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Current surgical treatment of spinal CSF leaks
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Diagnostic evaluation of SIH – 
A practical approach

MRI brain
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Epidural blood patching
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Curative for majority of patients with SIH



Diagnostic evaluation of SIH – 
A practical approach
Epidural blood patching is curative for majority of patients with SIH



Surgery – referral bias



Surgery in only 2/19 patients



Personal timeline of surgical treatment of spontaneous spinal CSF leaks

1991 – 1998 Learning about CSF leaks
Clipping of meningeal diverticula and exploratory 
surgeries

1999 – 2009 Establishing a CSF leak center (FGI & hvEBP)
Clipping of meningeal diverticula and 
exploratory surgeries
Occasional targeting of osteophytes

2009-2011 DSM -> Targeting ventral leak site extradural approach
2011-2021 Targeting ventral leak sites intradural approach
2014 Discovery of CSF-venous fistulas
2016 Understanding anatomy of diverticulum vs lateral tear 

related CSF leak
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Treatment recommendations depend on CSF leak type



Type 1a – Ventral leak



Ventral spinal CSF leak

• Curable with non-directed epidural blood patching even in presence 
of large bony spur if performed “early”

• Directed percutaneous approach between “early” and 3-6 months

• When present >3-6 months direct to surgery



Looking for a ventral CSF leak

• DSM (Fast CSF leaks)

• Dynamic CT-myelogram (Fast but also not so fast CSF leaks)

• MRI? (Static image for dural defect)

• Bony spicule (Indirect localization device) 



Ventral spinal CSF leaks – Digital subtraction myelography



Bone spur as cause of type 1a ventral CSF leak 



Bony spicules in SIH

Pre-op Post-op



Caveats in identification of bony spicule as source of 
ventral type 1a CSF leak

• Present in approximately 90% of patients with 
type 1a CSF leak
• Multiple spicules – not always the largest
• Absorption of spicule over time



Not always the largest osteophyte



Absorption of osteophyte over time
8 months 14 months





Surgical approaches to ventral thoracic dural tears

Sternotomy
Thoracotomy
VATS
Posterolateral extradural
Posterior intradural



Surgical approaches to ventral dural tears

Pre-DSM: 2000-2009: Fenestration/surgical glue or foam 
placement/shunt/VATS/thoracotomy

Post-DSM: 2009-2011: Posterolateral extradural approach
2011-2021: Posterior intradural for thoracolumbar leak

Anterior approach for cervical leak





Resection of transdural disc herniation and 
repair ventral tear



Ventral dural tear: sutures vs muscle repair



Ventral spinal CSF leak repair-
Thoracic
Full or hemi-laminectomy
Partial resection pedicle
Midline or paramedian dural incision
Divide dentate ligament
Localize and repair dural tear
Intraoperative monitoring

! Consider anterior approach if prior posterior intradural approach
Consider placement of ventral dural graft if defect cannot be found
Consider acetazolamide for patients with friable dura



Size of laminectomy for ventral CSF leak repair



Ventral spinal CSF leak repair-
Cervical
Full corpectomy
Discectomies
Localize and repair dural tear
Fusion

! Consider posterior approach if prior anterior approach
Consider placement of ventral dural graft if defect cannot be found
Consider acetazolamide for patients with friable dura



71 year-old man with iSS, S/P attempt at ventral CSF leak repair elsewhere



Ventral spinal CSF leak repair (n=250) –
With identification and repair of ventral dural tear
initial experience
• Successful repair (radiographic): 242 (96.8%)

Complications
• Infection: 3 (1.2%)
• Neurologic deficit (transient): 6 (2.4%) 
• Pseudomeningocele: 10 (4.0%)
• Pre-syrinx/cicatrix 4 (1.6%)
• Epidural hematoma: 0
• Mortality: 0

• Residual symptoms in spite of 100% CSF leak resolution: 10-15%



Post-op recovery



Some unusual post-operative complications

• Iatrogenic calcified disc herniation
• Reversible spinal subdural hygromas
• Adhesive arachnoiditis



Iatrogenic calcified disc herniation



Iatrogenic reversible  spinal subdural hygromas

Iatrogenic adhesive arachnoiditis

That’s permanent, sometimes progressive



Type 1b – Lateral or posterior leak



Type 1 b postero-lateral CSF leaks

Consider percutaneous fibrin glue injection for cure,
regardless of duration of symptoms

Extradural surgical approach



Type 1 b postero-lateral CSF leaks

Consider percutaneous fibrin glue injection for cure,
regardless of duration of symptoms

Extradural surgical approach
Successful repair (radiographic): 94% (62/66)
Neurologic deficit: 0
Epidural hematoma: 0





Type 1 b lateral CSF leaks with 
peri-lesional membrane formation



Type 1 b postero-lateral CSF leaks

Extradural repair with aneurysm clipping or suturing

Intradural approach only recommended for associated 
spinal cord herniation – exceedingly rare



Type 2a – simple meningeal diverticulum



Type 2b – complex meningeal diverticula/dural ectasia



Meningeal diverticula: Simple vs complex refers 
to…..



Meningeal diverticula: Simple vs complex refers 
to…..



Type 3 – CSF-venous fistula



CSF-venous fistulas – 3 options for treatment

Epidural blood patching less effective

1Percutaneous fibrin glue injection
2Endovascular glue embolization
3Surgical ligation



Pros and cons of CSF-venous fistula treatments
1 Percutaneous fibrin glue injection (outpatient)

2014
local/MAC
80%

2 Endovascular glue embolization (outpatient)
2021
General anesthesia
80%

3 Surgical ligation (inpatient)
2014
General anesthesia
>95%

FGI

Endo onyx

hemoclips aneurysm clips



Type 3 CSF leak - CSF-venous fistulas
Surgical options
Option A: Clip/cauterize fistulous connection 
Option B: Clip/ligate non-eloquent nerve root if A not possible



Type 3 CSF leak - CSF-venous fistulas



75% 15% 10%



For type 1a fistula and “eloquent” nerve root: endovascular treatment best 





Combination treatment for complex 
CSF-venous fistulas

Surgical clipping
Endovascular onyx embolization
Percutaneous fibrin sealant injection
Percutaneous onyx injection



Type 3 CSF leaks – CSF-venous fistulas

Intradural approach only when coexists with type 1a 
ventral dural tear



Thank you!
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