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Describe the evolution of understanding low CSF pressure syndrome

Recognize limitations of current diagnostic criteria for SIH

Outline a systematic approach to spinal CSF leak diagnosis

Learning Objectives



©2020 Mayo Foundation for Medical Education and Research | slide-5©2020 Mayo Foundation for Medical Education and Research | slide-5

Neurosurgery

Neurology

Neuro-
Radiology

Anesthesia / 
Pain Medicine

Neuro-
Ophthalmology

Bahram Mokri, MD
Ivan Garza, MD
Narayan Kissoon, MD
Melissa Payne, RN
Mark Whealy, MD

John Atkinson, MD
Rick Marsh, MD
David Piepgras, MD

Tariq Bhatti, MD
John Chen, MD, PhD

John Benson, MD
Waleed Brinjikji, MD
Carrie Carr, MD
Felix Diehn, MD
DK Kim, MD
Greta Liebo, MD
Patrick Luetmer, MD

Ajay Madhavan, MD
Jay Morris, MD
Pearse Morris, MB, BCh
Michael Oien, MD
Courtney Ross, PA-C
Darya Shaplak, MD
Jared Verdoorn, MD



©2020 Mayo Foundation for Medical Education and Research | slide-6©2020 Mayo Foundation for Medical Education and Research | slide-6

Mokri’s landmark description of diffuse pachymeningeal 
enhancement in low-pressure headache

30th Anniversary

Mokri et al. Meningeal gadolinium enhancement in low pressure headaches [abstract]. Ann Neurol 1991;30:294-295
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Describe the evolution of understanding low CSF pressure syndrome

Recognize limitations of current diagnostic criteria for SIH

Outline a systematic approach to spinal CSF leak diagnosis



©2020 Mayo Foundation for Medical Education and Research | slide-8

Historical Considerations

1891 Quincke introduces lumbar puncture
1898 Bier describes post-dural puncture headaches
1938 Schaltenbrand coins term “aliquorrhea” for clinical syndrome 

with very low CSF opening pressures
1940 Woltman links orthostatic headache with spontaneous low 

CSF pressure, which “may resemble post-puncture headache”
1991 Mokri and Sable report association of orthostatic headache 

with diffuse pachymeningeal gadolinium enhancement
1993 Fishman and Dillon show reversible brain sag

Fishman and Dillon. Neurology 1993;43:609-611
Mokri. Curr Neurol Neurosci 2004;4:117-124
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Clinical-Imaging 
Syndrome Headache Meningeal 

Enhancement
Low CSF 
Pressure Brain Sag

Classic form + + + +/–

Normal pressure + + – +/–

Normal meninges + – + +/–

Acephalgic form – + + +/–
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Contemporary Advances

1999 Mokri introduces low volume interpretation of spinal CSF leak
2003 Luetmer and Mokri describe hyperdynamic CT myelography 

for localizing fast CSF leaks
2007 Kumar links extradural fluid collections to superficial 

siderosis
2014 Schievink et al. report first cases of CSF-venous fistula
2019 Dobrocky et al. describe brain MRI scoring system for SIH
2021 Brinjikji et al. pioneer transvenous embolization of CVF

Brinjikji et al. AJNR Am J Neuroradiol 2021;42:882-887
Dobrocky et al. JAMA Neurol 2019;76:580-587
Kumar. Arch Neurol 2007;64:491-496

Luetmer and Mokri. AJNR Am J Neuroradiol 2003;24:1711-1714
Mokri. Mayo Clin Proc 1999;74:1113-1123
Schievink et al. Neurology 2014;83:472-473
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Spontaneous Spinal CSF Leak

• Aliquorrhea, low CSF pressure headache, CSF hypovolemia, 
CSF volume depletion, spontaneous intracranial hypotension

Also known as…

• Post-dural puncture headache
• Skull base leak with CSF rhinorrhea/otorrhea or encephalocele

Distinct from…
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ICD-10 Intracranial Hypotension & CSF Leak Codes

The most important NEW codes, effective October 1, 2020:
G96.811 Intracranial hypotension, spontaneous

G96.819 Other intracranial hypotension
G96.02 Spinal cerebrospinal fluid leak, spontaneous

G96.09 Other spinal cerebrospinal fluid leak

R51.0 Headache with orthostatic component, not elsewhere 
classified

* There are additional relevant codes

ftp://ftp.cdc.gov/pub/Health_Statistics/NCHS/Publications/ICD10CM/2021
https://spinalcsfleak.org/diagnostic-coding

ftp://ftp.cdc.gov/pub/Health_Statistics/NCHS/Publications/ICD10CM/2021
https://spinalcsfleak.org/diagnostic-coding
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Describe the evolution of understanding low CSF pressure syndrome

Recognize limitations of current diagnostic criteria for SIH

Outline a systematic approach to spinal CSF leak diagnosis
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Spontaneous Intracranial Hypotension

Orthostatic headache
and ≥1 of…
A. Demonstration of active spinal CSF leakage
B. Low CSF opening pressure (<60 mmH2O)
C.Cranial MRI showing brain sag or 
pachymeningeal enhancement

D.Sustained improvement of symptoms after 
epidural blood patching

2011 Expert Diagnostic Criteria Not all patients have headache

≥50% of patients have 
normal opening pressure

Sensitivity ≤80%

Strong placebo effect

Schievink et al. Headache 2011;51:1442-1444
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Spontaneous Intracranial Hypotension

2018 ICHD-3 Diagnostic Criteria
Not all patients have headache

≥50% of patients have 
normal opening pressure

Sensitivity ≤80%

ICHD-3. Cephalalgia 2018;38:1-211
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Spontaneous Intracranial Hypotension
Schievink Modified Diagnostic Criteria

≥50% of patients have 
normal opening pressure

Sensitivity ≤80%

Schievink et al. Neurology 2016;87:673-679
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Describe the evolution of understanding low CSF pressure syndrome

Recognize limitations of current diagnostic criteria for SIH

Outline a systematic approach to spinal CSF leak diagnosis
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1. Is there an 
active CSF 
leak?

2. Is the leak 
fast, slow, or 
fistula?

3. Where is 
the leak?

Diagnosis of spinal CSF leak requires 
sequentially answering 3 questions
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40 y/o ♀
New daily persistent headache

Described as intense bifronto-occipital pressure

Worse when upright or with Valsalva maneuvers

Accompanied by orthostatic nausea and distorted hearing

Joint hypermobility (Beighton score 4/9)

Neuro exam otherwise normal
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Does this 
patient have 

an active 
spinal CSF 

leak?

q Common symptoms of SIH
q Risk factors for SIH
q Cranial MRI signs of SIH
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Common Symptoms of Spinal CSF Leak

Clinical Manifestations Comments
Orthostatic headache Orthostatic pattern may be lost over time

Nausea/vomiting Typically orthostatic

Neck, interscapular > low back pain Site of pain does not necessarily correspond to site of leak

Diplopia/visual symptoms Unilateral or bilateral 6th palsy (often)
3rd, 4th, or multiple cranial nerve palsies (less often)

Cochleovestibular symptoms
Tinnitus
Muffled, echoed, or distorted hearing
Nystagmus
Dizziness (vertigo, lightheadedness, wooziness)

Cutsforth-Gregory and Mokri. Headaches due to low CSF pressure. In: Modern Day Management of Headache. 2017. p. 258-279.
D’Antona et al. JAMA Neurol 2021;78:329-337
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Does this 
patient have 

an active 
spinal CSF 

leak?

q Common symptoms of SIH
q Risk factors for SIH
q Cranial MRI signs of SIH

✓
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Beighton 
Hypermobility Score

Reinstein et al. Eur J Hum Genet 2013;21:386-390
Schievink et al. Neurology 2014;83:1819-1822
Schievink et al. J Neurosurg Spine 2020;32:305-310
Schrijver et al. Neurosurg 2002;96:483-489

Risk Factors
• Joint hypermobility
•Connective tissue disorders
• Marfan syndrome
• Ehlers-Danlos syndromes

•Disc osteophytes
• Intracranial hypertension
•Bariatric surgery
•Trauma, often minor

≥5/9 hypermobility syndrome
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Does this 
patient have 

an active 
spinal CSF 

leak?

q Common symptoms of SIH
q Risk factors for SIH
q Cranial MRI signs of SIH

✓

✓
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Flattening of 
ventral pons

Descent of cerebellar 
tonsils*

Diffuse, smooth,
non-nodular 

pachymeningeal 
enhancement†

Pituitary enlargement

Flattening of 
optic chiasm Reduced 

mamillopontine 
distance

Obliteration of prepontine cistern

Engorged venous 
sinuses

Engorged venous 
sinuses

MRI Head with Gadolinium Contrast

* Low lying cerebellar tonsils is least specific sign, also seen in idiopathic intracranial hypertension and Chiari I
† Pachymeningeal enhancement may resolve spontaneously despite persistent CSF leak
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Thinning of 
suprasellar 

cistern

Downward 
deflection 

of splenium

Supratentorial and infratentorial 
pachymeningeal enhancement

Acute 
vG/SS angle

MRI head 
≤80% 

sensitive

Diencephalic 
and midbrain 

swelling

D’Antona et al. JAMA Neurol 2021;78:329-337
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Does this 
patient have 

an active 
spinal CSF 

leak?

q Common symptoms of SIH
q Risk factors for SIH
q Cranial MRI signs of SIH

✓

✓

✓
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Mayo cohort (n=62) who underwent DSM
• Bern score ≥5: leak found in 67%
• Bern score 3-4: 45%
• Bern score ≤2: no leaks found

Dobrocky et al. JAMA Neurol 2019;76:580-587
Kim et al. Neurology 2021;96:e1312-e1318

Not a diagnostic score, rather 
a predictor of subsequent 
spinal myelography findings
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No brain sag

No dural enhancement

Monthly migraines became daily 
orthostatic headaches

Hearing echoes, seeing black 
spots

Worse with bending forward, 
Valsalva, late in day

Better with supine rest of 1-2 hr even 
without sleep

41 y/o ♀
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Does this 
patient have 

an active 
spinal CSF 

leak?

q Common symptoms of SIH
q Risk factors for SIH
q Cranial MRI signs of SIH

✓

ꭙ
ꭙ
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Monro-Kellie Doctrine

• Assumption: Cranial compartment is incompressible and the volume inside 
the cranium is fixed

• The cranium contains brain tissue, blood, and CSF…

• In a state of volume equilibrium…

• Any increase in volume of one constituent must be compensated by a 
decrease in volume of another…

• And therefore, any decrease in volume of one constituent must be 
compensated by an increase in volume of another

Mokri. Neurology 2001;56:1746-1748
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Mechanisms of MRI abnormalities in SIH

Cutsforth-Gregory and Mokri. Headaches due to low CSF pressure. In: Modern Day Management of Headache. 2017. 
p. 258-279.

All of these changes result 
from low VOLUME, not 
strictly low pressure
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Radioisotope Cisternogram
Reduced activity over 
cerebral convexities

Early activity 
in bladderParaspinal 

activity

Silhouette 
sign

Normal

Radioisotope Cisternogram Cisternogram 
~100% sensitive 
(for localizable leaks)

Cutsforth-Gregory and Mokri. Headaches due to low CSF pressure. In: Modern Day Management of Headache. 2017. 
p. 258-279.

Assess for abnormal 
CSF FLOW
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1 hr 6 hr 24 hr

Early activity 
in bladder

Silhouette 
sign

Reduced activity over 
cerebral convexities 

at 24 hr

Opening 
pressure 

190 mmH2O
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Does this 
patient have 

an active 
spinal CSF 

leak?

q Common symptoms of SIH
q Risk factors for SIH
q Cranial MRI signs of SIH
q Low opening pressure
q Cisternographic signs of SIH

✓

✓

Cisternogram 
~100% sensitive

MRI head 
≤80% 

sensitive

ꭙ
ꭙ
ꭙ
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Diagnosis of SIH
DIRECT EVIDENCE
• Observation of CSF escaping thecal sac 
at surgery

• Observation of contrast escaping thecal 
sac on myelogram

• Extradural CSF on spinal MRI

INDIRECT EVIDENCE
• Dural enhancement, venous engorgement, 
brain sag, subdural fluid collections on 
brain MRI

• LP opening pressure <60 mm H2O

• LP OP reduced from prior measurement

• Hyperdense paraspinal vein on myelogram

• Reduced tracer over cerebral convexities 
at 24 hr on cisternography

• Tracer activity in bladder before 4 hr on 
cisternography

• Post-myelogram renal contrast

• Response to epidural patching
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1. Is there an 
active CSF 
leak?

2. Is the leak 
fast, slow, or 
fistula?

3. Where is 
the leak?

Diagnosis of spinal CSF leak requires 
sequentially answering 3 questions
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Spinal longitudinal extradural CSF (+) Spinal longitudinal extradural CSF (–)

Prone hyperdynamic CT myelogram Lateral decubitus DSM

Mayo Clinic Diagnostic Algorithm for 
Suspected Spinal CSF Leaks

MRI entire spine

MRI head ± Cisternogram

FAST SLOW or 
FISTULA
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Spinal longitudinal extradural CSF (+) Spinal longitudinal extradural CSF (–)

Prone DSM

Lateral decubitus DSMIf (–)

Farb et al. AJNR Am J Neuroradiol 2019;40:745-753
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Describe the evolution of understanding low CSF pressure syndrome

Recognize limitations of current diagnostic criteria for SIH

Outline a systematic approach to spinal CSF leak diagnosis
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