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Lymphatic microsurgery
 A rapidly advancing field in reconstructive (super-)microsurgery

Lymphedema is a chronic, progressive condition characterized by painful

swelling and reddening of an extremity due to disruption of the lymphatic

system (Figure 1).1 Over time, it can result in inflammation, fibrosis, and

recurrent infections (e.g. cellulitis, erysipelas). If left untreated, the disease

may progress to irreversible structural damage, with significant functional

and psychosocial consequences and reductions in long-term quality of life.

Although conservative treatment remains a key component of symptom

control, many patients continue to experience persistent complications.2-4

However, the recent emergence of reconstructive microsurgical techniques

has redefined treatment goals, shifting the focus from palliative

symptomatic management to physiological restoration of lymphatic

drainage.5

Figure 1. Significant upper extremity swelling in breast-cancer survivor.
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The clinical presentation of lymphedema is highly variable in both symptoms

and severity. Symptoms include limb swelling, a feeling of heaviness,

recurrent infections (e.g. cellulitis or erysipelas), skin changes such as

hyperkeratosis, pain, and also report a substantial psychological burden

associated with reduced quality of life.6 In developed countries, secondary

lymphedema is the most prevalent form, most commonly occurring after

oncological treatments such as radical lymph node dissection or

radiotherapy. In breast cancer in particular, de-escalation strategies in

axillary lymph node dissections and radiotherapy have significantly reduced

its incidence; however, depending on the exact treatment combination,

between 10% and 30% of patients are still affected. 7 Despite increasing

evidence for the effectiveness of surgical interventions, especially when

performed early, awareness of these treatment options remains limited

among many health care providers. As a result, patients often remain

untreated for far too long, although timely surgical management can

considerably improve outcomes. Beyond symptom control, the goal is also

to reduce the need for conservative therapy, which is labor-intensive, time-

consuming.  Given the complex nature of lymphedema, close collaboration

within an interdisciplinary team is required to achieve optimal patient

results.

Diagnostic workup

Diagnosis of lymphedema can be challenging, often delayed by clinical

overlap with other causes of limb swelling such as chronic venous

insufficiency or lipedema. Consequently, a thorough clinical history and

physical examination are essential, particularly in high-risk oncological

patients. Lymphedema is clinically classified based on clinical presentation

according to the International Society of Lymphedema (ISL), which

categorizes disease progression from subclinical changes to advanced

disease.8 The ISL stages are as follows:

– Stage 0 (latent/subclinical stage): Lymphatic transport is impaired, but no

visible swelling is present. Patients may report a sensation of heaviness or

discomfort in the affected limb.

– Stage 1 (reversible stage): Onset of soft, pitting edema that is typically

reversible with limb elevation or compression. Swelling may fluctuate

throughout the day.

– Stage 2 (irreversible stage): Edema becomes more persistent and no

longer resolves with elevation alone. Fibrotic changes begin to develop, and

the tissue may feel firm or rubbery.

– Stage 3 (elephantiasis): The most advanced stage, characterized by severe

swelling, extensive fibrosis, and irreversible skin changes such as

hyperkeratosis, papillomatosis, and dermal thickening. Mobility may be

significantly impaired, and recurrent infections are common.

Accurate quantification of limb volume is also essential for diagnosis and

postoperative monitoring of lymphedema progression and/or response to

therapy. Commonly used methods include:

(A)  Limb circumference measurement: Circumference measurements are

taken at specific anatomical landmarks (e.g., ankle, mid-calf, mid-thigh)

using a measuring tape.5

(B)  Water displacement volumetry: This method involves submerging the

affected limb in a water tank and measuring the volume of displaced water.9

While time-intensive and impractical for the clinical setting, it provides a

precise estimate of limb volume.
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(C)  3D surface imaging technologies: Machine learning-based 3D scanners

can generate a full three-dimensional model of the limb to calculate volume

and detect contour irregularities, allowing for rapid, non-invasive, and highly

reproducible assessments.10

Diagnostic imaging

Accurate diagnostics are essential not only for diagnosis and staging of

lymphedema, but also essential for individualized surgical planning.

Consequently, we commonly use a stepwise approach beginning with non-

invasive, bedside tools and advancing to specialized imaging as needed.

(A)  Ultrasound: Doppler ultrasound is essential to exclude venous

pathologies such as deep vein thrombosis or chronic venous insufficiency

that can mimic lymphedema. It can also detect minimal changes in soft

tissue edema and ibrosis.11

(B)  Indocyanine Green (ICG) Lymphography: ICG lymphography is

currently considered the gold standard for initial diagnostics. It is a real-

time, minimally invasive imaging technique where near-infrared fluorescent

dye is injected intradermally. Using specialized cameras, clinicians can

visualize superficial lymphatic pathways, detect dermal backflow, and thus

detect irregularities in lymph flow (Figure 2).12 It is particularly valuable for

surgical planning (e.g., identifying potentially suitable lymphatic vessels for

LVA).

Figure 2. ICG lymphography demonstrating diffuse, irregular, and scattered
dermal backflow with widespread fluorescence in lymphedema patient.

 (C)  MRI and CT Lymphangiography:  MRI and CT offer high-resolution

anatomical imaging of both superficial and deep lymphatic vessels. MRI

lymphangiography provides superior soft tissue contrast and can visualize
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lymph nodes, fluid accumulation, and fibrosis without radiation exposure.13

CT lymphangiography, although involving ionizing radiation, offers rapid

acquisition and high spatial resolution, particularly useful in preoperative

planning. Both modalities can be enhanced with intranodal contrast agents

to directly image lymphatic channels but are less commonly used due to

technical complexity and resource requirements.

(D)  Lymphoscintigraphy: Lymphoscintigraphy involves subcutaneous

injection of radiolabeled tracers (typically Tc-99m-labeled colloid), followed

by gamma camera imaging to assess tracer uptake and drainage through

lymphatic channels.14 It identifies functional abnormalities and can

distinguish between primary and secondary lymphedema.

Treatment

Treatments can be categorized in conservative, reconstructive and ablative

approaches. The three modalities can also be combined to achieve optimal

results.15

Conservative Treatment

The gold standard of lymphedema treatment includes complex

decongestive therapy (CDT), which includes:

– manual lymph drainage

– compression therapy and garments

– exercise and physiotherapy

– skin hygiene to prevent infection

CDT can reduce limb volume and improve symptoms but does not address

the underlying pathophysiology and consequently requires lifelong

adherence to regular follow-ups.3,4

Reconstructive Treatment
In contrast to CDT, (super-)microsurgical interventions aim to restore

lymphatic drainage capacity by reconstructing lymphatic networks. These

techniques have demonstrated long-term reductions in limb circumference,

decreased risk of infection, lower number of CDT sessions per week and

consequently improved quality of life.5 Commonly used surgical

interventions include:

(A)  Lymphaticovenous anastomosis (LVA): LVA is a supermicrosurgical

procedure in which lymphatic vessels are connected to nearby subdermal

venules, creating a distal shunt allowing for immediate lymphatic outflow

(Figure 3).16,17 It is most effective in early-stage lymphedema (ISL stages I–II),

before irreversible fibrotic changes of lymphatic vessels occur. LVA is

minimally invasive, may also be performed under local anesthesia, and often

results in rapid symptom relief and volume reduction with low complication

rates (Figure 4). Real-time indocyanine green (ICG) lymphography is

typically used to guide vessel selection.
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Figure 3. Lymphovenous anastomosis (LVA) involves creating a distal
anastomosis between a lymphatic vessel and an adjacent subdermal
venule.

Figure 4. Supermicrosurgical anastomosis (arrow) between lymphatic
vessel and adjacent subdermal venule in LVA.

(B)  Vascularized lymph node transfer (VLNT):  VLNT involves harvesting

lymph nodes from a healthy donor site (e.g., groin, neck, or omentum) with

their vascular supply and transplanting them to the lymphedematous region

(Figure 5).18 The transferred nodes are believed to secrete vascularized

endothelial growth factors (e.g. VEGF-C), which promote local

lymphangiogenesis, restoring drainage in areas with complete lymphatic

disruption (Figure 6).19 This approach is also suited for more advanced

disease (ISL stages II–III), particularly in patients with minimal or absent

native lymphatic channels.20 Careful donor site selection after reverse

lymphatic mapping is essential to minimize the risk of inducing iatrogenic

lymphedema.

(C)  Lymph Interpositional Flap Transfer (LIFT) / Vascularized Lymph
Vessel Transfer (VLVT): In cases where large dead spaces require coverage

with lymphatic tissue, the conventional microsurgical VLNT approach may

not be optimal. As an alternative, free tissue transfer using lymphatic-rich

flaps has recently been proposed for lymphatic reconstruction (Figure 7).

Among these, the superficial circumflex iliac artery perforator (SCIP) flap has

gained particular attention because it contains unidirectional lymphatic
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vessels oriented toward the inguinal lymph nodes.21-23 By transplanting

functional lymphatic vessels, this technique not only restores lymphatic

drainage but also provides reliable coverage of extensive tissue defects.

Figure 5. Vascularized lymph node transfer (VLNT) involves the autologous
transplantation of lymph nodes from a variety of potential donor sites to
the lymphedematous region.

Figure 6. Lymph node bundle placed in the axilla (A) after microvascular
anastomosis; (B) after flap insertion; and (C) after closure.
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Figure 7. Lymph Interpositional Flap Transfer (LIFT) / Vascularized Lymph
Vessel Transfer (VLVT), typically harvested from the superficial inferior
epigastric (SIEA) or the superficial circumflex iliac (SCIP) arteries.

Ablative Treatment

Ablative methods (e.g. liposuction) is particularly helpful in combination with

conservative and/or reconstructive approaches.

(A)  Liposuction: Patients with advanced-stage lymphedema commonly

suffer from excess fibrous tissue that cannot be resolved by reconstructive

surgery alone. Liposuction serves as a valuable adjunct by mechanically

debulking the excess tissue, resulting in immediate volume reduction.15

While liposuction does not improve lymphatic function per se, it can

significantly enhance limb contour and patient comfort (Figure 8).

Consequently, liposuction is commonly used as an adjunct to reconstructive

procedures (Figure 9). Additionally, to sustain long-term results, patients

must adhere to compression garments after procedure.
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Figure 8. Liposuction removes fat and simultaneously decompresses the
lymphedematous extremity, thereby allowing for rapid subjective
improvements. It is commonly combined with a reconstructive procedure.

Figure 9. Overview of stage-adapted reconstructive approaches.

Current Research Strategies                             

Lymphedema is a rapidly advancing field with new discoveries being made

on a weekly basis. Our LYMPH Trial www.lymphtrial.com is a worldwide

multicentric, randomized controlled trial aimed at demonstrating that

microsurgical treatment in combination with conservative therapy genuinely

improves the quality of life and reduces lymphedema in patients with

chronic lymphedema following breast cancer treatment, as current evidence

is mostly limited to small retrospective cohort studies. Notably, the project

was developed together with affected patients, thus prioritizing patient-

reported outcomes.  Additionally, in our multicentric lymphedema database

we have been aiming to quantify improvements after surgery in hopes of

identifying modifiable variables (e.g. ideal donor and recipient site selection,

lymphatic vessel quality, etc.). Finally, our group directly works with affected

patients to identify important research questions. With our studies, we aim

to make a positive impact in both clinical measurements and also patient-

reported quality of life by addressing the significant clinical challenges faced

by cancer survivors every day.

Neurolymphatics – a future steppingstone

The lymphatic and nervous systems are increasingly recognized as

interconnected regulators of tissue homeostasis, inflammation, and repair.

Recent studies suggest that lymphatic vessels are not merely passive

drainage conduits but are functionally linked to neural signaling

pathways.24,25 In particular, meningeal lymphatic vessels have been

implicated in clearing metabolic waste products from the central nervous

system, thereby influencing neuroinflammation and neurovascular

health.26,27 Emerging preclinical evidence indicates that enhancing

lymphatic function may prevent cognitive decline and improve neurological

outcomes in patients with Alzheimer’s disease and other neurodegenerative

disorders.28,29 These findings highlight the potential of targeting the

lymphaticoneural axis as a novel therapeutic strategy for maintaining brain

health and delaying disease progression.
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Conclusion

With lymphedema affecting every fifth breast and pelvic cancer survivors,

reconstructive microsurgery has become an essential component of

lymphedema management, offering restoration of lymphatic drainage

capacity and significant improvements in patient outcomes (Figure 10).

Conservative therapy alone is often insufficient; therefore, surgical options

should be systematically considered and offered whenever appropriate.

Consequently, we aim to integrate surgical solutions into standard

lymphedema care pathways. To establish evidence-based best practices,

multicenter randomized trials and collaborative databases, such as our

LYMPH study and the international lymphedema registry, will be

indispensable.  Additionally, the rapidly advancing basic and translational

research hold promise for preventive and curative treatments in the future.

Figure 10. Before (top) and after (bottom) images of BCRL patient after
lymphatic reconstruction
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