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Lymphedema





The Lymphatic System

Neligan PC, Masia J, Piller NB. Lymphedema : Complete Medical and Surgical Management. NEW YORK: Thieme; 2015. 
http://search.ebscohost.com.foyer.swmed.edu/login.aspx?direct=true&db=nlebk&AN=1696430&site=eds-live&scope=site. Accessed May 29, 2020.



Lymphatic 
System

• 23.1 ml/sec
• 3500 km
• 2,000 ml



Lymphedema

Neligan PC, Masia J, Piller NB. Lymphedema : Complete Medical and Surgical Management. NEW YORK: Thieme; 2015. 
http://search.ebscohost.com.foyer.swmed.edu/login.aspx?direct=true&db=nlebk&AN=1696430&site=eds-live&scope=site. Accessed May 29, 2020.



Lymphedema

Overview of the Lymphatic System. In: Neligan P, Masia J, Piller N, ed. Lymphedema: Complete Medical and Surgical Management. 1st Edition. 
Thieme; 2015. doi:10.1055/b-004-140253

https://medone-plasticsurgery-thieme-com.foyer.swmed.edu/ebooks/1989147
https://medone-plasticsurgery-thieme-com.foyer.swmed.edu/p/author/profile/8000000390
https://medone-plasticsurgery-thieme-com.foyer.swmed.edu/p/author/profile/8000000391
https://medone-plasticsurgery-thieme-com.foyer.swmed.edu/p/author/profile/8000000392
https://medone-plasticsurgery-thieme-com.foyer.swmed.edu/ebooks/1989147


Lymphedema Staging

Neligan PC, Masia J, Piller NB. Lymphedema : Complete Medical and Surgical Management. NEW YORK: Thieme; 2015. 
http://search.ebscohost.com.foyer.swmed.edu/login.aspx?direct=true&db=nlebk&AN=1696430&site=eds-live&scope=site. Accessed May 29, 2020.



Why 
Lymphedema at a 
SCIT Seminar



Why Lymphedema 
in Cancer Imaging 

Breast Cancer 
• 3-5 million patients



Why Lymphedema 
in Cancer Imaging 

• Gynecological Cancer
• 10-49% with pelvic lymph node 

dissection and radiation



Why 
Lymphedema in 
Cancer Imaging 
• Melanoma

• Up to 83% after inguinal 
node dissection

• 15% after axillary 
dissection.



Why 
Lymphedema in 
Cancer Imaging 
• Head and Neck Cancer

• > 50% patients with neck 
dissection



Why 
Lymphedema in 
Cancer Imaging 
• Prostate Cancer

• 21% after radical 
prostatectomy



Cellulitis in 
Lymphedema



Treatment

Complete Decongestive Therapy https://www.lymphcareusa.com/professional/therapy-solutions/complete-decongestive-therapy.html
Accessed: 2020-07-04

https://www.lymphcareusa.com/professional/therapy-solutions/complete-decongestive-therapy.html


Vascularized Lymph Node Transfer                       BioBridge

https://www.hopkinsmedicine.org/plastic_reconstructive_surgery/services-appts/lymphedema.html



Lymphatic Venous Anastomosis



Lymphoscintigraphy



Lymphoscintigraphy

Lymphoscintigraphy for the diagnosis of extremity lymphedema: Current controversies regarding protocol, 
interpretation, and clinical application, Marco Pappalardo, Ming-Huei Cheng Journal of Surgical Oncology, 121, 1, 6 
2019



How do surgeons use this?



Indocyanine 
Green 
Lymphography



Indocyanine 
Green 
Lymphography



MR Lymphangiography



MR Lymphangiography

Soga S, Onishi F, Mikoshi A, Okuda S, Jinzaki M, Shinmoto H. Lower limb lymphedema staging based on magnetic resonance lymphangiography. J Vasc Surg Venous 
Lymphat Disord. Published online August 2021:S2213333X21003012. doi:10.1016/j.jvsv.2021.06.006



MR Lymphangiography

Soga S, Onishi F, Mikoshi A, Okuda S, Jinzaki M, Shinmoto H. Lower limb lymphedema staging based on magnetic resonance 
lymphangiography. J Vasc Surg Venous Lymphat Disord. Published online August 2021:S2213333X21003012. 
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Soga S, Onishi F, Mikoshi A, Okuda S, Jinzaki M, Shinmoto H. Lower limb lymphedema staging based on magnetic resonance 
lymphangiography. J Vasc Surg Venous Lymphat Disord. Published online August 2021:S2213333X21003012. 



Contrast 
Agents
• Gadolinium containing agents small 

molecular sizes (~1nm, ~1kD)
• Diffuse into the veins



Lymphatics or Veins?



Dual Agent Relaxivity Contrast - MRL

= + 



LVA/VLNT (Control) vs. LVA/VLNT + BioBridge

Nguyen DH, Zhou A, Posternak V, Rochlin DH. Nanofibrillar collagen scaffold enhances edema reduction and formation of new lymphatic 
channel collectors after lymphedema surgery. Plast Reconstr Surg. 2021; Accepted for publication. 



Dual Agent Relaxivity Contrast - MRL

• Advantages:
• Suppress vascular signal

• Disadvantages:
• Long echo times -> long acquisition time
• Two contrast agents
• Diffusion into vascular system
• Black Box warning for ferumoxytol
• Infiltration risk
• Gadolinium Deposition



Select Lymphatic Contrast Agents

Contrast Agent Modality Molecular Size FDA Approval

Sulfur Colloid NM ~5-200 nm depending on 
filtration

yes

Multihance MR ~1nm yes

Indocyanine Green NIRF Binds albumin Yes

Ablavar MR Binds albumin Yes (but discontinued)

Magtrace MR (SPIO) ~60 nm Yes

Lymphoseek NM Binds CD206 on 
macrophages and 
dendritic cells in lymph 
nodes

Yes

Ferumoxytol MR (USPIO) 17-30 nm Yes
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