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ABSTRACT

Lymphedema arises due to a malfimction of
the Ilymphatic system and can lead to
massive tissue swelling. Complete decongestive
therapy (CDT), consisting of manual lymphatic
drainage (MLD) and compression bandaging, is
aimed at mobilizing fluid and reducing volume
in affected extremities. Lymphatic dysfunction
has previously been associated with chronic
inflammation processes. We investigated
plasma ADMA as an indicator of endothelial
function/inflammation before-, during- and
after-CDT. Also assessed were vascular func-
tion parameters such as carotid-femoral pulse
wave velocity (PWVcf), flow-mediated dilatation
(FMD) and retinal microvasculature
analysis. 13 patients (3 males and 10 females, 57
=+ & years old (mean + SD), 167.2 + 8.3 cm
height, 91.0 + 23.5 kg weight), with lower limb
Iymphedema were included. Vascular function
parameters were assessed on day 1, 2, 7, 14 and
21 of CDT, pre- and post-MLD. ADMA was
significantly lower post-MLD (p=0.0064) and
tended to reduce over three weeks of therapy
(p=0.0506). PWVcf weakly correlated with
FMD (r=0.361, p=0.010). PWVcf, FMD and
retinal microvasculature analysis did not show
changes due to physical therapy. The novel
results from this study indicate that [ymphe -
dema does not affect endothelial function and
Ilymphedema patients may therefore not have a
higher risk of cardiovascular diseases. Our
results further suggest that manual lymphatic
drainage with or without full CDT could have
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potentially beneficial effects on endothelial
function in lymphedema patients (by reducing
ADMA levels), which has not been reported
previously.

Keywords: lymphedema, lymphedema
therapy, vascular function, complex
decongestive therapy, manual lymphatic
drainage, ADMA (asymmetric dimethylar-
ginine)

Lymphedema is a progressive disease
with an underlying dysfunctional lymphatic
vasculature. It is associated with an accumu-
lation of excessive fluid, which can arise due to
an imbalance between plasma filtration and
the lymphatic outflow/transport capacity (1).
No definite cure is currently available for
lymphedema. Therefore, it requires continu-
ous therapy including meticulous care on
behalf of the patient, non-invasive treatment
approaches and occasional surgery (1).
Complete decongestive therapy (CDT) is
performed to reduce volume of lymphede-
matous tissue/body parts, to retain the disease
in a low stage and to prevent the progression
of lymphedema (2). CDT is a multicomponent
form of physical therapy and consists of
manual lymphatic drainage (MLD), banda-
ging and compression of the affected body part
to get control over the swelling. It also incor-
porates additional physical exercises such as
walking, ergometry or gymnastics. CDT is
known to mobilize fluid and is further believed
to enhance lymphatic outflow (3).
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Deranged lymphatic flow, as seen in
lymphedema patients, can result in chronic
inflammatory processes (4). Recent research
has linked the lymphatic system and lymphe-
dema to inflammation, dyslipidemia, obesity,
hypertension, metabolic syndrome or athero-
sclerosis (5-7). All these factors have been
implicated in the development of cardiovas-
cular diseases (4).

The endothelial cells lining blood vessels,
by releasing vasodilators such as nitric oxide
(NO) and prostacyclin (PGI2) as well as
vasoconstrictors such as endothelin (ET) and
platelet-activating factor (PAF), are involved
in the regulation of blood flow and thus blood
pressure regulation. In addition, shear stress
on the inner layer of the vessel is one of the
key stimulants activating endothelial nitric
oxide synthase (eNOS). Activated eNOS
initiates the release of NO. Due to the increase
in NO, dilatation occurs in large arteries.
Endothelial dysfunction, meaning the inability
of vascular dilatation, is characterized by
reduced levels of NO. Consequences of
endothelial dysfunction can be the develop-
ment of atherosclerosis, hypertension, and
other cardiovascular diseases (8). As endothe-
lial dysfunction can only be reversed in early
stages, early detection is recommended.
Routinely, asymmetric dimethylarginine
(ADMA), an inhibitor of eNOS, is used as a
marker in the plasma for the assessment of
endothelial (dys-)function. Increased levels of
ADMA indicate an impaired endothelial
function and are used as a factor to predict
cardiovascular risk (9).

As outlined above, lymphatic dysfunc-
tion is associated with chronic inflammatory
processes (1,10-12), and as ADMA is an
indicator of endothelial function (13,14), we
investigated ADMA before-, during-, and
after- CDT. We hypothesized that i) endothe-
lial dysfunction would be present at baseline in
lymphedema patients, and ii) endothelial
function would be improved due to the
manual lymphatic drainage and/or over three
weeks of decongestive therapy. To our
knowledge, no previous study has investigated
endothelial function changes in lymphedema
patients and how it is altered during physical
therapy (that is, following three weeks of
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CDT). Furthermore, as ADMA is a gold
standard for endothelial function assessment,
its relationship with other markers of
endothelial- and vascular- (dys-)function
assessments such as carotid-femoral pulse
wave velocity (PWVcf) and brachial flow
mediated dilatation (FMD) (15,16) were also
investigated. We hypothesized that these
markers of endothelial and vascular function
will be correlated with ADMA levels. Finally,
as changes in brachial and femoral arteries are
expected to occur much later in disease states
than in smaller arteries, retinal microvascu-
lature changes were also assessed (16-18). We
hypothesized that retinal microvascular
changes would precede brachial and femoral
artery changes in lymphedema patients.

MATERIALS AND METHODS

This study was performed at the
Wolfsberg Clinical Center for Lymphatic
Disorders, Wolfsberg State Hospital, Austria.
The collected data was then analyzed at the
Medical University of Graz, Austria. The
study was submitted to and approved by the
Ethics Committee of Carinthia (EK: A 03/17)
as well as the Ethics Committee of the Medical
University Graz, Austria (EK: 29-090 ex
16/17). Data collection was performed in
accordance with good clinical practices and
following the WMA Declaration of Helsinki
(2013). Every patient received detailed
information about the study protocol and
provided written consent.

Patients

13 patients (3 males and 10 females, 57 +
8 years of age, 167.2 + 8.3 cm height, 91.0 +
23.5 kg weight, BMI: 32.6 = 6.8, resting
systolic blood pressure: 130 + 20 mmHg,
resting diastolic blood pressure: 90 + 14
mmHg) with primary or secondary lymphe-
dema took part in this study. All patients were
diagnosed with stage II lower limb lymphe-
dema [defined as pitting edema and not
reversible upon elevation of the limb (19)].
Excluded were patients with any signs of
mental disorders, history of cardiovascular
diseases, syncope, or alcoholism. Pregnant
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Data Collection during Complete Decongestive Therapy

Day 1 Day 2 Day 14 Day 21
A | By | Az | By As| Bs| A7 | By Ay | By|
| Manual Lymphatic Drainage
Ay | By| G| Dy Ay By Gy Ag|Bs| C31Ds Ag|Bg| C4| Dy Agq | Byo| G5

| Overnight Compression Bandaging

7, day 14 and day 21 of complete decongestive therapy (CDT), before — and after — manual lymphatic drainage

(MLD,).

women were also excluded from participation.
Therapy Protocol

The physical therapy standards used at
the Clinical Center for Lymphatic Disorders
in Wolfsberg are following the recommen-
dations by Déller (2). The same procedures
were used in this study. Complete Deconges-
tive Therapy lasted for three weeks. This
physical therapy comprised of different
phases, which were a) manual lymphatic
drainage and b) the application of compres-
sion garments. During these three weeks,
every weekday patients received MLD for 30
minutes. This included distinct motions
conducted by specialized lymph therapists,
such as flowing, rhythmic, stirring as well as
scrubbing gestures at low pressure (approxi-
mately 30-40 mmHg). These slow movements
were adjusted to the lymphangion's sponta-
neous frequency of around 10 contractions
per minute. Additionally, skin and subcutis
were stretched during this procedure. MLD
intervention was commenced in the area of
healthy tissue and then expanded towards the
lymphedematous tissue. Following MLD,
multilayered compression bandages were
applied to the affected limbs (20). Patients
wore these bandages throughout the whole
day and overnight. While wearing the
compression bandages, physical exercises such
as ergometry, gymnastics and/or walking
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were performed. These were aimed at
improving muscle pump - as well as joint —
function. Finally, psychological support as
well as educational seminars on skin care,
nutrition and self-care were also provided as
part of CDT.

Study Protocol

In order to determine the effects of our
regimen of physical therapy on endothelial
and vascular function parameters, measure-
ments were performed on day 1, 2, 7, 14, and
21 of CDT (Fig. I). On each of these sampling
days blood collection, PWVcf, and retinal
microvasculature images were performed
before and after 30 minutes of MLD. FMD
was assessed post-MLD on the indicated
measurement days.

Blood Sample Collection

Blood was collected from patients in
seated positions. EDTA blood samples were
immediately stored on ice and centrifuged at
1,500G for 15 minutes at 4°C. Plasma
aliquots were stored at -80°C until further
measurements. Plasma ADMA was measured
using a commercially available ELISA Kits.
Due to the fact that plasma volume increases
occurred as a result of the therapy, ADMA
values were corrected according to the Van
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Beaumont equation (21).
Vascular Function Assessments

Carotid-femoral pulse wave velocity
(PWVcf), an index for arterial stiffness, was
determined using the Vicorder® device (SMT
medical GmbH & Co. KG, Germany). To
assess PWVcf, one blood pressure cuff was
fixed at the level of the carotid artery, whereas
the second cuff was positioned as high as
possible around the right thigh in supine
position. In order to assess PWVcf in meters
per second, the distance between the supra-
sternal notch and the center of the femoral
cuff was also measured (22).

Flow-mediated dilatation (FMD) was
performed strictly according to the guidelines
described by Thijssen and colleagues (23).
Patients were asked to remain supine and
keep the right arm at 80° in a comfortable and
relaxed forearm position. Assessed were
percentage changes in brachial artery
diameter between baseline and maximum
vessel diameter during hyperemia. This was
induced by inflation and deflation of
asphygmomanometer cuff to suprasystolic
levels for 5 minutes.

To assess retinal microvascular changes,
images of both eyes were obtained using a
hand-held smartscope Pro Fundus camera
(Optomed, Finland). Optic disc-centered
images were analyzed via the iFlexis software
(VITO, Belgium). Diameter averages of the six
largest arterioles and venules between 0.5- and
1-disc diameters from the optic disc margin
were analyzed (17). Data are presented as
central retinal arteriolar equivalent (CRAE)
and central retinal venular equivalent
(CRVE). Finally, arteriolar-to-venous ratio
(A-to-V ratio) was calculated (for details see
(16-18,24).

Statistics

Data are presented as mean + standard
deviation (SD). Analyses of variances (two-
way-ANOVA) were performed to determine
effects over three weeks of therapy and due to
lymphatic drainage (MLD). Correlations were
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explored by Pearson's correlation. P-values
<0.05 were considered as statistically signifi-
cant. All data were analyzed using SPSS
(Vers. 26.0, SPSS Inc., USA). GraphPad Prism
(Vers. 8, GraphPad Software, Inc., USA) was
used to generate the figures.

RESULTS

13 patients (3 males and 10 females, 57 + 8
years of age, 167.2 + 8.3 cm height, 91.0 + 23.5
kg weight) with primary or secondary lymphe-
dema were included in the study.

Plasma ADMA decreased significantly
due to MLD from 0.54 + 0.02 pmol/l pre-MLD
to 0.49 = 0.02 pmol/l post-MLD(F(1,6=16.75,
p=0.0064). Plasma ADMA levels tended to
reduce over three weeks of CDT (F4,4=2.76,
p=0.0506) from 0.54 + 0.02 pmol/l to 0.49 +
0.02 pmol/l (Table 1; Fig. 2).

Pearson's correlation showed a signifi-
cant but weak correlation between PWVcf and
FMD (r=0.361, p=0.01). However, no changes
were seen in PWVcf (F(1;7=0.05; p=0.8302)
and retinal image analysis due to MLD
(CRAE: F(;;5=2.20; p=0.1981; CRVE:
F(1;5=0.25; p=0.6401 and A-to-V: F(;;5=1.15;
p=0.3318) (Table 1). In addition, PWVcf
(F(4;28)=0.34; p=08478), FMD (F(4;32)=1.41;
p=0.252) as well as retinal microvasculature
analysis (CRAE: F4,0=1.47; p=0.2488;
CRVE: F4;0)=2.55; p=0.0708 and A-to-V:
F4,20)=2.16; p=0.1104) did not show any
changes over three weeks of therapy (Table 1).

DISCUSSION

We observed that the gold standard of
endothelial function assessment (ADMA) was
not elevated in lymphedema patients. Further,
manual lymphatic drainage led to significant-
ly reduced plasma ADMA levels (p=0.0064). A
significant correlation (p=0.01) was found
between pulse wave velocity and flow-media-
ted dilatation measurements. However, no
changes in pulse wave velocity, flow mediated
dilatation, and retinal microvasculature (as
indicator of microvascular health) were
observed due to physical therapy in lymph-
edema patients. Plasma ADMA may be a
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TABLE 1

An Overview of Endothelial and Vascular Function Parameters (mean = SD) before — and
after - Manual Lymphatic Drainage, Over Three Weeks of Physical Therapy.

Blood samples for ADMA analysis were obtained from 7 patients, PWVcf was determined in 8
patients, FMD in 9 patients and retinal microvasculature analysis was performed in 6 patients

ADMA PWVcf FMD CRAE CVRE A-to-V
(pmol/l) (m/s) (%) M) M) Ratio
n=7 n=8 n=9 n=6 n=6 n=6
Mean | SD Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD
1 | Pre-MLD 0.56 0.04 | 9.8 34 130 23 | 210 25 | 0.63 0.08
Post-MLD | 0.52 0.08 | 9.0 14 |73 2.8 | 143 12 | 206 27 | 071 0.11
2 | Pre-MLD 0.55 0.04 | 9.0 1.2 129 21 | 234 44 | 0.58 0.14
§ Post-MLD | 0.51 0.07 | 9.4 29 | 82 44 | 131 11 | 230 25 | 0.59 0.08
E 7 | Pre-MLD 0.55 0.05 | 9.0 1.1 135 12 | 215 26 | 0.64 0.04
3‘6 Post-MLD | (.51 0.05 | 9.4 19 | 9.1 2.8 | 130 17 | 222 15 | 0.59 0.09
2 | 14 | Pre-MLD 0.52 0.04 |93 3.2 138 16 | 241 21 | 0.57 0.01
A Post-MLD | 0.48 0.04 | 9.3 24 |99 29 | 145 20 | 216 18 | 0.68 0.06
21 | Pre-MLD 0.51 0.02 | 8.9 2.1 125 11 | 219 16 | 0.58 0.10
Post-MLD | 0.46 0.06 | 9.1 23 | 10 3 134 16 | 221 31 | 0.62 0.10
ADMA, asymmetric dimethylarginine; A-to-V, arteriolar-to-venous ratio; CDT, complete decongestive therapy;

CRAE, central arteriolar equivalent; CRVE, central retinal venular equivalent; MLD, manual lymphatic drainage;

PWVcf, carotid-femoral pulse wave velocity.

0.60—
-o- pre-MLD

-# post-MLD
0.55+

0.50- :|

0.45 T T T T T
1 2 7 14 21

day of CDT

ADMA (pmol/l)

Fig. 2. Time-course of plasma asymmetric
dimethylarginine (ADMA ) levels (umol/l) due to
manual lymphatic drainage (MLD) and over three
weeks of complete decongestive therapy (CDT). The
blue circles represent ADMA levels pre-MLD,
whereas the red boxes show ADMA levels post-
MLD, over three weeks of physical therapy. The
asterisk (*) represents significant difference between
pre-MLD and post-MLD ADMA measurements
(p=0.0064). Legend: ADMA, asymmetric
dimethylarginine; CDT, complete decongestive
therapy, MLD, manual lymphatic drainage.
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sensitive indicator for minor changes in
endothelial health in lymphedema patients.
This is not surprising as ADMA is the gold
standard for endothelial function (13,25,26).
We hypothesized that lymphedema
patients already show signs of endothelial
dysfunction at baseline. However, we found
that plasma ADMA levels were within the
normal range at baseline. Baseline ADMA in

our study was 0.56 = 0.04 pmol/l, which is
within the range of plasma ADMA seen in
healthy persons (0.25 - 0.92 pmol/l) (9). Thus, it
appears that patients with lymphedema do not
have endothelial dysfunction. To our
knowledge, these are novel results, as we could
not find any study that documented specifi-
cally endothelial function in lymphedema
patients. As endothelial dysfunction is associ-
ated with higher risk of cardiovascular diseases
(14), our results suggest that lymphedema
patients generally may not have a higher
cardiovascular risk.
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Another finding was related to the effects
of this form of physical therapy. We observed
that 30 minutes of manual lymphatic drainage
leads to a significant decrease in ADMA from
0.54 £ 0.02 pmol/l to 0.49 =+ 0.02 pmol/l
(p=0.0064). There are limited studies exami-
ning the short-term effects of different inter-
ventions/ perturbations on plasma ADMA.
Zinellu et al. (2017), for example, investigated
plasma ADMA after a single session of exercise
and found that ADMA significantly decreased
post-exercise by 8% (27). Although Zinellu and
colleagues used a much more strenuous
intervention, we found similar effects (8% vs
9% decrease) in our study, in which lymphatic
drainage was performed. This indicates that
manual lymphatic drainage has a beneficial
effect on endothelial function in lymphedema
patients. To our knowledge we are not aware
of any study that has specifically investigated
how manual lymphatic drainage effects
endothelial health. Although the baseline
values were not elevated, our results indicate
that manual lymphatic drainage could have
potentially beneficial affects on endothelial
function in lymphedema patients. To our
knowledge, we are not aware of any study that
has specifically investigated how manual
lymphatic drainage effects markers of
endothelial (dys)function. However, this issue
needs to be further evaluated in future studies
including more lymphedema patients with
different stages of lymphedema as well as
different duration of lymphedema, as this
could also affect endothelial (dys-)function
and predispose these patients to higher risk of
cardiovascular diseases.

Additionally, we also assessed whether
decongestive therapy over three weeks affects
endothelial health. Our results show that
ADMA tended to reduce over three weeks of
physical therapy (p=0.0506). Since we are not
aware of any study that has specifically inves-
tigated ADMA over three weeks of deconges-
tive complete therapy, we examined other
studies in which ADMA was measured over
varying interventions. For example, Rudofsky
et al observed a reduction of ADMA levels
during a weight loss therapy program of 12
weeks from 0.47 + 0.07 to 0.42 + 0.08 mmol/l
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(28). Another study reported reductions in
ADMA concentrations (from 0.54 = 0.02 to
0.44 + 0.03 pmol/l) after two months of
physical exercise training in type 1 diabetes
patients (29).

Pulse wave velocity and flow mediated
dilatation did not change due to manual
lymphatic drainage nor over three weeks of
physical therapy (Zable 1). As these methods
assess vascular changes in rather large arteries
(carotid artery, femoral artery, and brachial
artery) (16), it is possible that assessment of
these arteries is not sensitive enough to detect
endothelial function changes in lymphedema
patients. Or, it could be that such changes in
endothelial/vascular function might only
appear in later stages of the disease.

We observed that ADMA did not have
any relationship with pulse wave velocity (r=
-0.044, p=0.739) and flow-mediated dilatation
(r=-0.112, p=0.550). This is surprising, as
previous reports have shown an association
between these measurements of endothelial
health and vascular function assessment
(26,30,31). Protopsaltis and colleagues
observed a correlation between ADMA and
pulse wave velocity in prediabetic patients
(31). An inverse correlation between ADMA
and flow-mediated dilatation was previously
reported in healthy individuals (32), prediabe-
tic women (33) and patients with rheumatoid
arthritis (30). While we could not confirm such
associations in these measurements in our
study, our results show that there is a
correlation between pulse wave velocity and
flow-mediated dilatation (p=0.010). This is in
agreement with previous reports that have
shown such correlations (16,34,35).

Despite retinal measurement being
suggested as indicator of microvascular health
(16-18), we could not find any changes in the
ophthalmic vessels in lymphedema patients nor
following lymphatic drainage nor as a result of
three weeks of physical therapy. In addition,
retinal microvascular parameters did not show
any correlation to ADMA. Although a previous
study reported spastic and stagnant
microcirculation in lymphedema patients
(measured by laser Doppler flowmetry in the
legs), as well as improvement of such follow-
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ing physical therapy (36), we could not
observe such microvascular changes in the
retina in our study. It is possible that the
microvascular changes in the retina occur
much later (or are absent) in our patients, as
most of them had localized lymphedema in the
legs. Future research should investigate
whether vascular function changes occur in
different vascular beds or differ depending on
the involved regions in lymphedema patients.

A possible limitation of this study is the
small number of patients that were included
(n=13). However, even with the low number of
patients participating in this study, we could
show significant changes in endothelial
function by assessing plasma ADMA. In
addition, we believe that the strength of our
study is that each person was his/her own
control and the same measurements were
carried out over time in the same persons. As
this was an exploratory study, we will now use
the data obtained here to carry out sample size
calcula-tions for larger epidemiological studies
that will investigate how endothelial function
is affected with and without physical therapy
in lymphedema patients. Another limitation of
this study is that there was a far larger number
of females enrolled in our study as compared
to males. We do not think this is a limitation
as females are most affected by this chronic
debilitating disorder (37).

CONCLUSIONS AND FUTURE
DIRECTIONS

Our novel results indicate a beneficial
effect of manual lymphatic drainage as it led
to reductions in plasma AMDA levels
(reflecting improvements in endothelial health)
in lymphedema patients. As other markers of
endothelial (dys-)function and vascular health
(e.g. pulse wave velocity, flow-mediated
dilatation, or retinal microvascula-ture
analysis) did not show changes due to physical
therapy, plasma ADMA may be the preferred
biomarker to assess endothelial function
changes in lymphedema patients. Future
studies should examine how these markers of
endothelial — and vascular - health are
modulated by types of lymphedema
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(primary vs. secondary), in different body
parts (arm vs. leg vs. more generalized) or by
varying therapies.
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