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Freiburg CSF Center
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Spinal CSF leaks

Type 1 Type 2 Type 3
(ventral) (lateral) (CSF-venous fistula)
~ 50% ~ 20% >30%

©Freiburg CSF Center



Ventral leak — type 1 — micro-spur

Beck et al. Neurology 2016



Beck et al. Neurosurgery 2019



Beck; Raabe, Schievink et al.  Neurosurgery 2019




Beck; Raabe, Schievink et al.  Neurosurgery 2019




Minimal invasive surgery — spinal CSF leaks
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Minimal invasive surgery

CLINICAL RESEARCH: SPINE

Keyhole Fenestration for Cerebrospinal Fluid Leaksin |
the Thoracic Spine: Quantification of Bone Removal and '
Microsurgical Anatomy

Volz, Florian MD’; Doria-Medina, Roberto MD"; Fung, Christian MD"; Wolf, Katharina MD'; El Rahal, Amir MD";
Liitzen, Niklas MD?; Urbach, Horst MD’; Loidl, Theresa Bettina MD"; Hubbe, Ulrich MD’; Klingler, Jan-Helge MD";
Beck, Jiirgen MD”
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Minimally invasive surgery for spinal cerebrospinal fluid
leaks in spontaneous intracranial hypotension

Jurgen Beck, MD,' Ulrich Hubbe, MD,' Jan-Helge Klingler, MD,' Roland Roelz, MD,’
Luisa Mona Kraus, MD,' Florian Volz, MD,' Niklas Liitzen, MD,2 Horst Urbach, MD,?
Kristin Kieselbach, MD,® and Christian Fung, MD*
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J Neurosurg Spine. 2022 Sep 9:1-6.
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Spinal cord surgery



Microsurgical anatomy \_J k\__/
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Acute lateral leak

Ventral leak @
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Lateral membranes




SURGICAL ANATOMY

|_OPEN |
Distinct Pattern of Membrane Formation With Spinal Cerebrospinal
Fluid Leaks in Spontaneous Intracranial Hypotension

Levin Hani, MD © **, Christian Fung, MD**, Amir El Rahal, MD*$, Florian Volz, MD*, Luisa Mona Kraus, MD*, Oliver Schnell, MD*,
Roberto Ferrarese, PhD* Daniel Erny, MD!|, Marius Schwabenland, MD?, Horst Urbach, MD', Niklas Liitzen, MD', Jiirgen Beck, MD*

 Paramount importance for diagnosis and
treatment

... all about membranes




The cause of lumbar puncture headache - 1918

MATER .
* - /( /n>f\
—__t; E(?? 'l K ', ; ’
= . |
“rg | | e w o i THE CAUSE OF LUMBAR PUNCTURE
A 4, COVERED BY ARACHNOID ;(K Cr
b 21Tl HEADACHE
- ARACHNOID HOLE —P > ® '
= andiina 'RUSSELL G. MacROBERT, M.B. (Tor)
T \ Arrcnom HoLe ! 2 Associate Physician, Neurological Institute
- NEW YORK
Arscanoin””
DURA MATER
= Jour. A. M. A.
= . May 11, 1918
('eh.-’-__ - /Mwnt Hotes Invaeinateo
_"‘l & 1
-_ - |}
~ - —M>
- . :_- —L EpinimaL Seace .
e



Microsurgical anatomy Arachnoid

lateral membranes

!

arachnoid-
like 1/l

Hdéni et al. Operative Neurosurgery 2023
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Temporal dynamics

Digital Subtraction Myelography for the Detection of
Type 1 Spinal CSF Leaks: Evaluation of Temporal

20 - Characteristics and Diagnostic Value

Niklas Liitzen, Florian Volz, Amir El Rahal, Katharina Wolf, Laura Krismer, Jirgen Beck, Horst Urbach, Charlotte Zander
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Idiopathic ventral spinal cord herniation

Beck et al. Die Wirbelsdule 2021; 05(02): 93-101
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Spinal meningeal diverticula (cyst)

Beck et al. Neurology 2016






J Neurosurg Spine. 2022 Sep 9:1-6.
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What is the nature and cause of the CSF leak?

The nature of the leak: a longitudinal slit in the dura

longitudinal slit in the axilla of the nerve root,

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. N / 2016
eck et al. euroiogy




Expounding on the Distinction between Lateral Dural Tears  LetTers
and Leaking Meningeal Diverticula in Spontaneous
Intracranial Hypotension

“... 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. AJINR June 2024



Pedicular

leak type
Shoulder |
leak type
Pedicle — 93 Y%
Axillary
leak type
Nerve root -
sleeve
Thecal sac
Disc

Schievink et al. AJNR 2024

®© Giovanna Santoni, CMI



Advanced Imaging of Type 2 Spinal CSF Leaks with
Ultrahigh-Resolution Cone-Beam CT Myelography AJNR

Niklas Liitzen, Charlotte Zander, Jiirgen Beck, Florian Volz, Katharina Wolf, Amir El Rahal, Horst Urbach




Advanced Imaging of Type 2 Spinal CSF Leaks with
Ultrahigh-Resolution Cone-Beam CT Myelography

Niklas Liitzen, Charlotte Zander, Jiirgen Beck, Florian Volz, Katharina Wolf, Amir El Rahal, Horst Urbach




Advanced Imaging of Type 2 Spinal CSF Leaks with
Ultrahigh-Resolution Cone-Beam CT Myelography

Niklas Liitzen, Charlotte Zander, Jiirgen Beck, Florian Volz, Katharina Wolf, Amir El Rahal, Horst Urbach




Lutzen et al. 2025



Liitzen, 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?

115 sec




Epidural fluid

"> Arachnoid

Arachnoid outpouching
(bud-on-branch sign)

Spinal meningeal diverticulum
/ (synonym: perineural cyst, Tarlov-cyst)
________ Dorsal root ganglion

Litzen, Beck, Carlton Jones et al. Radiology 2025



MRI and Surgical Findings Refine Concepts of Type 2
Cerebrospinal Fluid Leaks in Spontaneous
Intracranial Hypotension

Niklas Liitzen, MD  Jiirgen Beck, MD * Lalani Carlton Jones, MD  Christian Fung, MD e Theo Demerath, MD ¢
Alexander Rau, MD  Charlotte Zander, MD  Katharina Wolf, MD  Florian Volz, MD * Amir El Rahal, MD * Horst Urbach, MD
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Radiology 2025; 314(2):e241653



Decubitus Myelography for Spinal Extradural Arachnoid Cyst—
Better Classified as a Lateral Dural CSF Leak? AJNR

Mark D. Mamlouk, Anthony R. Zamary, Niklas Lutzen, Jurgen Beck, Adriana Gutierrez, and Mark F. Sedrak




Decubitus Myelography for Spinal Extradural Arachnoid Cyst—
Better Classified as a Lateral Dural CSF Leak? @ AJNR

Mark D. Mamlouk, Anthony R. Zamary, Niklas Lutzen, Jurgen Beck, Adriana Gutierrez, and Mark F. Sedrak




Pathophysiology — direct CSF-venous fistula

Neurology 83 July 29, 2014 Schievink et al.



CSF venous fistula Th10/11 left
tf wH 7

Left decubitus (digital subtraction) myelography and CT myelography

Urbach, Liitzen Neuroradiology, Freiburg



Images in Neurology

Cerebrospinal Fluid Venous Fistula Imaging
with Ultrahigh-Resolution
Cone-Beam Computed Tomography

Niklas Latzen, MD; Jirgen Beck, MD; Horst Urbach, MD

JAMA Neurology Published online June 12,2023
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Schichtdicke: 2.72mm

Madie: MIP ter, University of Freilk



CSF-Venous Fistula

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



CSF-venous fistula
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Sacral Dural Tears as a Cause of Spontaneous Intracranial Hypotension

Niklas Lutzen' (" - Enrique Barvulsky Aleman’ - Amir El Rahal? - Florian Volz? - Christian Fung? - Jurgen Beck? -
Horst Urbach’

Clinical Neuroradiology (2023) 33:957-964



Acute sacral SLEC, bilateral Acute sacral SLEC, unilateral Acute sacral SLEC, bilateral



Primary CSF-lymphatic fistula

S
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Primary CSF-lymphatic fistula: a previously unknown cause
of spontaneous intracranial hypotension

Niklas Liitzen' @ . Katharina Wolf? - Amir El Rahal? - Florian Volz? - Theo Demerath' - Charlotte Zander’ -
Claus Christian Pieper® - Marius Schwabenland” - Horst Urbach' - Jiirgen Beck?



Spontaneous Intracranial
Hypotension Without CSF
Leakage—Concept of a Pathological
Cranial to Spinal Fluid Shift

Johannes Goldberg ', Levin Héni'", Christopher Marvin Jesse', Irena Zubak,
Eike I. Piechowiak?, Jan Gralla?, Tomas Dobrocky?, Jiirgen Beck® and Andreas Raabe ™

Goldberg et al.  Frontiers in Neurology 2021




Goldberg et al. Frontiers in Neurology 2021
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Freiburg CSF Center
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Factors Predictive of Treatment Success in CT-Guided Fibrin
Occlusion of CSF-Venous Fistulas: A Multicenter
Retrospective Cross-Sectional Study

Andrew L. Callen, “*Lalani Carlton Jones, “* Vincent M. Timpone, ““Jack Pattee, ““ Daniel J. Scoffings, *“ David Butteriss,
Thien Huynh, ““'Peter Y. Shen, and ““Mark D. Mamlouk

Clinical improvement

Comp[ete 71 (59.7%)
None 7 (5.9%)
Partial 41 (34.5%)

Callen et al. AINR 2023



40

30

20

Number of Patients

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

Outcome - PGIC Score

13%

25%

Proportion of patients

PGIC Category

. No Change (N=1)
Minimally improved (N=5)
Much improved (N=10)

- Very much improved (N=24)

85% very much/much improved
98% improved

El Rahal Beck J, Volz et al. 2024



Surgical Treatment

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



Spontaneous Intracranial Hypotension

KNOWN CAUSES

Typ 1 - ventral leak

Typ 2 — lateral leak

&
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k Typ 3 — CSF venous fistula
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Spontaneous Intracranial Hypotension

‘= =\ (- )

(Blood) Patching Embolization Surgery

Original research

Multidisciplinary consensus guideline for the
diagnosis and management of spontaneous
intracranial hypotension

Sanjay Cheema @ ,"2 Jane Anderson,? Heather Angus-Leppan @ ,* Paul Armstrong,”
David Butteriss,® Lalani Carlton Jones,”® David Choi,"° Amar Chotai,®

Linda D'Antona @ ,"° Indran Davagnanam,"'® Brendan Davies,'" Paul ) Dorman, 2
Callum Duncan, ™ Simon Ellis,'" Valeria lodice, ™ Clare Joy, Susie Lagrata,

Sarah Mead, " Danny Morland, "® Justin Nissen,"” Jenny Pople,'> Nancy Redfern,'®
Parag P Sayal,® Daniel Scoffings,"® Russell Secker,"> Ahmed K Toma, "

Tamsin Trevarthen, > James Walkden, " Jiirgen Beck,? Peter George Kranz,”'

Wouter Schievink,? Shuu-Jiun Wang,?*** Manijit Singh Matharu © "2

Cheema, S et al. J Neurol Neurosurg Psychiatry 2023
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Anatomy for Surgery
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Spinal meningeal diverticula (cyst)




Intracranial Hypotension Symposium 2025
Amsterdam, the Netherlands, June 28-29
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Spinal dural leaks

Type 1 Type 2 Type 3

ventral leak lateral leak




Ventral leaks> €& Thoracic disk herniation

Anterior transsternal

« Transthoracic
open / thorascopic

LTI
CM = 1

Costotransversectomy - S eitary /
Laminectomy / pedicle-sparing »mini-thoracotomy

Hemilaminectomy

Transcostovertebral

Diskogenic MICrospurs as a major cause of

intractable spontaneous intracranial
hypotension Neurology® 2016;87:1220-1226
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Beck et al, ) Neurosurg Spine. 2022 Sep 9:1-6.



SURGICAL ANATOMY

|_OPEN |
Distinct Pattern of Membrane Formation With Spinal Cerebrospinal

Fluid Leaks in Spontaneous Intracranial Hypotension

Levin Hani, MD © **, Christian Fung, MD**, Amir El Rahal, MD*$, Florian Volz, MD*, Luisa Mona Kraus, MD*, Oliver Schnell, MD*,
Roberto Ferrarese, PhD* Daniel Erny, MD!|, Marius Schwabenland, MD?, Horst Urbach, MD', Niklas Liitzen, MD', Jiirgen Beck, MD*

* 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

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

... all about membranes



Lateral spinal CSF-leaks

e spinal meningeal diverticula (cyst)

e outpouched arachnoid

Beck et al. Neurology 2016



Microsurgical anatomy
lateral membranes = arachnoid (diverticula)

Spinal CSF Ieak = tear in the dura Hdni et al. Operative Neurosurgery 2023
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Beck et al, ) Neurosurg Spine. 2022 Sep 9:1-6.
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Beck et al, ) Neurosurg Spine. 2022 Sep 9:1-6.
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CSF-venous fistula

Dobrocky et al. Beck Lancet Neurol 2022
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