
Is there a role of CSF-to-blood-clearance for cognitive function?

Per Kristian Eide, MD PhD

Professor / Senior consultant neurosurgeon / Centre director

Department of Neurosurgery, Oslo University Hospital – Rikshospitalet, Oslo

Institute of Clinical Medicine, Faculty of Medicine, University of Oslo 

KG Jebsen Centre for Brain Fluid Research, University of Oslo, Oslo, Norway

GRAL, BNI, Jan 29th 2025



Clinical neurosurgery: Vascular / CSF / Skull base

Research: Neurovascular – CSF Research group

Oslo University Hospital – Rikshospitalet – Oslo - Norway

CSF clearance and cognitive function



Potential Conflict of Interest Disclosure

Shareholder in BrainWideSolutions AS, Oslo, Norway, which is a holder of patents US 11,272,841 and US 
12,016,651.



Brain waste removal and Cognitive function

Human brain ( about 1.4 kg – 2% of body weight)

 High energy demand - about ¼ of body’s energy supply
 Cerebral circulation – about 1/5 of cardiac output.

Produces about 3 to 4 grams of proteins each day 
(x3-4 higher rate than skeletal muscles)

All energy-processes produce waste - some are toxic: Amyloid-β / tau / α-synuclein

Cerebral proteinopathies:  Abnormal protein aggregation in brain



How does the brain handle its waste created by brain metabolism?

In other organs the lymphatic system crucial for: 
i) waste clearance 
ii) immunosurveillance

Main pathways in the brain:
1. Transport of solutes across blood-brain-barrier (BBB).
2. Cellular degradation (intra- and extra-cellular)
3. CSF/ISF-mediated

Role of CSF elimination rate in cognitive function / dementia



Role of CSF in transport of solutes – two recent major discoveries 

2012: The glymphatic system: A brain-wide perivascular transport route for fluids and solutes

2015: The meningeal lymphatic system: Lymphatic vessels in dura mater draining CSF

Discoveries made in rodents - translation to humans?



2012: The glymphatic system



2015: The meningeal lymphatic system



Glymphatic-meningeal-lymphatic transport

Larger solutes – not water per se

CSF: 99% water + 1% other substances / solutes



Outline

Studying solute transport in brain, subarachnoid space and across dura 
utilizing a CSF tracer

Imaging contrast agents 

Gadobutrol:  604 Da
Iodixanol 1 550 Da

Amyloid-β – molecular weight 5.3 kDa

Tau – molecular weight 55-62 kDa



Eide & Ringstad, Acta Radiologica Open, 2015

Diagnostics of CSF leakage in our institution: 
Intrathecal contrast-enhanced MRI



Solute transport in human brain, subarachnoid space and beyond



CSF tracers visualized by imaging or measured in blood

Gadobutrol (Gadovist, Bayer, GE) – off label on special permission
 Commonly used MRI contrast agent
 Hydrophilic, logP: -9.8
 Molecular weight: 604 Da, neutral compound
 Does not cross the blood-brain barrier (BBB)
 Intrathecal gadobutrol: Doses: 0.5 mmol, 0.25 mmol, 0.10 mmol
 Intrathecal use: Off-label 

Iodixanol (GE HealthCare, USA) – on label
 Commonly used CT contrast agent
 Hydrophilic, logP: 0.7
 Molecular weight: 1,550 Da, neutral compound
 Intrathecal iodizanol: 270 mg/ml, 3 ml 
 Intrathecal use: On label



Intratehcal gadobutrol in doses < 0.50 mmol is safe



After spinal puncture at the lumbar level, the tracer typically reaches the cisterna magna 
after about 20 minutes, but with variation

Edeklev et al., AJNR, 2019



The perivascular subarachnoid space (PVSAS) facilitates solute transport within the subarachnoid space

Antegrade transport along major vessels.

Degree of tracer enrichment correlates with extra-
vascular brain enrichment.

Eide & Ringstad, Nature Comm, 2024



In vivo brain-wide tracer enrichment in humans

Brain-wide tracer distribution

Extra-vascular (tracer does not pass BBB)

Centripetal enrichment (from CSF and inward)

Strongest tracer enrichment in parenchyma 
around major arterial trunks.

Brain enrichment heavily dependent on tracer 
enrichment in subarachnoid space.

Protracted process (peak after several hours, 
even 24 hours)

Ringstad et al., JCI insight, 2018



Tracer distribution versus protein aggregation in e.g. AD and PD dementia

Nedergaard & Goldman, Science, 2020 



Meningeal efflux routes at vertex

Ringstad & Eide, Nat Comm, 2020

Parasagittale dura (PSD) Skull bone marrow Extra-cranial lymph nodes

Ringstad & Eide, Brain, 2022 Eide et al., SciRep, 2018

PSD probably no important location for bulk CSF efflux:
1. Enriches late - several hours after peak clearance to blood
2. In individual patients and certain disease categories limited enrichment at vertex



Large inter-individual variations

Ringstad et al., JCI insight, 2018
Reference subjects

Glymphatic enrichment at 6 hours



PSD volume varies a lot across patients and disease groups, why?

Melin et al., Comm Biol, 2023

IIH:

SIH:



Human glymphatic clearance function

Human meningeal lymphatic clearance 
function 

Oslo University Hospital – Rikshospitalet - Since 2015 

Imaging

Blood-test



Pharmacokinetic parameters: CSF Elimination Rate

• Absorption half-life
• Time to 50% of gadobutrol cleared from CSF

• Tmax
• Time to peak concentration of gadobutrol in 

plasma
• Cmax

• Peak concentration of gadobutrol in plasma
• Tlag

• Time before absorption to blood from CSF

𝑇ଵ
ଶൗ ,௔௕௦ =

ln 2
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Marked inter-individual variation in CSF elimination rate

Most of the tracer (~60%?) is cleared to blood at spinal level 
Hovd et al., FBCNS, 2022



Implications of large inter-individual variation in CSF Elimination Rate for 
cognitive function?



Variables of CSF elimination rate associate with plasma biomarkers (amyloid/tau)

Eide et al., Nature Comm, 2023



Entorhinal cortex (ERC)

iNPH: Idiopathic normal pressure hydrocephalus

Eide et al., JCBFM, 2019



Idiopathic normal pressure hydrocephalus (iNPH): Delayed clearance

Ringstad et al., JCI insight, 2018
Eide & Ringstad et al., Nature Comm, 2024



iNPH: CSF Elimination Rate

Hovd et al., FBCNS, 2022



Summary

1) In humans there are large inter-individual variation in the glymphatic 
transport as well as the CSF Elimination Rate

2) CSF Elimination Rate differs depending on underlying diagnosis and was 
impaired in subjects with a disease characterized by cognitive decline.

3) CSF Elimination Rate probably is modifiable and therefore of interest to study 
in relation to cognitive failure?



Glymphatic imaging & modeling – University of Oslo
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