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1. SUMMARY

Author: Maksud Magomaev

Title: Magnetic resonance lymphangiography in patients with breast cancer treatment-related

lymphedema.

Title in Lithuanian: Magnetinio rezonanso limfangiografija pacientams, sergantiems su kriities

vézio gydymu susijusia limfedema.

Aim: To analyze the advantages and disadvantages of magnetic resonance lymphangiography for

surgical planning of breast cancer treatment-related lymphedema.
Objectives:

1. To determine the frequency of breast cancer treatment-related lymphedema.

2. To evaluate the possibilities of magnetic resonance lymphangiography to visualize the network
of lymphatic vessels.

3. To assess the possibilities of prevention of breast cancer treatment-related lymphedema.

Methodology: Utilizing the PRISMA guidelines, the literature review was conducted using
PubMed online database to search for scientific publications regarding magnetic resonance
lymphangiography in patients with breast cancer treatment-related lymphedema. The database search
employed the following keywords such as ,,Magnetic Resonance Lymphangiography,,, ,, MR
Lymphangiography,,, ,,Breast Cancer-related Lymphedema,,, ,,BRCL,,, and ,,magnetic resonance
lymphangiography in breast cancer-related lymphedema,,. The search was limited by applying filters
such as ,,full text,,, ,,10 years,,, and ,,English,,.

Results: We analyzed 8 recent research articles for analysis of the advantages and disadvantages
of magnetic resonance lymphangiography for surgical planning of breast cancer treatment-related
lymphedema. BCRL was shown to be a common complication of breast cancer treatment. MRL
demonstrated to be an effective and useful imaging modality for mapping out the lymphatic vessel
network of the arms in patients afflicted with BCRL, and the visualizations can aid in prevention and
mitigation of BCRL.

Conclusions: 1. A substantial amount of breast cancer patients, with reported frequencies
ranging from early subclinical changes to clinically advanced stages, develop BCRL. 2. MRL has
proven to be an invaluable imaging modality for visualizing the lymphatic system in both normal and

pathological states by utilizing both contrast-enhanced and noncontrast techniques. 3. MRL allows for



proper interventions that may mitigate or prevent the progression of BCRL, and shown to be useful for
surgical planning for breast cancer treatment. These findings provide valuable insights into the

usefulness of MRL as viable imaging modality for treatment of breast cancer related lymphedema.
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5. ABBREVIATIONS

BCRL — Breast Cancer-Related Lymphedema
ALND - Axillary Lymph Node Dissection

MRL — Magnetic Resonance Lymphangiography
LVA — Lymphaticovenous Anastomosis

VLNT - Vascularized Lymph Node Transfer
TNM - Tumor-Node-Metastasis (Staging System)
AJCC — American Joint Committee on Cancer
SLNB — Sentinel Lymph Node Biopsy

QOL — Quality of Life

BIS — Bioimpedance Spectroscopy

ICG - Indocyanine Green (Lymphography)
CEUS - Contrast-Enhanced Ultrasound

CDT — Complete Decongestive Therapy

PLB — Prophylactic Lymphatic Bypass

STIR — Short-Tau Inversion Recovery (MRI Sequence)
MRI — Magnetic Resonance Imaging

RLNR — Regional Lymph Node Radiation



6. TERMS

Lymphedema — A chronic condition characterized by the accumulation of lymphatic fluid,

causing swelling, typically in the limbs, due to impaired lymphatic drainage.

Breast Cancer-Related Lymphedema (BCRL) — Lymphedema resulting from breast cancer

treatment, often involving surgery or radiation affecting the axillary lymph nodes.

Axillary Lymph Node Dissection (ALND) — Surgical removal of lymph nodes from the axilla

to assess or treat breast cancer spread.

Sentinel Lymph Node Biopsy (SLNB) — A minimally invasive procedure to remove the first

lymph node(s) into which a tumor drains to evaluate cancer spread.

Magnetic Resonance Lymphangiography (MRL) — An MRI-based imaging technique for

visualizing superficial and deep lymphatic vessels, using contrast or specialized sequences.

Lymphaticovenous Anastomosis (LVA) — A supermicrosurgical procedure connecting

lymphatic vessels to nearby veins to redirect lymph flow and reduce lymphedema.

Vascularized Lymph Node Transfer (VLNT) — A microsurgical technique where healthy lymph

nodes with blood supply are transplanted to restore lymphatic function.

Dermal Backflow — Retrograde lymphatic flow into the skin due to lymphatic obstruction, often
visualized in lymphedema imaging.
Indocyanine Green Lymphography (ICG-L) — A technique using a fluorescent dye to image

superficial lymphatic vessels in real time.

Bioimpedance Spectroscopy (BIS) — A noninvasive method for detecting extracellular fluid

changes, used to identify early lymphedema.

Complete Decongestive Therapy (CDT) — A conservative management approach for

lymphedema, involving manual drainage, compression, exercise, and skin care.

Lymphoscintigraphy — A nuclear medicine imaging method using radiotracers to evaluate

lymphatic function and flow.



Short-Tau Inversion Recovery (STIR) — An MRI sequence used to suppress fat signal,

enhancing the visualization of fluid-rich tissues like those in lymphedema.

Tumor-Node-Metastasis (TNM) Staging — A standardized cancer staging system based on

tumor size, lymph node involvement, and distant metastasis.

Quality of Life (QOL) — A multidimensional measure of a patient's general well-being,

including physical, emotional, and social aspects.

Prophylactic Lymphatic Bypass (PLB) — A preventive surgical approach performed during

ALND to connect lymphatics to veins and reduce lymphedema risk.

10



7. INTRODUCTION

Breast cancer is one of the most widespread oncological diseases worldwide, with approximately

2.3 million cases [1], and about 685,000 deaths are due to the disease [2].

Breast cancer-related lymphedema (BCRL) is a chronic complication with a high proportion of
survivors following surgical and oncologic treatment for breast cancer [3]. BCRL is characterized by
chronic swelling of the arm, fluid retention and damage to the lymphatic vessels. Such descriptions

lead to functional impairment, reduced quality of life, and recurrent infections [4].

As per epidemiological research, 20 — 40% of patients undergoing axillary lymph node dissection
(ALND) or radiotherapy, will develop some form of lymphedema, making it one of the most frequent
complications following treatment [5]. Diagnosis and staging of BCRL continue to be challenges due to
subclinical onset and progressive natures of the complication. The conventional methods of
lymphoscintigraphy, bioimpedance spectroscopy, and limb circumferential measurements are not that

precise in defining deep lymphatic anatomy [6].

In contrast to the aforementioned methods, magnetic resonance lymphangiography (MRL) has
also emerged as a non-invasive and high resolution imaging method that can define superficial and
deep lymphatic vessels, for improved anatomical and functional assessment [7]. It plays an important
role in pre-operative planning of microsurgical procedures like; lymphovenous anastomosis (LVA), and

vascularized lymph node transfer (VLNT) [8].

Additionally, research shows that MRL can be used to detect early lymphatic dysfunction,
making interventions that will avoid any permanent damage before its occurrence. However, it is used
in routine clinical practice to a limited extent, mainly due to excessive cost, availability and absence of

imaging protocol standardization [9].

11



8. AIM AND OBJECTIVES

Aim:

To analyze the advantages and disadvantages of magnetic resonance lymphangiography for

surgical planning of breast cancer treatment-related lymphedema.
Objectives:
1. To determine the frequency of breast cancer treatment-related lymphedema.

2. To evaluate the possibilities of magnetic resonance lymphangiography to visualize the network

of lymphatic vessels.

3. To assess the possibilities of prevention of breast cancer treatment-related lymphedema.
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9. LITERATURE REVIEW

9.1 Breast cancer stages

Breast cancer is classified into stages 0 through IV based on the tumor-node-metastasis (TNM)
system [10]. Stage 0 denotes in situ disease (e.g. ductal carcinoma in situ) without invasion. Stages I—
IIT represent invasive cancer of increasing extent: Stage I/II are early-stage tumors (small primary
tumor with limited or no nodal spread), while Stage III indicates locally advanced disease (e.g. larger
tumor, multiple or fixed/regional lymph node involvement, or chest wall/skin involvement) [11].
Stage IV breast cancer is defined by distant metastases (M1 disease), such as spread to bones, lungs,
liver, or brain [10]. Staging integrates tumor size (T), lymph node involvement (N), and presence of
metastasis (M), and as of the 8th AJCC edition (2018) also incorporates tumor biology (grade and
receptor status) to refine prognostic staging [10]. Stage III (especially ITIIB/IIIC) breast cancers are
considered locally advanced, requiring multimodal therapy, whereas Stage IV is metastatic (advanced

systemic disease) [10, 11].

9.2 Treatment of advanced breast cancer

Locally advanced breast cancer (Stage III) is typically managed with a combination of systemic
therapy, surgery, and radiation. A multidisciplinary approach is required for these patients. Neoadjuvant
chemotherapy is given to shrink the tumor and involved nodes, followed by surgery and postoperative
radiotherapy for local control [11]. Surgical management in locally advanced cases usually involves
mastectomy (or sometimes breast-conserving surgery if feasible) with axillary lymph node dissection

(ALND) for adequate nodal clearance [11].

9.2.1 Axillary lymph nodes dissection (ALND)

ALND is the removal of axillary lymph nodes, typically Levels I and II (and sometimes
Level IIT) nodes from the axilla, to eliminate cancerous nodes and accurately stage the disease [12].

Traditionally, lymphatic tissue in the axilla is surgically removed en bloc, encompassing nodes lateral
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and beneath the pectoralis minor (Level I) and behind the pectoralis minor (Level II); if needed, nodes

medial/superior to the pectoralis minor (Level III, infraclavicular) are also dissected [12].

With the advent of sentinel lymph node biopsy (SLNB), ALND is no longer routine for early-
stage node-negative patients. It is now reserved for specific indications, such as clinically positive
axillary nodes or metastasis in multiple sentinel nodes. Only a minority of breast cancer patients require
full ALND under current guidelines. Clinical trials have shown that some patients with limited nodal
disease can avoid ALND without compromising survival, thereby reducing morbidity. However, for
advanced presentations (e.g. bulky nodal disease), ALND remains important to achieve locoregional
control. Patients with cN1-N2 disease (mobile or matted axillary nodes) usually undergo ALND after
neoadjuvant therapy or primary surgery. ALND typically yields 10—20 lymph nodes for pathological
examination and can guide the need for additional treatments. In cases where neoadjuvant
chemotherapy eradicates nodal disease (ycNO), some protocols allow omission of completion ALND in

favor of targeted nodal biopsy, but this is still an area of active research [13].

ALND is associated with a significant risk of complications, including seroma, shoulder mobility
issues, sensory nerve injury, and notably lymphedema of the ipsilateral arm [14]. The incidence of arm
lymphedema after ALND can range from ~13% up to 40% depending on extent of dissection and use
of adjuvant radiation [15]. By contrast, the risk after SLNB alone is much lower (around 3-8%) [15].
These data underscore why less-invasive axillary staging (SLNB) is preferred when oncologically
appropriate. In advanced cases where ALND is necessary, careful surgical technique and consideration

of preventative measures (discussed later) are important to mitigate lymphedema risk.

9.3 Anatomy and physiology of the lymphatic system

The lymphatic system is a network of vessels and nodes that drains interstitial fluid and
participates in immune surveillance. Unlike the cardiovascular system, which relies on the heart as a
central pump, the lymphatic system operates through a unique combination of peripheral osmotic and

oncotic forces, smooth muscle contractions, and decentralized muscle movements [16].

At its microscopic level, the lymphatic system initiates at the arteriovenous-capillary junction,
where approximately 8-12 liters of fluid are filtered into the interstitium daily. This process begins with

specialized initial lymphatic vessels, or lymphatic capillaries, which feature a distinctive leaf-like
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arrangement and are composed of a single layer of endothelial cells resting on a discontinuous

basement membrane [16].

The lymphatic system is organized into three major functional compartments:
soft-tissue/peripheral lymphatics, intestinal lymphatics, and hepatic lymphatics. These compartments
progressively merge into the cisterna chyli, a central lymphatic sac located at the T12-L.2 level, which
then forms the thoracic duct - the largest lymphatic vessel in the body. The thoracic duct follows a
precise course, ascending between the aorta and azygos vein, crossing to the left side at the T5 level,

and finally terminating at the junction of the left subclavian and internal jugular veins [16].

In the breast and axillary region, lymphatic vessels transport lymph (fluid, proteins, immune
cells) from the breast toward the axilla. Approximately 75-85% of lymph from the breast drains into
the axillary lymph nodes, which typically number around 20-30 nodes [17].

9.3.1 Axillary lymph node levels

The axillary lymph nodes are anatomically subdivided into three levels (I-III) based on their
location relative to the pectoralis minor muscle. Level I nodes lie lateral and inferior to the lateral
border of pectoralis minor. Level II nodes are located deep to/posterior to the pectoralis minor (mid-
axilla), which includes the central nodes and Rotter’s nodes (interpectoral nodes between pectoralis
major and minor). Level III nodes (apical axilla) are medial or superior to the upper border of pectoralis

minor, extending up toward the clavicle (infraclavicular nodes) [10] [12].

Each axillary lymph node group receives afferent lymphatic channels and filters lymph, trapping
tumor cells or infections. The physiology of lymphatic drainage is such that lymph from the breast
quadrants, especially the outer quadrants, flows to the axilla (via channels converging to the Level I
nodes in the pectoral group) [17]. From Level I, lymph may pass to Level II (central axillary nodes),
then to the apical Level III nodes, and onward into the subclavian lymphatic trunk. Ultimately, lymph
rejoins the venous circulation via the right lymphatic duct or thoracic duct on the left side. This
hierarchical arrangement underpins surgical levels: a standard ALND usually clears Levels I and II

nodes, and sometimes Level III if disease is extensive [12].
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9.4 Lymphedema staging system

The International Society of Lymphology (ISL) staging system is commonly used to clinically

assess the severity of lymphedema. The stages and each characteristics are described in Table 1.

Stages

Characteristics

0 (Subclinical)

Lymphatic function is impaired, but no visible swelling is present.
Patients may experience vague symptoms (arm heaviness,
tightness) despite no measurable edema. This latent stage can last
months or years before progressing. [18].

I (Early Lymphedema)

An early accumulation of protein-rich fluid causes observable
swelling. Edema may be pitting and typically reverses with
elevation (e.g. swelling reduces overnight). At this stage, the fluid
has relatively low fibrous tissue content, so the swelling is soft
and reducible. [18].

II (Established Lymphedema)

Fibro-fatty changes in the tissue occur and swelling no longer
fully reduces with limb elevation. Pitting edema may still be
present in early stage II, but later Stage II is characterized by non-
pitting edema as fibrosis and adipose deposition increase. The
skin may thicken and texture changes begin. Without intervention,
Stage II lymphedema is typically chronic and progressive [18].

ITT (Lymphostatic Elephantiasis)

This is the most advanced stage, with severe, irreversible swelling
and pronounced skin changes. The limb may be grossly enlarged
and disfigured. Pitting is usually absent due to substantial fibrosis.
Characteristic skin findings include trophic changes: acanthosis
(thickened, hyperpigmented skin), papillomatosis (wart-like
projections), and leathery texture. There is often papillomatous
overgrowth and deep skin folds. Stage III represents long-standing
lymphedema with significant disability [18].

Table 1. ISL lymphedema staging and characteristics per stage

These stages reflect the physical condition of the affected limb. It is possible for the limb to

exhibit features of multiple stages in different areas.

9.5 Causes of breast cancer-related lymphedema

BCRL is caused by from damage or overload of the lymphatic drainage of the arm after breast

cancer treatment [15] [3]. The primary cause is the disruption or removal of axillary lymph nodes and
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vessels during surgery and/or radiation therapy. ALND, in particular, is a significant risk factor as it
causes far greater lymphatic disruption than a sentinel lymph node biopsy, and increases lymphedema
rates by up to four-fold [15]. The extent of axillary surgery correlates with risk: removing more lymph

nodes (or having more positive nodes) raises the likelihood of BCRL [15].

Axillary radiation or regional lymph node irradiation (RLNR) contributes to lymphedema by
scarring lymphatic channels. Patients who receive both ALND and regional nodal radiation have some
of the highest lymphedema rates (cumulative incidence approaching 30-40% in 5 years), compared to

those undergoing only SLNB and no nodal radiation have much lower rates (often <10%) [15].

Patient-related factors such as high body mass index (BMI >30), and inflammation are
independent risk factors for BCRL, since obesity is likely to impair lymphatic flow and increases
inflammatory cytokines, exacerbating fluid retention, and inflammation can damage lymphatic vessels

[15].

9.6 Detection of breast cancer-related lymphedema

Lymphedema is often detected by measuring arm circumference or volume and comparing sides.
A commonly used diagnostic threshold is a >2 cm increase in limb circumference at a given point or a
>200 mL increase in arm volume (approximately >10% volume increase) relative to the contralateral

arm [19].

Bioimpedance spectroscopy (BIS) is a sensitive method that can detect subclinical fluid
accumulation (Stage 0). A BIS device measures the extracellular fluid; a change beyond a set threshold
(such as an increase of >7 L-Dex units) can indicate early lymphatic change before visible swelling

occurs [15].

Additionally, lymphoscintigraphy (radionuclide imaging) is used to confirm lymphedema in
equivocal cases: it can visualize lymph flow and dermal backflow, providing a functional assessment of
the lymphatic system. It remains a gold-standard diagnostic test for lymphatic dysfunction, though it is

more often reserved for research or planning rather than routine screening [20].

9.6.1 The quality of life
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Survivors’ quality of life (QOL) can be profoundly impacted negatively by BCRL. Physically,
chronic arm swelling can cause discomfort, pain, reduced range of motion, and arm weakness, limiting
daily activities. Patients often report difficulty with tasks requiring fine arm movement or strength.
Psychosocially, lymphedema is a distressing and constant reminder of cancer. Studies show that women
with BCRL experience significantly lower health-related QOL compared to those without lymphedema
[21]. BCRL was associated with impairments across physical, emotional, and social domains of QOL
even up to 10 years post-treatment [21]. The arm swelling and need for compression garments can
affect body image and self-esteem. Many patients feel self-conscious or limited in clothing choices.
Moreover, lymphedema management imposes a daily burden. Wearing compression sleeves or
bandages, performing exercises and massage, and potential frequent clinic visits, which can cause

inconvenience and consume their time [19] [22].

Emotionally, patients often express anxiety or depression related to the chronic nature of
lymphedema. They may fear worsening of the condition or feel frustration over the lack of a definitive
cure. Indeed, BCRL is frequently cited as one of the most feared long-term complications of breast

cancer treatment [21].

9.7 Treatment of breast cancer-related lymphedema

9.7.1 Conventional treatment

Conventional treatment, or management, consists of reducing the limb volume and symptoms.
The first-line therapy BCRL is Complete Decongestive Therapy (CDT), which is a cornerstone of

lymphedema management. It is split into two phases: ,,Reduction” and ,,maintenance® [15].

The reduction phase involves manual lymphatic drainage (MLD), compression therapy, exercise,
and skin care [15]. In the maintenance phase, the patient is fitted with a custom compression garment
(sleeve or stocking) to wear long-term, continues doing self-MLD massages, exercises regularly, and

maintains skin care [15].

CDT can significantly reduce limb volume and improve symptoms in the majority of patients,
especially in early-stage lymphedema [22], however it doesn’t eliminate the underlying lymphatic

insufficiency, so maintenance with compression is lifelong to sustain the improvement [20].
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9.7.2 Surgical treatment

Surgical approaches for lymphedema are generally considered when maximal conservative
management fails to sufficiently control the condition, or as an adjunct to further improve limb function
and reduce the burden of care (e.g. reduce dependence on compression. The main surgical options are

lymphaticovenous anastomosis (LVA) and vascularized lymph node transfer (VLNT).

Lymphaticovenous Anastomosis (LVA), also known as lymphovenous bypass, is a
supermicrosurgical procedure involves connecting functioning lymphatic vessels directly to nearby
small veins, bypassing obstructed lymph pathways. Using operative microscopes, surgeons identify
lymphatic collectors in the limb (often mapped preoperatively by indocyanine green dye) and
anastomose them end-to-end or end-to-side to venules, allowing lymph fluid to drain into the venous
system [23]. LVA is minimally invasive (small incisions) and can significantly improve lymphatic
drainage in properly selected patients. It tends to be most effective in early-stage lymphedema (stage I

or early II), where lymphatics are not completely fibrosed [22].

Vascularized Lymph Node Transfer (VLNT) is a technique involving the transplantation of
healthy lymph nodes with their blood supply from one part of the body to the lymphedematous limb to
re-establish lymphatic function. Common donor sites include the supraclavicular nodes, groin
(inguinal) nodes, or lateral thoracic (axillary) nodes from the opposite side. Surgeons take a small
cluster of nodes along with an artery and vein. The node flap is implanted into the axilla or forearm of
the affected limb and the artery/vein anastomosed to local vessels to provide blood flow. Over time, the
transferred nodes can absorb excess lymph and promote growth of new lymphatic connections,
improving drainage. VLNT is typically considered for more advanced lymphedema or after failure of
LVA. [23]. VLNT has shown efficacy in reducing limb volume and episodes of cellulitis. It is often
indicated for moderate stage II disease or cases not responding to LVA. One advantage is that VLNT

can be combined with autologous breast reconstruction [22].

9.8 Prevention of breast cancer-related lymphedema
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The most effective prevention is to minimize axillary lymphatic disruption in the first place. This
means using SLNB rather than routine ALND for early-stage cancers, and avoiding unnecessary

axillary radiation [13] [15].

Prophylactic lymphatic bypass (PLB) is a surgical technique performed during axillary lymph
node dissection (ALND) that aims to prevent the development of lymphedema in breast cancer
patients. According to recent research published in 2023, this procedure involves connecting transected
lymphatic vessels directly to nearby veins during the initial surgery [23]. Notably, PLB does not
increase postoperative complications compared to ALND alone. The procedure requires specialized
microsurgical expertise and is typically performed by reconstructive surgeons working alongside breast
surgical oncologists. This multidisciplinary approach has become increasingly important in modern
breast cancer treatment, as lymphedema remains a significant concern despite advances in surgical

techniques [23].

Lastly, patients should be educated on lymphedema risk and ways to potentially mitigate it.
Guidance ranging from skin care, trauma avoidance, wearing compression sleeves, weight management

and exercise, and surveillance should be instructed to them [15].

9.9 Imaging of the Lymphatic Vessels for Surgical Planning

Traditional lymphatic imaging has relied on lymphoscintigraphy, a nuclear medicine scan in
which a radiotracer is injected and its uptake by lymphatics is imaged over time. It has been the gold
standard for diagnosing lymphedema and can show delayed or deranged lymph flow. However it isn’t
without limitations such as relatively low spatial resolution, lengthy imaging times, and exposure to

radioactivity [24].

Indocyanine Green (ICG) Lymphography: This technique involves injecting a fluorescent dye
intradermally in the limb and using near-infrared cameras to visualize the superficial lymphatic vessels
as the dye travels. ICG lymphography provides real-time mapping of lymphatic channels up to a depth
of ~1-2 cm with excellent spatial resolution of the superficial lymphatics. ICG reveals characteristic
patterns such as dermal backflow and dilated, cutaneous lymphatic channels, which are useful for

severity assessment. One main advantage of ICG is that it’s a relatively quick procedure and can be
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done in the clinic or the OR, and doesn’t involve radioactive isotopes. However, its main limitation is it

can only image superficial lymphatics [25].

Ultrasound can be used to visualize lymphatic structures, especially with high-frequency probes
(20—-30 MHz). It can detect lymphatic vessels and surrounding tissue characteristics at greater depths
than ICG can reach. Ultrasound has the advantage of being widely available and non-invasive, but it
requires significant operator skill and can be time-consuming to map multiple vessels. It is often used
in conjunction with ICG — the two modalities together give a more complete picture of both superficial

and deeper lymphatics [22].

9.10 Magnetic resonance lymphangiography (MRL)

Magnetic resonance lymphangiography is a specialized imaging technique developed for
visualizing the lymphatic system using magnetic resonance imaging (MRI) [26]. It can be performed
with or without contrast agents, though contrast-enhanced MRL is more commonly utilized in clinical
practice [27]. The contrast-enhanced technique involves intracutaneous injection of gadolinium-based
contrast media such as gadobenate dimeglumine, followed by high-resolution MR imaging to visualize
lymph flow and anatomical structures. MRL enables visualization of lymphatic vessels, regional lymph
nodes, and real-time assessment of lymph transport within these structures [28]. The technique is
primarily employed for diagnosing lymphedema, staging the condition, planning surgical interventions,
and monitoring treatment outcomes [26]. . In recent years, MRL has become particularly valuable for
preoperative planning in lymphedema surgery, especially for lymphovenous anastomosis (LVA)

procedures [29].

MRL offers several significant advantages over traditional lymphatic imaging methods in the
evaluation of breast cancer-related lymphedema. A key benefit is the absence of ionizing radiation
exposure, making it safer for patients requiring repeated imaging for monitoring purposes [26] [27].
This is particularly relevant for cancer survivors who may have already received significant radiation
during treatment. The technique provides superior spatial and temporal resolution compared to
conventional lymphoscintigraphy, allowing for more detailed visualization of lymphatic structures [26
— 28]. . This high-resolution imaging enables precise identification of anatomical changes in lymphatic

vessels and nodes, which is crucial for accurate diagnosis and treatment planning [28]. One of MRL's
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most significant advantages is its ability to simultaneously provide both functional and anatomical
information about the lymphatic system [26, 28]. It can demonstrate the morphological abnormalities

of lymphatic vessels and nodes while also assessing lymph flow dynamics and transport function [28].

Studies have shown that MRL demonstrates higher sensitivity in detecting lymphatic vessel
abnormalities compared to lymphoscintigraphy. Additionally, when MRL findings agree with those
from indocyanine green lymphography (ICG-L), there is a statistically higher chance of successful

lymphovenous anastomosis surgery (p < .001) [29].

In secondary lymphedema, such as BCRL, MRL can clearly demonstrate the tortuous and dilated
collecting lymphatics characteristic of the condition. This visualization helps surgeons identify

functional lymphatic vessels suitable for microsurgical interventions like LVA [28].

Despite its numerous advantages, MRL
has several limitations that must be
considered. Like all MRI-based techniques,
MRL cannot be performed in patients with
certain implanted devices that are electrically,
magnetically, or mechanically activated [28].
while MRL shows promising results in
preoperative planning for lymphedema
surgery, the scientific evidence supporting its
routine use remains limited, and further
studies with larger patient cohorts are needed

[29].

Cost considerations and accessibility
issues also represent practical limitations.
MRL requires specialized equipment and

expertise that may not be available in all

healthcare settings, potentially limiting its widespread adoption in clinical practice [9].
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10. RESEARCH METHODOLOGY AND METHODS

This study is a systematic literature review. Utilizing the PRISMA (Preferred Reporting Items for

Systematic Reviews and Meta-Analyses) guidelines, The search for scientific publications was

conducted using PubMed online database. The keywords which were used are: ,,lymphedema,,,

,magnetic resonance lymphangiography,,, ,,breast cancer and lymphedema,,, ,,breast cancer-related

lymphedema,,, and ,,magnetic resonance lymphangiography and breast cancer-related lymphedema,,.

Filters in the search such as ,,full text,,, ,,10 years,,, and ,,English,, were applied as well.

The inclusion and exclusion criteria are as following:

Inclusion

Exclusion

Publications in English

Publications not in English

Published within the last 10 years (2015 — 2025)

Published more than 10 years ago

Full text articles available

Not full text articles

Articles with abstracts

Articles without abstracts

Studies conducted on humans

Studies conducted on animals

Studies performed in adult populations (ages 18+)

Studies performed in pediatric populations (ages 0
-17)

Table 2. Inclusion and exclusion criteria

The PRISMA principles were complied with throughout this systematic study in order to ensure

open and honest reporting. From the beginning, we conducted a thorough search in PubMed using

pertinent keywords, which resulted in the discovery of mere 8 articles.
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11. RESULTS AND DISCUSSION

11.1 The frequency of breast cancer treatment-related lymphedema

We analyzed 8 research articles for analysis the advantages and disadvantages of magnetic

resonance lymphangiography for surgical planning of breast cancer treatment-related lymphedema.
Publication characteristics:

The selected studies include both retrospective analyses and prospective investigations focused
on BCRL. Four studies were retrospective [30,31,35,37], while the remaining were prospective [32—
34,36]. Sample sizes ranged from as few as 3 patients [33], to 138 [37]. Most studies enrolled patients
with established BCRL, whereas one study examined breast cancer patients without establishing or
mentioning BCRL, to evaluate a diagnostic technique [31]. The prevalence of BCRL reported in
survivor of breast cancer is substantial, as noted in Borri et al — 20% or above [33]. In total, 844
patients are included in this study, with 381 (45%) of them reported to have BCRL. The percentage and

number of patients in each study are described in Table 3.

First Author (Year) Total Patients % with BCRL (Breast Cancer-Related Lymphedema)
Abdelfattah et al. (2020)

[30] 59 100% (59/59)

He et al. (2022) [31] 432 0% (The study didn’t account for BCRL)
Sheng et al. (2020) [32] 50 100% (50/50)

Borri et al. (2015) [33] 3 100% (3/3)

Crescenzi et al. (2017) [34] 36 ~69% (25/36)

Li et al. (2024) [35] 48 ~58% (28/48)

Kim et al. (2023) [36] 78 100% (78/78)

Park et al. (2023) [37] 138 100% (138/138)

Table 3. Publication year, patient sample size, and percentage with breast cancer-related

lymphedema (BCRL) in each study.

In abdelfattah et al. study, all of the 59 patients have upper limb BCRL after breast cancer
treatment [30]. All patients in the cohort had lymphedema by design. The focus of the study was using
MRL to investigate anatomical connections between superficial and deep lymphatic vessels in the

affected limb. The study ranked patients by whether or not lymphedema was involved in the hand.
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Among the patients who didn’t show lymphedema, MRL identified at least one lymphatic
,perforator,, connecting the superficial and deep vessels at the wrist in 24 out of 29 cases [30]. In
contrast to the patients who did show edema of the hand [30]. The findings suggest preservation of

lymphatic cross connections may correlate with spared regions (in this study, the hand) in BCRL.

He et al. did not report any BCRL in their prospective study of 432 breast cancer patients [31].
Instead of focusing on existing BCRL, the study explored the use of ultrasound plus MRL for sentinel
lymph node detection in breast cancer surgery. Patients were divided into groups with different MRL
contrast injection techniques to map lymphatic drainage from the breast. Although BCRL was not
reported, this study’s relevance is at demonstrating MRL’s capability in mapping lymphatic pathways
during initial cancer treatment. The improved detection of axillary and internal mammary sentinel

nodes with MRL (overall diagnostic accuracy ~95.8% in the best-performing group) [31].

Sheng et al. is a prospective study of 50 female patients, who all had unilateral BCRL [32]. The
aim of this study was to establish a high-resolution MRL protocol and characterize lymphatic vessel
morphology at different stages of BCRL [32]. By injecting gadolinium subcutaneously, they visualized
the lymphatic networks in both healthy and affected arms of each patient. Table 4 describes the findings

in each stage.

Stage Morphology

1 Tortuous, dilated lymphatic vessels with a beaded appearance and significantly larger

diameters than contralateral normal vessels [32].

2 Pronounced dilation with ,,dermal backflow* (contrast leakage into skin lymphatics) and

tiny regenerated collateral lymphatics [32].

3 Lymphatic architecture was severely disordered and difficult to recognize, with many

small, newly formed lymphatic channels [32].

Table 4. Lymphedema stages and their findings using MRL with gadolinium contrast.

Borri et al. is an exploratory proof-of-principle study with mere 3 patients with unilateral BCRL
[33]. Despite the cohort’s limited sample, this study’s significance is as one of the earliest to propose a
quantitative contrast-enhanced MRL protocol for the upper limb. It was a prospective technical pilot

that compared a standard ,,morphological“ MRL technique to a new ,,quantitative“ MRL approach in
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the same patients [33]. Both arms of the patients — affected and healthy — underwent imaging using
lower gadolinium concentration in order to minimize artifacts and venous signaling, resulting in high-
resolution 3D images production of lymphatic vessels with reduced venous overlap [33]. Borri et al.
also measured the lymphatic fluid velocity, finding it slower in affected arms (2.1 cm/min) compared to

the healthy (9.3 cm/min) [33].

A prospective study by Crescenzi et al. focused on a noninvasive MRL technique, which
included 36 participants [34]. The cohort consisted of 25 BCRL patients and 11 healthy control
participants. Approximately 69% of total sample had BCRL [34]. They developed an MRL imaging
method. Utilizing T3 MRI without contrast agent by exploiting the long T2 relaxation time of lymph
fluid to image the vessels using specialized sequences [34]. It was found that in BCRL patients the
vessels visualized akin to enlarged structures [34]. The mean cross-sectional area of the lymphatic
vessels in affected arms was approx. 12.9 mm? compared to normal arms or controls at approx. 9.4

mm? [34].

Li et al. conducted a retrospective study of 48 patients with secondary lymphedema who
underwent lymphaticovenous anastomosis (LVA) surgery [35]. The population included patients with
upper limbs and lower limbs lymphedema, with 28 out of 48 (58.3%) having upper limb lymphedema
related to breast cancer treatment [35]. The study examined the strategy of combining MRL with
contrast enhanced ultrasound (CEUS) and indocyanine green lymphography (ICG) for surgical
planning [35]. The study found that MRL increased the number of lymphatic vessels for identification
and anastomose. For example: Patients receiving the full workup had a median of 8 LVAs performed,

compared to 5 with ICG and CEUS, and only 2 with only ICG [35].

A retrospective study by Kim et al. investigated the presence of subclinical edema in the
contralateral arm of patients with BCRL [36]. 78 patients with BCRL diagnosis were included. The aim
was to identify the rate of incidental edema in the unaffected arm MRL staging system. 14.1% of
patients (9 out of 64) showed stage 1 asymptomatic edema in the limb [36]. A notable finding, since it
was presumed the patients have clinically unilateral lymphedema, yet imagin revealed bilateral in the
subset. The findings suggest that BCRL has more widespread effect than seen clinically.

A large retrospective study conducted by Park et al. analyzing 138 patients, all whom had BCRL
[37]. Instead of determining how many patients develop BCRL, the study focused on using

preoperative noncontrast MRL for operative decision-making for lymphedema. Park et al. classified
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each patient’s lymphedema into MRI-based stages 1,2 or 3 before surgery [37]. They looked at the
outcomes of different surgical interventions (LVA, LVA + liposuction, LVA + vascularized node
transfer). Park et al. suggests a significant number of breast cancer patients progress to advanced stage
lymphedema. 36% of the patients were stage 3 at presentation, and 45% at stage 2 [37]. The study
reinforces that without effective preventive measures, BCRL can progress in substantial fraction of

patients.
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11.2 The possibilities of magnetic resonance lymphangiography to
visualize the network of lymphatic vessels

MRL has emerged as a power imaging modality for visualizing lymphatic vessel anatomy and
pathology in BCRL. The 8 analyzed studies demonstrate that MRL can delineate the complex network
of lymphatic vessels of the arms, detect functional and dysfunctional pathways, and even quantify
lymphatic flow. We will discuss the strengths and drawbacks of MRL in context of visualizing the

lymphatic network.

High-resolution mapping of lymphatic anatomy: Sheng et al. showed that MRL can clearly
depict lymphatic vessel morphology in the edematous limb at different stages of BCRL with fine detail
[32]. Using high-spatial-resolution MRI scans after intradermal gadolinium injection, they visualized
the superficial lymphatic network and observed distinctive patterns: in early-stage lymphedema, the
lymphatic collectors appeared tortuous and enlarged, whereas in later stages the normal architecture
was replaced by a chaotic mesh of small collateral vessels and dermal backflow patterns [32]. This
indicates that MRL is capable of stage-specific visualization — essentially providing an imaging picture
of how the lymphatic network deteriorates as lymphedema progresses. Similarly, Abdelfattah et al.
demonstrated MRL’s ability to visualize not just superficial lymphatics but also their connections to
deep lymphatics in the arm [30]. Their MRL images identified ,,communicating” lymphatic perforators
at the wrist that connect superficial vessels to the deep system [30]. Importantly, these connections
were seen in over 80% of patients whose hands were not affected by edema, and were absent in those
with hand swelling [30]. This finding illustrates MRL’s sensitivity in detecting even small-caliber
cross-connections in the lymphatic network, which are usually impossible to appreciate with
conventional modalities. Through such detailed mapping, MRL adds to our anatomical knowledge — for
instance, confirming that lymphatic drainage of the hand may be preserved via deep pathways in some

BCRL patients [30].

MRL protocol innovations (contrast and non-contrast): Several studies refined the MRL
technique to better visualize lymphatic vessels. Borri et al. introduced a quantitative contrast-enhanced

MRL protocol specifically designed for upper-limb lymphatics [33]. By diluting the gadolinium
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contrast and using dynamic imaging, they produced sharp 3D images where lymphatic vessels were
enhanced without the confounding overlap of veins [33]. In their side-by-side comparisons, lymphatic
channels could be distinguished from veins based on the timing and pattern of contrast uptake —
lymphatics filled more slowly and later than veins, yielding a characteristic uptake curve [33]. This
advancement addressed a prior limitation of MRL (venous contamination of images) and proved that
even with a very small sample, one can obtain clear visualization of the main lymphatic trunks in the
arm. They also measured lymph flow velocities from the MRL time-series, finding slower transport in
lymphedematous arms, which further confirms that what they were visualizing were indeed lymphatic
vessels (and that MRL can provide functional information in addition to structural images) [33]. On the
other end of the spectrum, Crescenzi et al. demonstrated a non-contrast MRL approach using
specialized MRI sequences at 3.0 Tesla [34]. Exploiting inherent tissue properties (such as the fluid’s
T2 relaxation), they managed to visualize lymphatic vessels as high-signal tubular structures without
any contrast injection [34]. While this method may not show fine vessel detail to the same degree as
contrast-enhanced MRL, it successfully differentiated lymphedematous tissue from normal by the
enlarged lymphatic channels and tissue fluid signals [34]. The ability to noninvasively image
lymphatics is a major strength for potentially screening or monitoring patients repeatedly. Crescenzi et
al. even captured changes in the lymphatic anatomy before vs. after a therapeutic intervention (manual
drainage), with MRL indicating a reduction in lymphatic vessel size post-therapy [34]. This suggests
that MRL can visualize not only static anatomy but also the dynamic response of the lymphatic system

to treatments.

Visualization of lymphatic function and flow: In addition to structural mapping, some studies
used MRL to infer functional aspects of lymphatic vessels. The quantitative MRL by Borri et al.
allowed estimation of lymph flow speed by tracking the contrast propagation along the lymphatics over
time [33]. They found that in a healthy limb, lymphatic fluid travels faster, whereas in the BCRL limb
the enhancement progressed more slowly — consistent with impaired lymphatic function in
lymphedema [33]. Such functional visualization is a unique capability of MRL, combining the
strengths of nuclear medicine lymphoscintigraphy (which gives functional data) with the high spatial
resolution of MRI. Furthermore, Park et al. and Kim et al. utilized noncontrast MR lymphangiography
to visualize the extent of lymphatic fluid spread in tissues and to create scoring systems [36,37]. For

example, Park et al. describe an ,,MRI severity index“ in which MRL images are graded based on how
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far proximally lymph stasis extends and how intense the lymphatic signal is, among other features [37].
In their hands, MRL effectively visualized the distribution of lymphatic edema in the limb — from hand
to forearm to upper arm — allowing classification of severity that matched clinical impressions in the
majority of cases [37]. Kim et al. employed noncontrast MRI techniques, specifically short-tau
inversion recovery (STIR) sequences, to evaluate the presence and severity of lymphedema in patients
with unilateral breast cancer-related lymphedema (BCRL) [36]. Although their study did not perform
contrast-enhanced magnetic resonance lymphangiography (MRL) per se, it effectively demonstrated
that fluid-sensitive MRI can visualize tissue edema associated with lymphatic dysfunction. The study
revealed that 14.1% of patients with clinically unilateral lymphedema exhibited subclinical edema in
the contralateral limb, undetected by physical examination [36]. This finding highlights the capacity of
MRI to detect early-stage or occult lymphatic abnormalities—a critical advantage in clinical staging
and surveillance. Moreover, the high inter-observer agreement (kappa = 0.86) and correlation with
indocyanine green (ICG) lymphography validated the reliability of MRI-based edema assessment as an
indirect marker of lymphatic dysfunction. While traditional MRL provides high-resolution images of
individual lymphatic vessels and their morphology, Kim et al.'s study suggests that noncontrast MRI
can still contribute to lymphatic system visualization, particularly when vessel-level imaging is not
feasible or contrast agents are contraindicated. Thus, their findings extend the applicability of MRI in
lymphedema evaluation and emphasize its role in noninvasive, whole-limb assessment of lymphatic

pathology in BCRL.

MRL visualization in alternative contexts: Although the focus is on upper-limb lymphedema,
MRL has shown promise in visualizing lymphatics in related scenarios as well. The study by He et al.
illustrates that MRL can be applied to map lymphatic drainage pathways from the breast to regional
lymph nodes [2]. By injecting contrast near the tumor or areola, they used MRI to track lymph flow to
axillary and internal mammary chain nodes [31]. The fact that MRL could identify sentinel lymph
nodes and lymphatic routes in breast tissue means it visualizes the initial lymphatic network at risk
during cancer surgery. This is an extension of MRL’s capability: not only can it depict diseased
lymphatics in BCRL, but it can also depict normal lymphatic drainage pathways pre-surgery.
Visualizing these networks is crucial for interventions like targeted node biopsy. Li et al. also applied
MRL to lower-limb lymphedema and found similar benefits in visualizing lymphatics for surgical

planning [6]. They reported that certain lymphatic vessels, especially in advanced lower-limb cases,
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were only seen on MRL (and not on indocyanine green surface imaging) [35]. This highlights MRL’s
strength in visualizing deep or obstructed lymphatic channels that other modalities might miss. Taken
together, these studies underscore that MRL provides a comprehensive visualization of the lymphatic
vascular network: it can show superficial versus deep vessels, delineate areas of dermal backflow
(signifying lymphatic failure), track lymph flow dynamics, and even map lymphatic drainage of

specific regions such as the breast.

Strengths and limitations: The ability of MRL to visualize lymphatic vessels comes with
certain advantages and caveats noted in the studies. A clear strength is its high spatial resolution. For
instance, Sheng et al. achieved sub-millimeter resolution images, enough to observe tiny ,,beaded”
lymphatic channels [32], and Borri et al. obtained detailed 3D reconstructions of arm lymphatics
distinguishing them from veins [33]. Unlike lymphoscintigraphy, which provides only a crude outline
of lymph drainage, MRL gives anatomic detail of each lymphatic vessel segment and any collateral
pathways. Moreover, MRL can encompass the entire limb in one exam (from hand to torso), providing
a full map of the lymphatic system in relation to other anatomical structures (muscles, bones, veins) —
information valuable for surgeons. Another strength is that MRL can be performed with different
techniques to suit the clinical need: contrast-enhanced MRL yields exquisite vessel detail and is highly
sensitive, whereas noncontrast MRI techniques (e.g., heavily T2-weighted sequences as per Crescenzi
[34]) can visualize edema and large lymphatic ducts without exposing the patient to contrast, useful for
those who cannot have dye injections. Additionally, MRL is minimally invasive (especially with
intradermal contrast injections that are well tolerated), avoiding the radiation of CT scans or the
invasiveness of conventional lymphangiography.

However, limitations in visualizing lymphatic networks via MRL were also discussed. One
practical limitation is that standard MRL requires contrast injection into the limb (typically gadolinium-
based contrast into the web spaces of the hand or foot). While this is much less invasive than historical
oil-based lymphangiography, it still involves needles and a risk (albeit low) of contrast reactions. Borri
et al. [33] noted that high concentrations of gadolinium can cause signal loss (T2* effects) if not
optimized, which is why they diluted the contrast for better lymphatic visibility. Another limitation is
potential venous contamination of images — because contrast eventually enters veins, it can be
challenging to differentiate a vein from a lymphatic vessel running parallel. Techniques to mitigate this

include imaging early or using noncontrast methods; Borri’s quantitative protocol specifically
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minimized venous enhancement [33]. MRL is also somewhat resource-intensive: it requires MRI
equipment and specialized sequences, and the image processing can be complex (e.g., reconstructing
whole-arm images from multiple stations as mentioned by Borri [33] and Crescenzi [34]). Some
authors pointed out limitations in detection of very small or very slow-flow lymphatics. Such as
Crescenzi’s noncontrast method might not visualize the smallest lymph capillaries, and it primarily
showed the larger collector vessels and tissue edema rather than the fine capillary network. In Sheng et
al.’s work, stage 3 patients had ,,unrecognizable“ lymphatic structures [32]. Meaning that when
lymphatics are highly fibrosed or absent, even MRL cannot delineate them (it then primarily shows the
edema pattern rather than actual vessels). Thus, MRL excels at visualizing existing lymphatic channels,
but in end-stage disease where channels are obliterated, it will depict only the consequence (fluid in
tissue) and any tiny regenerating vessels, which can be difficult to resolve. Finally, a limitation is that
the deep central lymphatics (such as axillary or subclavian lymph nodes and ducts) may not fill with
intradermal contrast on MRL if there is a complete blockage — they might not be visible beyond the
obstruction. In Abdelfattah et al., for instance, MRL clearly showed axillary lymph flow in about 55%
of patients with hand-sparing lymphedema [30], but presumably in others the blockage prevented
seeing beyond a certain point. Despite these limitations, all studies agreed that the overall capability of
MRL to visualize the lymphatic network is unprecedented compared to previous imaging modalities.
As Neligan et al. aptly stated, ,,MR lymphangiography has increased our knowledge of lymphatic
anatomy and lymphedema pathophysiology“ [30], which is evidenced by the detailed visual findings in

these works.
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11.3 The possibilities of prevention of breast cancer treatment-related
lymphedema

The findings from these studies suggest how MRL can contribute to the prevention or mitigation
of BCRL. While it can’t be entirely avoided in high-risk breast cancer patients, early imaging and

intervention guided by MRL may reduce the incidence, severity, or progression of BCRL.

Early detection and risk stratification: MRL has the potential to identify lymphatic
dysfunction before overt lymphedema becomes clinically apparent, allowing earlier intervention.
Several studies highlight that MRL-based staging correlates with clinical lymphedema stage and limb
measurements, which means it could be used to detect subtle changes. For example, Kim et al.
developed an MRI lymphatic index score that corresponded well with limb volume differences [36]. In
practice, this means that if a breast cancer survivor undergoes MRL imaging soon after surgery or
during follow-up, the scan might reveal early lymphatic distension or dermal backflow (fluid leak)
even if the arm is not yet significantly swollen. Identifying patients with such subclinical lymphatic
impairment is crucial, as they are at high risk of progressing to full-blown BCRL. Park et al. provide
evidence that even among those who ultimately needed surgery for lymphedema, there were gradations
in severity that MRL could discern [37]. If those MRI Stage 1 patients (19% of their series) [37], had
been caught earlier in the course of disease, one could envision instituting conservative therapy or
minor surgical procedures to prevent progression to Stage 3. Sheng et al. also implicitly support early
detection: their MRL findings in Stage 1 BCRL (tortuous but patent lymphatics) indicate a window
where intervention could still preserve or restore function. In contrast, by Stage 3 the lymphatics were
largely obliterated [32]. Thus, MRL can identify the window of opportunity for prevention — the
imaging can tell us when significant lymph stasis is beginning even if clinical swelling is mild.
Prophylactic measures (such as compression garments, physiotherapy, or early microsurgery) could
then be targeted to those imaging-positive, early-stage patients, potentially preventing progression. It is
worth noting that none of the studies explicitly performed MRL on patients before they had any
lymphedema (except He et al., who looked at something else), so further research is needed to formally

prove that MRL can predict BCRL. However, the strong correlations in [36] and [37] between MRL
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findings and lymphedema severity build a rationale for using MRL as a screening tool in high-risk
patients (those with extensive nodal dissection, radiation, etc.). Early detection by MRL could therefore
prompt closer monitoring and early treatment — a preventive strategy to stop mild lymphatic

dysfunction from evolving into irreversible lymphedema.

Optimizing cancer surgery to prevent lymphedema: MRL can aid in preventing BCRL at the
outset by guiding surgical management of lymph nodes during breast cancer treatment. The study by
He et al. is particularly relevant here [31]. They demonstrated that combining MRL with ultrasound
markedly improved the identification of sentinel lymph nodes in breast cancer patients, including nodes
in atypical locations such as the internal mammary chain [35]. By accurately mapping which lymph
nodes truly drain the breast tumor, surgeons can perform a more targeted node removal and avoid
unnecessary excision of additional lymph nodes. This precision is directly linked to lymphedema
prevention: the fewer lymph nodes removed and the less disturbance of lymphatic channels, the lower
the risk of BCRL. In He et al.’s study, the use of MRL guidance could, for instance, help in identifying
a sentinel node in the internal mammary area so that it can be sampled instead of doing a full axillary
dissection [31]. As a result, a patient whose cancer has not spread can be spared an extensive axillary
clearance — a procedure that has a much higher lymphedema rate. Although He et al. did not track
lymphedema outcomes, their implication is that MRL-integrated surgical planning will reduce the
incidence of BCRL by enabling selective node removal. This aligns with broader surgical trends in
breast cancer to prevent lymphedema, and imaging innovations like MRL reinforce those efforts by
ensuring surgeons know exactly where the critical lymph nodes are. Additionally, Abdelfattah et al.
(2020) provided insight that could influence surgical technique in reconstruction or lymphedema
prevention surgeries: they found that some BCRL patients have functional lymphatico-venous
connections at the wrist that preserve hand drainage [30]. Knowing this, surgeons performing
lymphaticovenous bypass (LVB) surgeries might choose to do an anastomosis at the wrist level in
patients with hand edema, or conversely, avoid disrupting those native connections in patients whose
hand is not involved. The authors specifically conclude that recognizing these communications on
MRL should be considered when planning microsurgical lymphatic procedures at the wrist [30]. This is
a preventive consideration: respecting or augmenting existing lymphatic shortcuts could prevent
lymphedema in the hand. Thus, MRL provides surgeons with a map of ,,no-go“ zones or targets — areas

where lymphatic vessels are critical and should be preserved or areas where bypass can be most
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effective — ultimately contributing to surgical strategies that minimize new damage to the lymphatic

network.

Guiding lymphedema treatment and prophylactic interventions: For patients who have
developed BCRL or are at very high risk, MRL can guide interventions that prevent further progression
and complications. One emerging concept is preventative lymphatic surgery — performing
lymphaticovenous anastomoses or lymph node transfers at an early stage to forestall lymphedema
development. While such preventative LVA in asymptomatic patients is still being studied, the
information from MRL is invaluable in these contexts. Park et al. showed that using preoperative MRL
to stage patients allowed them to tailor the surgical approach and achieve better outcomes [37]. In their
retrospective analysis, patients with moderate disease (MRI stage 2) derived the most benefit from LVA
surgery alone (showing the greatest reduction in limb volume and highest satisfaction) [37]. In contrast,
those with more severe disease (stage 3) needed adjunct procedures like liposuction or vascularized
lymph node transfer to get significant improvement [37]. This suggests that MRL staging can prevent
suboptimal treatment: by identifying the severity accurately, clinicians can avoid doing a minor
procedure in a patient who really needs a bigger surgery (which would fail and waste time), and vice
versa. In other words, MRL helps ,,get it right the first time,,, which for the patient means preventing
months or years of ineffective therapy and worsening edema. Moreover, if we extrapolate these results,
one could argue that if MRL identifies a patient as stage 1 (mild), that patient might be a candidate for
very early LVA — potentially to prevent progression to stage 2 or 3. Indeed, Li et al. discuss
accumulating evidence that LVA surgery can serve as a preventive intervention in high-risk patients
[35]. Although their study was on established lymphedema cases, the principle is that by surgically
restoring lymphatic drainage earlier, one might avert the cascade of fibrosis and worsening edema. Li et
al.’s combined imaging approach (ICG, CEUS, and MRL) greatly increased the number of lymphatic
channels available for anastomosis [35]. By finding on MRL even those lymphatic vessels that are
hidden or deeper, surgeons can connect more channels, which may improve the long-term outcome and
prevent recurrence or progression of lymphedema after surgery. This is effectively secondary
prevention — preventing the condition from worsening or recurring post-treatment. The shorter
operative times and higher LVA counts in the MRL-guided group also suggest patients could undergo

less invasive surgery with more benefit, reducing overall morbidity.
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Another aspect of prevention is monitoring therapy efficacy to adjust treatment plans promptly.
MRL can play a role here by showing how the lymphatic system responds to interventions. Crescenzi et
al. provided a glimpse of using MRL to monitor therapy: after manual lymphatic drainage, they saw a
measurable decrease in lymphatic vessel size on MRI in the treated arm [34]. Although the sample was
small, it indicates that MRL could confirm whether a conservative treatment is effective in moving
lymph fluid. If a patient’s MRL after weeks of therapy still shows stagnant, enlarged lymphatics with
dermal backflow, that patient might be a candidate for earlier surgical intervention rather than
continuing ineffective conservative management. Conversely, if MRL shows improvement, it would
encourage continuation of that therapy. In this way, MRL helps prevent ineffective management
strategies and ensures timely escalation of care, which ultimately can prevent the lymphedema from
advancing unchecked.

Finally, MRL findings themselves have preventive implications in patient counseling. For
example, if an MRL in a breast cancer survivor shows very few functional lymphatic collectors
remaining, that patient can be cautioned that she is at high risk and strict precautions (skin care,
avoidance of heavy arm use or infection, etc.) should be taken — essentially encouraging adherence to
lymphedema preventive measures. Conversely, if MRL shows a robust lymphatic network post-surgery,
the patient might be relieved from excessive restrictions. This personalized risk profiling could prevent

unnecessary worry and also ensure those truly at risk take preventative actions seriously.
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12. CONCLUSIONS

BCRL is a prevalent and often under-recognized complication of breast cancer treatment that
significantly affects survivors’ quality of life. The findings of this systematic literature review highlight

the critical role that MRL plays in advancing our understanding, diagnosis, and management of BCRL.
1. The frequency of breast cancer treatment-related lymphedema:

The reviewed studies confirm that BCRL is common among breast cancer survivors, with
prevalence rates varying across clinical settings and study designs. Despite these differences, the
consistent finding is that BCRL remains a major post-treatment issue, ranging from subclinical stages

to severe, chronic forms.

2. The possibilities of magnetic resonance lymphangiography to visualize the network of

lymphatic vessels:

MRL enables detailed visualization of lymphatic structures in both healthy and affected states. Its
ability to map superficial and deep lymphatics, identify structural changes like dermal backflow or
vessel dilation, and even assess lymphatic flow functionally makes it superior to traditional imaging
techniques. Both contrast-enhanced and noncontrast MRL methods have proven effective in guiding

diagnosis, staging, and treatment planning.

3. The possibilities of prevention of breast cancer treatment-related lymphedema
MRL also shows potential as a tool for prevention. By identifying early lymphatic dysfunction, it
allows for timely interventions that may halt disease progression. Additionally, its application in
surgical planning, for procedures like lymphaticovenous anastomosis and lymph node transfer, supports

more targeted, individualized management strategies that can reduce lymphedema risk.

In conclusion, MRL is a powerful, noninvasive imaging modality that enhances both diagnostic
accuracy and therapeutic decision-making in BCRL. Wider clinical adoption, supported by further

research and standardized protocols, could significantly improve outcomes for breast cancer survivors.
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13. PRACTICAL RECOMMENDATIONS

The results of this systematic review of the literature highlight a number of doable actions that
can be taken to address the persistent problems associated with BCRL, especially when using MRL.
For patients who are at a high risk of developing BCRL, MRL should be incorporated into standard
clinical procedures. These include patients with elevated BMI, those undergoing regional nodal
irradiation, and those ALND. When MRL is used in these patients, subclinical lymphatic dysfunction
can be identified early, allowing for prompt interventions that can stop the development of more severe

and incapacitating stages of lymphedema.

MRL has demonstrated substantial value in preoperative planning for surgical interventions such
as LVA and VLNT. By providing detailed images of superficial and deep lymphatic structures, MRL
aids surgeons in precisely locating viable lymphatic vessels for anastomosis, thus improving surgical
outcomes and minimizing unnecessary tissue disruption. In clinical settings where contrast agents may
be contraindicated or unavailable, non-contrast MRL techniques, such as those based on T2-weighted

or STIR sequences, should be considered for ongoing monitoring and assessment.

To fully leverage the benefits of MRL, efforts should be made to standardize imaging protocols
across healthcare institutions. This includes optimizing contrast administration techniques, refining
MRI sequences, and developing universally accepted scoring systems to quantify lymphatic
dysfunction. Furthermore, multidisciplinary collaboration between radiologists, oncologists, surgeons,
and rehabilitation specialists is essential. Training programs and case-based discussions should be
implemented to ensure that all members of the care team are proficient in interpreting MRL findings

and translating them into effective treatment plans.

Finally, broader adoption of MRL will depend on continued research and policy support. Future
studies should focus on validating MRL’s predictive value, cost-effectiveness, and long-term impact on
patient outcomes. These data will be crucial in advocating for its inclusion in clinical guidelines and
reimbursement frameworks. By taking these steps, the integration of MRL into breast cancer
survivorship care has the potential to significantly reduce the incidence and burden of lymphedema,

ultimately improving patient quality of life.
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