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Learning Objectives

CI Outline a systematic approach to spinal CSF leak diagnosis
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Mokri’s landmark description of diffuse pachymeningeal
enhancement in low-pressure headache

30th Anniversary

\I L/

P232, Meningeal Gadolinium Enhancement in Low t‘ﬂ-‘f'-:”lhl‘: in all. CSF protein was mild w Illtna‘lerﬂrel'y' ele-
Pressure Headaches cared, sugar was normal, cultures were negative, VDRL and
Babran Mokri, Bruce R. Krueger, Gary M. Miller, FT A-A b wiete '11' n‘_lI‘E:tcn‘\-'C, @C there were no blasts or ma-
and David G. Piepgras, Rochester, MN fnant cells in CSE. Gadelinium-enhanced MRI in all three
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Three patients had low pressure headaches and meninged pauicnis "I'f""_(_{' CHIERRES d#‘dse'- afld d.,uqf:- e.nhancn’s:lmem
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(MRI). The first patient had been treated for a left cavernots been raised in all patients, For the first patient, shunt revision
sinus mendngioma and had a ventriculoperitoneal shunt that Wi cecommended. In the second patent, who also showed
had caused low cerebrospinal fluid (CSF) pressure, The set .mall bilareral subdural fluid collections, symptoms and MRI
ond and t_hlrd patients had history of minor or trivial he:.td ;hm}”m'_jljtﬁ have i:'nprm'ed. In the third patient, both the
fr:_'rjyly:tj wi:rhfmr a detectable source of cerebrospinal fluid ympoms and the MRI abnormalities have resalved com-
» 'é ] t:_ 1 ];:LII were E.iu:'u3rr:|[13;-[l:ntm1'|:m-: when s.upnu.._and lEn plL‘[l‘h" Low pressure headaches are another cause of diffuse

adaches when o . The second : d patients R I :

- vhen upright. The secand and third patients 4 eningeal enhancement that has not been previously re-
had nausea in this position. Lumbar CSF pressure was barely AIHERGE=E PR E T ge :

. and should be included in the imaging differental

pites :

Jiagnosis

Mokri et al. Meningeal gadolinium enhancement in low pressure headaches [abstract]. Ann Neurol 1991;30:294-295 ©2020 Mayo Foundation for Medical Education and Research | slide-6
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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 62020 Mayo Foundation for Medical Educat jon and Research | ! ide-8



Subspecialty Clinics: Neurology %

Spontaneous Cerebrospinal Fluid Leaks: From Intracranial Hypotension
to Cerebrospinal Fluid Hypovolemia—Evolution of a Concept

Banram Mokri, MD Mayo Clin Proc. 1999;74:1113-1123
Clinical-lmagin Meningeal Low CSF :
ging Headache 9 Brain Sag
Syndrome Enhancement Pressure
Classic form + + + +/—
Normal pressure + + — +/—
Normal meninges + — + +/—
Acephalgic form — + + +/—

Mokri. Mayo Clin Proc 1999;74:1113-1123
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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. ADOINR Am J Neuroradiol 2021;42:882-887 Luetmer and Mokri. AUNR Am J Neuroradiol 2003;24:1711-1714
Dobrocky et al. JAMA Neurol 2019;76:580-587 Mokri. Mayo Clin Proc 1999;74:1113-1123
Kumar. Arch Neurol 2007;64:491-496 Schievink et al. Neurology 2014;83:472-473 ©2020 Mayo Foundation for Medical Education and Research | slide-10



Spontaneous Spinal CSF Leak

mm Also known as...

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

* Post-dural puncture headache
» Skull base leak with CSF rhinorrhea/otorrhea or encephalocele
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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 2020 Mayo Foundation for Med ical Educat ion and Research | s ide12



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

g 2011 Expert Diagnostic Criteria SNt patients have headache

Orthostatic headache ~— >50% of patients have
and =1 of... normal opening pressure

A. Demonstration of active spinal CSF leakage

B. Low CSF opening pressure (<60 mmH,0)

C. Cranial MRI showing brain sag or ( "y o
pachymeningeal enhancement — — SRy S J

D. Sustained improvement_of symptoms after
epidural blood patching

| Strong placebo effect ]

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

mm 2018 ICHD-3 Diagnostic Criteria x

Not all patients have headache

A J

=>50% of patients have )
normal opening pressure

mivity <80% ]

ICHD-3. Cephalalgia 2018;38:1-211 ©2020 Mayo Foundat ion for Med ical Educat ion and Research | sl ide-15



Spontaneous Intracranial Hypotension

Schievink Modified Diagnostic Criteria

7

— Sensitivity <80% ]

=50% of patients have
normal opening pressure

SChieVink et al- NeUl’O/Ogy 201 6,87673'679 ©2020 Mayo Foundation for Medical Education and Research | slide-16



Describe the evolution of understanding low CSF pressure syndrome

Recognize limitations of current diagnostic criteria for SIH




Diagnosis of spinal CSF leak requires
sequentially answering 3 questions

-~

\_

3. Where Is
the leak?

o

)




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

©2020 Mayo Foundation for Medical Education and Research | slide-19



Does this
patient have
an active
spinal CSF
leak?

1 Common symptoms of SIH
J Risk factors for SIH

d Cranial MRI signs of SIH



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

Unilateral or bilateral 6™ palsy (often)

Diplopial/visual symptoms 3rd 4th or multiple cranial nerve palsies (less often)

Tinnitus

Muffled, echoed, or distorted hearing
Nystagmus

Dizziness (vertigo, lightheadedness, wooziness)

Cochleovestibular symptoms

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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search | slide-21



Does this
patient have
an active
spinal CSF
leak?

4 Common symptoms of SIH
J Risk factors for SIH

d Cranial MRI signs of SIH



Risk Factors

- Joint hypermobility

* Connective tissue disorders
* Marfan syndrome
* Ehlers-Danlos syndromes

* Disc osteophytes

* Intracranial hypertension
* Bariatric surgery

* Trauma, often minor

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

Beighton
Hypermobility Score

' =
o WU
Vs
One point for each thumb One point for each finger + 90°

'._”‘ 4
||\l .
One point for each elbow + 10°

One point for each knee + 10° One point with straight legs

=25/9 hypermobility syndrome

©2020 Mayo Foundation for Medical Education a
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Does this
patient have
an active
spinal CSF
leak?

4 Common symptoms of SIH
Y Risk factors for SIH

d Cranial MRI signs of SIH



MRI Head with Gadolinium Contrast

Flattening of
optic chiasm

Reduced
mamillopontine
Pituitary enlargement distance

Diffuse, smooth,
non-nodular
pachymeningeal
enhancement?

Flattening of &
ventral pons \
. : : . Engorged venous
Obliteration of prepontine cistern s
Descent of cerebellar |

tonsils*

* Low lying cerebellar tonsils is least specific sign, also seen in idiopathic intracranial hypertension and Chiari |
T Pachymeningeal enhancement may resolve spontaneously despite persistent CSF leak

©2020 Mayo Foundation for Medical Education and Research | slide-25



Downward
deflection
of splenium

Acute
vG/SS angle

Thinning of
suprasellar
cistern

Diencephalic
and midbrain
swelling

D’Antona et al. JAMA Neurol 2021;78:329-337

Supratentorial
pachymening

g

MRI head
<80%
sensitive

and infratentorial
eal enhancement

o P
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Does this
patient have
an active
spinal CSF
leak?

4 Common symptoms of SIH
Y Risk factors for SIH

4 Cranial MRI signs of SIH



; ; ™
JAMA Neurology | Original Investigation NOt a dlag nOStIC SCore, rather
Assessing Spinal Cerebrospinal Fluid Leaks in Spontaneous a predictor of subsequent

Intracranial Hypotension With a Scoring System spinal myelog raphy findings y
Based on Brain Magnetic Resonance Imaging Findings

Tomas Dobrocky, MD; Lorenz Grunder, MD; Philipe S. Breiding, MD; Mattia Branca, MSc; Andreas Limacher, PhD;
Pascal J. Mosimann, MD; Pasquale Mordasini, MSc; Felix Zibold, MD; Levin Haeni, MD; Christopher M. Jesse, MD;
Christian Fung, MD; Andreas Raabe, MD:; Christian T. Ulrich, MD; Jan Gralla, MSc; [A] Derivation cohort
Jurgen Beck, MD; Eike |. Piechowiak, MD

[B] Validation cohart

60 p— 101
504 [ 2 < score <5 ]
= = - DScorezs 8
Characteristic 5] 5 ]
_____Engorgement venous sinus - .
Table 2. Six Imaging S| Were Included 204
in the Final Diagnostic . 24
Characteristic Pa{:hymenlngeal enhancement lue Score Points m_JI_I — I'_”_| 0 ’7 |—||_|
Engorgement venous s . 2 > Patients With SIH, Co_n_tro'l_‘ hPftieptsWi’;h ) ° PatienﬁsWi_thSlH, hPatie_ntsWitdh )
Pachymeningeal enhar Su bdural_ fl_l_"d couect'on 1 2 Lesk Positve portictpants ot L‘je’;?rldcegstaw:c B eakposttive o I?:;it;dce::taiv:c N
Subdural fluid collectic 1
e Suprasellar cistern” —
Mamillopontine distan : : b 1 Mayo cohort (n=62) who underwent DSM
T Prepontine cistern . o
=4 mm. * Bern score 25: leak found in 67%
® =5 mm. . . .
-—esmm. Mamillopontine distance® « 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:€1312-e1318
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Monthly migraines became daily
orthostatic headaches

Hearing echoes, seeing black
spots

—_—

d
No brain sag

Worse with bending forward,
Valsalva, late in day

-
-

/ A No dural enhancement #

©2020 Mayo Foundation for Medical Education and Research | slide-29




Does this
patient have
an active
spinal CSF
leak?

¥ Common symptoms of SIH
Xl Risk factors for SIH
Xl Cranial MRI signs of SIH



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

[ CSF hypovolemia ]

All

from low VOLUME, not

N
of these changes result

strictly low pressure

N
'L A ¥
[ Sinking of brain ] [ CSF volume compensation ] Ventricular
collapse
Y
[ Venous hyperemia ]
v v v
Meningeal Pituitary Cerebral
l venous sinuses
Y Y Y l \d Y
 Descent of cerebellar Diffuse - Engorgement| |Engorgement
tonsils Sufrljjzral pachy- ePrI:IgI:Sg of cerebral of epidural E:r?trﬁsjlzg
- Decrease in size of some || collections || Meningeal ment venous venous size
of the subarachnoid enhancement sinuses plexus

cisterins
* Flattening of optic chiasm

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

p. 258-279.
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DA

Cisternogram

~100% sensitive
(for localizable leaks) \

Radioisotope Cisternogram

Assess for abnormal
CSF FLOW

<20 min

PA

1 hr
PA

cerebral convexities

B 24 hours / C /
- . Early activity
Paraspinal in bladder
activity / v
; 4 Silhouette gmea :

sign

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



Opening

pressure
190 mmH20

Early activity
in bladder

1 hr

6 hr

S i

24 hr

| Reduced activity over

cerebral convexities

at 24 hr

Silhouette
sign



7

MRI head
<80%

sensitive

Does this
patient have ¥ Common symptoms of SIH

an active X Risk factors for SIH
spinal CSF & Cranial MRI signs of SIH
leak? X Low opening pressure

¥ Cisternographic signs of Sl

Cisternogram
~100% sensitive

/\/\/\\




Diagnosis of SIH

DIRECT EVIDENCE INDIRECT EVIDENCE
» Observation of CSF escaping thecal sac - Dural enhancement, venous engorgement,
at surgery brain sag, subdural fluid collections on
: . brain MRI
* Observation of contrast escaping thecal
sac on myelogram * LP opening pressure <60 mm H20
 Extradural CSF on spinal MRI * 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

©2020 Mayo Foundation for Medical Education and Research | slide-36



Diagnosis of spinal CSF leak requires
sequentially answering 3 questions

-~

\_

3. Where Is
the leak?

o

)




Mayo Clinic Diagnostic Algorithm for
Suspected Spinal CSF Leaks

MRI head + Cisternogram

|

MRI entire spine

/ \

Spinal longitudinal extradural CSF (+) Spinal longitudinal extradural CSF (-)

l l

Prone hyperdynamic CT myelogram Lateral decubitus DSM

©2020 Mayo Foundation for Medical Education and Research | slide-38



Spontaneous Intracranial Hypotension: A Systematic Imaging
Approach for CSF Leak Localization and Management Based on
MRI and Digital Subtraction Myelography

R.l. Farb, “*PJ. Nicholson, ““P.W. Peng, ““E.M. Massicotte, ““'C. Lay, ““'T. Krings, and “*K.G. terBrugge

Spinal longitudinal extradural CSF (+) Spinal longitudinal extradural CSF (-)

|

Prone DSM

l

if (-) > |_aterral decubitus DSM

Farb et al. AUNR Am J Neuroradiol 2019;40:745-753
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CI Outline a systematic approach to spinal CSF leak diagnosis
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JeremyCG@mayo.edu
.J @JCGneuro
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