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Nomenclature of Spontaneous Intracranial 
Hypotension

• Aliquorrhoea (Schaltenbrand 1936) L’hypotension du CSF (Leriche 1917)

• Hypoliquorrhoea

• Intracranial hypotension CSF hypovolemia

• Spontaneous spinal CSF leak



Spontaneous intracranial hypotension
November 1991



November 1991



“Epidemiology” of SAH, CAD, and SIH – Cedars-
Sinai Emergency Department (2005-2010)



Spontaneous Intracranial Hypotension
October 2018

• Routine practice?



October 2018



Spontaneous intracranial hypotension
Cedars-Sinai Medical Center (1-1-2001 to 8-31-2018)

2050 patients evaluated for CSF leak



Spontaneous intracranial hypotension
Cedars-Sinai Medical Center (1-1-2001 to 8-31-2018)

2050 patients evaluated for “CSF leak”

1111 patients met ICHD-III criteria for SIH:

CSF leak on spinal imaging

Brain MRI with sagging/meningeal enhancement/SDH

Opening pressure less than 6.0 cm H2O

Working group on headache attributed to non-vascular intracranial 
disorder: 

DW Dodick, USA (Chairman) (Dodick.David@mayo.edu)
S Evers, Germany; D Friedman, USA; S Kirby, Canada; B Mokri, USA; J 
Pascual (Spain); M Peres, Brazil; A Purdy, Canada; K Ravishankar, India; P 
Sandor, Switzerland; WI Schievink, USA; R Stark, Australia; F Taylor, USA. 



Spontaneous intracranial hypotension
Cedars-Sinai Medical Center (1-1-2001 to 8-31-2018)

2050 patients evaluated for “CSF leak”

1111 patients met ICHD-III criteria for SIH:

CSF leak on spinal imaging

Brain MRI with sagging/meningeal enhancement/SDH

Opening pressure less than 6.0 cm H2O

First 100 patients evaluated: 87 met ICHD-III criteria

Last 100 patients evaluated: 32 met ICHD-III criteria



Geographic distribution of SIH cases –
Cedars-Sinai Medical Center, Los Angeles, CA

Summary of Cases by Patient Location (N=1111)

Variable N (%)

Country

US 1036 (93.2)

non-US 75 (6.8)

For US Cases Only

LA County 253 (24.4)

California; Non-LA County 275 (26.6)



Geographic distribution of US SIH cases –
Cedars-Sinai Medical Center, Los Angeles, CA



Geographic distribution of US SIH cases –
Cedars-Sinai Medical Center, Los Angeles, CA



Age and Sex distribution in SIH (n=1111)

•Mean age: 45.6 years

•Range: 2 – 88 years

•Sex: 1.9:1  F:M ratio



Patients with spontaneous intracranial hypotension:
Cedars-Sinai Medical Center

Reversal of sex predilection



Connective tissue disorder: 4/20  = 20%



Connective tissue disorders in SIH:
First 150 Cedars-Sinai patients

Marfan syndrome 5 / 150

Ehlers-Danlos syndrome III 3 / 150

Polycystic Kidney Disease 1 / 150

Marfan-like 24 / 150

33/150 (22%)



Connective tissue disorder: 17/50 = 34%
17/50 = 34%



Connective tissue disorders in 
spontaneous intracranial hypotension

• Abnormalities on EM in about 
20% of patients

• Aortic dilatation in about 20% 
of patients

• Intracranial aneurysms in 
about 10% of patients

• Family history rare (<.5%)



Environmental factors

• More or less trivial trauma (30 - 50%)

• Seasonal variation (peak in spring)

• Bariatric surgery 

• Spider bite



Clinical Manifestations

• 90 – 100% Headache

• 50 – 90% Neck Pain

• 25 – 75%
• Nausea/vomiting

• Hearing abnormalities

• Light/noise sensitivity

• Fatigue

• 1 – 25%
• Diplopia (CN VI or III)

• Cognitive decline/brain fog

• Behavioral variant frontotemporal dementia

• Myelopathy/radiculopathy

• Tremors/Parkinsonism/ataxia

• Coma



Headache in spontaneous intracranial 
hypotension

• Orthostatic headache (95+%)

• Non-positional headache

• Reverse orthostatic headache

• Exertional headache

• Valsalva-induced headache

• Head-shaking headache

• Latter half of the day headache

• Trigeminal neuralgia



Burden of headache

10 million US with chronic, daily, headache



Burden of spontaneous intracranial hypotension

Burden of disease Patient

Family

Care giver

Co-workers

Teachers

Economic burden Treatment costs

Travel costs

Disability

Loss of wages



MRI findings in SIH

Mokri et al 1991

Billings et al 1975Proceedings of the Australian Association of Neurologists.

by Australian Association of Neurologists.

Brain sagging

Meningeal enhancement

http://www.worldcat.org/title/proceedings-of-the-australian-association-of-neurologists/oclc/500192711?referer=br&ht=edition


MRI findings

• S Subdural fluid collection

• E Enhancement of meninges

• E Engorgement of veins

• P Pituitary hyperemia

• S Sagging of brain





MRI Findings - Caveats

- Normal MRI in approximately 20% of patients

- MRI often normalizes in spite of persistent CSF leak

- MRI may become abnormal during course of disease



Diagnostic evaluation of SIH – A practical approach

Towards a non-invasive diagnostic work up, i.e., no lumbar 
puncture and minimizing ionizing radiation

MRI brain
MRI spine/MRMyelography

Epidural blood patching

Percutaneous fibrin glue placement 

Surgery (+for PDPH)





Detection of spinal CSF Leak – is it necessary?

• MRI/MR-myelography

• Radionuclide Cisternography

• CT-Myelography/Digital Subtraction Myelography (DSM)

• Dynamic CT-myelography

• Intrathecal gado-enhanced MRI



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* When urgent treatment is required such as with coma†

 Knowledge of exact site of CSF leak required 

Intrathecal infusion of 

saline or artificial 

CSF* 

Bedrest 

Oral hydration 

Oral caffeine 

Abdominal binder 

 

Epidural blood patch 

(repeat if necessary) 

Percutaneous 

placement of 

fibrin sealant
†
 

 

Surgical CSF leak 

repair
†
 

 



Advances in treatment for SIH

• Understanding the anatomy of CSF leaks

Through – advances in imaging

intraoperative observations



Are advances in care available to patients 
with spontaneous intracranial hypotension?

• Diagnostic delay

• Access to medical care - Insurance

- Across state lines

- Across national borders

• Appropriate systemic organization

• Appropriate reimbursement (e.g., DSM)



Cause of intracranial hypotension is

•Spinal CSF leak

•Pooling of CSF

• Inadequate CSF production?

• Rapid CSF absorption?

________________________ 

• ? CSF rhinorrhea–otorrhoea ?

NEVER!



Classification of Spontaneous Spinal CSF Leaks

• Type 1: Dural tear

• Type 2: Arachnoid cyst

• Type 3: CSF-venous fistula

• Type 4: Indeterminate



Classification of Spontaneous Spinal CSF Leaks

• Type 1: Dural tear
• Type 2: Arachnoid cyst

• Type 3: CSF-venous fistula

• Type 4: Indeterminate



Type 1a



C



Type 1b



Type 2a



Type 2b



Type 3



MrMyelo DSMDSM DSM



Pre-op Post-op

Not from disc Not from largest cyst

DSM: CSF-venous fistula



Pre-op 48 hours Post-op 1 month post-op



MRmyelogram DSM DSM

Pre-op Post-op

FistulaNerve 
root 
sleeve

Cyst behind retractor Draining vein

CSF-venous 
fistula

CSF-venous fistula

cyst cyst



Trichrome stain at 10x (fibrous tissue in blue) Immunostain for smooth muscle actin 10x 
(smooth muscle in brown)

Histopathology of spinal CSF-venous fistula





Not all CSF-venous fistulas are thoracic





Classification of spontaneous spinal CSF leaks

• Mar 1, 2009-Aug 31, 2015

(n=568)

1 27%

2 42%

3 2.5%

4 29%



Classification of spontaneous spinal CSF leaks
Changes over time

• Mar 1, 2009-Aug 31, 2015 Apr 4, 2018-Sept 17, 2018

(n=568 new patients) (n=70 new patients)

1 27% 40%    (+48%)

2 42% 17%    (-60%)

3 2.5% 23%    (+840%)

4 29% 19%     (-34%)



Lateral decubitus DSM vs prone DSM for 
identifying CSF-venous fistulas

• Prone:

10/53: 19%

• Lateral decubitus:

17/23: 74%

Richard Farb, MD



Lateral decubitus DSM vs prone DSM for 
identifying CSF-venous fistulas

• Prone:

10/53: 19%

• Lateral decubitus:

17/23: 74%

< April 2018: “50% of patients with SIH have negative spine imaging”

> April 2018: “25% of patients with SIH have negative spine imaging”

Richard Farb, MD
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CVFDraining vein

IVC



False localizing signs in SIH



C1-2 false localizing sign



False localizing signs in SIH



Cervico-thoracic false localizing sign



False localizing signs in SIH – type 1



False localizing signs in CSF-venous fistulas

Laterality Spinal level



Ventral spinal CSF leaks –
Digital subtraction myelography



The value of digital subtraction myelography

VentralDorsal



Looking for a ventral CSF leak

• DSM

• DSM #2

• DSM #3

• Dynamic CT-myelogram

• Bony spicule 



Bony spicule as cause of type 1a ventral CSF 
leak 



Bony spicules in SIH

Pre-op Post-op



Pre-op Post-opIntra-op



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

• Present in approximately 85% of patients with type 1a CSF leak

• Multiple spicules – not always the largest

• Absorption of spicule over time



Not always the largest spicule



Not always the largest disc herniation



Not always the largest disc herniation





Absorption of spicule over time

8 months



DSM

Pre-op

Post-op



Surgical Repair

• Suturing

• Muscle graft

• Clipping of cyst

• Fibrin glue/blood

• Gel foam

2018

20th century



Ventral leak – surgical repair



Arachnoid cysts – surgical repair



CSF–venous fistula – surgical repair



Surgery for spontaneous intracranial 
hypotension

Surgery - cyst + leak: 95% cure rate

- cyst only: 75% cure rate

- CSF-venous fistula: 95% cure rate

- ventral/intradural: 95% cure rate

- ventral/extradural: 25% cure rate



Surgery for spontaneous intracranial 
hypotension

Surgery - cyst + leak: 95+% cure rate

- cyst only: 75% cure rate

- CSF-venous fistula: 95+% cure rate

- ventral/intradural: 95+% cure rate

- ventral/extradural: 25% cure rate



Post-op recovery



Persistent symptoms in spite of resolution of 
spinal CSF leak

• 5% ?



Risks of treatment

• Surgery (n=600): 0.6% infection

0.8% neurologic deficit

2.7% pseudomeningocele

0.8% presyrinx formation

0.3% suicide





















Why take pictures?



Resection of transdural disc herniation and 
repair ventral tear



Ventral dural tear: sutures vs muscle repair



Ventral dural tear without CSF leak (Type 1a-)



Surgical solutions for the recalcitrant patient

• Lumbar dural reduction surgery

• Wearable epidural saline infusion catheter system

• Craniotomy for brain elevation



Dural reduction surgery



Dural reduction surgery





Dural reduction surgery

• N = 52

• 40 women and 12 men (most “without” SIH)

• Age: 21 – 72 years

• Good outcome: 31 (60%)

• Complications: Pseudomeningocele: 5 (10%)

Suicide: 1 (2%)

Infection/sepsis: 1 (2%)



Implantation of a wearable epidural spinal infusion system



A B C D

E F G H



Spinal epidural infusion system

• N = 19

• 11 women and 8 men (All but 2 with SIH)

• Age: 35 – 79 years

• Good outcome: 17 (89%)

• Complications: Infection: 3 (16%)

Hardware failure: 7 (37%)



Craniotomy for brain elevation



Craniotomy for brain elevation



Craniotomy for brain elevation



Thank you

_____


