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Between past and recent scientific data
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Abstract

Aim: To extrapolate and discuss the scientific data on compression in lymphedema treatment, so to review old and
innovative concepts about pressure, stiffness and other interplaying factors related to its efficacy and comfort.
Material and methods: Narrative review based on search in Medline/Google Scholar through key-words related to
compression in lymphedema.

Results: Currently available literature lacks relevant details about data on protocol, devices, techniques, interface
pressure, stiffness, as well as biases are represented by the different descriptions to present the outcomes.
More recent evidence from adjustable wrap devices and elastic garments question the need for high pressure (especially
for the upper limb) and stiffness in lymphedema treatment.

Conclusions: At present time a very strong compression pressure exerted by material with high stiffness seem to be
questionable in lymphedema treatment. A low pressure provides the best outcomes in arm lymphedema, while a
pressure in the range of 40-60 mm Hg seems to provide higher efficacy in lower limb lymphedema, provided it is
maintained overtime. A high stiffness seems to be unnecessary to treat chronic edema. Future clinical trials, including
proper description of treatment methodology and adequate investigating instrumental tools, are awaited to possibly
corroborate the conclusive outcomes of our review.
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Lymphedema

Lymphedema is one of the possible clinical manifesta-

According to the most recent International Society of
Lymphology (ISL) consensus document,' “lymphedema
is an external (and/or internal) manifestation of
lymphatic system insufficiency and deranged lymph
transport” or, more simply, “a symptom or sign result-
ing from underlying lymphatic disease”. It can be
“primary” when this derangement is due to a
congenital lymphatic dysplasia or “secondary” when
due to multiple causes such as a “radical operative dis-
section (e.g., axillary or retroperitoneal nodal sampling),
irradiation, or from repeated Iymphangitis with
lymphangiosclerosis”.! The central disturbance in
lymphedema is basically a low output failure of the lym-
phatic system, which is characterized by an overall lym-
phatic transport reduction. More generally chronic
edema is defined as an edema lasting more than three
months due to a derangement of lymphatic drainage,
which becomes unable to remove a chronic fluid extrav-
asation/stagnation depending on several causes.

tions of chronic edema, specifically related to a lymphat-
ic disease.

The common denominator of all kind of edema is
the organic and/or functional impairment of the lym-
phatic system fluid reabsorption and/or transport,
which has fallen below the capacity needed to handle
the presented load of microvascular filtrate including
plasma, proteins, cells and macromolecules which may
leak from the bloodstream into the interstitium.' In
fact the classical concept according to which the extrav-
asated fluid is reabsorbed in the general circulation by
venular capillaries has been convincingly contradicted
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by new research demonstrating that in the extremities
fluid reabsorption/drainage is almost entirely due to
lymphatic system.”> This new finding remarks the
importance of the lymphatic system in the pathophys-
iology of every kind of edema.

In lymphedema, the progressive accumulation of
fluid, together with the bulk of proteins and micro par-
ticles trapped in the interstitial spaces, give rise to
“proliferation of parenchymal and stromal elements
with excessive deposition of extracellular matrix sub-
stances and adipose tissue” in a chronic degenerating
inflammatory process which leads to fibrosis and a
series of possible tissue changes.'

Compression therapy

Compression therapy is an effective treatment in every
kind of edema and it is considered the cornerstone
treatment in venous edema and lymphedema.

In lymphedema, compression therapy is always
applied together with other therapeutic measures such
as exercise, manual lymphatic drainage and skin care,
in the so-called decongestive lymphatic therapy (DLT),
but it has been considered the most effective therapeut-
ical procedure in lymphedema treatment strategy.’

Compression therapy helps in symptoms relief, and
in the prevention of progression and risk of skin infec-
tion. It reduces edema by increasing the interstitial
pressure, hence reducing the capillary filtration,
increasing the lymphatic reabsorption of interstitial
fluid (macromolecules first), increasing the lymphatic
flow, shifting fluid to non-compressed areas, increasing
the lympho-venous-muscular pump function, protect-
ing the skin and breaking down the fibroscler-
otic tissue.*>

Although compression therapy can be considered
the most important treatment modality in chronic
edema treatment, specific evidences regarding materi-
als, compression pressure and regime are lacking or
sparsely provided.

This narrative provides an overview on the data we
have on compression therapy in lymphedema.

A literature search was performed in PubMed and
Google Scholar, focusing on articles of the last 40 years
and using the following headings and keywords: “chronic
edema”, “edema management”, “lymphedema”,
“lymphedema management”, “lymphedema treatment”,
“compression therapy”, “complex decongestive therapy”.
Intentionally no search was performed on intermittent
pneumatic compression, which does not apply to
this review.

Our aim is to report the literature data and innova-
tive scientific proposals which could lead to a revision
of the classical approach to compression therapy
in lymphedema.

What we know

Although compression therapy is always included in
the DLT or complex decongestive therapy (CDT),
our search highlighted only a few papers specifically
dedicated to compression therapy in lymphedema.
Moreover, many studies on compression therapy are
burdened with several methodological flaws and con-
founding factors®’ making hard to accept even the
little data we have. The lack of consistent data is the
main reason why we do not have solid recommenda-
tions in compression therapy of lymphedema, especial-
ly regarding the compression pressure to apply and
stiffness of materials.'* %

Many papers and consensus documents “suggest”
to apply multilayer multicomponent short stretch
bandages in the initial treatment phase'>>*1® and
conversely to apply elastic, custom-made, garment in
maintenance phase to maintain the achieved results and
prevent recurrences as formerly shown by one observa-
tional'” and one randomized study.'® More specifically
Yasuhara et al.'® achieved good results in primary and
secondary lymphedema treatment by elastic stockings.
No control group submitted to a different compression
device was included in this study. In the randomized
controlled trial, Badger et al.'® randomized two groups
of patients with leg lymphedema to two kinds of treat-
ment. One group was treated by multilayer bandage
(MLB) followed by elastic stockings, and the second
group was treated just by elastic stockings throughout
the protocol duration. The reduction in limb volume by
means of MLB followed by hosiery was about double
the edema decrease achieved with hosiery alone and the
outcome was sustained over the 24-week period.

This widely accepted clinical practice for limb
Ilymphedema has been practiced in different studies,
but mostly as part of a multi-modality treatment and
without any specific reference to the exerted pressure
and the material stiffness. Up to a decade ago, best
practice was still based on a compression where “the
optimal sub-bandage pressures for the multi-layered
lymphatic bandage systems (MLLB) used in lymphede-
ma have yet to be determined”.’

Literature reports that almost all authors used in
their studies an intensive decongestive treatment
based on bandages with inelastic material commonly
applied to exert the maximal pressure that can be tol-
erated by patients. Basically, little if no reference to the
technique and especially to the compression pressure is
reported in the vast majority of the studies. Usually the
application of a strong (that was defined from 40 to 60
mm Hg)? or a very strong pressure (that was defined as
more than 60 mm Hg),?* with high stiffness, is reported
in the pertinent articles, but the compression pressure
was almost never measured and the really exerted
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compression range was never assessed. As a matter of
fact, inelastic bandages are difficult to apply and the
target pressure is rarely achieved even by the expert
healthcare personnel.”!

Of great importance, bandage pressure loss has been
repeatedly demonstrated in different studies (Figures 1
and 2(a)), which may require a frequent re-adjustment
of the bands after a short time,>* which is not the case
with ACW (Figures 3 and 2(b)) and elastic stockings
(Figure 4 and 2(c)). In venous diseases, scientific data
on the pressure that is necessary to occlude the veins
and exert a hemodynamic effect have been published
and debated in the scientific community in the past
20 years.?>*® Conversely, the search for an optimal
compression pressure to treat chronic edema and
lymphedema led to some scientific studies only more
recently; subsequently, a review publication®’
highlighted that venous edema and lymphedema can
be treated by a low-moderate compression pressure
and do not require a very strong compression.

In addition to compression pressure, a basic feature
of any compression tool is represented by stiffness of
the used material; stiffness is defined as the pressure

increase, produced by a compression device, per 1 cm
of increase in leg circumference. Such circumference
increase is determined by the calf expansion due to
the muscle contraction. More recently, a much simpler
method to calculate stiffness, disregarding the circum-
ference increase, was proposed>>° and widely accepted
by the scientific community. The static stiffness index
(SSI) is calculated by subtracting the supine interface
pressure from the standing pressure in the medial gaiter
area where the tendinous part of the gastrocnemius
muscle turns into its muscular part (named point B1).
It was proven that the SSI is able to discriminate
between the elastic (SSI < 10) and inelastic (SS > 10)
compression devices.?**

Stiffness characterizes the elastic property of a com-
pression device applied on the limb. Inelastic, stiff
material opposes to limb volume increase (the limb
gives way) and this will cause a much higher pressure
increase than the elastic material.

High stiffness resulted in an increased improvement
of venous hemodynamics and in maximal comfort of
compression device.’** Compression with high stiff-
ness is suggested in lymphedema treatment® >*° mainly

supine

standing exercise

Iinelastic bandage after 4 hours

exercise recovery

Figure |. Pressure curves recorded after inelastic bandage showing the significant pressure drop after a few hours.
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Figure 2. Median pressure values continuously recorded in 3 groups of 20 patients for 2 days. In the first group, inelastic bandage
pressure (4A) drops down significantly. In the second group (4B), pressure is well maintained and even slightly increased by applying
adjustable compression wraps. In the third group, compression pressure slightly decreases overtime by applying an elastic garment.

for the ‘massaging effect’ during muscle contractions,
which is aimed at improving venous hemodynamics
and the rhythmic pulsations of lymph collectors.

New evidence

It became clear that the compression pressure to treat
edema may be different when targeting the upper or
lower extremity. In contrast to the common belief, it
is now well known that a low pressure is more effective
and better tolerated than a strong pressure to treat arm
lymphedema and this is true both after 2 and after
24h.** This is likely due to the different filtration pres-
sure that is much higher in the leg than in the arm in
the standing and sitting position. The possible impaired
lymph drainage caused by higher pressures is another
proposed explanation.>> In fact lymphoscintigraphy
has shown that in case of arm lymphedema, lymph

flow decreases when cuff pressure is reduced to
10 mmHg.*

Similar  outcomes concerning the efficacy/
compliance issue of compression in breast-cancer relat-
ed lymphedema were highlighted in a recent study,'’
where elastic garments with presumably lower pressure
compared to bandages achieved about the same out-
comes, but elastic garments were much better tolerated
both at 10 days and 3 months (p=0.065 at
three months).

As for lower limb compression, when treating
venous edema and dependency syndrome (soft, pitting
edema that disappear or reduces in supine position), we
were able to show that a stocking exerting around
20mm Hg pressure at the ankle is almost as effective
as an inelastic bandage exerting a pressure higher than
60 mm Hg.*° In our experience, an optimal compres-
sion pressure in leg venous edema was around
40mm Hg at the ankle, especially when maintained
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elastic stocking at application

supine standing exercise recovery

elastic stocking 1 day later

supine standing exercise recovery

Figure 3. Pressure curves recorded after adjustable compression wraps application showing that the initial pressure is well main-
tained overtime and even slightly increased after 24 h.
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Figure 4. Pressure curves recorded after elastic stocking wearing showing that the initial pressure at application is well main-
tained overtime.

overtime by means of an adjustable compression even when applied with the same pressure of about 50 mm
device.’”*® Also in lymphedema, similar outcomes com- Hg as inelastic bandages, are more effective in leg volume
paring adjustable compression wraps (ACW) and inelastic  reduction due to the device self-readjustment by patients
bandages were shown.” It was demonstrated that ACW, leading to a better pressure maintenance overtime.
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In leg Iymphedema experimental studies
(performed through intra-lymphatic pressure and flow
measurement), the gradual increase of foot-applied
compression up to 40 mmHg, showed an increasing
intra-lymphatic pressure while evoking spontaneous
lymph vessel contractions. Higher pressures did not
result in any additional beneficial effect.*

In agreement with literature data, a pressure of
about 40-50 mm Hg has been established as a standard
value in increasing the lymph drainage in the lower
limb: higher pressure is not necessary and potentially
counterproductive.®®

Despite of suggestions regarding compression with
high stiffness to treat lymphedema, our group showed
that elastic stockings exerting 23-32 mm Hg, as well as
elastic kits exerting about 40 mm Hg, were almost as
effective as inelastic bandages in reducing the lower
limb edema.’®*” The average SSI value of these com-
pression devices was 3 both for elastic stockings and
elastic kits. Similarly, ACW static stiffness index value
was 7 in our study®® on venous edema and 2 in the
lower limb lymphedema study,®® both indicating a
low stiffness of the material. In contrast, inelastic mate-
rial had always an SSI value higher than 10*° and also
above 20,% 3% but this high stiffness did not result in a
more effective edema treatment. It is necessary to
underline that both elastic stockings and ACW main-
tained their pressure range overtime very effectively in
all these studies, whereas inelastic bandages showed a
significant pressure loss already after 24 h. Regarding
the comfort of compression devices, inelastic bandages
are always reported as comfortable in the examined
studies. Both elastic stockings and elastic kits were
well tolerated during the day and not well tolerated
only overnight. ACWs applied in lymphedema treat-
ment were reported to have a good comfort without
any complaint from the patients and without signifi-
cant differences compared to inelastic bandages.

Lastly other factors, such as patient’s mobility,
abnormally shaped limbs, coexisting arterial diseases,
may play an adjunctive role in the decisional process on
the choice of compression material to treat lymphede-
ma. In particular in patients with arterial disease, the
compression pressure must be reduced and it should
not exceed 40 mm Hg.*' Elastic material should be
avoided as it can be painful in supine position.

Conclusion

Innovative data are being highlighted in the most
recent studies applying stockings and ACWs in lymph-
edema treatment. Analyzing literature data, a revision
of the high compression regime is proposed by many
experts, as a pressure in the range of 20-30 mg Hg and
40-50 mm Hg seems to be effective in arm lymphedema

and lower limb lymphedema, respectively. Similarly, a
high stiffness does not seem a basic pre-requisite in lymph-
edema compression, in view of the interesting outcomes
achieved by garments or ACWs both in venous edema
and lymphedema. All these data could raise the conclu-
sion that maintenance overtime of a moderate/strong
pressure is the main characteristic we need to pursue treat-
ing extremity lymphedema; conversely high pressure and
stiffness compression devices seem to play a minor role.
The issue of a lower patient’s tolerance towards low-
stiffness elastic garments is possibly overcome by the use
of ACWs which have been nowadays reported as effective
for intensive as well as maintenance treatment of lymph-
edema. They allow self-management, with significant
costs savings and proved to be well accepted by the
patients in terms of wearing and tolerance. The renovated
interest of the scientific and industrial community towards
compression treatment, specifically in edematous limbs,
has led to a series of possible innovative proposals
which are currently under scrutiny.*

In order to get a higher degree of evidence, more
randomized controlled trials on lymphedema treatment
by means of different compression medical devices are
to be performed.

These new randomized clinical trials should be per-
formed incorporating already well-defined characteris-
tics* regarding sample size, inclusion and exclusion
criteria, wash-out period, proper duration, details on
compression devices properties, compression pressure
and compression stiffness that should be measured
both at application and before removal of every com-
pression device. Volume measurement is the basic find-
ing and it should be assessed by validated systems. Water
displacement, which is considered the gold standard in
volume measurement, is easier to use in arm lymphede-
ma then in patients with abnormally shaped lower limb
Ilymphedema. Optoelectronic methods showed to be
comparable with water displacement and easy to use in
lymphedema patients.** Tissue changes assessment
should be assessed through. A few instrumental meth-
ods, such as bioimpedance spectroscopy and duplex
ultrasound/elastography, may complement the tradition-
al volumetry methods,**® so to assess both fluid and
tissue changes. Finally, a quality of life questionnaire
should be part of a global evaluation of compression
effectiveness in patients with chronic edema and the
International Compression Club questionnaire,*’ which
has been already validated in a few countries, could be a
valid tool in these clinical conditions.
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