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SYSTEM



(G)-lymphatic

Sci Transl Med 2012



Glymphatic

Sci Transl Med 2012



Glymphatic



Glymphatic = glial-lymphatic

neuro-vascular unit
Nedergaard et al, Neurochem Res, 2015 Louveau et al, Nature, 2015



Perivascular spaces

Perivascular spaces
‘’Virchow-Robin’’



Perivascular spaces: MRI 
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Widened perivascular spaces: MRI 

’’état cribré’’



Widened perivascular spaces

2001



Glymphatic system: functional features

Neurochem Res, 2015



AQP4

Clearance of fluorescent-tagged soluble ß-A



Glymphatic system: functional features

• AQP4 (>>50%)
• Arterial pulsation
• Breathing
• CSF production
• Intracranic pressure

A V



Glymphatic system: functional changes

Hablitz & Nedergaard
J Neurosci 2021



Glymphatic system: age

Beginning of 
development Maturation

Ventricles IV week GA birth

AQP4 polarization XXIV week GA birth

Aracnoid granulation Birth 18 months

Glymphatic function Birth 30-40 years



Glymphatic system: aging



Glymphatic system: sleep

Science, 2013



Glymphatic system: sleep

sonno

Delta waves
1-4 Hz

Nedergaard et al, Science 2020



Glymphatic system: sleep

Nedergaard et al, Science 2020



Glymphatic system: posture

posizione



Glymphatic system: «need to sleep?»

Gly and Sleep:

• Phase (NREM3) 

• Young age

• Lateral posture

• AQP4



Glymphatic system: definition

Glial-lymphatic
Astrocyte-mediated transport of CSF and ISF

that clears metabolic waste from the 
interstitial space of the brain parenchyma

primarily during non-REM sleep and states of 
high slow wave activity.

process that serves as
a pseudo-lymphatic
function in the CNS



Glymphatic system

STUDY METHODS



Two-photon imaging

PET

Conventional MR (CT)

MRI by advanced techniques 

Glymphatic system : study methods

IMAGING



Glymphatic system : study methods

Tracers

In vivo two-photon
imaging



Glymphatic system: PET imaging

PET

sperimental studies by [18F]-
labeled PEG-liposomes



MRI

PVS

T1 T2



MRI: PVS

Potter

grade 0:
grade 1:
grade 2:
grade 3:
grade 4:

Potter et al, Cerebrovasc Dis 2015

scoring

0
1-10

11-20
21-40

> 40



MRI: PVS

computerized
systems

Number and volume of perivascular spaces

• -> riproducibility
• excellent correlation with biological

variables and pathology

Front Neurosci 2022



c.e. MRI (Gd)

Cisternography

Taoka et al, 2020



c.e. MRI (Gd)

Ringstad et al, 2018



MRI: advanced techniques

IVIM
intraxoxel incoherent motion

Spectroscopy

Perfusion

Diffusion/Perfusion

CEST
chemical exchange saturation transfer 

ASL
arterial spin labelling

Activation BOLD
blood oxygen dependent level



MRI: advanced techniques

DTI
diffusion tensor

imaging



DTI

Z X

Y



DTI ALPS

Jpn J Radiol 2017

Diffusion Tensor Imaging
ALong Perivascular Spaces



ADC

Z X

Y



DTI-ALPS index

DTI-ALPS index = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(𝐷𝐷𝐷𝐷 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝐷𝐷𝐷𝐷 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 (𝐷𝐷𝐷𝐷 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝐷𝐷𝐷𝐷 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)



DTI-ALPS index

DEMENTIA AGING



DTI-ALPS index: reflects Glymphatic function or not?

DTI-ALPS INDEX

When a decreased ALPS-index is observed,

it should be expressed as "decreased ALPS-ind

and not directly as "glymphatic dysfunction"



Study methods: MRI

DTI-ALPS
index

CEST

IVIM

PVS

ASL

BOLD



Glymphatic system

RELATED DISEASES



Glymphatic system

Youth

Aging



Glymphatic system

Youth

Aging

Pathological
aging

Nedergaard et al, Neurochem Res, 2015



Alzheimer disease

It has been estimated that 55%-65% 

of extracellular β-Amyloid is eliminated

via the glymphatic pathway

Sci Transl Med 2012



Alzheimer disease

• ↓ glymphatic system

-> extracell accumulation of toxic β-amyloid

-> intracell accumulation of C-tau proteins

-> neuritic plaques

-> microglial activation

• ↓  AQP4 -> AD progression

proteinopathy

Nedergaard M et al, Lancet Neurol, 2018



Parkinson disease

’’Proteinopathy’’ with ⍺-synuclein aggregations

Massey et al, Int J Mol Sci 2022

Saito Y et al, Jap J Radiol 2023

Unifed PD’s Rating Scale III
*

*



Parkinson disease: sleep disturbance

Intimate link exists
between sleep disturbance and PD

Alpha-synuclein
aggregates

↓ glymphaticSleep
disturbance



Chronic traumatic brain injury

Decreased of glymphatic influx persisting for more 
than 24 days after the injury

β-amyloid and C-tau proteins-> neuritic plaques

glyal scars -> neuroinflammation

AQP4 channels disruption

haematic debris

J Neurosc, 2014

Nedergaard M et al, Lancet Neurol, 2018



DEMENTIA

sleep

aging

vascular pathology

↓GLYMPHATIC neurodegeneration

↓GLYMPHATIC DEMENTIA

neuroinflammation

Saito Y et al, Jap J Radiol 2023

fluidopathy

neuroinflammation

↑aggregates



Neuroinflammation

2021



↓GLYMPHATIC VICIOUS CIRCLE

↓

GLYMPHATIC

Neuro
inflammation

Neuro
degeneration

Microglia
microglial activation

Astrocytes
↓AQP4, gliosis



Dementia DTI ALPS

DTI-ALPS index AD, MCI e VCI < NC
p<0.001

DTI-ALPS index AD < VCI
p<0.007

BJR, 2023



microangiopathy

Hablitz & Nedergaard
J Neurosci 2021



Cerebral small vessels disease (CSVD)

Shared risk factors

• Advanced age

• Hypertension

• Type 2 diabetes

• Sleep disruption

• Neuroinflammation

CSVD


AD




Dementia DTI ALPS

Liang T et al, Br J Radiol 2023

Z X

Y

DTI-ALPS-index AD:
↓ Dxassoc

DTI-ALPS-index VCI:
↑ DzassocALPS index = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 (𝐷𝐷𝐷𝐷 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝐷𝐷𝐷𝐷 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 (𝐷𝐷𝐷𝐷 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝐷𝐷𝐷𝐷 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)



Ischaemic stroke

Klostranec et al, Radiology 2021

Nedergaard M et al, Lancet Neurol, 2018



Ischaemic stroke

Esami scintigrafici

Nedergaard M et al, Lancet Neurol, 2018



Haemorrhagic stroke

Esami scintigrafici

Impaired CSF inflow along periarterial
influx routes starts at 24 hours after the 
insult.

Intraventricular delivery of the fibrinolytic
plasminogen activator restored CSF flow in 
rodents.

Nedergaard M et al, Lancet Neurol, 2018



Cerebral amyloid angiopathy
Acta Neuropathol , 2022



Cerebral amyloid angiopathy

Lancet Neurol 2022

Probable CAA



Dementia

2001



Normal pressure hydrocephalus

Idrocefalo

2019



Hydrocephalus

DTI ALPS = 0.97 DTI ALPS = 1.42

< Pre-op < Post-op
DVP

J Magn Res Imaging, 2023



Hydrocephalus

P<0.005

Post-op DVP

Gordon Diagnostic System/
Wechsler Intelligent Scale for Children
*

*

J Magn Res Imaging, 2023



Glimphatic system

Future outlook



Glymphatic system



Future research is needed

Modifications due to genetics and behavior

Neurodegenerative diseases …
… and beyond: neuroinflammation!

in vivo new diagnostic tools 

Novel therapeutic targets



THE GLYMPHATIC
PATHWAY

carla.uggetti@gmail.com





Multiple sclerosis

2023



Migraine

Emicrania
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