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CLINICAL STUDY

Abstrakt 
Lymfedém, chronický stav charakterizovaný akumuláciou lym-
fatickej tekutiny v intersticiálnom tkanive, vedie k opuchom 
predovšetkým končatín, hoci môžu byť postihnuté aj iné časti 
tela. Tento stav sa bežne vyskytuje po disekcii lymfatických 
uzlín, rádioterapii alebo v dôsledku vrodených defektov v lym-
fatickom systéme. Efektívna liečba lymfedému je kľúčová 
vzhľadom na jeho vplyv na funkciu a kvalitu života, pričom 
základom liečby je komplexná dekongestívna terapia (CDT). 
CDT, multimodálny prístup zahŕňajúci manuálnu lymfatickú 
drenáž (MLD), kompresné bandáže, starostlivosť o pokožku 
a cvičenie, je celosvetovo adaptovaná a používaná (obr. 5, lit. 
74). Text v PDF www.lekarsky.herba.sk.
KĽÚČOVÉ SLOVÁ: lymfedém, dekongestívna terapia, cievne, 
angiológia.
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Abstract
Lymphedema, a chronic condition characterized by the accu-
mulation of lymphatic fluid in the interstitial tissue, leads to 
swelling primarily in the extremities, though other parts of the 
body can be affected. This condition commonly arises fol-
lowing lymph node dissection, radiation therapy, or due to 
inherent defects in the lymphatic system. Effective manage-
ment of lymphedema is crucial due to its impact on function 
and quality of life, with complete decongestive therapy (CDT) 
serving as the cornerstone of treatment. CDT, a multimodal 
approach involving manual lymphatic drainage (MLD), com-
pression bandaging, skin care, and exercise, has been widely 
adopted (Fig. 5, Ref. 74). Text in PDF www.lekarsky.herba.sk.
KEY WORDS: lymphedema, decongestive therapy, vascular, 
angiology. 
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Introduction
Lymphedema manifests as a persistent condition 

characterized by the accumulation of lymphatic fluid in 
the body, resulting in swelling and potential alterations 
in skin and tissue integrity (1). This chronic and prog-
ressive buildup of protein-rich fluid surpasses the lym-
phatic system‘s capacity for fluid transport. Swelling as-
sociated with lymphedema can affect various body 
regions, including the arms, legs, genitals, face, neck, 
chest wall, and oral cavity (2). The diagnosis of lymphe-
dema carries numerous psychological, physical, and so-
cial implications. It is broadly categorized as either pri-
mary, with genetic basis, or secondary, acquired 
through external factors (2).

The lymphatic system functions to transport lymph, 
a fluid containing white blood cells, triglycerides, bacte-
ria, cell debris, water, and protein, akin to blood plasma. 
This intricate drainage system comprises initial lympha-
tics (lymph capillaries), pre-collectors, collectors, lym-
phatic trunks, and lymph nodes (3). Topographically, the 
lymph system is divided into superficial (subcutaneous) 
and deep (subfascial) components. The superficial sys-
tem drains the skin and subcutaneous tissues, while the 
deep system handles muscles, joints, tendon sheaths, 
and nerves. Perforating vessels serve as a connections 

between these systems, facilitating the transport of 
lymph from subfascial areas to the surface (4, 5).

Signs and symptoms of lymphedema encompass 
distal swelling in extremities such as the arms, hands, 
legs (Fig. 1), and feet, as well as proximal swelling in 
areas like the breast, chest, shoulder, pelvis, groin, ge-
nitals, face, and intraoral tissues. Restricted range of 
motion in joints due to swelling and tissue changes, skin 
discoloration, pain, altered sensation, limb heaviness, 
and difficulty fitting into clothing are also common ma-
nifestations (6, 7, 8).

Lymphedema Etiology
Understanding the etiology of lymphedema is es-

sential for predicting disease progression, identifying in-
dividuals at risk, and optimizing treatment outcomes. 
Lymphedema can arise from various underlying causes, 
with primary and secondary etiologies playing distinct 
roles in disease manifestation and management.

Primary Lymphedema
Primary lymphedema is characterized by congenital 

abnormalities or developmental defects in the lymphatic 
system, leading to impaired lymphatic drainage and 
fluid accumulation. Genetic mutations or alterations in 
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lymphatic vessel development can contribute to primary 
lymphedema, which may manifest at birth or later in 
life. The age of onset and specific genetic factors asso-
ciated with primary lymphedema can influence disease 
severity, progression, and treatment response (50) 
Finegold et al. (Fig. 2).

Figure 1. Patient with late stage lymphedema and ultrasound 
image of late stage lymphedema with subcutaneous fluid with 
“fish eye signs”.
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Figure 2. Patient with massive primary late stage lymphedema with irreversible skin and 
subcutaneous changes. 
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Secondary Lymphedema
Secondary lymphedema occurs as a result of dama-

ge, obstruction, or dysfunction of the lymphatic system 
due to external factors such as surgery, radiation thera-
py, trauma, infection, or underlying medical conditions. 
Common causes of secondary lymphedema include 

cancer treatment, particularly surgery and radiation the-
rapy for breast cancer, gynecologic cancers, or melano-
ma. The extent of lymphatic damage, the presence of 
comorbidities, and the timing of intervention can all 
impact the development and progression of secondary 
lymphedema (51) Shaitelman et al.

Figure 2. Patient with massive primary late stage lymphedema with 
irreversible skin and subcutaneous changes.
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Understanding the etiology of lymphedema allows 
healthcare providers to tailor treatment approaches 
based on the underlying cause and individual patient 
characteristics. For example, primary lymphedema may 
require lifelong management strategies to address con-
genital lymphatic abnormalities, whereas secondary 
lymphedema may benefit from early intervention to pre-
vent or minimize lymphatic damage following cancer 
treatment. Additionally, knowledge of lymphedema etio-
logy can help identify individuals at higher risk for de-
veloping the condition and implement preventive mea-
sures accordingly. Patients undergoing cancer treatment, 
lymph node dissection, or radiation therapy should be 
educated about the risk of developing lymphedema and 
encouraged to adopt risk-reduction strategies such as 
proper skin care, exercise, and avoiding limb constric-
tion.

Decompressive therapy in lymphedema
Decompressive therapy in lymphedema is a tre-

atment approach aimed at reducing swelling and ma-
naging the symptoms associated with lymphedema, 
which is a condition characterized by the buildup of 
lymph fluid in the body‘s tissues, typically due to a bloc-
kage in the lymphatic system. Decompressive therapy 
encompasses various techniques and modalities desig-
ned to alleviate swelling and improve lymphatic circula-
tion (9, 10) (Fig. 3). 
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Some common methods of decompressive 
therapy in lymphedema include

1. Manual Lymphatic Drainage (MLD): This is 
a gentle massage technique performed by a trained the-
rapist to stimulate the flow of lymph fluid and encoura-
ge its drainage from the affected area (11, 12). Manual 
Lymphatic Drainage (MLD) is a specialized massage 
technique commonly used in the management of lym-
phedema. It involves gentle, rhythmic movements that 
stimulate the lymphatic system, promoting the drainage 
of excess lymphatic fluid and reducing swelling in affec-
ted areas. MLD is often performed by trained therapists 
who apply specific hand movements to redirect lymph 
fluid towards functional lymphatic pathways. Several stu-
dies have demonstrated the effectiveness of Manual 
Lymphatic Drainage in the treatment of lymphedema. 
A  study published by Koul et al. assessed the impact of 
MLD on breast cancer-related lymphedema. The results 
showed significant reductions in limb volume and im-
provements in symptoms following MLD treatment (13). 
A systematic review and meta-analysis conducted by 
Ezzo et al. evaluated the efficacy of MLD in the mana-
gement of lymphedema. The analysis included several 
randomized controlled trials and concluded that MLD 
was effective in reducing limb volume and improving 
quality of life in patients with lymphedema (12). Another 
study by Devoogdt et al. published in Cancer Nursing, 
investigated the long-term effects of MLD on breast 
cancer-related lymphedema (14). The findings indicated 
sustained improvements in limb volume and symptom 
relief over a 12-month follow-up period. These studies 
highlight the therapeutic benefits of Manual Lymphatic 
Drainage in reducing swelling and improving symptoms 
associated with lymphedema. However, it‘s important to 
note that MLD is often used as part of a comprehensi-
ve treatment approach, which may include compression 
therapy, exercise, skincare, and patient education.

2. Compression Therapy: Compression garments 
or bandages are applied to the affected limb to help 
reduce swelling by applying external pressure and sup-
porting the lymphatic vessels (15,16,17). Compression 
therapy is a cornerstone of treatment for lymphedema, 
aimed at reducing swelling and improving lymphatic 
function through the application of external pressure. It 
typically involves the use of compression garments, 
bandages, or pneumatic compression devices to exert 
pressure on the affected limb or body part. Compression 
therapy helps to promote lymphatic drainage, prevent 
fluid accumulation, and maintain the reduced size of 
the limb achieved through other treatments such as ma-
nual lymphatic drainage. Several studies have investiga-
ted the efficacy of compression therapy in the manage-
ment of lymphedema. A randomized controlled trial by 
(18) Ochalek et al. compared the effectiveness of diffe-
rent compression garments in reducing arm lymphede-
ma following breast cancer treatment. The study found 
that compression therapy significantly reduced limb vo-
lume and improved symptoms compared to no tre-
atment. A systematic review and meta-analysis by (19) 
McNeely et al. evaluated the evidence for compression 
therapy in breast cancer-related lymphedema. The ana-
lysis included several studies and concluded that com-
pression garments were effective in reducing limb volu-
me and improving quality of life in patients with 
lymphedema. A study by Mayrovitz et al. (20), investi-
gated the effects of intermittent pneumatic compression 
on lower extremity lymphedema. The results demonstra-
ted significant reductions in limb volume and improve-
ments in tissue fluid content following pneumatic com-
pression therapy. These studies provide evidence 
supporting the use of compression therapy as an effec-
tive intervention for managing lymphedema. However, 
it‘s important to note that the selection and application 
of compression garments or devices should be tailored 
to the individual patient‘s needs and preferences, and 

Figure 3. Common methods of decompressive therapy in lymphedema and their effects.
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proper monitoring is essential to ensure optimal outco-
mes.

3. Exercise: Specific exercises and movements may 
be prescribed to promote lymphatic flow and improve 
muscle pumping action, which can aid in reducing 
swelling (21, 22). Exercise plays a crucial role in the 
management of lymphedema by promoting lymphatic 
flow, improving muscle pump function, and enhancing 
overall physical and mental well-being. However, it is 
important that exercise programs are tailored to indivi-
dual capabilities and carefully monitored to prevent in-
jury and exacerbation of lymphedema symptoms. Here 
are some key points about exercise and lymphedema

3.1. Benefits of Exercise: Exercise can help reduce 
swelling, improve range of motion, increase strength 
and flexibility, and enhance overall quality of life for in-
dividuals with lymphedema. It also promotes cardio-
vascular health and aids in weight management, which 
are important considerations for lymphedema manage-
ment.

3.2. Types of Exercise: Low-impact aerobic exercises 
such as walking, swimming, cycling, and aquatic exerci-
ses are generally safe and effective for individuals with 
lymphedema. Resistance training and flexibility exercises 
can also be beneficial, but should be performed with 
caution and under supervision, particularly for individu-
als at risk of developing or exacerbating lymphedema.

3.3. Precautions and Guidelines: It is important for 
individuals with lymphedema to follow specific precau-
tions and guidelines when exercising, such as wearing 
compression garments during activity, avoiding repetiti-
ve or high-impact movements that may strain the affec-
ted limb, and gradually increasing exercise intensity and 
duration under the guidance of a healthcare professio-
nal.

Several studies have investigated the effects of 
exercise on lymphedema management. A randomized 
controlled trial by (23) Ahmed et al. evaluated the ef-
fects of supervised aerobic and resistance exercise in 
breast cancer survivors with lymphedema. The study 
found that exercise led to significant reductions in arm 
swelling and improvements in physical function and qu-
ality of life. A systematic review by (24) Cheema et al. 
(2014), published in Breast Cancer Research and 
Treatment, examined the effects of exercise on lymphe-
dema-related outcomes in breast cancer survivors. The 
review concluded that exercise was safe and beneficial 
for individuals with lymphedema, leading to improve-
ments in limb volume, physical function, and psychoso-
cial well-being. Another study by (25) Czerniec et al. 
(2010), published in Breast Cancer Research and 
Treatment, investigated the effects of resistance training 
on breast cancer-related lymphedema. The study found 
that resistance training led to improvements in arm vo-
lume and strength without exacerbating lymphedema 
symptoms. These studies provide evidence supporting 
the inclusion of exercise as part of a comprehensive 
lymphedema management program. However, it‘s es-
sential for individuals with lymphedema to consult with 

their healthcare providers before starting an exercise 
regimen and to receive guidance on safe and appro-
priate activities based on their individual needs and he-
alth status.

4. Pneumatic Compression Therapy: This involves 
the use of pneumatic compression devices that intermit-
tently inflate and deflate sleeves or boots worn on the 
affected limb, promoting lymphatic drainage (15, 26). 
Pneumatic Compression Therapy (PCT) is a non-invasi-
ve treatment modality used in the management of lym-
phedema. It involves the application of sequential or 
intermittent pneumatic compression devices to the af-
fected limb or body part, which exert external pressure 
and promote lymphatic drainage. PCT works by enhan-
cing tissue fluid movement, reducing swelling, and im-
proving lymphatic function. Pneumatic Compression 
Therapy applies external pressure via compression gar-
ments to the affected limb through sequential or inter-
mittent inflation and deflation of air chambers within 
the compression device. This action helps to mimic the 
natural pumping action of muscles and promotes the 
movement of lymphatic fluid towards functional lympha-
tic pathways, facilitating drainage and reducing swelling. 
Several studies have demonstrated the effectiveness of 
Pneumatic Compression Therapy in the management of 
lymphedema. A randomized controlled trial by (27) 
Nelson et al. investigated the effects of intermittent pne-
umatic compression on lower extremity lymphedema. 
The study found significant reductions in limb volume 
and improvements in tissue fluid content following 
Pneumatic Compression Therapy. A systematic review 
and meta-analysis by (28) Uzkeser et al. evaluated the 
efficacy of Pneumatic Compression Therapy in the tre-
atment of lymphedema. The analysis included several 
studies and concluded that Pneumatic Compression 
Therapy was effective in reducing limb volume and im-
proving symptoms in individuals with lymphedema.

Pneumatic Compression Therapy is recommended 
as a treatment option for lymphedema in clinical prac-
tice guidelines, including those from organizations such 
as the National Lymphedema Network (NLN) and the 
International Society of Lymphology (ISL) (2, 29). These 
guidelines emphasize the importance of using Pneumatic 
Compression Therapy as part of a comprehensive lym-
phedema management program, which may include 
other modalities such as manual lymphatic drainage, 
compression garments, exercise, and skincare (2, 30, 
31). Pneumatic Compression Therapy is generally well-
-tolerated by patients with lymphedema, but it is essen-
tial to consider individual factors such as comfort, mo-
bility, and treatment preferences when prescribing PCT. 
Proper fitting of compression garments and regular mo-
nitoring of treatment progress are important aspects of 
patient care (32 – 34).

5. Complete Decongestive Therapy (CDT): CDT is 
a comprehensive treatment program for lymphedema 
that typically includes a combination of manual lympha-
tic drainage, compression therapy, exercise, skin care, 
and patient education (35, 36). Complete Decongestive 
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Therapy (CDT) is a comprehensive treatment approach 
commonly used in the management of lymphedema. It 
consists of several components, including manual lym-
phatic drainage (MLD), compression therapy, exercise, 
skincare, and patient education. CDT aims to reduce 
swelling, improve lymphatic function, and enhance the 
overall quality of life for individuals with lymphedema. 
Here are some key points about Complete Decongestive 
Therapy and lymphedema, along with references sup-
porting its efficacy. A randomized controlled trial by 
(37, 38) Stout Gergich et al. published in Cancer, asses-
sed the effectiveness of Complete Decongestive Therapy 
in breast cancer-related lymphedema. The study found 
significant reductions in limb volume and improvements 
in symptoms following CDT treatment. A systematic re-
view by (39) Stout et al. evaluated the evidence for 
CDT in the management of lymphedema. The review 
concluded that CDT was effective in reducing limb vo-
lume, improving quality of life, and minimizing compli-
cations associated with lymphedema. Complete 
Decongestive Therapy is recommended as the standard 
of care for lymphedema management in clinical practi-
ce guidelines, including those from organizations such 
as the National Lymphedema Network (NLN) and the 
International Society of Lymphology (ISL). These guide-
lines emphasize the importance of a multidisciplinary 
approach and the integration of various components of 
CDT for optimal treatment outcomes. Individualized as-
sessment and treatment planning are essential in CDT 
to tailor interventions to each patient‘s specific needs, 
preferences, and clinical presentation. Regular monito-
ring and adjustment of treatment regimens are also im-
portant to ensure ongoing effectiveness.

6. Surgical Options: In some cases, surgical pro-
cedures such as lymphaticovenous anastomosis (LVA) or 
vascularized lymph node transfer (VLNT) may be consi-
dered to improve lymphatic drainage and reduce swel-
ling (40, 41, 42). Surgical options are available for the 
management of lymphedema, particularly in cases 
where conservative treatments such as Complete 
Decongestive Therapy (CDT) have not provided suffi-
cient relief or when the condition is severe. Some sur-
gical interventions can be performed in an outpatient 
setting and the key for successful outcome is time plan-
ning, whereas the surgery should be planned after in-
tensive phase of CDT. Surgical interventions aim to im-
prove lymphatic flow, reduce swelling, and alleviate 
symptoms. Some key surgical options for lymphedema 
management, along with references supporting their ef-
ficacy:

6.1. Lymphaticovenous Anastomosis (LVA): LVA is a 
microsurgical procedure that involves connecting lym-
phatic vessels to adjacent veins to bypass blocked or 
damaged lymphatic pathways. This allows lymphatic 
fluid to drain directly into the venous system, reducing 
swelling and improving lymphatic function. A study by 
(43) Chang et al. evaluated the outcomes of LVA in the 
treatment of lymphedema. The study demonstrated 

significant reductions in limb volume and improvements 
in symptoms following LVA surgery.

6.2. Vascularized Lymph Node Transfer (VLNT): VLNT 
involves transplanting healthy lymph nodes, along with 
their blood supply, from a donor site to the affected 
area in the body. This procedure aims to restore lym-
phatic function and improve drainage, thereby reducing 
swelling and alleviating symptoms. A systematic review 
by (44) Ciudad et al. examined the efficacy of VLNT in 
the treatment of lymphedema. The review found that 
VLNT led to significant reductions in limb volume and 
improvements in quality of life for patients with lymphe-
dema.

6.3. Liposuction: Liposuction may be considered for 
individuals with lymphedema who have significant adi-
pose tissue accumulation in the affected limb. 
Liposuction aims to remove excess fat deposits, redu-
cing limb volume and improving mobility. A study by 
(45) Brorson et al. investigated the long-term outcomes 
of liposuction in the treatment of lymphedema. The 
study demonstrated sustained reductions in limb volu-
me and improvements in symptoms following liposuc-
tion surgery.

6.4. Combined Surgical Approaches: In some cases, 
a combination of surgical techniques, such as LVA and 
VLNT or VLNT and liposuction, may be used to optimi-
ze outcomes and address multiple aspects of lymphe-
dema pathophysiology. A study by (46) Cheng et al. 
evaluated the effectiveness of combined surgical appro-
aches in the management of lymphedema. The study 
demonstrated favorable outcomes in terms of volume 
reduction and symptom improvement. 

Decompressive therapy aims to manage the 
symptoms of lymphedema, improve quality of life, and 
reduce the risk of complications associated with the 
condition, such as recurrent infections and impaired 
limb function. It is typically tailored to the individual 
needs of the patient and may involve a combination of 
different therapeutic modalities.

Influence of skin thickness on the success of 
decompressive therapy of lymphedema

Skin thickness can indeed play a significant role in 
the success of decompressive therapy for lymphedema. 
Lymphedema, characterized by the accumulation of 
protein-rich fluid in interstitial spaces due to impaired 
lymphatic drainage, often leads to tissue fibrosis and 
thickening of the skin over time. Skin changes in lym-
phedema include fibrosis, hyperkeratosis, and increased 
thickness, which can further compromise lymphatic 
function and exacerbate fluid accumulation. The effec-
tiveness of decompressive therapy, such as manual lym-
phatic drainage (MLD), compression bandaging, and 
pneumatic compression devices, in managing lymphe-
dema depends partly on the condition of the skin. 
Thickened skin can impede the efficacy of these thera-
pies by reducing the ability of the lymphatic vessels to 
respond to external pressure and by limiting the mobi-
lity of underlying tissues. Studies have demonstrated 
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that individuals with thicker skin due to lymphedema 
may experience poorer outcomes with standard com-
pression therapy compared to those with thinner skin. 
For instance, a study by Moffatt et al. found that pa-
tients with thicker skin in chronic lymphedema had re-
duced response rates to compression therapy (52). 
Similarly, research by Devoogdt et al. indicated that skin 
thickness was negatively correlated with the effective-
ness of MLD in reducing limb volume in breast cancer-
-related lymphedema. Moreover, the presence of fibro-
tic tissue and increased skin thickness may necessitate 
modifications to conventional treatment approaches. 
Techniques such as scar tissue mobilization, deep tissue 
massage, or use of specialized bandaging materials may 
be required to address fibrosis and improve lymphatic 
drainage in individuals with thicker skin (81). Therefore, 
while decompressive therapies remain integral to the 
management of lymphedema, the influence of skin 
thickness on treatment outcomes cannot be overlo-
oked. Clinicians should consider skin characteristics, in-
cluding thickness and fibrosis, when designing individu-
alized treatment plans for patients with lymphedema. 
Below are some of the ways how skin thickness can 
influence the success of decompressive therapy (Fig. 4).

1. Ease of Application: The ease of application of 
decompressive therapy on thickened skin can significan-
tly influence the success of lymphedema management. 
Thickened skin, a common manifestation of chronic 
lymphedema, poses challenges in applying compression 
bandaging, pneumatic compression devices, and other 
therapeutic modalities effectively. Thickened skin can 
obstruct access to lymphatic vessels, hindering the 
transmission of external pressure from compression the-
rapy to deeper tissues. This obstruction reduces the ef-
fectiveness of compression in promoting lymphatic dra-
inage and reducing limb swelling (53).

Thickened skin alters the distribution of compres-
sion forces applied during therapy. Instead of exerting 

uniform pressure on the affected limb, compression 
may become uneven or concentrated on superficial lay-
ers, limiting its ability to penetrate deeper tissues where 
lymphatic vessels reside (54). Thickened skin may 
restrict the mobility of underlying tissues, impeding the 
conformability of compression bandages or garments. 
Limited mobility can result in folds or creases in banda-
ges, leading to pressure points, discomfort, and com-
promised efficacy of therapy (49). The difficulty in ap-
plying compression therapy on thickened skin may 
deter patients from adhering to treatment regimens. 
Cumbersome application processes, discomfort, or con-
cerns about skin integrity may lead to non-compliance, 
undermining the long-term success of therapy (55).

To address these challenges, clinicians may employ 
strategies to enhance the ease of application and effec-
tiveness of decompressive therapy on thickened skin. 
One approach is taking advanced pre-treatment mea-
sures such as skin moisturization, softening agents, or 
gentle massage can help improve skin pliability, facilita-
ting the application of compression bandages or gar-
ments. Clinicians may also utilize specialized bandaging 
techniques or materials designed to accommodate thic-
kened skin and promote optimal compression distribu-
tion. These may include multi-layer bandaging systems, 
custom-made compression garments, or alternative 
compression modalities such as intermittent pneumatic 
compression. Finally, providing patients with thorough 
education on proper application techniques, skin care 
practices, and the importance of adherence can em-
power them to overcome challenges associated with 
thickened skin and optimize treatment outcomes.

By addressing the ease of application on thickened 
skin, clinicians can enhance the effectiveness of decom-
pressive therapy for lymphedema management, improve 
patient comfort, and promote long-term adherence to 
treatment regimens. 

Figure 4. Influence of skin thickness on the success of decompression therapy.
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2. Tissue compliance: Tissue compliance, particu-
larly with regard to skin thickness, plays a significant 
role in determining the success of decompressive the-
rapy for lymphedema. Skin thickness affects tissue plia-
bility and elasticity, which can influence the effective-
ness of therapeutic interventions such as compression 
therapy and manual lymphatic drainage (MLD) in redu-
cing limb swelling and improving lymphatic function. 
Skin thickness influences the ability of compression gar-
ments to exert adequate pressure on the underlying 
tissues and lymphatic vessels. Thicker skin may require 
higher compression pressures to achieve optimal lym-
phatic drainage and fluid reduction. Inadequate com-
pression due to skin thickness limitations may result in 
suboptimal treatment outcomes and reduced efficacy of 
compression therapy in managing lymphedema (56) 
Partsch et al. Skin thickness also affects the feasibility 
and effectiveness of manual techniques used in MLD. 
Thicker skin may present greater resistance to manual 
manipulation, making it challenging to mobilize lymph 
fluid and promote drainage. Additionally, excessive pres-
sure or friction during MLD in individuals with thicker 
skin may lead to discomfort, skin irritation, or injury, 
compromising treatment adherence and efficacy (57, 
58). Understanding the influence of skin thickness on 
tissue compliance is essential for tailoring decompressi-
ve therapy approaches to individual patient characteris-
tics of each patient. Healthcare providers may need to 
adjust compression garment selection, compression 
bandaging techniques, or MLD protocols based on skin 
thickness measurements to ensure adequate tissue mo-
bilization and lymphatic drainage. Strategies to improve 
tissue compliance, such as soft tissue mobilization, scar 
massage, or skin hydration, may also be incorporated 
into treatment plans to enhance treatment outcomes 
(59). Regular assessment of skin thickness and tissue 
compliance is important for monitoring treatment prog-
ress and adjusting therapeutic interventions as needed. 
Changes in skin thickness over time may indicate alte-
rations in tissue pliability and lymphatic function, provi-
ding valuable insights into treatment response and gui-
ding adjustments to therapy. Multidisciplinary 
collaboration among healthcare providers, including 
lymphedema specialists, physiotherapists, and dermato-
logists, may be necessary to optimize treatment appro-
aches and address skin-related concerns in lymphedema 
management (60) Czerniec et al. By considering these 
factors and implementing tailored treatment approa-
ches, healthcare providers can optimize treatment out-
comes and improve quality of life for individuals living 
with lymphedema.

3. Risk of complications: Skin thickness is a crucial 
factor influencing the success of decompressive therapy 
for lymphedema, as it can affect treatment outcomes 
and the risk of complications. Variations in skin thickness 
may predispose individuals to certain complications du-
ring therapy, potentially impacting treatment efficacy 
and patient outcomes. Thickened skin in individuals 
with lymphedema may be more susceptible to irritation, 

chafing, or damage from compression garments or ban-
daging. Excessive pressure or friction on the skin due 
to inadequate fitting or prolonged wear of compression 
garments can lead to skin breakdown, ulceration, or 
dermatitis, compromising treatment adherence and ef-
fectiveness (25). Thickened skin associated with lym-
phedema may impair the skin‘s natural barrier function, 
making it more susceptible to bacterial or fungal infec-
tions. Compromised lymphatic drainage and impaired 
immune function in the affected limb further increase 
the risk of cellulitis, lymphangitis, or other infectious 
complications, requiring prompt medical intervention 
and potentially interrupting therapy (61). Thicker skin in 
individuals with lymphedema may pose challenges in 
wound healing, particularly in cases of skin breakdown 
or ulceration. Impaired tissue perfusion, reduced oxyge-
nation, and compromised immune function in the affec-
ted limb can delay wound healing, prolonging recovery 
time and hindering treatment progress. Wound care 
strategies tailored to the unique needs of individuals 
with lymphedema are essential to optimize healing and 
prevent further complications (62). Skin thickness can 
influence treatment adherence and patient comfort du-
ring decompressive therapy for lymphedema. Individuals 
with thicker skin may experience discomfort, restriction 
of movement, or difficulty donning compression gar-
ments, leading to reduced compliance with treatment 
recommendations. Addressing skin-related concerns, 
optimizing garment fit, and providing supportive care 
can help enhance treatment adherence and improve 
patient comfort (63, 64). To address these issues health-
care providers should assess skin characteristics, moni-
tor for signs of skin-related complications, and imple-
ment preventive measures to minimize risks and 
optimize treatment efficacy.

4. Lymphatic drainage: Skin thickness can signifi-
cantly influence the success of decompressive therapy 
for lymphedema by affecting lymphatic drainage, which 
plays a crucial role in managing fluid accumulation and 
reducing limb swelling. Variations in skin thickness can 
impact lymphatic function and fluid dynamics, influen-
cing treatment outcomes and the effectiveness of the-
rapeutic interventions. Skin thickness may affect the ca-
pacity of lymphatic vessels to transport lymph fluid from 
the interstitial spaces back into circulation. Thicker skin 
may pose greater resistance to lymphatic flow, impai-
ring the drainage of excess fluid from the affected limb 
and contributing to lymphedema progression. Reduced 
lymphatic transport capacity due to thicker skin can hin-
der the effectiveness of decompressive therapy in alle-
viating limb swelling and improving tissue health (48). 
Effective lymphatic drainage is essential for optimizing 
the benefits of compression therapy, a cornerstone of 
lymphedema management. Compression garments or 
bandaging exert external pressure on the tissues, pro-
moting lymphatic uptake and enhancing fluid move-
ment towards the lymphatic collectors. Thicker skin may 
impede the transmission of compression forces to dee-
per tissues, limiting the efficacy of compression therapy 
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in reducing limb volume and maintaining lymphatic 
function (65). Manual techniques such as MLD aim to 
stimulate lymphatic vessels and enhance lymphatic dra-
inage, facilitating the removal of protein-rich fluid from 
the interstitial spaces. Thicker skin may present greater 
resistance to manual manipulation, making it challen-
ging to mobilize lymph fluid and promote drainage. 
Adequate pressure and precise technique are essential 
to overcome skin resistance and achieve optimal lym-
phatic transport during MLD sessions (66). Advanced 
lymphedema therapies, such as pneumatic compression 
devices or low-level laser therapy, may complement de-
compressive therapy by promoting lymphatic drainage 
and reducing tissue fibrosis. These modalities target 
lymphatic vessels and surrounding tissues, aiming to im-
prove lymphatic function and fluid clearance. However, 
the effectiveness of adjunctive therapies may be influ-
enced by skin thickness and tissue compliance, highligh-
ting the importance of individualized treatment appro-
aches (67). Therefore, skin thickness can impact 
lymphatic drainage and fluid dynamics, influencing the 
success of decompressive therapy for lymphedema. 
Understanding the interplay between skin characteris-
tics and lymphatic function is essential for optimizing 
treatment outcomes and improving quality of life for 
individuals living with lymphedema.

5. Response to treatment: The response to tre-
atment in lymphedema management is influenced by 
various factors, including skin thickness, which can im-
pact the success of decompressive therapy. Skin 
thickness affects tissue compliance, lymphatic drainage, 
and the effectiveness of therapeutic interventions, ulti-
mately shaping treatment outcomes and patient satis-
faction. Skin thickness may influence treatment adhe-
rence and patient compliance with decompressive 
therapy. Individuals with thicker skin may experience 
discomfort, restricted mobility, or difficulty donning 
compression garments, leading to reduced adherence 
to treatment recommendations. Poor treatment adhe-
rence can compromise treatment efficacy and hinder 
the achievement of optimal outcomes (25). Skin 
thickness can affect lymphatic drainage and fluid dyna-
mics, which are essential for reducing limb swelling and 
improving tissue health in lymphedema. Thicker skin 
may impede lymphatic vessel function and hinder the 
removal of excess fluid from the interstitial spaces, limi-
ting the effectiveness of decompressive therapy. 
Response to treatment may be influenced by the de-
gree of tissue compliance and the ability to mobilize 
lymph fluid effectively (48). Response to treatment ser-
ves as a predictor for the success of decompressive 
therapy in lymphedema management. Patients who de-
monstrate favorable responses, such as reductions in 
limb volume, improvements in symptoms, and enhan-
ced functional status, are more likely to achieve long-
-term treatment goals and maintain optimal outcomes. 
Monitoring treatment response allows healthcare provi-
ders to adjust therapeutic interventions and optimize 
treatment approaches based on individual patient needs 

(68). Understanding the relationship between skin 
thickness and treatment response is essential for tailo-
ring decompressive therapy approaches to individual 
patient characteristics. Healthcare providers may need 
to adjust treatment protocols, compression garment se-
lection, or manual techniques based on skin thickness 
measurements and treatment progress. Personalizing 
treatment plans according to patient-specific factors can 
enhance treatment efficacy and improve patient satis-
faction (69). By considering skin characteristics and 
their impact on treatment outcomes, healthcare provi-
ders can optimize treatment approaches, improve tre-
atment adherence, and enhance overall patient care.

However, some evidences show that skin thickness 
does not affect the success of decompressive therapy. 
Perez et al. showed that increased skin thickness due 
to biophysical alterations in lymphedema does not af-
fect the success of decompressive therapy. This is infer-
red from the consistent increase in subcutaneous tissue 
thickness and echogenicity across various measure-
ments, indicating fibrosis without differing outcomes 
between affected and unaffected limbs (70). In other 
study published by Yoshida et al., it is highlighted that 
skin thickness does not directly influence the success of 
decompressive therapy such as liposuction followed by 
compression therapy. Instead, the stability and level of 
compression applied postoperatively are critical for a 
successful outcome in lymphedema treatment (71). 
According to the review by Forte et al. successful ma-
nagement of lymphedema through lipoaspiration and 
controlled compressive therapy does not specifically de-
pend on skin thickness. The main factor is the continu-
ation of compressive therapy to maintain reduced limb 
volume and other benefits such as improved skin blood 
flow and decreased infection incidence (72). In another 
study by Lanza et al., the authors show that the success 
of decompressive therapy, measured by limb volume 
reduction and quality of life improvement, is more in-
fluenced by the frequency and method of treatment 
rather than skin thickness. The absence of direct corre-
lation between skin thickness and therapeutic response 
underscores that other factors, such as treatment adhe-
rence and protocol, play a more significant role (73). In 
a study conducted by Can et al., although the study 
supports that while skin thickness might alter due to 
lymphedema, its impact on the efficacy of decompres-
sive therapies like compression alone is less significant 
compared to other factors such as patient adherence 
and proper application of compression therapy (47). A 
report published by Tidhar et al. indicates that effective 
self-management and adherence to prescribed com-
pression therapies can lead to significant edema volume 
reduction, regardless of skin thickness changes in lym-
phedema. The focus is on patient independence and 
adherence to therapy rather than physiological changes 
such as increased skin thickness (74).	

While skin thickness can be a consideration in lym-
phedema management, it is just one of several factors 
that healthcare providers consider when planning and 
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implementing decompressive therapy. Individualized as-
sessment, including evaluation of skin condition, tissue 
characteristics, and overall patient health, is necessary 
to tailor treatment approaches and optimize outcomes 
for each patient with lymphedema. Additionally, close 
monitoring and ongoing adjustments to the treatment 
plan may be needed to address changes in skin 
thickness and other factors over time.

Conclusion
Lymphedema, a debilitating condition marked by 

the accumulation of lymphatic fluid and subsequent 
swelling, can significantly impair an individual‘s quality 
of life and functional capacity. The comprehensive ma-
nagement of lymphedema through decongestive thera-
py, which combines manual lymphatic drainage, com-
pression therapy, skin care, and exercise, is essential for 
mitigating the physical and psychological burdens of 
the disease. 

The efficacy of decongestive therapy largely hinges 
on several critical factors. Early diagnosis and the time-
ly initiation of therapy play pivotal roles in preventing 
the progression of lymphedema to its more severe, 
often irreversible stages. Adherence to a meticulously 
tailored therapeutic regimen that includes all compo-
nents of complete decongestive therapy is crucial for 
achieving optimal outcomes.

Moreover, recent research has illuminated the signi-
ficant influence of both skin and adipose tissue charac-
teristics on the success of decongestive therapy. 
Increased skin thickness and a higher volume of adipo-
se tissue have been identified as factors that can dimi-
nish the effectiveness of traditional decongestive 
methods, necessitating adjustments in therapy that may 
include more advanced techniques such as surgical in-
terventions or specialized compression protocols.

In conclusion, managing lymphedema effectively 
requires a nuanced approach that considers the indivi-
dual characteristics of the lymphedema and the patient. 
Successful outcomes are most likely when therapy is 
personalized, initiated early, and diligently followed, 
with adaptations made as necessary to address the spe-
cific challenges posed by the physical properties of af-
fected tissues. Continued research into the predictors of 
therapeutic success and the impacts of tissue characte-
ristics will further enhance our ability to provide targe-
ted and effective interventions for those suffering from 
lymphedema.*

* The authors declare that the study was conducted in accordance with 
the ethical standards of the 1975 Helsinki Declaration, revised in 
2000. 

Conflict of interest: the authors declare that they have no conflict of 
interest. 

References 
	 1.	 ESCOBEDO N, OLIVER G. The Lymphatic Vasculature: Its Role in 

Adipose Metabolism and Obesity. Cell Metabolism 2017, 26: 598 – 
609. Doi.org/10.1016/j.cmet.2017.07.020.

	 2.	 BORMAN P. Lymphedema Diagnosis, Treatment, and Follow-
up from the View Point of Physical Medicine and Rehabilitation 
Specialists. Turkish Journal of Physical Medicine and Rehabilitation 
2018, 64, 179 – 197. Doi.org/10.5606/tftrd.2018.3539.

	 3.	 BRESLIN JW, YANG Y, SCALLAN JP, SWEAT RS, ADDERLEY SP, 
MURFEE WL. Lymphatic Vessel Network Structure and Physiology. 
Comprehensive Physiology 2019, 9, 207 – 299. Doi.org/10.1002/
cphy.c180015.

	 4.	 SUAMI H, SCAGLIONI MF. Anatomy of the Lymphatic System and the 
Lymphosome Concept with Reference to Lymphedema. Seminars in 
Plastic Surgery 2018, 32: 5 – 11. Doi.org/10.1055/s-0038-1635118.

	 5.	 KUBIK S, MANESTAR M. Topographic Relationship of the 
Ventromedial Lymphatic Bundle and the Superficial Inguinal Nodes 
to the Subcutaneous Veins. Clinical Anatomy 1995, 8: 25 – 28. Doi.
org/10.1002/ca.980080104.

	 6.	 PASKETT ED. Symptoms: Lymphedema. Advances in Experimental 
Medicine and Biology 2015, 862: 101 – 113. Doi.org/10.1007/978-
3-319-16366-6_8.

	 7.	 PAPPALARDO M, CHENG MH. Lymphoscintigraphy Interpretation, 
Staging, and Lymphedema Grading. Principles and Practice of 
Lymphedema Surgery. Second Edition. 2021. Doi.org/10.1016/
B978-0-323-69418-6.00006-8.

	 8.	 GREENE AK, GOSS JA. Diagnosis and Staging of Lymphedema. 
Seminars in Plastic Surgery 2018, 32: 12 – 16. Doi.
org/10.1055/s-0038-1635117.

	 9.	 WARREN AG, BRORSON H, BORUD LJ, SLAVIN SA. Lymphedema: 
A Comprehensive Review. Annals of Plastic Surgery 2007, 59: 464 
– 472. Doi.org/10.1097/01.sap.0000257149.42922.7e.

10.	 RAMADAN F. Manual Lymphatic Drainage: The Evidence behind 
the Efficacy. British Journal of Community Nursing, 2024, 29: 83 – 
84. Doi.org/10.12968/bjcn.2024.29.2.83.

11.	 Ezzo J, Manheimer E, Mcneely ML, et al. Manual Lymphatic Drainage 
for Lymphedema Following Breast Cancer Treatment. Cochrane 
Database of Systematic Reviews 2015. Doi.org/10.1002/14651858.
CD003475.pub2.

12.	 ZASADZKA E, TRZMIEL T, KLECZEWSKA M, PAWLACZYK 
M. Comparison of the Effectiveness of Complex Decongestive 
Therapy and Compression Bandaging as a Method of Treatment of 
Lymphedema in the Elderly. Clinical Interventions in Aging 2018, 13: 
929 – 934. Doi.org/10.2147/CIA.S159380.

13.	 KOUL R, DUFAN T, RUSSELL C, GUENTHER W, et al. Efficacy of 
Complete Decongestive Therapy and Manual Lymphatic Drainage 
on Treatment-Related Lymphedema in Breast Cancer. International 
Journal of Radiation Oncology Biology Physics 2007, 67: 841 – 846. 
Doi.org/10.1016/j.ijrobp.2006.09.024.

14.	 DEVOOGDT N, CHRISTIAENS MR, GERAERTS I, et al. Effect of 
Manual Lymph Drainage in Addition to Guidelines and Exercise 
Therapy on Arm Lymphoedema Related to Breast Cancer: 
Randomised Controlled Trial. BMJ (Online) 2011, 343. Doi.
org/10.1136/bmj.d5326.

15.	 BERGMANN A, BAIOCCHI JMT, de ANDRADE MFC. Conservative 
Treatment of Lymphedema: The State of the Art; (Tratamento 
Conservador Do Linfedema: Estado Da Arte). Jornal Vascular 
Brasileiro 2021, 20. Doi.org/10.1590/1677-5449.200091.

16.	 BROWN S, CAMPBELL AC, KUONQUI K, et al. The Future of 
Lymphedema: Potential Therapeutic Targets for Treatment. Current 
Breast Cancer Reports 2023, 15: 233 – 241. Doi.org/10.1007/
s12609-023-00491-5.

17.	 LI Y, MENG Q, LUO B, et al. Exercises in Activating Lymphatic 
System on Fluid Overload Symptoms, Abnormal Weight Gains, 
and Physical Functions among Patients with Heart Failure: A 
Randomized Controlled Trial. Frontiers in Cardiovascular Medicine 
2023, 10. Doi.org/10.3389/fcvm.2023.1094805.

18.	 OCHALEK K, KURPIEWSKA J, GRADALSKI T. Adjustable 
Compression Wraps (ACW) vs. Compression Bandaging (CB) 
in the Acute Phase of Breast Cancer-Related Arm Lymphedema 
Management—A Prospective Randomized Study. Biology 2023, 12. 
Doi.org/10.3390/biology12040534.

19.	 McNEELY ML, MAGEE DJ, LEES AW, et al. The Addition of 
Manual Lymph Drainage to Compression Therapy for Breast 
Cancer Related Lymphedema: A Randomized Controlled Trial. 
Breast Cancer Research and Treatment 2004, 86: 95 – 106. Doi.
org/10.1023/B:BREA.0000032978.67677.9f.

20.	 MAYROVITZ HN. Assessing Local Tissue Edema in Postmastectomy 
Lymphedema. Lymphology 2007, 40: 87 – 94.

21.	 FU MR, LI Y, CONWAY C, et al. The Effects of Exercise-Based 
Interventions on Fluid Overload Symptoms in Patients with Heart 
Failure: A Systematic Review and Meta-Analysis. Biomedicines 
2022, 10. Doi.org/10.3390/biomedicines10051111.



74 www.lekarskyobzor.sk

22.	 Feldman JL, Stout NL, Wanchai A, et al. Intermittent Pneumatic 
Compression Therapy: A Systematic Review. Lymphology 2012, 45: 
13 – 25.

23.	 AHMED RL, THOMAS W, YEE D, SCHMITZ KH. Randomized 
Controlled Trial of Weight Training and Lymphedema in Breast 
Cancer Survivors. Journal of Clinical Oncology 2006, 24: 2765 – 
2772. Doi.org/10.1200/JCO.2005.03.6749.

24.	 CHEEMA BS, KILBREATH SL, FAHEY PP, DELANEY GP, ATLANTIS 
E. Safety and Efficacy of Progressive Resistance Training in Breast 
Cancer: A Systematic Review and Meta-Analysis. Breast Cancer 
Research and Treatment 2014, 148: 249 – 268. Doi.org/10.1007/
s10549-014-3162-9.

25.	 CZERNIEC SA, WARD LC, REFSHAUGE KM, et al. Assessment of 
Breast Cancer-Related Arm Lymphedemacomparison of Physical 
Measurement Methods and Self-Report. Cancer Investigation 2010, 
28: 54 – 62. Doi.org/10.3109/07357900902918494.

26.	 ZALESKA M, OLSZEWSKI WL, DURLIK M. The Effectiveness of 
Intermittent Pneumatic Compression in Long-Term Therapy of 
Lymphedema of Lower Limbs. Lymphatic Research and Biology 
2014, 12: 103 – 109. Doi.org/10.1089/lrb.2013.0033.

27.	 NELSON EA, HILLMAN A, THOMAS K. Intermittent Pneumatic 
Compression for Treating Venous Leg Ulcers. Cochrane Database of 
Systematic Reviews 2014. Doi.org/10.1002/14651858.CD001899.
pub4.

28.	 UZKESER H, KARATAY S, ERDEMCI B, KOC M, SENEL K. Efficacy 
of Manual Lymphatic Drainage and Intermittent Pneumatic 
Compression Pump Use in the Treatment of Lymphedema after 
Mastectomy: A Randomized Controlled Trial. Breast Cancer 2015, 
22: 300 – 307. Doi.org/10.1007/s12282-013-0481-3.

29.	 McLAUGHLIN SA, BRUNELLE CL, TAGHIAN A. Breast Cancer-
Related Lymphedema: Risk Factors, Screening, Management, and 
the Impact of Locoregional Treatment. Journal of Clinical Oncology 
2020, 38: 2341 – 2350. Doi.org/10.1200/JCO.19.02896.

30.	 DŽUPINA A, jr. Lymphedema and treatment possibilities, (Lymfedém 
a možnosti jeho liečby). Vask med 2020,12 (1): 30 – 40.

31.	 O’DONNELL TF, ALLISON GM, IAFRATI MD. A Systematic Review 
of Guidelines for Lymphedema and the Need for Contemporary 
Intersocietal Guidelines for the Management of Lymphedema. 
Journal of Vascular Surgery: Venous and Lymphatic Disorders 2020, 
8: 676 – 684. Doi.org/10.1016/j.jvsv.2020.03.006.

32.	 BLUMBERG SN, BERLAND T, ROCKMAN C, MUSSA F, et al. 
Pneumatic Compression Improves Quality of Life in Patients with 
Lower-Extremity Lymphedema. Annals of Vascular Surgery 2016, 30: 
40 – 44. Doi.org/10.1016/j.avsg.2015.07.004.

33.	 SORAN A, TOKTAS O, GRASSI A, SEZGIN E. Adding Pneumatic 
Compression Therapy in Lower Extremity Lymphedema Increases 
Compliance of Treatment, While Decreasing the Infection Rate. 
Lymphatic Research and Biology 2022, 20: 315 – 318. Doi.
org/10.1089/lrb.2020.0086.

34.	 DUNN N, WILLIAMS EM, DOLAN G, DAVIES JH. Intermittent 
Pneumatic Compression for the Treatment of Lower Limb 
Lymphedema: A Pilot Trial of Sequencing to Mimic Manual 
Lymphatic Drainage Versus Traditional Graduated Sequential 
Compression. Lymphatic Research and Biology 2022, 20: 514 – 
521. Doi.org/10.1089/lrb.2021.0025.

35.	 KÜNZEL T. Complete Decongestive Therapy: Standard Treatment 
for Lymphoedema; (Komplexe Physikalische Entstauungstherapie: 
Standardtherapie Der Lymphödeme). Phlebologie 2024, 53: 24 – 
35. Doi.org/10.1055/a-2053-4883.

36.	 LASINSKI BB. Complete Decongestive Therapy for Treatment of 
Lymphedema. Seminars in Oncology Nursing 2013, 29: 20 – 27. 
Doi.org/10.1016/j.soncn.2012.11.004.

37.	 HAYES S, CORNISH B, NEWMAN B. Preoperative Assessment 
Enables the Early Detection and Successful Treatment of 
Lymphedema. Cancer 2010, 116: 260. Doi.org/10.1002/cncr.24733.

38.	 STOUT GERGICH NL, PFALZER LA, McGARVEY, C, et al. 
Preoperative Assessment Enables the Early Diagnosis and Successful 
Treatment of Lymphedema. Cancer 2008, 112: 2809 – 2819. Doi.
org/10.1002/cncr.23494.

39.	 STOUT NL, WEISS R, FELDMAN JL, et al. A Systematic Review of 
Care Delivery Models and Economic Analyses in Lymphedema: 
Health Policy Impact (2004-2011). Lymphology 2013, 46: 27 – 41.

40.	 CIUDAD P, HUAYLLANI MT, FORTE AJ, et al. Vascularized Lymph 
Node Transfer for the Treatment of Posttraumatic Lower Extremity 
Lymphedema: A Preliminary Report. Indian Journal of Plastic 
Surgery 2022, 55: 97 – 101. Doi.org/10.1055/s-0041-1740520.

41.	 PARK KE, ALLAM O, CHANDLER L, et al. Surgical Management of 
Lymphedema: A Review of Current Literature. Gland Surgery 2020, 
9: 503 – 511. Doi.org/10.21037/gs.2020.03.14.

42.	 KANTH AM, KREVALIN M, ADETAYO OA, PATEL A. Surgical 
Management of Pediatric Lymphedema: A Systematic Review. 
Journal of Reconstructive Microsurgery 2019, 35: 462 – 470. Doi.
org/10.1055/s-0039-1681068.

43.	 CHANG DW, SUAMI H, SKORACKI R. A Prospective Analysis of 
100 Consecutive Lymphovenous Bypass Cases for Treatment of 
Extremity Lymphedema. Plastic and Reconstructive Surgery 2013, 
132: 1305 – 1314. Doi.org/10.1097/PRS.0b013e3182a4d626.

44.	 CIUDAD P, MARUCCIA M, SOCAS J, et al. The Laparoscopic Right 
Gastroepiploic Lymph Node Flap Transfer for Upper and Lower 
Limb Lymphedema: Technique and Outcomes. Microsurgery 2017, 
37: 197 – 205. Doi.org/10.1002/micr.22450.

45.	 BRORSON H, OHLIN K, OLSSON G, et al. Quality of Life Following 
Liposuction and Conservative Treatment of Arm Lymphedema. 
Lymphology 2006, 39: 8 – 25.

46.	 CHENG MH, HUANG JJ, WU CW, YANG CY, et al. The 
Mechanism of Vascularized Lymph Node Transfer for Lymphedema: 
Natural Lymphaticovenous Drainage. Plastic and Reconstructive 
Surgery 2014, 133: 192e – 198e. Doi.org/10.1097/01.
prs.0000437257.78327.5b.

47.	 CAN AG, EKSIOGLU E, BAHTIYARCA ZT, CAKCI FA. Assessment 
of Risk Factors in Patients Who Presented to the Outpatient Clinic 
for Breast Cancer-Related Lymphedema. Meme Sagligi Dergisi 
(Journal of Breast Health) 2016, 12 (1): 31 – 36. Doi.org/10.5152/
tjbh.2015.2801.

48.	 SCALLAN JP, DAVIS MJ, HUXLEY VH. Permeability and Contractile 
Responses of Collecting Lymphatic Vessels Elicited by Atrial and 
Brain Natriuretic Peptides. Journal of Physiology 2013, 591: 5071 – 
5081. Doi.org/10.1113/jphysiol.2013.260042.

49.	 STOUT GERGICH NL, PFALZER LA, McGARVEY C, et al. 
Preoperative Assessment Enables the Early Diagnosis and Successful 
Treatment of Lymphedema. Cancer 2008, 112: 2809 – 2819. Doi.
org/10.1002/cncr.23494.

50.	 FINEGOLD DN, BATY CJ, KNICKELBEIN KZ, PERSCHKE S, et al. 
Connexin 47 Mutations Increase Risk for Secondary Lymphedema 
Following Breast Cancer Treatment. Clinical Cancer Research 2012, 
18: 2382 – 2390. Doi.org/10.1158/1078-0432.CCR-11-2303.

51.	 SHAITELMAN SF, CROMWELL KD, RASMUSSEN JC, Stout, N. L.; 
Armer, J. M.; Lasinski, B. B.; Cormier, J. N. Recent Progress in the 
Treatment and Prevention of Cancer-Related Lymphedema. CA 
Cancer Journal for Clinicians 2015, 65: 55 – 81. Doi.org/10.3322/
caac.21253.

52.	 MOFFATT CJ, FRANKS PJ, DOHERTY DC, et al. Lymphoedema: An 
Underestimated Health Problem. QJM: An International Journal of 
Medicine 2003, 96: 731 – 738. Doi.org/10.1093/qjmed/hcg126.

53.	 CHEN SH, CEM YILDIRIM ME, MOUSAVI SA, CHEN HC. Long-
Term Functional Outcomes upon Application of Split-Thickness 
Skin Graft around Major Joints in HCC (Hung-Chi Chen)-Modified 
Charles’ Procedure for Advanced Lymphedema. Asian Journal of 
Surgery 2021, 44: 169 – 173. Doi.org/10.1016/j.asjsur.2020.05.001.

54.	 FATMA ABOELMAGD M, ABDELAAL AAM. Efficacy of Modified 
Complex Decongestive Therapy on Limb Girth, Skin Thickness, 
and Functional Capacity in Patients with Lower Limb Secondary 
Lymphoedema. Physiotherapy Quarterly 2021, 29: 49 – 55. Doi.
org/10.5114/pq.2020.100278.

55.	 HWANG KH, JEONG HJ, KIM GC, SIM YJ. Clinical Effectiveness of 
Complex Decongestive Physiotherapy for Malignant Lymphedema: 
A Pilot Study. Annals of Rehabilitation Medicine 2013, 37: 396 – 
402. Doi.org/10.5535/arm.2013.37.3.396.

56.	 PARTSCH H, FLOUR M, COLERIDGE-SMITH P, BENIGNI JP, et 
al. Indications for Compression Therapy in Venous and Lymphatic 
Disease - Consensus Based on Experimental Data and Scientific 
Evidence - Under the Auspices of the IUP; (Indikationen Für Die 
Kompressionstherapie Venöser Und Lymphatischer Erkrankungen 
- Konsensus Basierend Auf Experimentellen Daten Und 
Wissenschaftlicher Evidenz - Unter Der Federführung Der IUP). 
Vasomed 2011, 23: 69 – 70.

57.	 De VRIEZE T, VOS L, GEBRUERS N, et al. Protocol of a Randomised 
Controlled Trial Regarding the Effectiveness of Fluoroscopy-Guided 
Manual Lymph Drainage for the Treatment of Breast Cancer-Related 
Lymphoedema (EFforT-BCRL Trial). European Journal of Obstetrics 
and Gynecology and Reproductive Biology 2018, 221: 177 – 188. 
Doi.org/10.1016/j.ejogrb.2017.12.023.

58.	 DEVOOGDT N, THOMIS S, DE GROEF A, et al. The Effectiveness 
of Fluoroscopy-Guided Manual Lymph Drainage as Part of 
Decongestive Lymphatic Therapy on the Superficial Lymphatic 
Architecture in Patients with Breast Cancer-Related Lymphoedema: 
A Randomised Controlled Trial. Cancers 2023, 15. Doi.org/10.3390/
cancers15051545.



75www.lekarskyobzor.sk

59.	 HAYES S, CORNISH B, NEWMAN B. Preoperative Assessment 
Enables the Early Detection and Successful Treatment of 
Lymphedema. Cancer 2010, 116: 260. Doi.org/10.1002/cncr.24733.

60.	 CZERNIEC SA, WARD LC, MEERKIN JD, KILBREATH SL. Assessment 
of Segmental Arm Soft Tissue Composition in Breast Cancer-Related 
Lymphedema: A Pilot Study Using Dual Energy X-Ray Absorptiometry 
and Bioimpedance Spectroscopy. Lymphatic Research and Biology 
2015, 13: 33 – 39. Doi.org/10.1089/lrb.2014.0033.

61.	 CAMPBELL AC, FEI T, BAIK JE, et al. Skin Microbiome Alterations 
in Upper Extremity Secondary Lymphedema. PLoS ONE 2023, 18. 
Doi.org/10.1371/journal.pone.0283609.

62.	 TUGRAL A, BAKAR Y. An Approach to Lipedema: A Literature 
Review of Current Knowledge of an Underestimated Health 
Problem. European Journal of Plastic Surgery 2019, 42: 549 – 558. 
Doi.org/10.1007/s00238-019-01519-9.

63.	 NAFAI S, CROW D, STEVENS-NAFAI EW, FERGUSON H. The neces-
sity of compression garments in managing lymphedema. Journal of 
Cancer Rehabilitation 2022, 5: 85 – 89. Doi.org/10.48252/JCR66.

64.	 SCHEER R. Compression Garments for Managing Lymphoedema. 
Journal of Lymphoedema 2017, 12: 39 – 45.

65.	 PARTSCH H, BENHAMOU AC, BENIGNI JP, et al. Indications for 
Compression Therapy in Venous and Lymphatic Disease. Consensus 
Based on Experimental Data and Scientific Evidence under the 
Auspices of the IUP. International Angiology 2008, 27: 193 – 205.

66.	 DEVOOGDT N, THOMIS S, DE GROEF A, et al. The Effectiveness 
of Fluoroscopy-Guided Manual Lymph Drainage as Part of 
Decongestive Lymphatic Therapy on the Superficial Lymphatic 
Architecture in Patients with Breast Cancer-Related Lymphoedema: 
A Randomised Controlled Trial. Cancers 2023, 15. Doi.org/10.3390/
cancers15051545.

67.	 RIDNER SH, DIETRICH MS, DENG J, ETTEMA SL, MURPHY B. 
Advanced Pneumatic Compression for Treatment of Lymphedema 
of the Head and Neck: A Randomized Wait-List Controlled Trial. 
Supportive Care in Cancer 2021, 29: 795 – 803. Doi.org/10.1007/
s00520-020-05540-8.

68.	 DAMSTRA RJ, PARTSCH H. Prospective, Randomized, Controlled 
Trial Comparing the Effectiveness of Adjustable Compression Velcro 
Wraps versus Inelastic Multicomponent Compression Bandages 
in the Initial Treatment of Leg Lymphedema. Journal of Vascular 
Surgery: Venous and Lymphatic Disorders 2013, 1: 13 – 19. Doi.
org/10.1016/j.jvsv.2012.05.001.

69.	 DODDE RE, KRUGER GH, SHIH AJ. Design of Bioimpedance 
Spectroscopy Instrument with Compensation Techniques for Soft 
Tissue Characterization. Journal of Medical Devices, Transactions of 
the ASME 2015, 9: 1 – 8. Doi.org/10.1115/1.4029706.

70.	 PEREZ CS, MESTRINER C, RIBEIRO LTN, et al. Relationship betwe-
en Lymphedema after Breast Cancer Treatment and Biophysical 
Characteristics of the Affected Tissue. PLoS ONE 2022, 17 (4 April). 
Doi.org/10.1371/journal.pone.0264160.

71.	 YOSHIDA S, KOSHIMA I, IMAI H, et al. Effect of Postoperative 
Compression Therapy on the Success of Liposuction in Patients with 
Advanced Lower Limb Lymphedema. Journal of Clinical Medicine 
2021, 10 (21). Doi.org/10.3390/jcm10214852.

72.	 FORTE AJ, HUAYLLANI MT, BOCZAR D, CINOTTO G, 
MCLAUGHLIN SA. Lipoaspiration and Controlled Compressive 
Therapy in Lymphedema of the Upper Extremity: A Comprehensive 
Systematic Review. Cureus 2019, 11 (9): e5787. Doi 10.7759/cure-
us.5787. 

73.	 LANZA M, BERGMANN A, FERREIRA MGDCL, et al. Quality of Life 
and Volume Reduction in Women with Secondary Lymphoedema 
Related to Breast Cancer. International Journal of Breast Cancer 
2015. Doi.org/10.1155/2015/586827.

74.	 TIDHAR D, HODGSON P, SHAY C, TOWERS A. A lymphedema 
self-management programme: report on 30 cases. Physiother Can 
2014, 66 (4): 404-412. Doi 10.3138/ptc.2013-46.

Accepted for publication 9. 12. 2024.

Address for correspondence:
Viera Štvrtinová, MD, prof., PhD., FESVM
1st Department of Internal Medicine 
Faculty of Medicine, Comenius University Bratislava 
Mickiewiczova 13
813 69 Bratislava
E-mail: viera.stvrtinova@fmed.uniba.sk


