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The Blood-Brain and Blood CSF Barriers

1885: Paul Ehrlich (Bacteriologist)

Animal IV injection of aniline dyes stained all organs except the 

brain and spinal cord. 

Edwin Goldmann (protege of Ehrlich)

IV trypan blue stains the choroid plexus and meninges but not 

the brain.  BUT: Trypan blue injected into the CSF stains the 

brain and not the rest of the body.

Stern and Gautier (1920’s)

“Barrière Hématoencéphalique”

Blood Brain Barrier
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4 days pre-myelogram

Exactly 1 day post 12 cc of water soluble contrast for cervical myelogram

(Same window

and level)
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T1 WI (!) 25 hours post

intrathecal Prohance

Note: SI of

GM >> WM
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The Blood-Brain and Blood CSF Barriers

The blood brain barrier

actually consists of two barriers:

The Vascular Blood Brain Barrier 

(vBBB)

The Blood-CSF-Barrier (BCB)

(There is also a Blood-Ocular Barrier…)
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Vascular Blood Brain Barrier
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Mechanisms of the Vascular Blood Brain Barrier

The Vascular BBB is thought of as essentially

being a “neuromuscular unit":

A) Tight junctions

B) Enzymatic reactions

C) Neurotransmitter signaling 

D) Passive diffusion

E) Facilitated diffusion

F) Active transport
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Anatomy of the Blood CSF Barrier

A) Total surface area ~2m2 - 5m2

B) LOCATION:

i)

ii)

iii)

iv)

v)

vi)

Choroid plexus

Median eminence

Pituitary gland

Subfornical organ

Lamina terminalis

Area postrema
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Blood CSF Barrier
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Cerebrospinal Fluid (CSF)

A) ~150 ml of CSF (125 in brain/spinal subarachnoid spaces plus 

25 in the ventricles)

B) 500 ml generated/created/24 hours

C) Choroid plexus

i) CONTROVERSY:  Most seem to say that CSF is made by 

choroid plexus and ONLY choroid plexus; some say that up to 25-

40% of CSF is generated/created by brain interstitial fluid, ependyma, 

and capillaries
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Cerebrospinal Fluid (CSF)

D) CSF resorption

i) Cranial and spinal arachnoid granulations/arachnoid villi 

a)  Finger-like endothelium-lined protrusions of the arachnoid 

outer layer through the dura mater into the venous sinus lumen

b) Spinal arachnoid granulations are associated with the 

epidural venous plexus

ii) 

iii) 

iv) 

Cranial and spinal nerve sheaths

Cribriform plate

Adventitia of cerebral arteries into the lymphatic system
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Glymphatic System
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FLAIR 9002/154/2200

1 day post iv

double dose gadoteridol

FLAIR 9002/154/2200

f/u ~2 day post iv

double dose gadoteridol

creatinine 2.7 post dialysis
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TR/TE = 550/16

1 day post iv

double dose gadoteridol

TR/TE = 500/16

f/u ~2 day post iv

double dose gadoteridol

creatinine 2.7 post dialysis
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For the marketed GBCAs, the averaged CSF

gadolinium concentrations are about a factor of 7.4 higher

than the respective blood concentrations at 4.5 h p.i.

However, after 24 h GBCAs are almost completely

cleared from the CSF, and the respective gadolinium

concentrations are much lower than those in the blood.

This is in contrast to gadolinium concentrations in the

cerebellum and pons that are higher than those in the CSF

and blood at 24 h p.i. This demonstrates that all GBCAs

can be found in the brains of rats 24 h after the

administration. Slight quantitative differences between the
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This was observed in all 8 healthy subjects and all 19 patients 
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Pre GBCA

T2WI

Pre GBCA 

FLAIR

4 hour

post GBCA

FLAIR
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Aqueous and Vitreous humor



How Does Gadolinium Enter the Brain?

Kanal Gd -> Brain?

Gadolinium in the CSF

A) Gadolinium chelates in the CSF are clearly neurotoxic (animals 

and human data); macrocyclic GBCA are MORE neurotoxic than are 

linear ones when introduced directly into the CSF

B) Gadolinium is found in the CSF of patients with renal disease 

hours after intravenous administration

C) Gadolinium has been found in the CSF hours after intravenous 

administration even in patients with normal renal function

i) It may be significant that NOT all patients necessarily show 

gadolinium in the CSF - or at least not to the same degree - following 

intravenous administration.  Could this play a role in how much is 

retained and/or, if an association is found with symptomatology claims, 

who becomes symptomatic?
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Gadolinium in the CSF

D) Gadolinium is also found in the CSF of patients with 

parenchymal pathology

E) Gadolinium can also be found in the globes of at least 

some patients shortly after intravenous administration

F) The perivascular distribution of much of the gadolinium 

found on autopsy and histology suggests that VR 

spaces/glymphatics may be a likely pathway for intracranial 

gadolinium deposition
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Gaps in knowledge

A) What is the molecular speciation of the gadolinium found in the 

CSF (and globe) following intravenous administration for each

GBCA (as oppose to by “class”)?

B) In patients without intracranial or meningeal pathology, how does 

gadolinium get into the CSF (and aqueous/vitreous humor) 

following intravenous injection?

i)  

ii) 

Via the choroid plexus?

Via the meningeal surfaces?

C)  Can any of these pathways be blocked?
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Gaps in knowledge

D) What are the relative neurotoxicities, if any, for intact GBCA 

gadolinium-ligand chelates versus insoluble gadolinium forms (e.g., 

gadolinium phosphate) versus gadolinium bound to/interacting with 

macromolecules?

E) Consider the possibility that insoluble gadolinium may lead to 

fibrosis in the skin but as the brain does not heal with fibrosis but rather 

gloss, what may be a toxic form of gadolinium in the skin or elsewhere in 

the body may be non-toxic or inert in the brain (e.g., calcification of the 

basal ganglia).
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