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Abstract Limb phlebolymphedema (PLE) is
characterized by an accumulation of fluid in the interstitial
space and it is caused by an impairment of venous and
lymphatic flow. From the pathophysiology point of view,
PLE may be of primary and (more frequently) secondary
type; it mostly occurs in post-thrombotic syndrome,
after trauma, in varicose veins with dysfunctional
centripetal flow pumping mechanisms, in proxima vein
obstruction syndromes (e.g. May-Thurner syndrome), in
phlebolymphatic congenital malformations (e.g. Klippel
Trenaunay syndrome). To improve diagnostics of limb
PLE, bioimpedance technology has been proposed, both
under theform of bioimpedance analysisand under theform
of the more accurate bioi mpedance spectroscopy (BIS); the
latter is based on multiple frequencies which investigate
tissues with a higher degree of accuracy, compared to
bioimpedance anaysis which is usually based on one
or two freguencies. By means of BIS it is possible to
measure and monitor the variations in the extracellular
(interstitial) and intracellular fluids as well asin the tissue
composition. More importantly, this biotechnology permits
a segmental assessment of the edema, thus both limbs
may be individually investigated, as well as the fluid
accumul ation/tissue conditions of the single limb or part of
it may be assessed. Similarly, this method may contribute
to monitor therapy outcomes and it may also have a
relevant prognostic role after oncol ogic therapy (e.g. breast
cancer treatment) to anticipate therisk of lymphedema/PLE
onset. Beside the classical L-Dex index which compares
the two limbs in terms of impedance, the analysis of raw
data permits to extrapolate absolute figures concerning a
series of relevant parameters such as: a) resistance which
is the expression of the extracellular fluids, b) reactance
and c) cell membrane capacitance (CMC) which are both
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indexes of tissue composition/health. Furthermore, BIS
provides awiderange of data concerning body composition
in terms of fat and lean mass, water and genera health
(for example through phase angle index); this way, a
more comprehensive approach to the possible concomitant
chronic diseases (e.g. obesity, cardiovascular diseases,
diabetes, cancer) in the PLE patient is pursued.
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Bioimpedance and Phlebolymphedema

Michael Foldi fundamentally considered limb edema
always a matter of lymphatic impairment, which may
derive from a functional overwhelming of the lymphatic
system/transport and/or from a morphologic alteration of
the lymphatic system?. Thisingeniousand simplified vision
helps understanding the relevance of the lymphatic system
in any form of edema, both if it is due to lymphatic
system disease (lymphedema) and if it is a result of a
lymphatic function saturation and overload (edema due to

renal/cardiac/metabolic diseases, drugs, etc.)™?.

By virtue of the innovative data published by Levick

and Michel® which confirm that lymph flow is responsible
for the centripetal drainage of thevast majority of interstitial
fluid and macromolecules in the limbs, scientific research
hasincreasingly focused ontherole of thelymphatic system
in the pathophysiology of any edema of limbs, organs and
tissues.

About 26 years ago we published a book on
phlebolymphedema (PLE) 2 with the aim of highlighting
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the issue of a specific limb edema which features
the simultaneous presence of a venous and lymphatic
dysfunction and/or morphologic pathology. Furthermore,
in that same text we proposed a series of diagnostic and
therapeutic approaches to improve the management of this
specific limb condition, characterized by an accumulation
of fluid in the interstitial space caused by an impairment of
the venous and lymphatic drainage.

From the pathophysiology point of view, PLE may

be of primary or (more frequently) secondary type*:
actually, a concomitant lymph and venous stasis mostly
occursin post-thrombotic syndrome (PTYS), after trauma, in
varicose veins with dysfunctional mechanisms which help
propelling centripetally lymph and blood (e.g. dysfunction
of leg and diaphragmatic pumps), in proximal vein
obstruction syndromes (e.g. May-Thurner syndrome), in
phlebolymphatic congenital malformations (e.g. Klippel
Trenaunay syndrome).

The diagnostic approach to limbs affected by PLE
is mainly based on the clinical examination and on a
few instrumental exams, such as colour-duplex ultrasound
investigation and, more selectively, lymphoscintigraphy.
Many more techniques have been proposed in the last
decades to quantify limb edema and volumes, as well
as to detect the basic pathologies at the root of the
edematous limb; however, the vast majority of them are not
currently employed in routine clinical practice and still a
few limitations exist.

To improve diagnostics of limb PLE, bioimpedance
technology has spread among health practitioners, both
under theform of bioimpedance analysisand under theform
of the more accurate bioimpedance spectroscopy (BIS), the
latter being based on multiple frequencieswhichinvestigate
tissues with a higher degree of accuracy. By means of BIS
it is possible to analyze the variations in the extracellular
(interstitial) and intracellular fluids, but aso in the tissue

composition®”.

More importantly, BIS permits a segmental
assessment of the edema, thus the single limb or a part
of it may be investigated; basicaly, by means of multiple
frequency bioimpedance it is possible to assess adequately
both unilateral and bilateral lymphedema or PLE. This
means that each limb or just the thigh, the leg, the forearm
etc., may be selectively measured asto the fluid content and

asto the changes in their tissues™®.

Specifically, in a randomized controlled study
assessing efficacy and safety of two different compression
stocking regimes on 94 patients operated for varicose

veins®, we assessed a series of clinical and BIS outcomes,
S0 to detect edema and tissue changes. We recorded an
improvement of BIS findings 7 days after the intervention
in both groups, whereas BI S results deteriorated at 40 day's;
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more in details leg reactance and limb L-Dex improved
in the higher compression group at day seven and 40 (p=
0.039 and 0.012 respectively), whereas the residua BIS
modifications were not statistically significant between the
two groups.

Furthermore, this method may contribute to monitor
therapy outcomesand it may al so have arelevant prognostic
role; in fact, BIS may signal, with significant anticipation
over the clinical manifestation, the onset of alimb lymph
stasis and of tissue changes after specific treatments, for

example after breast cancer therapy®.

Of interest, it was shown that breast cancer-related
upper limb lymphedema itself may be considered as
a PLE in the vast mgority of the cases, due to the
fact that the patients who undergo surgery and radio/
chemotherapy show a frequent association of upper
extremity lymphedema with some obstruction/reflux in the

axillary/subclavian veins'®?,

Similar, even more pronounced, detrimental changes
in the lymphatic vessels/nodes have been detected in the

vast majority of the lower limbs affected by PTS'?; after
deep vein thrombosis numerous and progressive changes
in the satellite lymphatic system of the affected veins have
been demonstrated, which explains the occurrence of PLE
and tissue changes in the cases of PTS, especially at mid-
long term. The predictivevalue of the Bl Sexpl oration could
be valuable also in these PTS patients, in order to assess
the risk of PLE and principally of skin changes and veno-
lymphatic ulcers.

Our personal experience

A number of specific data can be extrapolated from
BIS exploration of the total body and especialy of the
lower and upper limbs. Actually, beside the classical L-
Dex (lymphatic index) which is an absolute number and
comparesthetwo limbsin terms of ratio of impedances, the
analysis of raw data has permitted to extrapolate absolute
figures concerning aseries of relevant parametersrelated to
the tissue and edema condition: a) resistance, b) reactance
and c) cell membrane capacitance (CMC); while resistance
is the expression of the extracellular fluids, reactance and
CMC are both parameters regarding tissue composition/

heal th5—8,13-18.

In a specific study® investigating short-term (6 days)
changes of fluid and tissues in lymphedema limbs after an
intensive combined treatment, relevant BIS modifications
were reported. For example, whole limb L-Dex decreased
by 21.5%, total limb resistance at day 0, 3 and 6 was 200.4,
225.7, and 237.5 respectively; leg resistanceimproved from
117.5t0 150 at the end of the therapy; similar modifications
occurred in limb reactance and, of great interest, the
correlation volumetry/bioimpedance spectroscopy was
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found for al BIS parameters. Furthermore, BIS provides
a wide range of data concerning body composition in
terms of fat and lean mass, water and general health (for
example through phase angle index); this way, a more
comprehensive approach to the biologic issues related
to several concomitant chronic diseases (e.g. obesity,
cardiovascul ar diseases, diabetes, cancer) inthe PLE patient
is possibly pursued.

It is expected that PLE has a different tissue
composition (at least at the early stages) and a different
macro-molecule/water content compared to lymphedema,
by virtue of the different ethiopathogenesis of these
two pathologic conditions; as lymphatic system typically
reabsorbs larger molecules (e.g. proteins) from the
interstitial matrix, when lymphedema occurs a high-protein
stagnating fluid takes place, which is different from
the low-protein edema typical of cardiac/renal edema.
PLE may have a combined biochemical composition and
these different chemical-physical features may be ideally
assessed through BIS, for scientific or diagnostic purposes
especialy, but also for a prognostic evaluation.

One study of ours addressing the issue of PLE

changes after nutraceutical administration for 90 days'®
showed an increase in the average value of leg RES from
143.4 to 149.6 (P<0.01) and of leg reactance from 10.4
to 11.1 (P<0.04), whereas a lower and non-significant
improvement of RES and REA values was detected for the
tota limb.

Similarly, a reduction of the dis-homogeneity of
the subcutaneous edema was found in limbs affected
by edematous lipodystrophy after a specific nutraceutical

intake*; infact, L-Dex passed from 3.97 at the enrolment to
1.17 at the end of the treatment. Lastly, also the application
of a specific electromedical biotechnology in lipedema
and lymphedema limbs resulted in an average L-DEX

percentage reduction of 21%".

Beyond all the hemo-lymphodynamic and fluid
issues dicited in PLE and in lymphedema, it was
clearly highlighted that the interstice represents a core
element in the generation/evolution of any edema and
in the consequent tissue derangement. Investigation of
tissues and of interstice is possible through a few
biotechnologies, among which BIS proved to be probably
the most interesting; furthermore, segmental bioimpedance
methodology permits to compartment the skin and
subcutaneous tissues investigation where necessary (e.g. in
the distal area of the lower leg).

Our twenty year experience with BIS started with
the L-Dex use, in order to investigate and quantify

mainly unilateral lymphedema®’; subsequently, broader
applications of BIS technology were exploited in a series

of clinical-instrumental studies that we performed on
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patients affected by PLE or lymphedema. Moreover,
we assessed limb edema and tissue variations occurring
after different forms of treatment, such as varicose vein
treatments, complex integrated decongestive treatment
for LYM, drugs or nutraceuticals intake, electro-medical

device application*"81318,

By means of a specific device, L-Dex U400
(ImpediMed, Australia), the lower and upper limbs were
investigated to get segmental measurements, but also body
datawere collected to have abroader picture of the patients.
From the technical point of view, the measurement of the
impedance of the tissues in the limb and/or in its segment
was performed through the passage of alternating current
with amaximal 200 pA amplitude; the multiple frequencies
of the current passage (spectrum) ranged from 3 to 1000
kHz.

Notoriously, impedance vector has two components,
namely resistance and reactance, which are measured in
Ohms through BIS methodology and which respectively
express the extracellular fluid content and the trans-
cellular membrane opposition to current passage; together
with reactance, there is another parameter, CMC, which
is extrapolated from raw data to assess quantitatively
the tissue composition and specificaly the overall cell
membrane "health". Lastly, the "older" L-dex parameter
was also calculated in order to compare theimpedance, thus
the fluid and tissue condition, between the two limbs.

Regrettably, L-dex and impedance are significantly
influenced by the tissue condition (reactance naturally
influences impedance vector calculation), hence an
edematous limb with ahigh degree of fibrosismay result in
a high impedance, even in the presence of arelevant fluid
content. Thislimitation has been overcome by the use of the
raw data, as per the description above and below.

It is generally accepted that the higher tissue
resistance, the lower the fluid content, the higher the

tissue reactance and CMC, the "healthier" the tissue*®®,
Following to the validated protocols, resistance valueswere
usualy calculated at the theoretical O kHz frequency,
whereasreactance and CM C valueswere extrapol ated at the

frequency of 50.0078 KHZ%6814-17

Concerning the detection of edema variations,
BIS may ¢dlicit fluid changes more reliably than
classical volumetry methods (e.g. tape measurement, water
volumetry, opto-volumetric or laser-based methods), as
bioimpedance technology may potentially discriminate
fluids from tissue (e.g. fat/lean mass) variations. Similarly,
BIS may overcome some issues of the smpler tonometry
investigation.

Overdl, BIS proved an extremely useful
biotechnology, both for the clinical management of the
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patients affected by PLE and lymphedemaand for scientific
purposes. Further developments are expected to improve
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