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Spinal CSF leaks

Type 1
(ventral)
~ 50%

Type 2
(lateral)
~ 20%

Type 3
(CSF-venous fistula)

>30%

©Freiburg CSF Center  



Ventral leak – type 1 – micro-spur

Beck et al. Neurology 2016



Beck et al. Neurosurgery 2019 
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20 mm

Minimal invasive surgery   –   spinal CSF leaks



Minimal invasive surgery
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J Neurosurg Spine. 2022 Sep 9:1-6.
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Spinal cord surgery
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Ventral leak
Acute lateral leak

Lateral leak
Acute sacral leak

Dorsolateral leak
Chronic leak,
Bibrachial amyotrphy

Small ventral leak

chronic leak



Lateral membranes



... all about membranes

• Paramount importance for diagnosis and 
treatment



The cause of lumbar puncture headache - 1918
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Häni et al.  Operative Neurosurgery   2023
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Idiopathic ventral spinal cord herniation

Beck et al. Die Wirbelsäule 2021; 05(02): 93-101



Spinal meningeal diverticula (cyst)

Beck et al. Neurology 2016





J Neurosurg Spine. 2022 Sep 9:1-6.



Surgical Technique



September 20, 2016
Beck et al. Neurology



„… CSF leakage from dural tears but not through the arachnoidal diverticula” 

“Rather than acting as a source of CSF leakage, the herniated arachnoid appeared to 
seal the tear (insufficiently)… “

Beck et al.  Neurology  2016



“… the arachnoid diverticulum is a secondary manifestation of the 
lateral dural tear and not the source of CSF leak."

“The actual site of CSF leak was from the edges of the dural
tear itself (solid arrow) rather than the diverticulum. “

Madhavan et al.  AJNR  June 2024



93 %

Schievink et al.   AJNR  2024









Lützen et al.   2025



Lützen, Beck, Carlton Jones et al.  Radiology  2025



Temporal Characteristics of Type 2 Lateral Spinal CSF Leaks on Digital Subtraction Myelography: 
High-, Medium- or Low-Flow Leaks?



Lützen, Beck, Carlton Jones et al.  Radiology  2025









Schievink et al.

Pathophysiology – direct CSF-venous fistula



CSF venous fistula Th10/11 left

Left decubitus (digital subtraction) myelography and CT myelography 

Urbach, Lützen   Neuroradiology, Freiburg





CTM Ultra-high resolution CB-CT

no specific finding
Single 
Draining
vein



© Lützen, Urbach – Neuroradiology     Neurocenter, University of Freiburg



Wouter Schievink   N Engl J Med 2021;385:2173-8.



CSF-venous fistula 



Zander et al.   Röfo 2024
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Acute sacral SLEC, bilateral Acute sacral SLEC, unilateral Acute sacral SLEC, bilateral



Primary CSF-lymphatic fistula



Goldberg et al.   Frontiers in Neurology   2021
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Thank you 

Freiburg im Breisgau, Germany

j.beck@uniklinik-freiburg.de



Callen et al.  AJNR  2023 



Nerve root clipping - Patient Global Impression of Change (PGIC)

85% very much/much improved
98% improved

El Rahal Beck J, Volz et al. 2024



Surgical Treatment 

One Approach fits all

© J. Beck, F. Volz, R, Doria-Medina, El Rahal A  



CLEAR FINDINGS KNOWN CAUSES

Typ 1 - ventral leak

Typ 2 – lateral leak

Typ 3 – CSF venous fistula

Spontaneous Intracranial Hypotension



(Blood) Patching Embolization Surgery

EFFECTIVE TREATMENT CONSENSUS GUIDELINE

Spontaneous Intracranial Hypotension

Cheema, S et al. J Neurol Neurosurg Psychiatry 2023





Anatomy for Surgery















trajectory for 
minimal invasive surgery



Spinal meningeal diverticula (cyst)









Britt Schilling 



Spinal dural leaks

Type 1 Type 2 Type 3

ventral leak lateral leak CSF-venous fistula



Ventral leaks    Thoracic disk herniation

Costotransversectomy

Laminectomy /
Hemilaminectomy

Transpedicular

Transfacet 
pedicle-sparing

Transthoracic
open / thorascopic

Transcostovertebral 
extracavitary /

„mini-thoracotomy“

Anterior transsternal

© R. Ferrarese







Beck et al, J Neurosurg Spine. 2022 Sep 9:1-6.



... all about membranes

• Formation of membranes or herniation of arachnoid
• Specific patho-anatomic feature of SIH
• Paramount importance for diagnosis and treatment

• Dorsal membranes – neo dura
• Lateral membranes – herniated arachnoid - SLEC
• Funnel like transdural channel – herniated arachnoid
• Lateral membrane – cysts/diverticula – at 

axilla of or around the exiting nerve root



Lateral spinal CSF-leaks 

• spinal meningeal diverticula (cyst)

• outpouched arachnoid

Beck et al. Neurology 2016



Microsurgical anatomy
lateral membranes = arachnoid (diverticula)

Spinal CSF leak  =  tear in the dura Häni et al.  Operative Neurosurgery   2023









Beck et al, J Neurosurg Spine. 2022 Sep 9:1-6.
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Dobrocky  et al.  Beck    Lancet Neurol 2022 

CSF-venous fistula
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