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Hydrocephalus
The fabric on which current views of hydrocephalus 
are based has been distorted by the arachnoid-centric 
view of CSF transport. 

-quantitative support?
-developmental issues? 
-pressure gradient?
-association with veins?
-venous blockage/hydrocephalus?
-agenesis/hydrocephalus?
-obstruction and ventriculomegaly?

Arachnoid granulations 
and villi

An alternative lymphatic 
Approach to CSF transport
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CSF transport by lymphatic vessels
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Presence of Microfil in 
Paranasal lymphatics

Cribriform plate



Sub-
mandibular
node

Pre-
auricular 
node

Retro-
pharyngeal
node

Cervical     
node

Cribriform Plate

Nasal Septum

Microfil in extensive lymphatic
networks in the ethmoid turbinates

300 µµµµm



Olfactory nerve-lymph connections

Cribriform plate (CP)
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Olfactory bulb
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Olfactory nerves

Cribriform Plate

Olfactory Epithelium

Lymphatic
Vessels containing
Microfil
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CSF transport by lymphatic vessels to regional 
lymph nodes

Paranasal lymphatics convey 
CSF to the retropharyngeal
and cervical lymph nodes



Lymphatic vessels afferent to retro-pharyngeal node 
containing Microfil

Lymph Node

CSF from anterior turbinates transports 
to the preauricular and submandibular nodes

Lymph Node



CSF Transport
to Cervical
Lymphatic
Vessels in the 
Fetus
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Math
Model

CSF

PLASMAArachnoid and 
Lymphatic Transport

Arachnoid and 
Lymphatic Transport
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Effect of Cervical Lymphatic Diversion on the 
Transport of a CSF Tracer to Plasma
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Volumetric cranial CSF Transport in 
Adult Sheep

CSF

LYMPH

PLASMA

48%

52 %
2.0 ml/hr

1.9 ml/hr

Lymphatic transport

Other transport

Total CSF Transport 3.9 ml/hr
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Impact of Cribriform Plate on CSF Transport

Olfactory Bulb

Cribriform Plate

Nasal Mucosa
Lymphatics

PHASE 1 PHASE 2
Same Animal

Cribriform Plate Sealed extra-
cranially with Glue

Assessed impact on
(1) Resting intracranial pressure
(2) CSF absorption
(3) CSF outflow resistance



Impact of Sealing Cribriform Plate on ICP
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Impact of cribriform plate obstruction on 
cranial CSF absorption in newborn lambs
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Proportion of cranial CSF transport through 
cribriform plate in the newborn lamb

          Intracranial Pressure 
above opening pressure (cm H2O)
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+ Microfil

Microfil present in subperineurial space 
or within endoneurium



Endoneurial spaces provide a linkage between CSF 
and lymphatic vessels

zyogomatic

maxillary

Lymphatic vessel



CSF transport along cranial and spinal nerves

Thoracic Duct

Cribriform plate

Spinal
cord

Spinal nerves

125I-HSA



Cranial and Spinal CSF Conductance

FLOW RATE (ml/min)
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Arachnoid 
Projections-
attempts to 
quantify

Mann et al., J. Neurosurg.
50: 343-348



“Classical” pathway: 
arachnoid projections

Neonate

Adult

Subarachnoid
space
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Arachnoid 
projections

Lymphatics

Potential problems with this approach

131I-HSA

CSF

Cranial
blood

Peripheral
blood



Time Interval (100 seconds)

R
at

io

0

2

4

6

8

10

12

14

16

A

B

C

Transport into cranial venous system-Adult

CSF absorption through cribriform plate blocked and 
transport into spinal subarachnoid space prevented

+20 +40+30

Intact

Arachnoid projections
… high pressure relief
valves ?



Global CSF Transport Characteristics in 
sheep
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n = 5
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Lymphatic CSF ‘transport systems’: the primary CSF 
absorption pathways

Artery Vein

CSF
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Cranial and spinal 
nerves

Epi-dural lymphatic vessels

Cranial veins

Primary CSF transport systems

Secondary 
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CSF

-studies in humans (Microfil)
-can CSF transport into lymphatics be impaired ?
-does interference with lymphatic pathways lead to a transmantle pressure

gradient and hydrocephalus ?

Where do we go from here ?

Kalmey et al., (1998), Anat. 
Rec. 251: 326-329

Human cribriform plate
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