was edematous with foot and calf
skin hyperkeratosis and papillomatosis of toes®?.

Lymphoscintigraphic staging

Evaluation of lymphatic pathways was done on
lymphoscintigraphic images. They revealed in stage | spread of
tracer in the foot, faint outline of superficial lymphatics and small
inguinal lymph nodes. In stage |1, there was spread of tracer in
foot and lower part of calf, interrupted outline of asingle
lymphatic and few small inguinal nodes with irregular outline. In
stage 11 no draining lymphatics were seen with some inguinal
nodes of irregular outline appearing after 2 hours. Stage IV was
characterized by spread of tracer in the foot and entire calf without
visualization of collecting lymphatics and nodes.

The consent of patients and volunteers was obtained and the study
was approved by university ethics committees and Polish-Indian
intergovernmental agreement on scientific cooperation.

Pneumatic compression appliance

Pneumatic compression device met the following proposed by us
conditions: multi-chamber, sequential inflation, gradient inflation

Table 1. Demographic data of patients with lymphedema of lower limb undergoing investigations of tissue
fluid pressure and flow during pneumatic compression therapy

M/F AGE GROUP/STAGE LEVEL OF EDEMA SKIN CHANGES LYMPHOSCINTIGRAPHY
2M, 3F | 28-45 Il mid calf none foot & lower calf spread,
few collectors and inguinal nodes
3M, 2F | 25-52 [ knee foot keratosis foot & calf spread,
single collector,
inguinal node remnants
3M, 2F | 26-48 v whole limb foot, foot & calf spread,
calf keratosis no lymphatics and inguinal nodes
2M, 3F | 28-52 Healty ND

15

THE EUROPEAN JOURNAL OF LYMPHOLOGY - Vol. XXII - Nr. 64 - 2011



16

pressure, time of inflation sufficient for transl ocation of tissue
fluid to proximal region, no deflation of distal chambers to prevent
fluid back-flow and venous stasis in the superficial limb system.
We used adevice produced for us by Biocompression
(Moonachie, NJ). It was composed of 8 segments 9 cm long each,
sequentially inflated, inflation pressures were regulated from 50 to
125 mmHg, gradient pressures decreasing proximally by 20%,
inflation time of each chamber was 50 sec, total inflation time
equaled 400 sec., there was no deflation of distal chambers,
deflation time of all chambers was 50 sec at the end of each cycle.
Theinflation pressures were measured in chambers and compared
with those on pumping device manometers. The differences
ranged between 2 and 5 mmHg.

Tissue fluid pressure measur ement

The wick-in-needle technique was used. Calf and thigh skin were
disinfected with isopropyl acohol. One ml of 2% xylocaine with 5
«g/ml adrenaline was injected intradermally and subcutaneously at
6 points of calf and thigh (Fig.1). Adrenaline constricted arterioles
and small veins preventing blood leakage at the tip of the wick. An
8 gauge injection needle with a polyethylene tubing (OD 1.34mm)
containing glass-wool wick protruding 5 mm from the tubing tip
was introduced under the skin at the depth of 5-8 mm at the level
of chambers 3 to 8. The needle was withdrawn, wheress the wick-
in-tubing remained in situ. A drop of antibiotic ointment was
placed at the site of tubing entry to seal off channel made by the
needle. The outer part of tubing was fixed to the skin by adhesive
tape. It was led out through an opening in the compression sleeve,
then connected to the pressure transducer (Honeywell, Elblinger,
Poland). Recording was done using a 3 channel device, pressure
range -20 to +150 mmHg (Telsoft, Warsaw, Poland) and LabView
software (National Instruments, Austin, TX, USA). Calibration of
pressure was done with use of electronic device (National
Instruments, Austin, TX, USA) and mercury and water
manometers. Position of the transducer was zeroed putting it
exactly at the level of the subcutaneously located wick using a
light beam device. Pressure recording was started 1 min before
inflation of the sleeve and continued over the entire sequential

SITES OF TISSUEFLUID
PRESSUREANDLIMB
CIRCUMFERENCE RECORDING

\ 3 4 5 -] 7 8 ~
* RESSURE
-—
SENSOR
—
1 2 3 4 5 ] 7 8

STRAIN GAUGE
SLEEVE CHAMBER NUMBERS

Figure 1: Schematic presentation of lower limb in a pneumatic
sleeve with 8 chamber s 9cm wide each. Tissue fluid pressure was
measured at 6 pointsindicated by large dots. The lowest point in
the calf was at chamber 3 level, then at levels4 and 5. In thethigh,
pressures were measured at chamber levels 6, 7 and 8. Thelines
encircling calf and thigh show the site of strain gauge placement
for continuous measuring of circumference changes during
compression.
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inflation of 8 chambers. The data were collected using Microsoft
Excel program and were presented graphically on a pressure/time
scale.

Continuous limb circumfer ence measur ement

Strain gauge plethysmography was used to measure circumference
changesin the calf and thigh segments corresponding to the
sequentially inflated chambers (Fig.1). The obtained data served
calculation of volume changes of limb, brought about by the
proximally moved tissue fluid. Briefly, a plethysmograph
(Hokanson, Bellevue, WA, type EC6) in arecording vein mode
was applied. Six mercury strain gauges of alength of 22 cmto 53
cm were put around limb at chamber levels 3 to 8. Elongation of
the gauge was read off on the recorder graph scalein mm. It
reflected the change in consecutive segments’ circumference when
inflation of chambers propelled mobile tissue fluid in the proximal
direction. The obtained numerical datawere used for calculation
of volume by multiplying the cross area of limb segments by 90
mm (length of the compressing chamber). Subtracting the volume
value obtained before compression from that during compression
provided data on the proximally transferred fluid volume.

RESULTS

Resting limb tissue fluid pressures

Tissue fluid pressure measured under the skin in lymphedematous
calf subcutisin ahorizontal position without movements ranged
between —1.5 and 10 mmHg (mean 2.5+3.0 SD) and in controls
between —1.8 and 3.0 mmHg (mean 0.8+1.2 SD). There were no
statistically significant differences between the groups athough in
some advanced lymphedema cases pressures were sightly above
the mean value.

Tissue fluid pressures and flow during pneumatic
massage

Tissue fluid pressures during the first inflation of each sleeve
chamber were in all patients lower than those in the chambers.
Thiswas observed both in the normal and edematous limbs (Fig. 2
A, B and 3). Summarized data of 15 patients and 5 normal subjects
are presented on Fig. 4. The high gradient across skin was most
likely caused by skin rigidity (fibrosis) and dispersion of the
applied force to the proximal non-compressed regions.
Unexpectedly, there was little tissue fluid pressure transmission
from the compressed to the non compressed proximal segments for
adistance of 9 cm (width of the chamber) in normal as well
lymphedematous limbs. For example, inflation of chamber 1 and
2 inthe calf did not increase pressure at level 3. Interestingly,
there was building up of pressurein the distal parts of the limb
during sequential inflations of proximal chambers (Fig. 2 A, B).
Thiswas presumably due to flow obstruction at the inguinal level
what could be depicted on lymphoscintigrams. Another finding
was that in the popliteal and upper thigh tissue fluid pressures
were reaching lower levels than in other limb regions. These two
regions contain loose connective tissue, are usualy less swollen
and accumulate fluid translocated during sequential massage.
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Figure 2A: Tissuefluid (TF) pressurerecordingsin the NORMAL
CALF subcutaneoustissue(stagel 1) during pneumatic compression
of 50 mmHg. Pressures recorded at chamber, level 3, above ankle
(first ascending line), 4, mid-calf (second ascending line) and 5,
below knee (third ascending lin€). Note that TF pressures during
first inflation of chambersat level 3, 4 and 5 were lower than those
in the chambers. Inflation of chamber 3 produced at level 3
pressure of 25mmHg (first ascending line), stepwise rising during
inflation of consecutive chambers to 55mmHg. Inflation of
chamber 4 (second ascending line) produced tissue fluid pressure
rise at level 3 and 4 to 45mmHg to increase during inflation of
consecutive chambers to 60 mmHg. Third ascending flat line
represents pressurein the medial aspect of calf just below the knee
(level 5) usually with less edema and low flow resistance.
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Figure 3: Tissue fluid (TF) pressure recording in a
LYMPHEDEMATOUS CALF subcutaneous tissue at the level of
deeve chambers 3, 4 and 5. Inflation pressureswer e 50, 80 and 120
mmHg. Inflation time of each chamber was 55 sec, there was no
deflation of distal chambers. Number 1 to 8 denote consecutive
deeve chambers. Pressures recorded under chambers 3 (first
ascending line), 4 (second ascending line) and 5 (third ascending
line). Notethat TF pressuresduringfirst inflation were at all levels
lower than thosein chambers. Inflation of chamber 3increased TF
pressure at level 3 to 30 mmHg but not at level 4. Inflation of
chamber 4 produced pressure at level 4 to 40 mmHg and at level
5 to 12 mmHg. Similar shape of pressure curves were observed
during inflation to 80 and 120mmHg. Note that at level 5 (third
ascending line) close to the knee with soft popliteal tissue, the TF
pressures were much lower than in chamber 5. This could be
explained by low resistance to flow in the popliteal fossa. However,
the most important observation was lack of transmission of
pressure from the compressed level to the proximal next.
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Figure 2B: Tissue fluid (TF) pressure in the NORMAL THIGH
subcutaneous tissue stage 1V during pneumatic compression of 50
mmHg. Pressuresrecorded at chamber, level 6, above knee (first
ascending line), 7, mid-thigh (second ascending line) and 8, upper
thigh (third ascending line). Note that, as in the calf, tissue fluid
pressures during first inflation of all chambers were lower than
thosein the chambers. Inflation of chambers1to5to 50mmHg did
not generate pressures at level 6. Inflation of chamber 6 produced
at level 6 pressure of 35 mmHg (second ascending line), stepwise
rising during inflation of consecutive chambers to 55 mmHg.
Inflation of chamber 7 produced tissuefluid pressureriseat level 6
to 50 mmHg and at level 7to 30 mmHg to increase during inflation
of consecutive chambers to 55 and 35 mmHg, respectively. Third
ascending flat line represents pressure at level 8 close to the groin
usually with less edema and low flow resistance.
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Figure 4: Tissue fluid pressuresin calf (level 4)and thigh (level 7)
subcutaneous tissue in patients with lymphedema (n=15) and
normal subjects(n=>5) during thefirst inflation of pneumatic sleeve
to 50, 80 and 120 mmHg. L- lymphedema, N- normal, horizontal
linedenotes pressurein the seeve chambers, mean valuesin mmHg
+ SD. Notethat TF pressurewasin all caseslower than in thesleeve
both in thelymphedema casesand healthy subjects(for explanation
seetext). Therewerealso evident differences between lymphedema
and control cases.
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Circumference (volume) changes during pneumatic
massage

Continuous recording of circumference changes during sequential
compression gave indirect insight into the volumes of fluid
translocated from the compressed to the proximal segments.
Following inflation of a chamber, increase of limb circumference
occurred proximally to this chamber due to transfer of mobile fluid
. Sequential inflations of chambers from 1 to 8 resulted in stepwise
increase of circumference in the consecutive segments of the limb
(Fig. 5). Theincrease in circumference at each level was
recalculated into volume. Summarized data of 15 patients are
presented on Fig. 6. The transferred volume was evident in the
calf, but even much morein the thigh containing larger volumes
subcutaneous tissue with fluid and fat.

CHANGE IN CIRCUMFERENCE

5
LIMB LEVELS

Figure5: Changesof limb cir cumference during pneumatic massage
of a patient with lymphedema stage |11 at levels corresponding to
compression chamber positions (3,4,5 - calf; 6,7,8 - thigh) (in mm).
Themeasuring devicewasplaced at 3,4,5,6,7 and 8 level. Sequential
inflation of sleeve chamber s brought about consecutive increasein
circumference, eventually reaching at level 8 value of 20 mm.
Changes in circumference served calculation of changesin volume
(sq crossareax length of chamber 9 cm). Therewas no backflow of
proximally pushed fluid.
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Figure6: Calculated volumesof tissuefluid (TF) moved sequentially
from distal parts of lymphedematous limb (stage II, 111 and V)
towar d the groin by pneumatic compression of chambers1to7. The
volume increases in consecutive limb segments to reach highest
valuesin the mid-thigh. Note that although edema isclinically most
visible above the ankle level, bulk of the fluid is moved from the
thigh. Values are means + SD, n=15. Note high SD caused by
differencesin accumulation of TF in individual patients.
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DISCUSSION

The knowledge of the subcutaneous tissue hydraulic propertiesis
scarce, whereas the pneumatic compression therapy needs
information on the hydraulic conditions in the massaged tissues.
Thisisindispensable for setting the massaging devices at effective
pressures in order to propel the accumulated fluid toward the root
of the extremity. So far, no consistent data on pressure and flow in
the swollen extremities can be found in the literature. There have
been some reports on pressures generated at the sleeve-skin
interface, however, they give no insight into the intra-tissue
physica events.

Thereis ageneral notion, so far not supported by any objective
evidence, that the tissue fluid pressure in lymphedemais high.

In this study we showed that pressures were low, ranging between
—1.5to +10mmHg. Moreover, we found that there were no
statistically significant differences with normal limbs, although
there was a dlight tendency for higher pressuresin lymphedema.
The obtained data corroborate our previous clinical and experimental
findings of low tissue fluid pressuresin lymphedema® 1. The
mechanism of low pressure can easily be explained by high skin
compliance in the early stages of edema formation allowing its
stretching and expansion of the subcutaneous space accumulating
excess of capillary filtrate not drained away by lymphatics.
Accumulation of soluble proteins causes, in accordance with
Starling’s law, causes rise in oncotic pressure, thisin turn to
attraction of water and further expansion of the tissue space.

The pneumatic compression is applied in order to raise tissue fluid
pressure and create a gradient between the compressed and
proximal non-compressed tissues in order to generate physical
condition for fluid flow. The generally applied compression
pressures usually range between 50 and 120 mmHg. An open
guestion remains whether the externally applied pressures generate
tissue fluid pressures of the same level asin the deeve
encompassing the limb. In our studies, pneumatic compression
produced tissue fluid pressures were lower than those in the
inflated sleeve. The created gradient was most likely created by
low skin compliance (rigidity) caused by fibrotic process routinely
ongoing in lymphedema. Another factor responsible for low
pressures could be dispersion of the applied compression forcein
the subcutaneous tissue to the proximal non-compressed regions.
Another interesting finding was alimited tissue fluid lateral
pressure transmission to the non-compressed proximal segments.
This could be accounted for by physiologically low hydraulic
conductivity of the subcutaneous tissue both in lymphedema and
normal conditions.

We also observed building up of tissue fluid pressuresin the distal
parts of the limb during inflation of proximal chambers. This could
be explained by slow tissue fluid flow from the compressed tissues
caused by low tissue hydraulic conductivity and in addition by
flow obstruction at the inguinal level, seen on lymphoscintigrams.
Thislast is a consequence of the ongoing fibrotic processin the
groin lymphatics and nodes.

Even high generated tissue fluid pressures may remain ineffective
in propelling fluid, especialy in advanced stage of lymphedema.
Thisiswhy beside of recording tissue fluid pressures, we
simultaneously measured fluid flow. For this purpose strain gauge
was put around the limb at six levels corresponding to level of



sleeve chambers and connected to a recording device. It provided
data on the continuous changes of circumference during sequential
compression and allowed to cal cul ate the approximate volume of
displaced fluid by each inflated chamber. The calculated volumes
ranged from 10 to 40 ml per inflated chamber. They werelow in
the calf to increase in the thigh, reaching at groin level the total
volume for the entire extremity of more than 100 ml. The
displaced volume was certainly of tissue fluid but not venous
blood, as there was no resistance to blood flow and blood did not
accumulate in the proximal segments of the limb.

Taken together, thisisthe first published study presenting
hydraulic parameters of the massaged skin and subcutaneous
tissue in lymphedema. It showed that in lymphedema the resting
tissue fluid pressures are low only slightly above zero. Thetissue
fluid pressures generated by compression devices are lower than
those in the inflated chambers. This may be due to low skin
compliance, low physiological hydraulic conductivity of the
subcutaneous tissue and resistance to flow at the groin level,
factors hindering tissue fluid flow to the non-swollen tissues. Our
observations point to the necessity of applying high pressures and
long compression times to generate effective tissue fluid pressures
and provide enough time for moving the stagnant fluid to the root
of the extremity. The obtained data should be useful for
physiotherapy alowing to set the parameters of compression
devices at levels corresponding to those in the in-tissue conditions.
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ABSTRACT

Background: Breast Cancer Related Lymphedema of the arm
(BCRL), a debilitating complication after axillary lymph node
dissection and irradiation, is caused by the accumulation of
interstitial fluid of the affected arm due to a blockage or a
malfunction of the lymphatic system. The incidence of BCRL
varies between 6% and 62.5% due to various measurement
methods and diagnostic criteria and different patient and treatment
risk factors.!). A prospective analysis of the incidence of BCRL in
52 early breast cancer (BC) patients receiving radiotherapy
concomitant with adjuvant anthracyclines and paclitaxel has been
done and compared with the incidence in a control group,
consisting of 48 patients receiving concurrent irradiation and
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anthracyclines only. Methods: All patients have been treated with
breast surgery and axillary lymph node dissection followed by
concurrent postoperative irradiation (50 Gy on the chest wall and
regional lymph nodes) and chemotherapy, consisting of 4*FEC
(500/75/600 mg/m?) followed by 12*weekly paclitaxel (80 mg/m?)
or 6 cycles of FEC only. The circumferences of both arms have
been measured by tape every three weeks during the adjuvant
chemotherapy, every three months during the first year and every
6 months during the second year postoperatively. A difference of
=2 cm in limb girth between the two arms has been considered as
the clinical diagnosis of BCRL. Results: Fifty two patients were
enrolled prospectively in the paclitaxel group. At 1 to 2 years post
diagnosis, there was a BCRL incidence of 40% in the paclitaxel
group. In most of the patients the BCRL occurred early during the



adjuvant therapy with paclitaxel, suggesting a possible causal
relationship with the use of taxanes. The incidence measured
retrospectively in the control group was 3 times lower.
Conclusions: This is the first prospective analysis of the incidence
of BCRL in early BC pts treated with concomitant post operative
irradiation and anthracyclines followed by taxanes comparing with
a control group treated with concurrent irradiation and
anthracyclines only. The early onset during adjuvant taxane
treatment suggests that capillary leakage, together with the
previous concomitant chemo-irradiation, is a potential mechanism
that contributes to the occurrence of BCRL. In a second
prospective study our research group is investigating whether and
how the onset of BCRL during paclitaxel can be monitored,
prevented or blunted.

Key words: early breast cancer; concurrent chemo-irradiation;
axillary lymph node dissection; breast cancer related
lymphedema; taxanes; capillary leak syndrome;
manual lymph drainage

INTRODUCTION

The standard of treatment for early breast cancer with positive
lymph nodes is breast surgery with axillary lymph node dissection
(ALND), followed by post operative irradiation and systemic
therapies, including chemotherapy, hormonotherapy and
trastuzumab depending on the histopathology and stage of the
resected primary tumor. There is no consensus in the literature
about the optimal strategy of combining the post operative
chemotherapy and irradiation. In clinical practice, chemotherapy
and irradiation are most frequently used sequentially due to the
increased skin and hematological toxicity caused by the
concomitant combination. Our department has 30 years of
experience with the concomitant use of post operative irradiation
and anthracyclines in early BC patients with positive lymph nodes,
resulting in a significant better survival when compared with the
patients in the SEER database.® Also in other solid tumors,
concomitant use of irradiation and chemotherapy has proven to be
more efficacious than either modality alone or sequencing both
approaches.®*> With the introduction of taxanes in adjuvant
settings of the early BC population three years ago, an increased
incidence of BCRL has been observed in our patient group treated
with breast surgery and ALND, followed by concurrent irradiation
and anthracyclines followed by taxanes. Both taxanes, docetaxel
and paclitaxel, are derived semisynthetically from the needles of
the European yew called Taxus baccata. They exert their antitumor
activity by stabilizing the microtubules against depolymerisation,
which leads to the blockage of cells in the metaphase of the cell
cycle. Both drugs are applied in different solid cancers with high
response rates not only in BC, but also in ovarian-, head and neck-,
prostate-, bladder- and non small lung cancer. In the early clinical
trials, a development of progressive peripheral edema of both legs
and nonmalignant pleural effusions has been observed most
frequently with cumulative doses of at least 400mg/m? docetaxel.”
A small prospective pilot study has been set up to verify the first
clinical experience of an increased BCRL incidence in BC
patients, treated with adjuvant taxanes. The circumferences of both
arms have been measured in fifty two early BC patients, treated

with breast surgery and ALND followed by concurrent irradiation
and systemic therapy consisting of anthracyclines followed by
weekly paclitaxel. The results have been compared with a control
group of forty eight early breast cancer patients, treated between
2005 and 2007 with concomitant irradiation and anthracyclines
only.

MATERIALSAND METHODS

In total one hundred early BC pts with stage IB through IIIC
disease, who needed breast surgery and ALND have been
recruited between 01/01/2005 and 01/11/2009 in the Oncology
Department of the University Hospital of Brussels. Information
including age, body mass index, professional status, type of surgery,
number of lymph nodes removed, and incidence of seroma

and wound infection has been collected for all these patients.

One month postoperatively fifty two patients in the prospective
pilot study received immediate irradiation and concurrent systemic
therapy consisting of 4 cycles of 5-fluoro-uracil at a dose of
500mg/m?, in combination with epirubicine at 75 mg/m? and
cyclophosphamide at 600mg/m? (FEC scheme), followed by 12
cycles of weekly paclitaxel at 80g/m? according to the Sparano
regimen.® Forty eight early BC patients, treated with breast
surgery and ALND followed by post operative concurrent
irradiation and the same FEC combination have been included in
the control group. Data of these patients have been retrospectively
reviewed from the clinical files between 2005 and 2007. Patients
with bilateral or inflammatory BC, sentinel procedure only,
systemic or local recurrence or lymphangitis of the breast or the
arm have been excluded.

All patients received conventional post surgery irradiation of the
breast and supra- and infraclavicular and axillary nodes with two
opposing tangential fields. They have completed 25 daily
fractions of 2 Gy in five weeks. The radiation area was located
between the mid-sternal line, the mid-axillary line, 2 cm cranio
caudal from the papable breast or 5 cm from the scar in case of
total mastectomy. In case of breast conserving surgery, an
additional boost of 8 fractions of 2 Gy was delivered at the
operation area, resulting in a total dose of 66 Gy in 7 weeks.
During treatment, every patient received preventive manual lymph
drainage and shoulder mobility exercises for the levator scapulae
muscle, upper trapezius muscle, pectoralis maior muscle, medial
and lateral rotator cuff muscles in conjunction with functional
activities and proprioceptive neuromuscular facilitation exercises
without resistance.

Our main objective was to detect prospectively the incidence of
lymphedema of the affected arm in the patients treated with
postoperative combined chemo radiation consisting of 4 times
FEC followed by weekly paclitaxel and to compare with a control
group, treated with concomitant irradiation and 6 cycles of FEC.
Therefore arm measurements have been performed every three
weeks during the adjuvant treatment, every three months during
the first year postoperative and every six months during the second
year. An oral consent was obtained from all the patients included
in the study group.

The diagnosis of BCRL has been set following the most common
used diagnostic criteria: = 2 cm increase in the circumference of
any two adjacent points compared with measurements in the other
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arm ©'9 It has been reported as a valid and reliable method for
accurately quantifying and diagnosing secondary lymphedema. !
A standard flexible, narrow tape measure with an accuracy of 1
mm has been used to measure the circumferences of the arms, at
Scm intervals along both arms using the elbow fold as the starting
point. The measurements have been taken only once, bilaterally
with the arms stretched, by the same therapist.

The patient characteristics and the incidence of BCRL in both
groups have been recorded. We used the T-Test to compare
means between groups and the Pearson y? test to compare
proportions between the two groups.

Comparison of the incidence rate between the two groups was
made using the Pearson y? test.

RESULTS

Patient characteristics (Table 1)

Fifty two patients, with a mean age of 54 yrs (SD 10.6) and a
mean BMI of 27.9 (SD 7.8) have been included in the paclitaxel
group. Most of them are treated with a total mastectomy and
ALND with a mean number of seventeen lymph nodes removed.
None of them developed a wound infection and only six had an
occurrence of seroma formation. All patients received standard
physical therapy two to three times a week and one quarter of the
patients returned to their professional live at the end of the
adjuvant therapy.

Forty eight patients, with a mean age of 52 years (SD 9.9) and a
mean BMI of 25.3 (SD 5.31) have been included in the control
group. Six patients developed a seroma. Two thirds of the patients
underwent mastectomy with a mean of 17 lymph nodes removed.
In the control group, no one developed a local infection and only
six did show a seroma.

Results of the T-test indicate that patients of the two groups were
not significantly different in age (p-value=0.2653), BMI
(p-value=0.431) or in number of removed lymph nodes
(p-value=0.1375).

Table 1. Patient characteristics

Study group Control group
(%) (%)

Number 52(100) 48(100)
Mean age 54 yrs 52 yrs
Mean BMI 27,9 25,3
Stage | 2 3
Stage Il 38 34
Stage Il 12 11
Mastectomy 29(56) 32(66.6)
Breast conserving
surgery 23(44) 16(33.3)
Mean number
of removed LN 17.6(SD 5.4) | 17.2(SD 6.7)
Seroma 6(11,5) 6(12,5)
BCRL 23(44) 7(14)
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Results of the Pearson 7 test indicate that no significant difference
in proportion of mastectomy (p-value=0.3623), breast conserving
surgery (p-value=0.3623), seroma (p-value=0.8728) or stage
(p-value=0.858) was found between the two groups.

Over forty percent of the paclitaxel group developed BCRL, of
whom ninety six percent during or after the treatment with taxanes
(Figure 1). Sixty one percent of the patients with BCRL
demonstrated a circumference difference of 2 to 2.5 cm between
both arms. In three cases a complete resolution of the BCRL
occurred after one to two years post operation. In the control
group, only fourteen and a half percent of the patients developed
BCRL. In only one patient the BCRL was presented after the
chemotherapy, with a follow-up of three years. The Pearson y? test
(%*=9.08, df=1, p-value=0.003) indicates that a significant higher
proportion of BCRL is found in the paclitaxel group (44.23%)
compared to the control group (14.58%).

patient characteristics of the study
group © number of lymph
nodes reomved
18 - B seroma
16 © wound infection
14
12 - o in employment
10 -
8 m lymphedema
6L during taxanes
2 lymphedema after
4 ' taxanes
2 - m lymphedema
0 - ! — before taxanes
1 m recovery of
lymphedema

DISCUSSION AND CONCLUSION

This is the first report on BCRL occurring after concomitant
irradiation and anthracyclines followed by taxanes for the adjuvant
therapy of early breast cancer patients treated with breast surgery
and ALND. In the literature, only two reports on concurrent
paclitaxel and radiation therapy for unresectable locally advanced
BC have been published. They observed an incidence of G 1 or
more BCRL in 43%.1% ¥ One of the plausible explanations for
the development of BCRL, could be the capillary leakage of
proteins and fluid in the extra cellular space, a well known side
effect of docetaxel, and first described by SEMB KARIN €t al.” By
measuring the colloid osmotic pressure of the plasma and
interstitium and the interstitial hydrostatic pressure before and
after total doses of docetaxel of 200 and 500mg/m?, the authors
observed a decrease in the colloid osmotic gradient caused by an
increase in plasma volume, leading to an enhanced fluid retention
in the interstitium. After five courses of docetaxel a stabilization
of the interstitial colloid osmotic pressure occurred together with



an increased interstitial volume, as indicated by weight gain and
edema formation, which implies a capillary leakage of proteins.
BEHAR €t al. have performed a capillaroscopy and capillary
filtration tests by using 99mTc albumin in a group of patients
receiving docetaxel. They concluded that there is an abnormality
in the permeability of the capillaries as well as a progressive
accumulation of proteins in the interstitial space.!>'® One could
also argue that large doses of steroids may be the underlying
mechanism of fluid retention. However in this study only 10 mg
of dexamethasone has been administered intravenously before the
weekly infusion of the first doses of paclitaxel to prevent
hypersensitivity reactions. If the patients did not develop any
allergic reaction, a dose reduction of dexametasone to 5 or even
2.5 mg weekly was decided. Furthermore dexamethasone reduces
the vascular permeability and maintains normal vascular
responsiveness to circulating vasoconstrictor factors, reducing the
risk of capillary leak syndrome.?” Another possible explanation
for the occurrence of peripheral BCRL in this study population
could be the development of axillary fibrosis, due to the
concurrent use of irradiation and anthracyclines followed by
taxanes. The combination of an interruption in the lymphatic flow
at the irradiated axilla and the capillary leak syndrome, due to the
implementation of taxanes in an adjuvant setting, is the most
reliable explanation of our observation. Further research is needed
to confirm the first study conclusions. Of course we must admit
there are shortcomings in this study. Comparison of a non
randomized pilot study with data retrospectively collected could
have biased the results. Other limitations are the missing data of
the baseline preoperative measurement of the arm circumferences
and the small number of patients. In healthy subjects, the volume
of the dominant arm is bigger than the non dominant arm. If the
non dominant side is operated, the degree of BCRL needs to be
higher before diagnostic criteria can be reached. JOHANSSON et al.
describe a difference in arm volume between the dominant and the
non dominant side in healthy subjects of 1.4-1.6%, while
SAKORAFAS €t al. report a difference of 2.5%. WARD et al. found
the highest difference of 3.6% between the dominant and the non
dominant arm in healthy subjects.® 129 Also MCLAUGHLIN et al.
and RIDNER €t al. have found a significant difference in arm
volume between the dominant and the non dominant arm.?!-2? It is
important to use a correction factor according to the dominance of
the arm, when using diagnostic criteria for BCRL. The most
correct method is to measure both arms at baseline, before surgery
and to take this volume difference into account after surgery when
evaluating BCRL. So we can conclude that the mechanism
responsible for the BCRL could be the concurrent administration
of adjuvant anthracyclines and irradiation followed by taxanes in
early breast cancer patients. To confirm these preliminary results,
the breast lymphology research group is now conducting a
prospective randomized clinical trial, comparing the incidence of
BCRL in early breast cancer patients, treated with postoperative
anthracyclines concurrent with irradiation, or treated with
postoperative anthracyclines and irradiation followed by taxanes.
The results of this study will be correlated with the changes in skin
and subcutis thickness measured by ultrasonography and with
changes in quality of life, measured with the ULL-27, a
standardized, validated questionnaire, concerning self reported
symptoms of the swollen arm.
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ABSTRACT

The aim of the study was to evaluate indication and efficacy of
multilayer bandaging in patients with advanced cancer related
lymphoedema. The study was carried out on 14 patients with
malignant lower limb oedema during hospitalisation at Hospice
Unit of acomprehensive cancer center. The patients submitted
every day to multilayer bandaging with short-stretch monoelastic
bandages and exercise programme until discharge or exitus.
Results was assessed as percentage reduction in limb size between
beginning and end of treatments. In 28.5% lymphoedema reduced
by 1.0-3.0 cm, in 28.6% reduction was of 3.0-6.0 cm and in 42.9%
of 8.0 cm. The median of reduction was of 6.6%. Weaso
observed regression of lymphorrhea and improvement of skin
status, consistency, painful sensation, range of motion, walking.

K ey words: advanced cancer, malignant lymphoedema, hospice
patients, multilayer bandaging.

INTRODUCTION

Limb lymphoedemais a frequently observed complication in
patients with advanced cancer. In particular, breast, prostate,
bladder, colon metastatic cancers, as well aslymphomas and
sarcomas may lead to malignant lymphoedema, which can be very
severe and particularly difficult to be treated. Many factors are
involved in the development of lymphoedema, such as lymph flow
obstructions secondary to cancer infiltration to locoregional lymph

nodes and cutaneous and subcutaneous lymph vessels, venous
obstructions due to the presence of neoplastic thrombosis or
migrating thrombophlebitis, extrinsic lymphatic or venous
compressions, caused by neoplastic or lymph node masses, or
either superior or inferior vena cava compressions®. Besides
these causes, other general factors (hypoproteinemia, immobility,
severe hyposthenia, long lasting bed rest, the use of non-steroidal
anti-inflammatory drugs (NSAIDs), calcioantagonists and
corticosteroids) may either favour the development of
lymphoedema or worsen it. Malignant lymphoedemaistypically
acute, it progresses quite rapidly within afew weeks and it is often
accompanied or preceded by pain and/or neurological symptoms.
The affected limb is characterized by tense, thin and translucid
skin. Skin colour is usualy normal/waxy or
erythematous/subcianotic in case of venous vessel involvement.
Lymphatic blisters may also be present, as well as skin fissures or
lymphorrhea, which may sometimes be very abundant and cause
significant discomfort. Oedema has usually a soft consistency,
with marked and persistent fovea, due to an elevated water
content of limb soft tissues.

Pain is almost a constant symptom; it is often neuropathic, due to
the infiltration to brachial and lumbosacral plexus or to the
compression by neoplastic masses or metastatic adenopathies.

In some patientsit is associated with hyposthenia of the affected
limb, paresthesia, alodinia or functional impairment.

Malignant lymphoedema may easily be diagnosed, especially after
an extensive clinical evaluation has been carried out, and the most
characteristic symptoms (pain, skin colour, marked fovesa, rapid
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progression, hyposthenia) have carefully been investigated.

When the underlying disease is refractory to antineoplastic
interventions, treatment of malignant lymphoedemais paliative
and it mainly aims at relieving accompanying symptoms (pain and
lymphorrhea), aswell as at preventing further limb size increase
and both preserving and improving the function of the involved
limb®, Kind and duration of treatment should always be
determined based on the local conditions of the affected limb and
on patient’s general conditions. Among the currently available
treatment options, manual lymphatic drainage isindicated,
although it may be not feasible, asit requires limb elevation over a
long period of time, aswell as forced prolonged positions for
patients, sequential compression isto be avoided, asit tends to
obstruct limb root, especially in those casesin which flow
obstruction is already present ¢4. By contrast, multilayer
bandaging can stimulate both lymphatic and venous flow, by
improving muscle efficiency in bed-bound patients, especialy if it
is associated with exercises®.

In the light of the above we carried out a observational prospective
study on the efficacy of bandaging and exercisesin lower limb
lymphoedema in hospice patients with advanced cancer.

MATERIALSAND METHODS

The present study was carried out at the Hospice Unit of the
Palliative Care, Pain Therapy and Rehabilitation Department at the
Fondazione IRCCS “Istituto Nazionale dei Tumori” in Milan,
from May 2008 to August 2009. Fourteen consecutive patients
(10 females and 4 males) were enrolled, who presented, at
admission with lower limb lymphoedema secondary to lymph
node relapses and/or cancer relapses in the abdominopelvic area
(Table1).

Patients' age ranged from 28 to 84 years (average 56 years). All
patients experienced lymphoedema in the months immediately
preceding hospitalization. In 8 of them both lower extremities
were affected, while in the remaining 6 patients lymphoedema was
unilateral. In all cases lymphoedema was characterized by a soft
consistency, with amarked persistent swelling; skin was thin,
translucid, with anormal to waxy colour.

All the patients were undergoing diuretic therapy with furosemide
and/or antithrombotic therapy with low-molecular-weight heparin
(LMWH): 4 patients received only LMWH, 7 received only
diuretic therapy, and 2 patients were submitted to both treatments,
whereas 1 patient did not receive any drug therapy.

When starting treatment 5 patients were bed-bound because of
fatigue, pain or lymphoedema. Of the remaining 9 patients,

Table 1. Cancer sites in patients with lymphoedema

Patients
Breast 4
Lung 2
Gastrointestinal tract 5
Kidney 1
Sarcomas 2
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3 were capable of autonomous walking, while 6 could only walk
short distances within their room with the help of either afamily
member or atherapist.

Before starting treatment all the patients were submitted to clinical
evaluation and to measurement of both limbs. This latter exam
was performed at 8-cm intervals from the base of the heel with
foot flexed to 90°, up to the popliteal cavity. Dueto the
unfeasibility to assess the extent of lymphoedema based on
centimetric measurements in bilateral lymphoedema, ankle
circumference was taken as main reference, thus defining as
severe those lymphoedema with a circumference ranging between
30 cm and 38 cm and moderate those with a circumference
ranging between 23 cm and 29 cm.

Clinical evaluation also included the assessment of all the
following features: colour, consistency, fovea, skin status, joint
function, muscle tone/trophism, pain, load and walking capability,
subjective symptoms. All these data were reported in an
individual assessment record properly pre-arranged. Both the
clinical evaluation and the centimetric measurement were repeated
with the same modalities at the end of treatment.

The bandaging was arranged by applying short-stretch monoelastic
bandages, as part of a multi-layered system, the number of
bandages depending on the size of oedema and the length of the
limb (from aminimum of 3 to amaximum of 6 layers).

In order to avoid too large bulky bandage, fingers were not
bandaged and no padding were used (undercast padding or low
density foam). A cotton tubular bandage was only employed in
case of lymphorrhea, in order to absorb exudation.

Bandaging was applied daily and always by the same operator, by
using 8 and 10 cm bandages, wrapped with reverse spira
technique (“figure of eight”) and 50% overlap, both for bed-bound
patients and partially or totally autonomous patients.

All patients started a proper rehabilitation program including
active and active/assisted exercises for lower limbs; in
autonomous patients load and walking were increased.

Bandaging and exercise programme were performed until patient
discharge (12 patients) or patient exitus (2 patients).

Response to treatment was assessed as the percentage reduction in
the size of the limb or limbs from the beginning to the end of
treatment. For unilateral oedema limb size was calculated as the
sum of the circumferences of the oedematous limb and the normal
one. The decrease was assessed based on the median difference of
limbs between therapy beginning and treatment completion.

In bilateral caseslimb sizes were, instead, cal culated as median of
the sum of the circumferences of both limbs.

In thislatter case, lymphoedema reduction was assessed as the
difference of median size as calculated at the beginning and at the
end of therapy.

RESULTS

Compression therapy was regularly administered to all the
enrolled patients. No case of treatment withdrawal was reported
due to side effects (dermatitis, infection, skin lesions) or due to
any increase in lymphoedema. At the time of hospital admission
of the 14 enrolled patients, 6 presented with severe lymphoedema
(ankle circumference 30-38 cm), whereas 8 had moderate



lymphoedema (ankle circumference 23-29 cm). Average treatment
duration was 10 days (from a minimum of 7 days to a maximum
of 15 days). Patientswore the bandages for adaily median of 9
hours: removal of the bandages before night rest was suggested to
all patients. At weekend bandaging was arranged by either a
patient’s family member or by properly instructed nurse staff.

In all cases there was a favourable response to compression
therapy, with a median reduction of 6.6%.

Datarelating to centimetric reduction of lymphoedema are
reported in Figure 1, as observed at the end of treatment. In 4
(28.5 %) patients lymphoedema was reduced by 1.0-3.0cm, in4
patients (28.6) reduction was from 3.0 to 6.0 cm, whereas in the
remaining 6 patients (42.9%) reduction exceeded 8.0 cm.

The evaluation of the results obtained in patients with moderate
lymphoedema (Table 2) and in severe cases (Table 3) showed that
in the former group limb size reduction was 2.2 cm and in the
latter group it was 5.4 cm.

In 10 patients severe lymphoedema resulted into moderate
lymphoedema and in 4 cases it turned into mild lymphoedema. In
all cases painful skin tension was improved, as well as skin status.
Regression of lymphorrheawas observed in al the 5 patients
presenting this symptom before treatment.

In both bed-bound and autonomous patients compression resulted
into an improvement of range of motion of the ankle and knee
joint. Walking was also significantly improved in terms of
duration and fluidity of movement.

H1,0-3,0cm.
@3,0 - 6,0 cm.
0> 8,0 cm.

Fig. 1 - Results at the end of treatment: percentage and centi-
metric reduction.

Table 2. Results in moderate lymphoedema patients

Patients | Start treatment End treatment Average
(cm) (cm) difference (cm)
Pt 1 206.5 196 1.7
Pt 2 204.5 191.5 2.2
Pt 3 387 370.5 2.7
Pt 4 333.5 314.5 3.2
Pt 5 191 187.5 1.0
Pt 6 356 349 1.2
Pt 7 358 354 1.0
Pt 8 368.5 341 4.5

Table 3. Results in severe lymphoedema patients

Patients | Start treatment End treatment Average
(cm) (cm) difference (cm)

Pt 1 366 326 6.6

Pt 2 247.5 239 1.4

Pt 3 214 200 2.0

Pt 4 393 363 5.0

Pt 5 230 210.5 3.2

Pt 6 396 309 14.5
CONCLUSION

Although the series in the present study was a small one, it can be
concluded that bandaging in combination with exercise
programme does represent a valid treatment option in the
management of malignant lymphoedemaiin palliative care
patients.

Treatment proved effective, well tolerated and accepted by
patients. It can easily be applied and it can be repeated more than
once a day, even by well instructed non medical or paramedical
staff or family members. It isavalid aternative to compression
garments, which are contra-indicated in some cases, such asin the
presence of lymphorrhea, fragile skin, skin folds, and more.

Even in case of bilateral lower limb lymphoedema, patients
submitted to bandaging of both limbs did not experience any
remarkable discomfort.

Multilayer bandaging represents, therefore, an important therapeutic
option for malignant lymphoedema and should be undergoing
further validation study to be evaluated as the treatment of choice
in the management of lymphorrhea, asit favours reduction of both
extralymphatic and intra lymphatic hypertension.
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23" International Congress of Lymphology

September 19-23 2011
Malmo, Sweden

23rd International Congress of Lymphology

Welcome to Sweden and the
23rd International Congress of Lymphology!

Dear Colleagues and Lymphologists!

The Department of Plastic and Reconstructive Surgery at Malmé University
Hospital, Sweden, is honoured to organize the 23rd International Congress
of Lymphology in cooperation with the Faculty of Medicine at Lund University, and the Swe-
dish Lymphology Association. Problems related to the lymphatic system are central issues
for us, and one of our main focuses is the development of surgical techniques related to
lymphology.

Olof Rudbeck [1630-1702), a Swedish scientist, published his
first treatise De Circulatione Sanguinis in 1852, at the age of
22 years only, and he actually became the first one to describe
the delineation and function of the lymphatic system in Nova
Exercitatio Anatomica, which he published one year later. With
this historical perspective in mind, we are enthusiastic about hos-
ting the 23rd International Congress of Lymphology in Sweden.
We are also proud of being entrusted with the task of arranging
the prestigious congress in the city of Malmao. In fact, Malmo
connects on to another pioneering scientific work in the field of
lymphology performed by Thomas Bartholin [1616-1680), who
was active in the nearby capital of Denmark, Copenhagen.

In 2011, from September 19 to 23, the most renowned scien-
tists from all over the world will gather in Malmo to present and
debate their front line knowledge and experiences in the various
fields of lymphology. This will assure for an interdisciplinary and
all-round illumination of the lymphatic system, its pathophysiology,
and the state-of-the-art of different treatment regimes. More-
over, at the end of the summer but before fall, September is an
excellent time of the year to visit Sweden.

We look forward to seeing you all in Malmo on this very special
occasion. Please contact us for any additional information or
suggestions that can make your stay even more pleasant in our
dynamic and beautiful city.

On behalf of the Organizing Committee, Turning Torso, a 190 m tall
building for residents.

__71%; Photo: Pierre Mens
4/4% E yreyrsn

Hakan Brorson, MD, PhD
Congress President

www.lymphology2011.com
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23rd International Congress of Lymphology

Program outline

Monday September 19

Registration opens

Tuesday September 20
Welcome reception

Wednesday September 21

Optional social evening,
Tivoli Gardens in Copenhagen

Thursday September 22

Congress dinner

Friday September 23
Congress ends at noon

Topics will include:

* Anatomy of lymphatic system
* Physiology of lymphatic system [lymp-
hatic endothelial cells, lymphatics and

lymph nodes)

» Physiopathology of lymph stasis and
related disorders (infection, fibrosis,

adipose tissue)
* Prevention

* New frontiers in lymphatic research
(genetics, lymphangiogenesis, lymphatic

dysplasias)

Tivoli Amusement Park
in Copenhagen.
Photo: Tivoli

Life in the Viking village

Malmé Opera House
Photo: Charlotte Stromwall

Lymphatic imaging

Cancer and lymphedema [oncolympho-
logy & sentinel node)

Filariasis and lymphedema

Clinic on lymphedema [diagnosis, sta-
ging, classification)

Treatment (surgery, complex deconges-
tive therapy, rehabilitation, alternative
therapy,fiew approaches)
Phlebolymphology

www.lymphology2011.com
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