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Lymphatic system

 Returns fluids that leaked from capillaries back 
to blood

 Monitors for presence of foreign material and 
initiates defensive countermeasures when 
necessary

Marieb & Hoehn 9th ed.



Glymphatic system

Iliff et al. Science 2012



Description of lymphatics in dura mater

 The presence of lymphatics in human dura mater 
has been described by Mascagni (1787) 

 More recent reports (Lecco, 1953; Li et al. 1996) 
have also confirmed this historic observation



Visualization of Meningeal lymphatics
(re-discovery)

Louveau et al. Nature 2015
Aspelund et al. JEM 2015



Ahn JH, et al. Nature 2019 

- Larger diameter
- Abundant protruding capillary 
branches with blunt end

- Small diameter
- Largely discontinuous 
vascular structure
- Clustered within dural fold

CSF drains preferentially through 
the basal outflow

Aged basal mLVs are tortuous 
and dilated



Da Mesquita et al. Nature 2018

Louveau et al. Nature Neurosci 2018



Da Mesquita et al. Nature 2018



Nedergaard et al., Science 2020



Lima et al. Ann Rev 2020

Louveau et al. Nature Neurosci 2018



Meningeal lymphatics summary

 Meningeal lymphatic vessels are positioned along the dural sinuses 

 Drain brain-derived soluble waste to deep cervical lymph nodes 

 Meningeal lymphatics mediate waste removal from the brain and 
connect the brain with the peripheral immune system

 Cerebrospinal fluid is primarily drained via lymphatics and not into 
the dural sinuses

 Lymphatic dysfunction with aging or other condition could be 
associated with neuroinflammatory and neurodegenerative diseases



Association of meningeal lymphatic 
neuroinflammation
 Surgical excision of CNS-draining lymph nodes reduces relapse severity in chronic-

relapsing experimental autoimmune encephalomyelitis

Zwam et al, J Pathol 2009



Esposito et al. Nat Commun 2019

 Brain-to-CLN signaling (VEGF-C/VEGFR3 
signalling) activate pro-inflammatory response and 
after focal cerebral ischemia 


