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Para-arterial CSF influx 
driven by arterial pulsatility 

Key role of astrocytes 
ÅPerivascular AQP4 

ÅRegulation of extracellular 
volume 

Paravascular CSF-ISF 
exchange is a feature of the 

sleeping brain  

Is glymphatic pathway 
function compromised 

in the aging brain? 



Paravascular influx is impaired in the aging brain 
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Paravascular influx is impaired 
in the aging brain 

CSF 

Tracer 



Interstitial solute clearance is impaired in the 
aging brain 

Young (2-3 months) 

Middle Age (10-12 months) 

Old (18 months) 

What is the mechanism 
for impaired para-

vascular clearance in the 
aging brain? 
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Astrocytes are 
positioned as 

gatekeepers to the 
paravascular spaces 



GFAP AQP4 

From Amiry-Moghaddam and  
Ottersen Nat Rev Neurosci  2003. 

Aquaporin-4 
A perivascular astrocytic water channel 



Aqp4 gene deletion reduces CSF influx into the 

brain parenchyma 

Iliff et al. Sci Transl Med 2012. 

CSF Tracers 
Ovalbumin-ALEXA647 
(45kD) 

Intracisternal Injection 
(Subarachnoid Space) 


