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Abstract
Lymphedema is manifested as a chronic swelling arising due to stasis in the lymphatic flow. No
cure is currently available. A non-invasive treatment is a 3 week complete decongestive therapy
(CDT), including manual lymphatic drainage and compression bandaging to control swelling. As
CDT leads to mobilization of several liters of fluid, effects of CDTon hyaluronan clearance (maker
for lymphatic outflow), volume regulating hormones, total plasma protein as well as plasma den-
sity, osmolality and selected electrolytes were investigated. In this pilot study, we assessed hyalur-
onan and volume regulating hormone responses from plasma samples of nine patients (three
males, six females, aged 55 6 13 years) with lower limb lymphedema stage II-III, before - and after
- CDT. A paired non-parametric test (Wilcoxon) was used to assess hormonal and plasma volume
changes. Correlation was tested using Spearman’s correlation. The main findings of this novel
study are that lymphedema patients lost volume and weight after therapy. Hyaluronic acid did not
significantly change pre- compared to post-CDT. Aldosterone increased significantly after therapy,
while plasma renin activity increased, but not significantly. Plasma total protein, density, osmolality
and sodium and chloride did not show differences after CDT. To our knowledge, no study has
previously investigated the effects of CDT on volume regulating hormones or electrolytes. To
identify the time-course of volume regulating hormones and lymphatic flow changes induced by
CDT, future studies should assess these parameters serially over 3 weeks of therapy.
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Introduction

Distinct from the cardiovascular system, the adjunct lymphatic system consists of a
second network of vessels that play an important but not well-recognized and
poorly understood role in normal physiology. Principal functions of the lymphatic
vasculature include the regulation of tissue pressure, immune surveillance, absorp-
tion of dietry fat in the intestine, but also the maintainance of fluid and colloid
homeostasis through a network of open-ended vessels embedded in the tissue
throughout the whole body.1–3 These lymphatic capillaries start blind-ended and
are responsible for taking up the lymph, an exudate from the blood vessels.4 Blood
plasma is continuously filtered from blood capillaries into the interstitial space via
the dynamics of blood pressure and osmotic pressure, whereas colloid osmotic
pressure influences filtration across the endothelial glycocalyx of both, permeable
and continuous capillaries.4 During this process excess fluid and macromolecules
from the interstitial are taken up by the lymphatic vessels and returned into the
blood stream via an increasingly larger hierarchy of lymphatic vessels, reaching the
blood circulation ultimately via the thoracic duct.2,5

Dysfunctional lymphatic vessels can cause accumulation of fluid within the tis-
sues that can lead to a range of pathological conditions such as the appearance of
a regional swelling, especially in peripheral extremities. Lymphedema is a chronic,
progressive and disabling disease that affects the lymphatic system and is charac-
terized by accumulation of fluid in the tissue resulting from lymphatic system
insufficiency and deranged lymphatic transport.6 Lymphedema arises when filtra-
tion of plasma into the interstitium is higher than the drainage capacity of the lym-
phatic system.7 Lymphedema is manifested in a chronic severe swelling of various
body parts that arises due to stasis in lymphatic outflow and retention of fluid that
can reach up to 5–15 liters. Further, lymphedema is characterized by accumulation
of fat8,9 and/or transformation of lymphatic fluid toward an increased subcuta-
neous fat deposition, including fibrosis and inflammation.10–12 Patients suffering
from lymphedema have progressive swellings, recurrent infections, pain, and a sig-
nificantly decreased quality of life.13 Currently, there is no cure for lymphedema.
It, therefore, requires continuous therapy comprising of meticulous care on behalf
of the patient, non-invasive treatment, and occasionally, surgery.14 The non-
invasive treatment of this chronic disease is a physical treatment, complete decon-
gestive therapy (CDT), which lasts for 3weeks. CDT is a multicomponent therapy
program aimed at decreasing limb volume and reducing the progression of lymphe-
dema.15 CDT consists mainly of manual lymphatic drainage (MLD), bandaging
and compression of the affected body part to control the swelling together with
additional physical exercises. Although MLD alone does not have an effect on
fluid reduction,16 overall CDT has been shown to mobilize the accumulated fluid,
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and is believed to increase lymphatic flow17 as well as improve quality of life of
patients with lymphedema.14 This form of non-surgical conservative therapy is
rather preventive than curative.13 To what extent CDT effects the cardiovascular
system and volume regulating hormones in lymphedema patients, however, is cur-
rently unknown or understudied.

Hyaluronic acid

Hyaluronic acid (HA) is a component of the interstitial matrix in skin. Through its
contribution to osmotic pressure and resistance to flow, the macromolecule takes
part in the regulation of tissue hydration and the maintenance of water and protein
homeostasis. Indeed, HA has strong and important water-retaining properties and
appears to be partly responsible for the protein-excluding behavior of the intersti-
tium. Lymphatic HA concentration is several times higher than that in plasma,
suggesting that the lymphatic outflow back into the vasculature may account for
the majority of HA found in plasma. Therefore, hyaluronic acid can be used as a
marker of lymphatic outflow since interaction between lymphatic flow and vascu-
lar blood flow can change HA levels in response to different physiological stresses
and conditions.18–21 However, the studies just referenced included data collected in
healthy participants. The physiological fluid dynamics surrounding lymphedema,
as well as how complete decongestive therapy modulates these fluid shifts are cur-
rently not well understood. As 3weeks of complete decongestive therapy leads to
mobilization of several liters of fluid from the affected body part (Beix et al.)22, we
investigated what effect CDT has on lymphatic outflow (assessed using hyaluronic
acid levels), volume regulating hormones (plasma renin activity, aldosterone), and
total plasma protein as well as plasma density, osmolality and selected plasma elec-
trolytes (chloride and sodium). We hypothesized that lymphatic outflow, as quanti-
fied via plasma hyaluronic acid levels, will show increases following 3weeks of
CDT.

Methods

This prospective case-controlled pilot study was conducted at the center for physi-
cal therapy and rehabilitation, clinical center for lymphatic disorders, KABEG,
Wolfsberg, Austria from March 2017 to April 2017. This was a pilot study, which
was aimed at generating data to assess trends in the measured responses, which
would then serve as the basis for sample size calculations for future studies. Ethics
approval was granted by the Ethics Committee of Klagenfurt (EK: A 03/17) and
the Ethics Committee of the Medical University Graz, Austria (EK: 29-090 ex 16/
17). The procedures followed were in accordance with the Declaration of Helsinki
of 1964 and its most recent revision 2013. Each participant received detailed infor-
mation and gave written and informed consent prior to participation.
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Patients

Nine patients (three male, six female, 55 years6 13 years, 164.26 6.1 cm height)
were recruited prior to undergoing the 3week complete decongestive therapy at the
clinical center for lymphatic disorders, KABEG, Wolfsberg, Austria. Strict inclu-
sion and exclusion criteria were used to enroll patients in the study. Included were
patients with stage II or III lower limb lymphedema (defined as pitting edema, irre-
versible with limb elevation up to fibroadipose deposition and skin changes), in
accordance with the 2020 consensus document of the International Society of
Lymphology (ISL).23,24 All patients were diagnosed with lymphedema for at least
1 year. Excluded were patients with mental disorders, or those with histories of car-
diovascular diseases, syncope or alcoholism as well as those on specific medications
that could influence the measured parameters such as beta blockers or diuretics.
Pregnant women were also excluded.

CDT protocol

During a 3week period of complete decongestive therapy, patients received manual
lymph drainages every day (except on weekends) for 30min. Compression ban-
dages were applied by therapists every day and were worn the whole day and over-
night. Additionally, the patients took part in physical exercise therapy. Therapy
standards that were used in this study were based on the Döller recommenda-
tions.24 These are comprised of: (i) Manual lymphatic drainage (ML): Distinct
hand movements performed by lymph therapists during ML contained circulating,
rhythmic, pumping and sometimes scrubbing movements with relatively low pres-
sure (30–40mmHg) together with a slow movement which was adjusted to the
spontaneous frequency of the lymphangion (10/min). The skin and subcutaneous
tissue was stretched during this procedure. It started in the area of healthy, adjoin-
ing body areas. The lymphatic vessels located there react with an increased lympho-
angiomotor activity, with a consequent increase in the formation of lymph and lym-
phatic outflow. Subsequently, the treatment was extended to the blocked trunk
quadrants (ventral and dorsal) and further to the affected extremity (proximal
before distal); and (ii) application of the compression bandages. Compared to man-
ual lymphatic drainage, which does not add further volume reduction,16 compres-
sion bandaging is the only component for volume reduction in the affected limbs,
as well as for improving muscle and joint pump function.

Height, weight and abdominal girth of each patient was assessed at the start and
after completion of the 3weeks of therapy. Body mass index (BMI) was calculated
from the weight and height of the patient: (weight in kg)/(height in m)2. Abdominal
girth was measured at the thickest part of the abdomen (maximum 2 cm below the
navel, at the navel or up to 3cm above) using a standard measuring tape.

Perometer measurements for assessing volume changes in affected limb

For measuring leg volume, a perometer typ 550 T (Pero-System Messgeräte,
Germany) together with PeroPlus 2000 software was used.
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Blood sampling

Ten milliliter venous blood was collected from the ante-cubital vein, pre- and post-
therapy. EDTA blood samples were then immediately centrifuged at 1500G for
15min at 6�C. Plasma was collected and stored in aliquots at 270�C until used for
further measurements, carried out at the Medical University of Graz.

Plasma analyses

Hyaluronic acid levels were measured using a time-resolved fluorescence
immunoassay.

Aldosterone was measured using an aldosterone ELISA Kit (Hölzel
Disgnostika, Germany), and plasma renin activity (PRA) with an activity ELISA
Kit (Hölzel Diagnostika, Germany).

Plasma osmolality was measured with Fiske 2400 Multi-Sample Osmometer and
the plasma density was determined with a DMA58 density meter. Total plasma
protein was measured using Pierce 600nm Protein Assay Kit. Electrolytes were
measured in a routine laboratory using ionsensitive electrodes.

Statistics

Data are presented as median (interquartile range (IQR); min–max). A paired non-
parametric test (Wilcoxon sign rank test) was used to assess hormonal and plasma
volume changes. Correlation was tested using Spearman’s correlation. P values
\0.05 were considered as statistically significant. All statistics were performed
using GraphPad Prism 7.03 (GraphPad Software Inc, La Jolla, CA, USA).

Results

In this pilot study, nine patients (n=3 males, n=6 females, aged 556 13 years)
diagnosed with lymphedema stage II–III according to the ISL staging system24

using perometry were included (Table 1). Seven of the nine patients were diagnosed
with bilateral leg lymphedema.

Patients showed a reduction of fluid in the leg from 11.0 (8.4–12.7; min–max:
2.7–16.8) to 10.7 (8.–11.8; min–max: 2.7–13.8) liters (p\ 0.001) and a loss of body
weight from 70.4 (63.1–106.0; 58.6–140.4) to 69.4 (62.4–99.0; 60.2–132.0) kg after
3weeks of complete decongestive physical therapy (p=0.180). Volume loss and
weight loss showed a high correlation (rho=0.926, p\ 0.001).

The median basal level of plasma hyaluronic acid was 7.30 (4.85–39.38; 2.73–
240.68) ng/mL. Hyaluronic acid concentration did not change due to CDT, with a
median of 12.98 (5.60–26.85; 3.98–75.99) (Figure 1) due to high variances between
patients (p=0.333) (Table 2). Analyzing hyaluronic acid changes based on the
severity of lymphedema did not show any pattern that could explain the high var-
iances (Table 3).
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In comparison to baseline levels, aldosterone levels increased significantly from
66.88 (56.33–92.76; 48.57–98.99) pg/mL to 97.64 (84.55–101.71; 77.69–150.89) pg/mL
at the end of therapy (p=0.005) (Figure 2).

Figure 1. Inidvidual plasma hyaluronic acid levels for each patient (n = 9) before and after
3 weeks of therapy.

Table 2. Individual hyaluronic acid levels of all patients included in this pilot study (n = 9)
showing high inter-individual differences across the 3 weeks of therapy, even at baseline levels.

ID Diagnosis Stage Plasma hyaluronic acid levels (ng/mL)

Pre-CDT Post-CDT

1 Secondary benign leg lymphedema left II–III 5.19 14.22
2 Primary leg lymphedema both sides III 34.39 75.99
3 Primary leg lymphedema left II 3.83 4.66
4 Primary leg lymphedema both sides III 240.68 34.30
5 Primary leg lymphedema both sides II 2.73 3.98
6 Secondary benign leg lymphedema

both sides
II 54.37 24.36

7 Primary leg lymphedema both sides III 5.86 5.92
8 Chronic secondary leg lymphedema

both sides
II 5.28 11.75

9 Chronic leg lymphedema both sides II–III 14.51 20.88
Median 7.30 12.98
IQR 4.85–39.38 5.60–26.85
Min-max 2.73–240.68 3.98–75.99
p-value Pre-CDT vs post-CDT: 0.333
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Further, a non-significant increase from 0.58 (0.32–2.33; 0.04–5.44) to 0.70
(0.53–1.60; 0.19–19.03) ng/(mL3h) in plasma renin activity (PRA) levels was
detected post-CDT (p=0.721).

Plasma density showed a non-significant decrease from 1.021 (1.020–1.021;
1.018–1.023) g/cm3 to 1.019 (1.019–1.020; 1.018–1.022) g/cm3 after completing
CDT (p=0.093). Similarly, no significant change in plasma total protein
(p=0.646) was found pre- and post-therapy.

No changes were detectable in osmolality (from 313.5 (309.3–317.4; 299.0–324.0)
to 311.0 (304.6–318.8; 301.0–320.0) mOsm/k; p=0.235) as well as in the electro-
lytes chloride (from 96.45 (93.35–97.38; 93.20–99.40) to 95.65 (92.40–97.10;
91.90–100.00) mmol/l; p=0.508) and sodium (from 134.50 (129.50–135.50;
126.00–137.00) to 131.50 (131.50–136.50; 125.00–145.00) mmol/l; p=0.682)
levels compared pre- and post-therapy.

Discussion

In this pilot study, we investigated plasma hyaluronic acid levels and volume regu-
lating hormone responses in patients with lymphedema stage II to III before and
after 3weeks of complete decongestive therapy. The main findings, as expected,
were that lymphedema patients decrease leg fluid volume as well as body weight
due to the complete decongestive therapy. Volume regulating hormones reflected
partly the fluid shifts effects of CDT: aldosterone increased significantly after ther-
apy while plasma renin activity increased but not significantly. Hyaluronic acid,
used as surrogate marker for lymphatic outflow, increased pre- and post-therapy

Table 3. Individual hyaluronic acid levels divided according to the diagnosed stage of lower
limb lymphedema (n = 9) showing high inter-individual differences across the 3 weeks of
therapy.

Plasma hyaluronic acid levels (ng/mL)

Pre-CDT Post-CDT

Stage II 3.83 4.66
2.73 3.98
54.37 24.36
5.28 11.75

Stage II–III 5.19 14.22
14.51 20.88

Stage III 34.39 75.99
240.68 34.30
5.86 5.92

Median 7.30 12.98
IQR 4.85–39.38 5.60–26.85
Min–max 2.73–240.68 3.98–75.99
p-value Pre-CDT vs post-CDT: 0.333
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but again due to the high variance between patients no significance was seen.
Furthermore, plasma total protein, density, osmolality and sodium and chloride
levels did not show differences before and after complete decongestive therapy.

Fluid and weight reduction

Decongestive physical therapy is known to reduce the volume in lymphedema
affected body parts and increase lymphatic flow.25,26 We determined a fluid loss in
the affected legs after 3weeks of therapy (p\ 0.001). Additionally, patients lost
1kg of body weight (p=0.180). Volume loss and weight loss showed a high corre-
lation (rho=0.926), which suggests that the weight loss could have arisen due to
the fluid loss in the legs. An increased capacity for exercise as well as psychological
re-engagement with regular activities during therapy could also have positively
influenced the fluid and weight loss.27

Hyaluronic acid

Hyaluronic acid has been suggested to be a marker of lymphatic outflow in healthy
subjects.19,21,28 We have previously shown that plasma hyaluronic acid levels
increase during exercise18 or post-prandial in healthy subjects.20 Roh et al.29

showed increased level of hyaluronic acid within the lymphedema tissue in an
acquired lymphedema mouse model, similar to what was observed in human lym-
phedema tissue.30 Using hyaluronan as a surrogate for lymphatic outflow, in our
study we observed increases in plasma hyaluronan post-therapy but this was not
significant. It is possible that the lack of significance in our hyaluronan results
could be due to the high interquartile ranges seen in these values between patients
even pre-therapy.

Figure 2. Plasma aldosterone levels increased due to complete decongestive therapy
(p = 0.005). Data is presented as median and interquartile range.

Brix et al. 9



The high variances seen in the hyaluronan data can be seen even in baseline lev-
els, where values from 2.72 ng/mL up to 240.68 ng/mL were measured. As can be
seen in Figure 1 and Table 2, there are mainly two patients, ID #4 and #6, which
showed a massive reduction in hyaluronic acid levels pre- versus post-therapy. We
could not find a common denominator between these two patients. They differ in
their lymphedema diagnosis (primary vs secondary lymphedema), and stage (III vs
II) as well as sex. Separating the values according to the patients’ diagnosed stage
of lower limb lymphedema did not elucidate a pattern in hyaluronic acid plasma
level over 3weeks of therapy that could explain the high inter-individual variances
(Table 3). All other patients, however, showed an increase in HA plasma levels after
3weeks of therapy.

Our results are in contrast our postulated hypothesis that 3weeks compression
therapy along with excercises would increase the lymphatic outflow and be reflected
in increases in hyaluronic acid in plasma. Our results also raise the question
whether hyaluronan in plasma can act as a realistic indicator of lymphatic outflow
in patients, in whom the HA molecule might be retained within the tissue due to it’s
large molecular size. It is possible that the decongestive therapy mobilizes fluid
from the interstitial space but without accompanying hyaluronic acid molecules in
lymphedema patients. Hyaluronic acid is a very large molecule, which may be resis-
tant to breakdown and wash out by local physical pressure application such as dur-
ing CDT. Indeed, new therapies show that either recombinant hyaluronidase29 or
local heat therapy31 may be successful in breaking down high molecular weight
hyaluronic acid in mouse models.

Several previous studies have reported that exercise therapy enhances lymphatic
flow in patients with lymphedema.7,32,33 Our data using plasma hyaluronic acid as
a marker for lymphatic outflow, however, do not suggest an increase in lymphatic
outflow post-CDT. The discrepancy between our results, which show no changes
plasma hyaluronan levels post-therapy, and those of others7,32,33 could be due to
different populations of lymphedema patients that were included or different
assessment of lymphatic flow used in those studies.

Aldosterone and plasma renin activity

We observed an increase of aldosterone levels pre-and post-therapy (p=0.05).
There are several triggers for aldosterone release, including hypovolemia, changes
in plasma electrolytes including sodium and potassium as well as plasma renin
activity. As we did not see changes in plasma density and plasma total protein lev-
els post-CDT, hypovolemia following CDT as a trigger of increases in aldosterone
can be ruled out. Similarly, as the levels of sodium did not change significantly pre-
and post-therapy, hyponatremia could also not have contributed to the increases in
aldosterone. Plasma renin activity doubled post-therapy. However, this result was
not statistically significant. Again the lack of significance can be due to the higher
variance in PRA levels, especially post-CDT. Future studies should examine which
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physiological alterations during CDT could have led to the tendency of aldosterone
and PRA increases.

Limitations

In this pilot study we could only include nine patients. Therefore, the study popu-
lation in terms of number and homogeneity is limited. However, this study was pri-
marily carried out as a pilot study to (1) allow us to calculate the sample size; (2)
to assess whether it was possible to measure all these changes over 3weeks of treat-
ment; (3) to assess carefully the limitations that could arise from such clinical stud-
ies in very sick patients; and (4) to ensure that blood collection to assess plasma
hyaluronic acid should be done immediately following CDT, as it has a short
plasma half-life.23

Another limitation of this study is that the time points of blood collection was
prior and post 3weeks of therapy, so the time course of changes in the measured
parameters cannot be determined. The reason for the pre- and post- treatment mea-
surements was to, in the first instance, assess whether there are any changes during
this period. Now that we know that changes occur over 3weeks, we are now care-
fully planning blood collection at different time points during the therapy to assess
the time course of the responses.

Finally, as we did not measure plasma potassium levels, a role for electrolytes in
elevations of aldosterone levels seen at the end of CDT cannot be entirely ruled
out. However, in future studies, we are going to assess levels of different
electrolytes.

Conclusions and future directions

The results of this novel pilot study shows that lymphedema patients reduce leg
fluid volume as well as body weight due to the decongestive physical therapy.
Volume regulating hormones reflected partly the fluid shifts effects of CDT: aldos-
terone increased significantly after therapy while plasma renin activity increased
but not significantly. Hyaluronic acid, used as surrogate marker for lymphatic out-
flow, did not show significant changes pre- and post-therapy. As the low number
of patients analyzed in this pilot study and the inhomogeneity of the results could
have led to high variances in our data, it is important to further investigate the
effects of decongestive therapy and manual lymphatic drainage in a time course
over 3weeks of therapy. But this pilot study has now provided us with novel data
that will be used to plan for sample size calculations for future studies. Our pilot
data also suggest that there is a need to carefully study time course of responses
and to systematically assess the effect of 3week therapy on cardiovascular, electro-
lyte and hormonal responses.
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