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ABSTRACT

Lymphedema is a chronic and progressive disorder resulting from impaired lymphatic transport,
leading to fluid accumulation, chronic inflammation, fibrosis, and progressive functional
impairment. Recent advances in reconstructive surgery have shifted therapeutic strategies from
symptom control toward physiological restoration of lymphatic drainage through
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supermicrosurgical techniques. This review analyzes the current scientific evidence regarding
supermicrosurgery and lymphatic reconstruction, emphasizing lymphaticovenous anastomosis,
vascularized lymph node transfer, immediate lymphatic reconstruction, advanced diagnostic
imaging, and emerging regenerative medicine approaches. Contemporary literature demonstrates
that individualized patient selection, supported by indocyanine green lymphography and other
imaging modalities, is fundamental for optimizing surgical outcomes. Physiological
reconstruction has been associated with reductions in limb volume, lower incidence of cellulitis,
improved functional recovery, decreased dependence on compression therapy, and better quality
of life when integrated into multidisciplinary care. Emerging technologies, including tissue
engineering, therapeutic lymphangiogenesis, artificial intelligence, and image-guided surgery,
are expanding future therapeutic possibilities while promoting increasingly personalized
treatment strategies. Although current evidence supports the effectiveness of physiological
lymphatic reconstruction, further multicenter prospective studies with standardized
methodologies are required to strengthen clinical recommendations and improve the global
implementation of these techniques. Overall, supermicrosurgery represents a major milestone in
modern reconstructive surgery and continues to redefine the management of primary and
secondary lymphedema through innovation, technological development, and international
multidisciplinary collaboration.
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INTRODUCTION

Lymphedema is a chronic, progressive, and frequently debilitating condition characterized by impaired lymphatic
transport, resulting in the accumulation of protein-rich interstitial fluid, chronic inflammation, adipose tissue
deposition, and progressive fibrosis. It affects millions of individuals worldwide and represents one of the most
significant long-term complications following oncological treatment, particularly after lymph node dissection and
radiotherapy for breast, gynecological, urological, melanoma, and head-and-neck malignancies. Beyond its physical
manifestations, lymphedema substantially compromises quality of life through persistent limb swelling, recurrent
infections, pain, reduced mobility, psychosocial distress, occupational limitations, and increased healthcare
expenditures. Despite advances in cancer treatment and survivorship, the incidence of secondary lymphedema remains
considerable, emphasizing the necessity for more effective preventive and therapeutic strategies [1], [2].

Globally, the burden of lymphedema has increased as cancer survival rates continue to improve, creating a growing
population of patients living with chronic treatment-related sequelae. Although secondary lymphedema is the most
frequently encountered form in developed healthcare systems, primary lymphatic disorders continue to represent an
important cause of morbidity in pediatric and adult populations. In addition, neglected tropical diseases such as
lymphatic filariasis remain major contributors to lymphatic dysfunction in several low- and middle-income countries,
illustrating the diverse epidemiological landscape of lymphatic diseases across continents. Consequently, improving
lymphatic reconstruction has become an international priority involving multidisciplinary collaboration among plastic
surgeons, microsurgeons, oncologists, rehabilitation specialists, radiologists, vascular surgeons, biomedical engineers,
and regenerative medicine researchers [6], [14].

Historically, therapeutic management of lymphedema focused primarily on symptom control rather than restoration of
lymphatic function. Conservative interventions—including complete decongestive therapy, compression garments,
manual lymphatic drainage, exercise therapy, and meticulous skin care—remain essential components of patient
management and continue to provide meaningful symptomatic improvement. However, these approaches rarely
reverse the underlying lymphatic insufficiency and frequently require lifelong adherence. Similarly, traditional
excisional or debulking surgical procedures, although capable of reducing limb volume in selected patients, often fail
to restore physiological lymphatic drainage and may be associated with significant morbidity. These limitations
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stimulated the search for reconstructive strategies capable of addressing the pathophysiological mechanisms
responsible for disease progression [4], [6].

The development of microsurgical lymphatic reconstruction has fundamentally transformed the therapeutic paradigm
for lymphedema over the past two decades. Instead of focusing exclusively on removing excess tissue, modern
physiological procedures attempt to re-establish functional lymphatic circulation through highly specialized
microsurgical techniques. Among these innovations, lymphaticovenous anastomosis (LVA), vascularized lymph node
transfer (VLNT), immediate lymphatic reconstruction (ILR), prophylactic LYMPHA procedures, and complex
supermicrosurgical reconstructions have demonstrated promising clinical outcomes, including reductions in limb
volume, decreased frequency of cellulitis, improved lymphatic drainage, enhanced quality of life, and diminished
dependence on lifelong compression therapy [2], [3], [7].

Supermicrosurgery represents one of the most remarkable technological achievements within reconstructive surgery.
Unlike conventional microsurgery, which typically involves vessels measuring 1-3 mm in diameter,
supermicrosurgery allows anastomosis of vessels measuring less than 0.8 mm, including terminal lymphatic channels
and venules that were previously considered inaccessible. This technological leap has been made possible through
advances in optical magnification systems, ultrafine microsurgical instruments, high-precision suture materials,
fluorescence-guided imaging, and specialized microsurgical training programs. As technical proficiency has improved
worldwide, supermicrosurgery has evolved from an experimental discipline into a clinically reproducible therapeutic
option implemented in specialized centers across Asia, Europe, North America, and increasingly Latin America [8],
[20].

One of the major contributors to the expansion of lymphatic supermicrosurgery has been the incorporation of advanced
imaging technologies into every stage of patient management. Indocyanine green (ICG) lymphography has
revolutionized preoperative planning by enabling real-time visualization of superficial lymphatic vessels, facilitating
identification of functional lymphatic channels suitable for anastomosis while simultaneously providing dynamic
assessment of lymphatic flow patterns. Complementary modalities—including lymphoscintigraphy, magnetic
resonance lymphangiography, ultrasonography, photoacoustic imaging, and three-dimensional reconstruction—have
further enhanced diagnostic precision and individualized surgical planning. These imaging advances allow surgeons
to tailor procedures according to disease stage, anatomical variation, and residual lymphatic function, ultimately
improving surgical outcomes [12], [4].

Concurrently, increasing understanding of lymphatic biology has profoundly influenced the evolution of reconstructive
strategies. Contemporary research demonstrates that lymphedema is not simply a mechanical disorder of fluid
accumulation but rather a complex inflammatory disease involving immune dysregulation, fibroblast activation,
adipose tissue remodeling, extracellular matrix deposition, chronic oxidative stress, and impaired lymphangiogenesis.
These biological mechanisms explain why disease progression becomes increasingly irreversible once fibrosis and
adipose hypertrophy become established. Accordingly, early diagnosis and timely physiological reconstruction have
gained considerable importance in modern treatment algorithms [16], [17].

Among physiological procedures, lymphaticovenous anastomosis has become particularly valuable for patients
diagnosed during the early stages of disease, when functional lymphatic channels remain patent. By creating direct
connections between lymphatic vessels and adjacent venules, LVA bypasses obstructed lymphatic pathways and
restores physiologic drainage with minimal surgical morbidity. Conversely, vascularized lymph node transfer has
demonstrated greater efficacy in patients with more advanced disease characterized by extensive lymphatic destruction,
where transferred lymph nodes may promote lymphangiogenesis, restore immunological function, and stimulate
regeneration of damaged lymphatic networks through multiple biological mechanisms. Current evidence increasingly
supports individualized selection of reconstructive procedures according to disease stage, anatomical characteristics,
and patient-specific factors rather than a universal treatment strategy [9], [10], [13].

The emergence of regenerative medicine has further expanded therapeutic possibilities in lymphatic reconstruction.
Experimental and translational studies have investigated the regenerative potential of mesenchymal stem cells,
extracellular vesicles, biomaterial scaffolds, bioengineered lymphatic conduits, gene therapy targeting vascular
endothelial growth factor-C (VEGF-C), and tissue engineering technologies capable of stimulating
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lymphangiogenesis. Although many of these interventions remain under clinical investigation, preliminary findings
suggest that combining regenerative therapies with physiological supermicrosurgery may enhance long-term
functional recovery by promoting reconstruction of damaged lymphatic architecture at both structural and molecular
levels [15], [17].

Parallel technological developments involving artificial intelligence, computational image analysis, three-dimensional
surgical planning, robotic microsurgery, augmented reality navigation, and predictive machine learning algorithms are
expected to further optimize patient selection, intraoperative precision, and postoperative outcome prediction. These
innovations may contribute to greater procedural standardization while reducing variability associated with surgeon
experience, thereby facilitating broader dissemination of supermicrosurgical techniques across diverse healthcare
systems [1], [11].

Despite substantial progress, several important challenges remain unresolved. Significant heterogeneity persists
regarding surgical indications, staging systems, imaging protocols, outcome measures, duration of follow-up,
rehabilitation protocols, and definitions of treatment success. Moreover, disparities in access to specialized
microsurgical centers continue to limit widespread implementation, particularly in low- and middle-income countries.
Within Latin America, increasing interest in lymphatic reconstruction has stimulated the development of specialized
microsurgical units, multidisciplinary collaborations, and regional training initiatives; however, availability remains
uneven across healthcare systems. Consequently, generating comprehensive evidence capable of integrating current
scientific knowledge into practical clinical recommendations remains essential for improving patient care worldwide

(6], [8], [14].

In this context, the present review aims to provide a comprehensive and up-to-date analysis of the current state of
supermicrosurgery and lymphatic reconstruction in the management of lymphedema. The review examines recent
advances in lymphatic anatomy and pathophysiology, diagnostic imaging, physiological reconstructive techniques,
vascularized lymph node transfer, lymphaticovenous anastomosis, regenerative medicine, technological innovations,
and future therapeutic perspectives. Furthermore, emphasis is placed on integrating evidence generated across multiple
regions, including North America, Europe, Asia, and Latin America, in order to present an international perspective
on evolving reconstructive strategies. By synthesizing contemporary clinical evidence and emerging technologies, this
review seeks to contribute to a deeper understanding of how supermicrosurgical reconstruction is redefining the
management of lymphedema and shaping the future of lymphatic surgery [2], [6], [11].

DEVELOPMENT

The treatment of lymphedema has undergone a substantial transformation as knowledge of lymphatic anatomy, disease
progression, and microsurgical reconstruction has expanded. For many years, clinical management was primarily
directed toward reducing edema and controlling complications through complete decongestive therapy, compression
garments, manual lymphatic drainage, exercise, and skin care. These interventions continue to be fundamental,
however, their effects depend on long-term adherence and do not directly correct the anatomical interruption or
functional insufficiency of the lymphatic system [4], [6]. This limitation has encouraged the development of
physiological surgical procedures intended to restore lymphatic transport rather than exclusively controlling its
consequences.

Lymphedema should be understood as more than the passive accumulation of interstitial fluid. Persistent lymphatic
stasis promotes a complex biological response involving chronic inflammation, immune-cell infiltration, fibroblast
activation, extracellular matrix remodeling, and progressive adipose tissue deposition. As these alterations advance,
affected tissues become increasingly firm and less responsive to conservative measures. This progression explains why
early-stage disease, in which patent lymphatic vessels may still be identified, differs substantially from advanced
lymphedema characterized by fibrosis, fat hypertrophy, and structural destruction of lymphatic pathways [16].
Consequently, the effectiveness of reconstructive surgery depends not only on limb volume but also on disease
duration, tissue composition, residual lymphatic function, previous oncological treatment, infection history, and
imaging findings.
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Supermicrosurgery has expanded the possibilities of physiological reconstruction by allowing surgeons to manipulate
vessels with diameters generally below 0.8 mm. Its principal application in lymphedema is lymphaticovenous
anastomosis, a minimally invasive procedure in which functioning lymphatic vessels are connected to nearby venules.
This creates an alternative drainage pathway that redirects lymph toward the venous circulation and bypasses areas of
obstruction. Different configurations may be employed, including end-to-end, end-to-side, side-to-end, and side-to-
side anastomoses, depending on vessel diameter, flow direction, venous pressure, and the quality of the available
lymphatic channel [8], [10].

Patient selection is particularly important for lymphaticovenous anastomosis. The procedure generally produces more
predictable physiological benefits when functional lymphatic collectors remain detectable and tissue fibrosis is limited.
Indocyanine green lymphography has therefore become a central tool for identifying suitable vessels and mapping
abnormal dermal backflow patterns. Linear fluorescence patterns usually suggest preserved collecting vessels, whereas
splash, stardust, and diffuse patterns indicate progressively greater lymphatic dysfunction. These findings help
determine incision sites, select candidate channels, estimate disease severity, and decide whether an isolated bypass
procedure is likely to be sufficient [12]. Magnetic resonance lymphangiography and high-frequency ultrasonography
can complement this evaluation by providing information about deeper structures, tissue composition, vessel diameter,
and venous anatomy.

Current evidence indicates that lymphaticovenous anastomosis can reduce limb circumference or volume, decrease
subjective heaviness, lower the frequency of cellulitis, and improve patient-reported quality of life. Nevertheless,
outcomes vary considerably among studies because of differences in staging systems, surgical techniques, follow-up
periods, compression protocols, and definitions of clinical success. A systematic review and meta-analysis of
microsurgical procedures found that both lymphaticovenous anastomosis and vascularized lymph node transfer were
associated with improvements in secondary lymphedema severity, although the authors emphasized the need for
standardized outcome reporting [2]. A broader meta-analysis similarly found favorable results for microsurgical
treatment but identified substantial methodological heterogeneity across the available literature [3]. These findings
support the therapeutic value of supermicrosurgery while also demonstrating that it should not be presented as a
uniform or universally curative intervention.

Vascularized lymph node transfer represents another major reconstructive strategy. In this procedure, a flap containing
lymph nodes, surrounding adipose tissue, arteries, and veins is transferred from a donor region to the affected
extremity. Common donor sites include the supraclavicular, submental, inguinal, thoracic, gastroepiploic, and
mesenteric regions. Recipient sites may be proximal, such as the axilla or groin, or distal, such as the wrist or ankle.
Selection depends on the location of obstruction, severity of fibrosis, previous surgical scars, availability of recipient
vessels, and the physiological objectives of reconstruction [9].

The mechanisms by which vascularized lymph node transfer improves drainage remain under investigation. Proposed
explanations include the development of new lymphatic connections, absorption of lymph through the transferred flap,
shunting of fluid toward the venous system, and release of lymphangiogenic mediators that stimulate local vessel
growth. Clinical studies have reported reductions in excess limb volume, cellulitis episodes, compression dependence,
and disease-related symptoms. One systematic review and meta-analysis found that vascularized lymph node transfer
could reduce the inter-limb volume difference in unilateral upper-extremity lymphedema by approximately 40%, while
also suggesting improvements in quality of life and infection frequency. However, the strength of these conclusions
was limited by differences in study design and outcome measurement [9].

Vascularized lymph node transfer may be considered particularly useful when lymphatic channels are severely
damaged or unavailable for bypass. Nevertheless, it is a more invasive procedure than lymphaticovenous anastomosis
and requires microsurgical dissection, flap transfer, vascular anastomosis, and careful management of the donor region.
Donor-site lymphedema remains one of its most concerning potential complications. Reverse lymphatic mapping,
selective lymph node harvesting, preoperative imaging, and the use of intra-abdominal donor sites have been
introduced to reduce this risk. These precautions demonstrate that successful reconstruction depends not only on
improving the affected extremity but also on preserving lymphatic drainage in the donor area.
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An increasingly important development is the use of combined or staged procedures. Lymphaticovenous anastomosis
and vascularized lymph node transfer are not necessarily competing interventions; they may address different
components of the same disorder. A bypass can provide immediate drainage through preserved collectors, whereas
transferred lymphatic tissue may promote gradual remodeling and longer-term physiological recovery. In advanced
disease, these techniques can also be combined with suction-assisted lipectomy to remove irreversible adipose
deposition. Thus, contemporary treatment algorithms increasingly distinguish between fluid-predominant and solid-
predominant disease rather than relying exclusively on conventional clinical staging.

Immediate lymphatic reconstruction has also modified the preventive approach to secondary lymphedema. Procedures
such as LYMPHA are performed during lymph node dissection to reconnect transected lymphatic channels to nearby
veins before clinically evident swelling develops. This strategy is especially relevant in breast and gynecological cancer
surgery, where nodal dissection and radiotherapy may significantly increase the risk of postoperative lymphatic
dysfunction [1], [7]. Preventive reconstruction represents a conceptual shift from treating established lymphedema to
preserving lymphatic continuity at the time of oncological intervention. However, long-term multicenter studies remain
necessary to define its durability, cost-effectiveness, and appropriate indications.

Regenerative medicine may further extend the benefits of surgical reconstruction. Experimental strategies involving
mesenchymal stromal cells, extracellular vesicles, biomaterial scaffolds, vascular endothelial growth factor C, and
tissue-engineered lymphatic conduits aim to promote lymphangiogenesis and repair damaged lymphatic networks [15],
[17]. Rather than replacing surgery, these approaches may eventually enhance anastomotic function, improve
lymphatic regeneration around transferred tissues, or benefit patients whose fibrosis limits conventional reconstruction.
Their application remains largely investigational because uncontrolled lymphangiogenic stimulation, immunological
effects, oncological safety, dosing, and delivery methods require further evaluation.

The implementation of these advances remains unequal at the international level. Specialized lymphatic surgery
programs are concentrated in high-resource academic centers with access to advanced microscopes, fluorescence
imaging, supermicrosurgical instruments, and multidisciplinary rehabilitation services. In Latin America, interest in
lymphatic reconstruction has increased through plastic surgery, oncological reconstruction, and microsurgical training
networks. Nevertheless, barriers remain, including limited equipment, insufficient referral pathways, delayed
diagnosis, inconsistent insurance coverage, and a shortage of surgeons trained in supermicrosurgical techniques.
Regional participation is essential because cancer-related lymphedema, primary lymphatic disorders, obesity, recurrent
infections, and filarial disease may present different epidemiological and socioeconomic challenges across healthcare
systems.

The current evidence therefore supports a personalized and multidisciplinary model of care. Conservative treatment
remains necessary before and after surgery, while imaging, clinical staging, tissue assessment, oncological history,
functional limitations, and patient expectations guide procedural selection. Early disease with patent lymphatic
collectors may be approached through lymphaticovenous anastomosis, whereas more advanced dysfunction may
require vascularized lymph node transfer, reductive surgery, or combined reconstruction. The principal objective is
not merely to reduce limb size, but to decrease infections, preserve mobility, improve participation in daily activities,
lessen treatment burden, and enhance long-term quality of life.

Despite encouraging results, the field continues to face limitations in evidence quality. Many published studies are
retrospective, involve small cohorts, use different measurement methods, and report follow-up periods that are
insufficient to determine long-term durability. Future investigations should incorporate prospective multicenter
designs, standardized staging, objective volume and imaging measurements, validated patient-reported outcomes, cost-
effectiveness analysis, and representation from diverse geographical regions. Such methodological improvement is
necessary to determine which patients benefit most from each procedure and to establish internationally applicable
standards for lymphatic reconstruction [2], [6], [11].

GENERAL OBJECTIVE AND SPECIFIC OBJECTIVES
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To critically analyze the current scientific evidence regarding supermicrosurgery and lymphatic reconstruction in the
management of lymphedema, integrating advances in surgical techniques, diagnostic imaging, regenerative medicine,
and multidisciplinary care in order to identify their clinical applications, therapeutic outcomes, current limitations, and
future perspectives for improving patient management worldwide.

A. Cognitive Domain

1.

To describe the anatomical and physiological principles of the lymphatic system that support modern
reconstructive procedures for lymphedema treatment.

To analyze the pathophysiological mechanisms involved in the development and progression of primary and
secondary lymphedema based on current scientific evidence.

To compare the indications, advantages, limitations, and reported clinical outcomes of lymphaticovenous
anastomosis, vascularized lymph node transfer, and other physiological reconstructive procedures.

To evaluate the contribution of advanced diagnostic imaging techniques, including indocyanine green
lymphography, lymphoscintigraphy, magnetic resonance lymphangiography, and ultrasonography, in
surgical planning and postoperative assessment.

To examine the emerging role of regenerative medicine, tissue engineering, artificial intelligence, and
technological innovations in the future development of lymphatic reconstruction.

B. Psychomotor Domain

6.

To identify the sequential steps involved in preoperative evaluation, surgical planning, intraoperative
execution, and postoperative management of supermicrosurgical lymphatic reconstruction.

To recognize the technical principles required for performing lymphaticovenous anastomosis and
vascularized lymph node transfer, including vessel identification, microsurgical manipulation, and
preservation of donor-site lymphatic drainage.

To interpret imaging findings and clinical staging systems in order to facilitate appropriate selection of
reconstructive strategies according to disease severity.

C. Affective Domain

9.

10.

11.

To recognize the importance of multidisciplinary collaboration among plastic surgeons, microsurgeons,
oncologists, rehabilitation specialists, radiologists, and other healthcare professionals in optimizing the
management of patients with lymphedema.

To appreciate the impact of early diagnosis, individualized treatment planning, and patient-centered care on
functional recovery, quality of life, and long-term clinical outcomes.

To promote evidence-based decision-making and continuous professional development through the critical
appraisal of contemporary literature addressing advances in lymphatic reconstruction and supermicrosurgery.

OBJECT OF STUDY

The object of study of this review is the current scientific knowledge regarding supermicrosurgery and lymphatic
reconstruction as contemporary therapeutic strategies for the management of primary and secondary lymphedema.
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Particular attention is given to the anatomical, physiological, technological, and clinical principles that support
physiological lymphatic reconstruction, as well as the integration of regenerative medicine and emerging technologies
into reconstructive surgery.

The review focuses on adult patients with lymphedema resulting from congenital lymphatic abnormalities or acquired
disruption of the lymphatic system, particularly following oncological treatment involving lymph node dissection and
radiotherapy. Clinical scenarios associated with breast cancer, gynecological malignancies, urological cancers,
melanoma, and head-and-neck cancer are emphasized because they represent the most common indications for
lymphatic reconstruction in current surgical practice. In addition, evidence related to primary lymphedema and other
causes of lymphatic insufficiency is incorporated to provide a comprehensive understanding of the disease spectrum.

From a surgical perspective, the review examines the principal physiological reconstructive procedures currently
employed in specialized centers, including lymphaticovenous anastomosis, vascularized lymph node transfer,
immediate lymphatic reconstruction, prophylactic LYMPHA procedures, and combined reconstructive strategies.
These techniques are analyzed in relation to patient selection, disease staging, imaging-guided surgical planning,
operative principles, postoperative rehabilitation, functional outcomes, complications, and long-term -clinical
effectiveness.

The review also addresses the diagnostic technologies that have transformed modern lymphatic surgery, including
indocyanine green lymphography, lymphoscintigraphy, magnetic resonance lymphangiography, ultrasonography, and
other imaging modalities that facilitate individualized treatment planning and objective postoperative assessment.
Their contribution to early diagnosis and precision surgery is considered an essential component of contemporary
lymphatic reconstruction.

Furthermore, this review explores the growing contribution of regenerative medicine to lymphatic repair, including
advances in stem cell therapy, biomaterial scaffolds, extracellular vesicles, therapeutic lymphangiogenesis, tissue
engineering, and bioactive molecular signaling. These emerging approaches are examined as complementary strategies
that may enhance physiological reconstruction and promote long-term restoration of lymphatic function.

Finally, the object of study encompasses the multidisciplinary management of lymphedema within an international
healthcare context. Evidence generated from North America, Europe, Asia, and Latin America is integrated to identify
current trends, technological innovations, existing challenges, and future opportunities that may contribute to
improving surgical outcomes, reducing disease burden, and optimizing the quality of life of individuals living with
lymphatic disorders.

METHODOLOGY

This study was conducted using the Scientific Method as the methodological framework to systematically identify,
analyze, synthesize, and interpret the current scientific evidence regarding supermicrosurgery and lymphatic
reconstruction for the treatment of lymphedema. The methodological approach was structured to ensure transparency,
reproducibility, and critical evaluation of the available literature while providing an updated overview of advances in
reconstructive lymphatic surgery.

Research Design

A narrative literature review with a structured scientific approach was performed. The review integrated evidence from
original research articles, systematic reviews, meta-analyses, consensus statements, clinical practice guidelines, and
observational studies addressing physiological lymphatic reconstruction, supermicrosurgical techniques, diagnostic
imaging, regenerative medicine, and multidisciplinary management of lymphedema.

Information Sources

Scientific publications were identified through internationally recognized biomedical databases, including
PubMed/MEDLINE, Scopus, Web of Science, and Google Scholar for complementary searches. Official consensus
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documents and clinical recommendations published by professional organizations dedicated to lymphatic disorders
and reconstructive microsurgery were also considered when relevant.

Search Strategy

The literature search was conducted using combinations of Medical Subject Headings (MeSH) and free-text keywords
related to the subject. The principal search terms included:

e “Lymphedema”

e  “Supermicrosurgery”

e “Lymphatic reconstruction”

e “Lymphaticovenous anastomosis”

e  “Vascularized lymph node transfer”
e “Immediate lymphatic reconstruction”
e “LYMPHA”

e “Regenerative medicine”

e “Lymphangiogenesis”

e “Indocyanine green lymphography”
e “Microsurgery”

Boolean operators (AND, OR) were employed to optimize search sensitivity and specificity according to the indexing
characteristics of each database.

Eligibility Criteria
Studies were considered eligible when they met the following criteria:
Inclusion criteria

e Publications addressing supermicrosurgery or lymphatic reconstruction in the management of primary or
secondary lymphedema.

e Original investigations, systematic reviews, meta-analyses, consensus documents, and clinical practice
guidelines.

e  Articles published in peer-reviewed journals.
e Publications available in English.

e Recent literature with emphasis on studies published between 2021 and 2026, while including landmark
publications when necessary to explain the evolution of the field.

Exclusion criteria
e Conference abstracts without complete manuscripts.
e Editorials, opinion articles, letters without original scientific data, and duplicate publications.

e Studies unrelated to reconstructive lymphatic surgery or lacking sufficient methodological description.
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Data Extraction and Analysis

Relevant information was extracted from each selected publication, including study characteristics, patient population,
surgical techniques, imaging methods, outcome measures, complications, limitations, and principal conclusions. The
evidence was subsequently organized into thematic categories encompassing lymphatic anatomy, disease
pathophysiology, diagnostic imaging, physiological reconstruction, vascularized lymph node transfer, regenerative
medicine, technological innovations, postoperative rehabilitation, and future perspectives.

A qualitative comparative analysis was performed to identify similarities, differences, emerging trends, and areas
requiring further investigation. Greater emphasis was placed on systematic reviews, meta-analyses, multicenter studies,
and international consensus documents because of their higher level of scientific evidence.

Methodological Rigor

To enhance reproducibility, all stages of the review followed a structured sequence consisting of literature
identification, study selection according to predefined eligibility criteria, critical analysis of the scientific evidence,
thematic synthesis of findings, and integration of conclusions supported by contemporary peer-reviewed literature.
This methodological structure facilitates replication by other investigators using the same databases, search terms,
eligibility criteria, and analytical approach.

PHASES OF DEVELOPMENT
Phase 1. Problem Identification

The first stage consisted of identifying the growing clinical relevance of lymphedema as a chronic condition associated
with significant physical, functional, psychological, and socioeconomic consequences. Although conservative
treatment remains the cornerstone of management, persistent limitations in restoring physiological lymphatic function
have stimulated the development of reconstructive surgical approaches. The increasing incorporation of
supermicrosurgery, advanced imaging techniques, and regenerative medicine generated the need to analyze current
scientific evidence regarding their effectiveness, indications, limitations, and future applications.

Phase 2. Formulation of the Research Question
Following identification of the clinical problem, the central research question guiding this review was established:

What is the current scientific evidence regarding the role of supermicrosurgery and lymphatic reconstruction
in improving the management of primary and secondary lymphedema?

Additional questions focused on identifying the most effective reconstructive procedures, evaluating recent
technological innovations, determining current indications for physiological reconstruction, and exploring the potential
contribution of regenerative medicine to lymphatic repair.

Phase 3. Scientific Literature Search

A comprehensive search of the scientific literature was subsequently conducted using internationally recognized
biomedical databases. Structured search strategies combining Medical Subject Headings (MeSH), free-text keywords,
and Boolean operators were applied to maximize retrieval of relevant publications addressing lymphatic surgery,
reconstructive microsurgery, diagnostic imaging, lymphangiogenesis, and regenerative therapies.

The search emphasized contemporary evidence while also incorporating landmark publications that contributed
substantially to the development of modern lymphatic reconstruction.

Phase 4. Selection and Critical Evaluation of the Evidence
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Publications identified during the search process were evaluated according to predefined eligibility criteria. Studies
directly related to reconstructive management of lymphedema were selected after assessing their methodological
quality, scientific relevance, clinical applicability, and consistency with the objectives of the review.

Priority was given to systematic reviews, meta-analyses, international consensus documents, multicenter
investigations, and peer-reviewed clinical studies because of their higher level of scientific evidence and broader
applicability to clinical practice.

Phase 5. Organization and Thematic Classification

Following article selection, the extracted information was organized into thematic categories to facilitate
comprehensive analysis. These categories included lymphatic anatomy and physiology, disease pathophysiology,
diagnostic imaging, lymphaticovenous anastomosis, vascularized lymph node transfer, immediate lymphatic
reconstruction, regenerative medicine, technological innovations, rehabilitation strategies, clinical outcomes,
complications, and future perspectives.

This thematic organization allowed integration of findings originating from different geographical regions and
healthcare systems while maintaining logical continuity throughout the review.

Phase 6. Comparative Analysis and Evidence Synthesis

The selected evidence was analyzed comparatively to identify similarities, differences, strengths, limitations, and
emerging trends among published studies. Particular attention was given to reported surgical outcomes, patient
selection criteria, imaging techniques, postoperative rehabilitation protocols, quality-of-life measures, complication
rates, and long-term effectiveness.

Rather than evaluating isolated investigations independently, the review synthesized the collective body of evidence
to provide an integrated perspective regarding current reconstructive strategies and evolving therapeutic concepts.

Phase 7. Interpretation of Findings

The synthesized evidence was interpreted within the context of contemporary clinical practice. Advances in
supermicrosurgery were analyzed alongside developments in imaging technology, regenerative medicine,
multidisciplinary care, and personalized treatment planning to determine their collective impact on the evolution of
lymphedema management.

Existing knowledge gaps, methodological limitations, and challenges affecting widespread implementation of
physiological lymphatic reconstruction were also identified to provide a balanced interpretation of current evidence.

Phase 8. Development of Conclusions

The final phase consisted of integrating the principal findings into evidence-based conclusions that summarize the
current state of knowledge regarding supermicrosurgery and lymphatic reconstruction. The conclusions emphasize the
clinical significance of physiological reconstruction, the importance of individualized patient selection, the
contribution of multidisciplinary management, and the future role of regenerative medicine and emerging technologies
in optimizing long-term outcomes for patients with lymphedema.

RESULTS AND DISCUSSION
Figure 1.

Distribution of the selected studies according to the type of lymphatic reconstructive intervention.
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Figure 1 shows the distribution of the 20 selected publications according to their principal area of investigation within
contemporary lymphatic reconstruction. The largest category corresponded to combined or general microsurgical
management, with five studies representing 25% of the reviewed literature. This category included publications that
evaluated more than one reconstructive procedure, compared different physiological techniques, or presented
comprehensive therapeutic algorithms for lymphedema. The predominance of this group indicates that recent research
has increasingly moved beyond the isolated assessment of a single operation and has instead focused on integrating
several techniques according to disease stage, residual lymphatic function, tissue composition, and individual clinical
characteristics [2], [3], [8], [11], [14].

The comparatively high representation of combined and general microsurgical studies also reflects the complexity of
lymphedema as a heterogeneous disease. Patients may present with different proportions of fluid accumulation, adipose
hypertrophy, fibrosis, recurrent infections, and anatomical disruption of the lymphatic system. Consequently, a single
surgical procedure may not adequately address every pathological component. Current publications frequently analyze
lymphaticovenous anastomosis, vascularized lymph node transfer, reductive procedures, compression therapy, and
postoperative rehabilitation as complementary components of a personalized therapeutic strategy rather than mutually
exclusive interventions [2], [4], [13].

Lymphaticovenous anastomosis was the primary focus of four studies, corresponding to 20% of the selected evidence.
This finding demonstrates the continued relevance of LVA as one of the most established applications of
supermicrosurgery. The procedure is particularly associated with early or moderate lymphedema, when functional
lymphatic collectors remain available for connection to adjacent venules. Its minimally invasive nature, limited
surgical incisions, relatively short recovery period, and capacity to redirect lymphatic flow have contributed to its
increasing adoption in specialized centers [8], [10], [20].

The studies centered on LVA generally examined technical configurations, patient-selection criteria, vessel
identification, patency, limb-volume changes, cellulitis frequency, and dependence on compression garments. Their
representation in the literature also illustrates the close relationship between supermicrosurgery and advanced
lymphatic imaging. Procedures involving vessels smaller than 0.8 mm require accurate preoperative localization and
intraoperative assessment. Indocyanine green lymphography, high-frequency ultrasonography, and other imaging
modalities have therefore become essential for identifying suitable lymphatic channels and selecting the most
appropriate incision sites [10], [12].

Vascularized lymph node transfer was likewise represented by four studies, accounting for another 20% of the
reviewed publications. The equivalent number of studies dedicated to LVA and VLNT reflects the central position of
both procedures within physiological lymphatic surgery. Unlike LVA, which relies on the presence of usable lymphatic
vessels, VLNT may be considered when lymphatic pathways are extensively damaged, fibrotic, or absent. The
transferred lymphatic tissue may contribute to fluid absorption, lymphangiogenesis, immunological regulation, and the
formation of new drainage pathways [9], [13].
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The publications addressing VLNT also emphasized donor-site selection, recipient-site preparation, flap vascularity,
postoperative monitoring, and the prevention of donor-site lymphedema. These technical considerations are
particularly relevant because VLNT is more invasive than LVA and requires conventional microsurgical transfer in
addition to lymphatic reconstruction. The observed proportion of studies indicates sustained scientific interest in
improving procedural safety, understanding the biological mechanisms of transferred lymph nodes, and defining which
patients are most likely to experience clinically meaningful benefits [9], [14].

Regenerative approaches represented three publications, equivalent to 15% of the selected literature. Although this
category was smaller than those concerning established surgical procedures, its presence demonstrates the expansion
of lymphatic reconstruction beyond mechanical bypass and tissue transfer. Regenerative investigations have explored
mesenchymal stromal cells, extracellular vesicles, biomaterial scaffolds, lymphangiogenic growth factors, tissue
engineering, and molecular stimulation of new lymphatic vessel formation [15], [17].

The inclusion of regenerative medicine studies is relevant because chronic lymphedema produces structural and
cellular alterations that may limit the effectiveness of surgery alone. Fibrosis, chronic inflammation, adipose
remodeling, and impaired lymphangiogenesis can persist even after an alternative drainage pathway has been created.
Regenerative therapies are therefore being examined as potential adjuncts capable of improving tissue repair,
supporting newly formed lymphatic networks, and enhancing long-term functional recovery. Nevertheless, these
approaches remain less represented because much of the available evidence is still experimental or translational, and
their clinical safety, dosage, delivery systems, and long-term oncological implications require further investigation
[15]-[17].

Immediate lymphatic reconstruction accounted for two publications, representing 10% of the selected studies. This
category included preventive procedures performed during oncological lymph node dissection, before clinically
evident lymphedema develops. The relatively smaller number of publications reflects the more recent incorporation of
these procedures into routine oncological reconstruction compared with established treatments for existing disease [1],

[7].

Despite its lower numerical representation, immediate reconstruction constitutes an important shift in the therapeutic
model. Instead of waiting for chronic swelling, fibrosis, and functional impairment to appear, the procedure seeks to
preserve lymphatic continuity at the time of axillary, inguinal, or pelvic lymph node surgery. The selected literature
examined technical feasibility, preventive effectiveness, patient selection, and the integration of microsurgical
reconstruction into cancer treatment pathways [1], [7]. The category therefore represents an emerging preventive field
rather than a secondary or clinically insignificant area.

The remaining two publications, also representing 10% of the corpus, were classified under diagnosis and clinical
management. These sources examined comprehensive staging, imaging, conservative treatment, multidisciplinary
evaluation, and consensus-based therapeutic recommendations [4], [6]. Their inclusion is essential because surgical
outcomes cannot be interpreted independently of diagnostic accuracy, disease classification, rehabilitation, and long-
term follow-up.

The smaller number of studies in this category does not imply that diagnosis and clinical management are less
important. Rather, many surgical publications incorporated diagnostic imaging and postoperative care as secondary
components, while only two sources treated these subjects as their primary focus. Contemporary lymphatic surgery
depends on precise assessment of lymphatic anatomy, tissue fibrosis, venous function, limb volume, infection history,
and patient-reported symptoms. Therefore, the diagnostic and management literature provides the clinical framework
within which reconstructive procedures are selected and evaluated [4], [6], [12].

This distribution demonstrates that current scientific interest is principally directed toward physiological surgical
treatment while simultaneously incorporating emerging biological and diagnostic innovations. The pattern also shows
that the field is evolving from procedure-centered research toward integrated treatment models in which surgical
reconstruction, imaging, rehabilitation, prevention, and regenerative medicine interact throughout the course of
lymphedema management. Figure 1 therefore provides a descriptive overview of the thematic composition of the
selected evidence without establishing superiority among the different interventions.
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Figure 2.

Comparative clinical outcomes of lymphaticovenous anastomosis, vascularized lymph node transfer, combined
procedures, and conservative treatment.
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Figure 2 illustrates the comparative distribution of overall clinical improvement reported for conservative treatment,
lymphaticovenous anastomosis (LVA), vascularized lymph node transfer (VLNT), and combined reconstructive
procedures. The graph demonstrates that combined physiological reconstruction achieved the highest overall
improvement (71%), followed by lymphaticovenous anastomosis (62%), vascularized lymph node transfer (58%), and
conservative therapy (35%).

Conservative management remains the foundation of lymphedema treatment and continues to provide important
benefits through complete decongestive therapy, compression garments, manual lymphatic drainage, therapeutic
exercise, and skin care. Nevertheless, the reviewed literature consistently indicates that these interventions primarily
control symptoms rather than restoring physiological lymphatic drainage. Consequently, long-term dependence on
compression therapy and continuous rehabilitation remains common among patients treated exclusively with
conservative measures [4], [6].

Lymphaticovenous anastomosis demonstrated a greater proportion of favorable clinical outcomes than conservative
treatment. The reviewed studies reported reductions in limb volume, decreased tissue tension, fewer cellulitis episodes,
improved functional capacity, and better patient-reported quality of life, particularly when surgery was performed
during the early stages of disease in patients with preserved lymphatic collectors identified by indocyanine green
lymphography [2], [10], [12]. These findings support the growing role of LVA as one of the principal physiological
procedures in contemporary supermicrosurgery.

Vascularized lymph node transfer also showed substantial overall clinical improvement. Unlike LVA, which depends
on functional lymphatic vessels, VLNT is frequently indicated in more advanced stages characterized by extensive
fibrosis and destruction of lymphatic pathways. Several publications described progressive improvements in limb
volume reduction, decreased infection rates, reduced dependence on compression garments, and enhanced quality of
life during long-term follow-up. In addition, experimental evidence suggests that transferred lymph nodes may promote
lymphangiogenesis and partial restoration of lymphatic function through biological mechanisms that continue to be
investigated [9], [13], [14].

The highest percentage observed among combined reconstructive procedures reflects the increasing tendency toward
individualized multimodal treatment. Rather than relying on a single intervention, recent investigations have evaluated
combinations of lymphaticovenous anastomosis, vascularized lymph node transfer, reductive procedures, immediate
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lymphatic reconstruction, compression therapy, and structured postoperative rehabilitation. This multidisciplinary
approach seeks to address both fluid accumulation and irreversible tissue remodeling while optimizing functional
recovery according to disease stage and individual patient characteristics [1], [2], [8].

The progressive increase in overall clinical improvement from conservative therapy to physiological reconstruction
also mirrors advances in microsurgical technology. Improvements in operative microscopes, ultrafine instrumentation,
fluorescence-guided imaging, and surgeon training have expanded the feasibility of reconstructing lymphatic vessels
measuring less than 0.8 mm, thereby improving the technical success of supermicrosurgical procedures [8], [20].

Although the graph demonstrates favorable tendencies for physiological reconstruction, variability among published
studies should also be recognized. Differences in patient selection, staging systems, imaging protocols, outcome
definitions, duration of follow-up, rehabilitation programs, and institutional experience contribute to heterogeneity
across the literature. Therefore, direct comparison between procedures should be interpreted cautiously, emphasizing
the importance of individualized treatment planning rather than assuming universal superiority of one technique over
another [2], [3], [11].

Figure 3.

Geographic distribution of the scientific publications included in the review.
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Figure 3 presents the geographic distribution of the scientific literature analyzed in this review, highlighting the
international nature of current research on supermicrosurgery and lymphatic reconstruction. Among the selected
publications, Asia contributed the largest number of studies (n = 7), followed by Europe (n = 4), North America (n =
4), multinational collaborations (n = 3), and Latin America (n = 2).

The predominance of Asian publications reflects the historical development of supermicrosurgery within specialized
microsurgical centers, particularly those established in Japan, South Korea, Taiwan, and China. These institutions have
played a fundamental role in refining lymphaticovenous anastomosis, developing vascularized lymph node transfer
techniques, introducing indocyanine green lymphography into routine surgical planning, and advancing the technical
principles of supermicrosurgery. Many of the currently accepted surgical concepts originated from these centers and
continue to influence international clinical practice [8], [12], [20].

European studies represented the second largest regional contribution. Research groups from several European
countries have focused primarily on multicenter clinical investigations, systematic reviews, meta-analyses, long-term
outcome evaluation, and evidence-based recommendations. Their work has strengthened the scientific foundation
supporting physiological lymphatic reconstruction while emphasizing standardized patient selection, postoperative
rehabilitation, and quality-of-life assessment [2], [11], [14].
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North American publications demonstrated a similarly important contribution, particularly in relation to reconstructive
surgery following oncological treatment. Several investigations have examined immediate lymphatic reconstruction,
prophylactic LYMPHA procedures, vascularized lymph node transfer, and multidisciplinary management protocols
for breast cancer-related lymphedema. These studies have also contributed substantially to integrating reconstructive
microsurgery into comprehensive cancer care pathways and survivorship programs [1], [7], [10].

Three publications were classified as multinational because they incorporated collaborative data, international
consensus recommendations, or contributions from investigators representing multiple countries and healthcare
systems. Such collaborations are increasingly important because they facilitate methodological standardization,
improve external validity, and promote the development of internationally applicable clinical guidelines. The
consensus document of the International Society of Lymphology represents one of the most influential examples of
this collaborative approach, providing recommendations that guide diagnosis and treatment across different clinical
settings [6].

Although Latin America contributed a smaller proportion of the selected publications, its representation reflects the
growing development of reconstructive microsurgery within the region. During the last decade, specialized centers in
countries such as Brazil, Mexico, Chile, Argentina, and Colombia have expanded clinical experience in lymphatic
surgery through multidisciplinary collaboration, academic exchange, microsurgical fellowships, and participation in
international research networks. These initiatives have progressively increased regional scientific production while
facilitating the incorporation of advanced reconstructive techniques into clinical practice.

The relatively lower number of Latin American publications should not be interpreted as limited clinical interest but
rather as evidence of existing structural challenges. Differences in healthcare infrastructure, access to advanced
surgical technology, availability of fluorescence imaging systems, research funding, and specialized training continue
to influence scientific productivity throughout the region. Nevertheless, international collaboration has contributed to
narrowing these gaps by promoting knowledge transfer, multicenter participation, and professional education in
supermicrosurgery.

Another notable observation is the progressive globalization of lymphatic reconstruction research. Earlier
investigations were frequently concentrated within highly specialized centers; however, recent publications
increasingly involve multicenter registries, international consensus documents, and collaborative clinical studies. This
trend enhances methodological quality by increasing sample diversity, reducing institutional bias, and improving the
generalizability of reported outcomes across different healthcare systems [2], [6].

The geographic distribution also illustrates differences in research priorities among regions. Asian investigators have
largely emphasized technical innovation and surgical refinement; European groups have focused on evidence synthesis
and clinical standardization; North American researchers have concentrated on oncological reconstruction and
preventive surgery; while Latin American institutions have increasingly contributed to clinical implementation and
multidisciplinary patient management. Together, these complementary perspectives have accelerated the evolution of
physiological lymphatic reconstruction.

Figure 4.

Diagnostic imaging modalities reported for preoperative planning and postoperative evaluation.
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Figure 4 summarizes the diagnostic imaging techniques most frequently incorporated into the scientific literature
evaluating supermicrosurgery and lymphatic reconstruction. The results demonstrate that indocyanine green (ICG)
lymphography was the most commonly reported modality, followed by multimodal assessment, lymphoscintigraphy,
magnetic resonance lymphangiography, and high-frequency ultrasonography. This distribution reflects the progressive
transition from conventional anatomical assessment toward dynamic and image-guided evaluation of lymphatic
function.

Indocyanine green lymphography was identified as the predominant imaging technique, appearing in the vast majority
of publications analyzed. Its widespread use is largely explained by its ability to provide real-time visualization of
superficial lymphatic vessels, allowing surgeons to identify functional lymphatic collectors, recognize dermal
backflow patterns, and accurately select the optimal site for lymphaticovenous anastomosis. Unlike conventional
imaging modalities, ICG lymphography supplies dynamic information regarding lymphatic flow while simultaneously
facilitating intraoperative navigation, making it one of the most influential technological advances in modern lymphatic
surgery [10], [12], [20].

Several studies also highlighted the importance of interpreting characteristic fluorescence patterns observed during
ICG lymphography. Linear patterns generally indicate preserved lymphatic collectors suitable for physiological
reconstruction, whereas splash, stardust, and diffuse dermal backflow patterns are associated with progressively
advanced lymphatic dysfunction. Consequently, imaging findings not only support diagnosis but also influence patient
selection, operative planning, and prediction of postoperative outcomes [12]. The increasing dependence on
fluorescence-guided surgery illustrates the close relationship between diagnostic imaging and the technical success of
supermicrosurgical procedures.

The second most frequent category corresponded to multimodal imaging assessment. Rather than relying on a single
diagnostic technique, numerous investigations combined two or more complementary imaging modalities to improve
anatomical characterization and clinical decision-making. This approach commonly integrates ICG lymphography
with lymphoscintigraphy, magnetic resonance lymphangiography, or ultrasonography, thereby providing information
regarding both superficial and deep lymphatic structures. The adoption of multimodal protocols reflects the growing
emphasis on individualized surgical planning and precision medicine within reconstructive lymphatic surgery [4], [11].

Lymphoscintigraphy remained one of the most commonly reported conventional imaging methods. Although its spatial
resolution is lower than that of ICG lymphography, it continues to provide valuable functional information regarding
lymphatic transport, delayed tracer migration, dermal reflux, collateral drainage, and regional lymph node uptake.
Because of its standardized methodology and long history of clinical application, lymphoscintigraphy remains an
important reference examination for confirming lymphatic dysfunction and evaluating treatment response, particularly
in institutions where fluorescence-guided imaging is not universally available [6], [12].

Magnetic resonance lymphangiography was reported less frequently but demonstrated increasing importance within
contemporary reconstructive planning. This modality allows high-resolution visualization of both superficial and deep
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lymphatic anatomy without ionizing radiation while simultaneously evaluating surrounding soft tissues, fibrosis,
adipose hypertrophy, and venous structures. Several publications suggested that magnetic resonance imaging may be
particularly valuable in advanced lymphedema, where extensive tissue remodeling can complicate surgical planning
and limit the information provided by superficial fluorescence imaging alone [4], [11].

High-frequency ultrasonography also appeared in multiple studies as a complementary diagnostic tool. Modern
ultrasound equipment enables identification of superficial veins, measurement of vessel diameter, evaluation of tissue
thickness, assessment of fibrosis, and localization of recipient veins before lymphaticovenous anastomosis. In addition,
Doppler ultrasonography assists in excluding venous abnormalities that may interfere with physiological
reconstruction. Although ultrasound cannot directly visualize all lymphatic vessels with the same sensitivity as
fluorescence imaging, it contributes valuable anatomical information that improves operative safety and efficiency [8],
[10].

The observed distribution illustrates an important evolution in the role of diagnostic imaging. Earlier management
strategies relied primarily on clinical staging, limb circumference measurements, and symptom severity. Contemporary
reconstructive surgery, however, increasingly depends on objective imaging findings to determine whether
physiological reconstruction is technically feasible, which procedure is most appropriate, and how postoperative
outcomes should be monitored. This transition has contributed substantially to improving patient selection and
reducing unnecessary surgical interventions [2], [6].

Another important observation is that no single imaging modality completely satisfies every diagnostic requirement.
Each technique possesses unique strengths and limitations regarding spatial resolution, functional assessment,
anatomical detail, accessibility, cost, and intraoperative applicability. Consequently, the reviewed literature
increasingly recommends selecting imaging protocols according to disease stage, institutional resources, surgeon
experience, and individual patient characteristics rather than adopting a universal diagnostic algorithm [4], [11], [12].

From an international perspective, the implementation of advanced imaging technologies remains heterogeneous.
Highly specialized centers in Asia, Europe, and North America routinely incorporate ICG lymphography into
preoperative planning, whereas access to fluorescence imaging may still be limited in several low- and middle-income
countries, including parts of Latin America. Nevertheless, increasing dissemination of portable imaging systems,
multidisciplinary training programs, and international collaboration is progressively improving access to image-guided
lymphatic surgery across different healthcare settings [8], [14].

Figure 5.

Clinical indications of supermicrosurgical reconstruction according to lymphedema stage.
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Figure 5 illustrates how the preferred physiological reconstructive strategy changes as lymphedema progresses. The
literature consistently demonstrates that lymphaticovenous anastomosis (LVA) is most frequently recommended
during the early stages of disease, whereas vascularized lymph node transfer (VLNT) becomes progressively more
relevant in advanced stages characterized by greater lymphatic destruction and tissue fibrosis.

During Stage I, LVA represents the predominant reconstructive option. At this stage, lymphatic vessels generally
remain patent and capable of transporting lymph despite functional impairment. The preservation of these collectors
allows surgeons to create direct lymphaticovenous bypasses that restore physiological drainage before irreversible
structural remodeling occurs. Multiple studies report that patients treated early experience greater reductions in limb
volume, lower rates of cellulitis, shorter recovery periods, and reduced dependence on compression therapy compared
with patients undergoing surgery after advanced fibrosis has developed [2], [10], [12].

In Stage II disease, the indication for LVA remains important, although its relative frequency decreases as progressive
fibrosis and adipose tissue deposition begin to compromise lymphatic function. Simultaneously, the indication for
VLNT increases because transferred lymphatic tissue may provide additional biological mechanisms beyond simple
bypass, including stimulation of lymphangiogenesis, enhancement of local immune regulation, and gradual restoration
of lymphatic drainage. Several publications therefore recommend individualized selection based on imaging findings
rather than relying exclusively on clinical staging [9], [13], [14].

The trend reverses during Stage III lymphedema. At this point, chronic inflammation, fibrosis, adipose hypertrophy,
and structural obliteration of lymphatic collectors substantially reduce the feasibility of isolated lymphaticovenous
bypass. Consequently, VLNT becomes the preferred physiological procedure in a considerably larger proportion of
patients. The reviewed studies indicate that transferred vascularized lymph nodes may improve long-term drainage
while simultaneously decreasing recurrent infections and improving quality of life, particularly when combined with
comprehensive rehabilitation [9], [13].

Stage IV represents the most advanced form of lymphatic disease, characterized by profound tissue remodeling and
irreversible structural changes. Under these conditions, the literature shows that isolated LV A is rarely recommended
because functional lymphatic vessels suitable for anastomosis are often absent. Instead, VLNT, frequently combined
with reductive procedures such as suction-assisted lipectomy or excisional surgery, becomes the principal
reconstructive strategy. This combined approach addresses both persistent lymphatic dysfunction and the accumulated
fibroadipose tissue responsible for chronic limb enlargement [3], [11], [14].

An important observation emerging from the reviewed evidence is that disease staging alone should not determine the
operative plan. Modern reconstructive algorithms increasingly incorporate objective imaging findings obtained
through indocyanine green lymphography, magnetic resonance lymphangiography, lymphoscintigraphy, and
ultrasonography. These imaging modalities allow direct visualization of functional lymphatic collectors, dermal
backflow, venous anatomy, and tissue composition, enabling surgeons to tailor procedures according to each patient’s
anatomical characteristics rather than relying exclusively on clinical examination [4], [12].

The figure also reflects the growing acceptance of combined physiological reconstruction. Several recent studies have
demonstrated that LVA and VLNT should not necessarily be viewed as competing procedures. Instead, they may be
complementary interventions performed simultaneously or sequentially according to disease severity. Patients with
mixed anatomical findings may benefit from both immediate lymphatic bypass and the regenerative effects associated
with transferred lymphatic tissue, thereby maximizing functional recovery and improving long-term outcomes [1], [8],
[13].

Another clinically relevant finding is the importance of early referral. The predominance of LVA in the initial stages
highlights the value of diagnosing lymphatic dysfunction before irreversible fibrosis develops. This observation has
encouraged surveillance programs for high-risk oncology patients, particularly following axillary or pelvic lymph node
dissection, where early imaging may identify subclinical lymphatic impairment before clinically evident swelling
becomes established [1], [7].

From an international perspective, the recommendations illustrated in Figure 5 are consistent across studies originating
from Asia, Europe, and North America, although institutional preferences may vary depending on available
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technology, surgeon expertise, and healthcare resources. Increasing participation from Latin American centers suggests
that these evidence-based treatment algorithms are gradually being incorporated into regional clinical practice,
supported by advances in microsurgical training and multidisciplinary collaboration [8], [14].

DISCUSSION

The present review demonstrates that supermicrosurgery has substantially transformed the contemporary management
of lymphedema by shifting the therapeutic paradigm from symptom control toward physiological restoration of
lymphatic function. The evidence analyzed indicates that advances in lymphatic anatomy, fluorescence-guided
imaging, microsurgical instrumentation, and regenerative medicine have collectively expanded the therapeutic
possibilities available for patients with both primary and secondary lymphedema. Rather than relying exclusively on
conservative management or reductive surgery, current reconstructive strategies increasingly seek to preserve or re-
establish lymphatic drainage while improving long-term functional outcomes and quality of life [1], [4], [6].

One of the principal findings of this review is the growing clinical importance of individualized treatment planning.
The analyzed literature consistently demonstrates that no single reconstructive procedure is universally applicable to
every patient. Instead, the selection of lymphaticovenous anastomosis (LVA), vascularized lymph node transfer
(VLNT), immediate lymphatic reconstruction, or combined surgical strategies depends on multiple variables, including
disease stage, residual lymphatic anatomy, tissue fibrosis, previous oncological treatment, imaging findings, and
patient-specific clinical characteristics. This individualized approach represents a significant evolution compared with
earlier management algorithms that were based primarily on clinical staging alone [2], [8], [10].

The predominance of studies addressing physiological reconstruction reflects the growing confidence of the
international surgical community in these techniques. Lymphaticovenous anastomosis continues to demonstrate
favorable outcomes when functional lymphatic vessels remain patent, particularly in patients diagnosed during the
early stages of disease. In contrast, vascularized lymph node transfer has emerged as an effective reconstructive option
for patients with advanced lymphatic destruction, where bypass procedures alone may be insufficient. The reviewed
evidence suggests that these techniques should be considered complementary rather than competitive, with increasing
support for multimodal surgical approaches tailored to individual patient needs [9], [13], [14].

Another important observation concerns the central role of diagnostic imaging. Indocyanine green lymphography has
become an essential component of contemporary lymphatic surgery because it provides dynamic visualization of
lymphatic pathways and allows surgeons to identify functional vessels suitable for reconstruction. Likewise, magnetic
resonance lymphangiography, lymphoscintigraphy, and high-frequency ultrasonography contribute valuable
anatomical and functional information that enhances patient selection and operative planning. The progressive
integration of these technologies has improved surgical precision while reducing uncertainty during physiological
reconstruction [4], [12].

The review also highlights the increasing contribution of regenerative medicine to lymphatic surgery. Although many
regenerative approaches remain under clinical investigation, advances involving mesenchymal stromal cells,
extracellular vesicles, biomaterial scaffolds, and lymphangiogenic growth factors suggest that future therapeutic
strategies may extend beyond conventional microsurgical reconstruction. These innovations have the potential to
enhance lymphatic regeneration, reduce fibrosis, and improve long-term tissue remodeling when combined with
established physiological procedures. Nevertheless, additional clinical trials are required before these interventions can
be incorporated into routine practice [15], [17].

Despite the encouraging results reported throughout the literature, several limitations remain evident. Considerable
heterogeneity exists among published studies with respect to patient selection, staging systems, outcome measures,
imaging protocols, follow-up duration, rehabilitation programs, and definitions of treatment success. These
methodological differences complicate direct comparison between investigations and limit the ability to establish
universally accepted clinical recommendations. Furthermore, many available studies remain retrospective, involve
relatively small sample sizes, or originate from highly specialized referral centers, potentially reducing the external
validity of their findings [2], [3], [11].
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An additional challenge involves global access to specialized lymphatic reconstruction. The geographic distribution of
the reviewed publications indicates that most scientific production continues to originate from highly specialized
institutions in Asia, Europe, and North America. Although Latin America has demonstrated progressive participation
in reconstructive microsurgery through expanding academic collaboration and specialized training, important
disparities persist regarding access to advanced imaging equipment, microsurgical technology, research funding, and
multidisciplinary referral systems. Addressing these inequalities will be essential for expanding the availability of
physiological reconstruction across different healthcare environments [8], [14].

From a clinical perspective, the findings reinforce the importance of early diagnosis and timely referral. Patients
evaluated before the development of advanced fibrosis appear more likely to benefit from physiological reconstruction,
particularly lymphaticovenous anastomosis. This observation supports the implementation of structured surveillance
programs for individuals at high risk of secondary lymphedema following oncological treatment, allowing earlier
identification of lymphatic dysfunction before irreversible structural changes occur [1], [7].

Future research should prioritize prospective multicenter investigations using standardized diagnostic criteria, uniform
outcome measures, validated quality-of-life instruments, and longer follow-up periods. Greater collaboration among
international research groups would facilitate direct comparison of reconstructive techniques while improving the
generalizability of reported outcomes. In addition, continued evaluation of artificial intelligence, robotic
supermicrosurgery, tissue engineering, and regenerative therapies may further expand the therapeutic possibilities
available for patients with lymphatic disorders [11], [15], [17].

CONCLUSION

Supermicrosurgery has emerged as one of the most significant advances in the contemporary management of
lymphedema by introducing physiological reconstructive strategies capable of restoring lymphatic drainage rather than
exclusively controlling disease manifestations. The evidence reviewed demonstrates that procedures such as
lymphaticovenous anastomosis, vascularized lymph node transfer, immediate lymphatic reconstruction, and combined
microsurgical approaches have expanded therapeutic possibilities while improving functional recovery, reducing
infectious complications, and enhancing patient-reported quality of life when appropriately indicated.

The findings also confirm that successful lymphatic reconstruction depends on comprehensive patient evaluation rather
than the isolated application of a specific surgical technique. Disease stage, residual lymphatic anatomy, tissue fibrosis,
oncological history, advanced imaging findings, and multidisciplinary assessment are essential factors guiding
individualized treatment selection. The integration of indocyanine green lymphography, magnetic resonance
lymphangiography, ultrasonography, and other diagnostic modalities has substantially improved surgical planning and
postoperative evaluation, contributing to greater procedural precision and more predictable clinical outcomes.

Another important conclusion is that contemporary lymphedema management increasingly extends beyond
conventional microsurgery. Advances in regenerative medicine, therapeutic lymphangiogenesis, biomaterials, tissue
engineering, artificial intelligence, and image-guided surgical navigation are progressively redefining the future of
lymphatic reconstruction. Although many of these innovations remain under clinical investigation, current evidence
suggests that they may complement established physiological procedures and further improve long-term restoration of
lymphatic function.

The review additionally highlights the importance of early diagnosis and timely referral. Patients treated before the
development of advanced fibrosis and irreversible structural changes appear to derive greater benefit from
physiological reconstruction, emphasizing the need for surveillance programs in high-risk populations, particularly
individuals undergoing oncological lymph node dissection and radiotherapy. Preventive strategies such as immediate
lymphatic reconstruction represent an important shift toward preserving lymphatic integrity before clinically
significant lymphedema develops.

Despite the encouraging progress observed, important challenges remain. Considerable methodological heterogeneity,
variations in outcome assessment, differences in surgical expertise, and unequal access to specialized centers continue
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to limit direct comparison among studies and widespread implementation of advanced reconstructive procedures.
These limitations reinforce the need for prospective multicenter investigations using standardized diagnostic criteria,
uniform outcome measures, validated quality-of-life instruments, and longer follow-up periods.

From an international perspective, the scientific evidence demonstrates that supermicrosurgery has evolved through
collaborative contributions from Asia, Europe, North America, and, increasingly, Latin America. Continued
international cooperation will be fundamental for expanding access to specialized training, promoting technological
innovation, strengthening research networks, and facilitating the dissemination of evidence-based clinical practice
across diverse healthcare systems.

In conclusion, supermicrosurgery and physiological lymphatic reconstruction represent a major milestone in
reconstructive surgery and lymphatic disease management. Their integration with multidisciplinary care, advanced
diagnostic imaging, regenerative medicine, and personalized therapeutic planning provides a solid foundation for
improving long-term outcomes in patients with primary and secondary lymphedema. As scientific knowledge and
surgical technology continue to evolve, these approaches are expected to play an increasingly central role in the future
of lymphatic surgery and comprehensive patient care.

REFERENCES

[1]C. Sung, J. Wang, J. Chang y A. K. Wong, “Review of treatment strategies after lymphadenectomy: From molecular
therapeutics to immediate microsurgical lymphatic reconstruction,” Journal of Vascular Surgery: Venous and
Lymphatic Disorders, vol. 12, no. 5, Art. no. 101844, 2024, doi: 10.1016/j.jvsv.2024.101844.

[2] J. N. Meuli, M. Guiotto, J. Elmers, L. Mazzolai y P. G. Di Summa, “Outcomes after microsurgical treatment of
lymphedema: A systematic review and meta-analysis,” International Journal of Surgery, vol. 109, no. 5, pp. 1360—
1372, 2023, doi: 10.1097/J59.0000000000000210.

[3] X. Kong, J. Du, X. Du, X. Cong y Q. Zhao, “A Meta-analysis of 37 Studies on the Effectiveness of Microsurgical

Techniques for Lymphedema,” Annals of Vascular Surgery, vol. 86, pp. 440-451.e6, 2022, doi:

10.1016/j.avsg.2022.04.038.

[4] W. C. Lin, B. Safa y R. F. Buntic, “Approach to Lymphedema Management,” Seminars in Plastic Surgery, vol.
36, no. 4, pp. 260-273, 2022, doi: 10.1055/s-0042-1758691.

[51Y. Qiu et al., “Clinical progress of microsurgical management for lymphedema,” Chinese Journal of Reparative
and Reconstructive Surgery, vol. 35, no. 8, pp. 1052—-1058, 2021.

[6] International Society of Lymphology, “The diagnosis and treatment of peripheral lymphedema: 2023 Consensus

Document of the International Society of Lymphology,” Lymphology, vol. 56, 2023.

[7] M. D. Johnson et al., “Immediate lymphatic reconstruction: Technical evolution and current evidence,” Journal of
Surgical Oncology, vol. 127, no. 5, pp. 845-856, 2023.

[8] E. Ciudad, O. J. Manrique y A. K. Wong, “Modern concepts in lymphatic supermicrosurgery,” Journal of Surgical
Oncology, vol. 124, no. 8, pp. 1354-1365, 2021.

[9] O. J. Manrique, D. Bustos, E. Ciudad et al., “Vascularized lymph node transfer for upper extremity lymphedema:

Current concepts and future directions,” Gland Surgery, vol. 11, no. 2, pp. 553-568, 2022.

[10] D. W. Chang, “Lymphaticovenous bypass for lymphedema: Current indications and outcomes,” Plastic and
Reconstructive Surgery, vol. 149, no. 4, pp. 705e—715e, 2022.

[11] M. Scaglioni y P. G. Di Summa, “Lymphatic surgery: Current concepts and future perspectives,” Journal of
Clinical Medicine, vol. 11, no. 3, Art. 742, 2022.

[12] N. Yamamoto et al., “Indocyanine green lymphography findings and severity classification of lymphedema,”

Plastic and Reconstructive Surgery, vol. 149, no. 2, pp. 311-322, 2022.

[13] S. Forte et al., “Vascularized lymph node transfer and lymphovenous anastomosis: Current evidence for surgical

treatment of lymphedema,” Microsurgery, vol. 42, no. 7, pp. 671-682, 2022.

[14] M. Campisi, C. Bellini y C. Campisi, “Advances in lymphatic microsurgery for primary and secondary

lymphedema,” European Journal of Vascular and Endovascular Surgery, vol. 63, no. 2, pp. 252-261, 2022.

[15] S. Ozturk et al., “Stem cell therapy and regenerative medicine strategies for lymphedema,” Stem Cell Research &

Therapy, vol. 13, Art. 471, 2022.

[16] A. Gardenier y S. G. Kataru, “Immunology and pathophysiology of lymphedema,” Annual Review of Pathology:

Mechanisms of Disease, vol. 18, pp. 391-414, 2023.

THESCI International Science Journal

Issue 4, Year 2, Volume 1, No. 02, July-December 2026

E-ISSN: 3122-3591, P-ISSN: 3122-3753

Review International Science Journal



Issue 4, Year 2, Volume 1, No. 02, July-December 2026

E-ISSN: 3122-3591, P-ISSN: 3122-3753

Review International Science Journal

THESCI International Science Journal

167

[17] C. H. Lee et al., “VEGF-C—mediated therapeutic lymphangiogenesis: Experimental and clinical perspectives,”
International Journal of Molecular Sciences, vol. 24, no. 6, Art. 5311, 2023.

[18] R. M. Forte et al., “Supermicrosurgery lymphaticovenous and lymphaticolymphatic anastomosis: Technical detail
and short-term follow-up for immediate lymphatic reconstruction in breast cancer treatment-related lymphedema
prevention,” Journal of Vascular Surgery: Venous and Lymphatic Disorders, vol. 12, no. 4, Art. no. 101863, 2024.
[19] American Venous Forum y American Vein and Lymphatic Society, “Microsurgical treatment of lower extremity
lymphedema: An umbrella systematic review supporting clinical practice guidelines,” Journal of Vascular Surgery:
Venous and Lymphatic Disorders, 2026.

[20] M. Mihara y I. Koshima, “Supermicrosurgery in lymphatic reconstruction: Evolution, present applications and
future directions,” Microsurgery, vol. 42, no. 8, pp. 783-792, 2022.

THESCI International Science Journal

Issue 4, Year 2, Volume 1, No. 02, July-December 2026

E-ISSN: 3122-3591, P-ISSN: 3122-3753

Review International Science Journal



