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Diagnostic evaluation and treatment of SIH – 
A practical approach

MRI brain

MR-Myelography

Epidural blood patching
  =
Curative for most patients with SIH if done expeditiously



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
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1'" The authors present the case of a 22-year-old woman who developed spontaneous intracranial hypotension
as a result of a cerebrospinal fluid leak from a thoracic extradural arachnoid diverticulum. The patient was
successfully treated by ligation of the diverticulum. The entity of spontaneous intracranial hypotension and
its relevance to neurosurgery are discussed.
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POSTURAL headache secondary to low intracranial
pressure is a well-known entity in neurosurgical
practice. It is most commonly encountered fol-

lowing lumbar puncture for cerebrospinal fluid (CSF)
examination or myelography. Postural headache may
also be experienced following craniotomy, spinal sur-
gery, or craniospinal trauma when the dura has been
violated, in association with oto- or rhinorrhea, or as
a result of CSF overdrainage in patients with ventric-
uloperitoneal shunts. Uncommonly, it occurs as a con-
sequence of medical conditions such as severe dehy-
dration, diabetic coma, or uremia. loU In some cases no
precipitating event is apparent and the intracranial hy-
potension is believed to have developed spontaneously.
The syndrome of spontaneous intracranial hypotension
was first described in 1938 by the German neurosur-
geon Schaltenbrand.23

The underlying cause of spontaneous intracranial
hypotension is rarely established and treatment is there-
fore usually nonspecific. In the present paper, we
describe a patient with spontaneous intracranial hypo-
tension due to a CSF leak from a spinal arachnoid diver-
ticulum; the condition was successfully treated by liga-
tion of the diverticulum.

Case Report

This 22-year-old woman presented with a 6-week
history of persistent generalized headaches that had de-
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veloped over a 12-hour period. Typically, the headache
would start shortly after she assumed the erect position
but she felt perfectly well lying down, confining her
to bed. The headache was usually accompanied by nau-
sea and vomiting. Valsalva maneuvers exacerbated the
headache. She felt somewhat better during the 3-day
period of her menses. Oral and parenteral analgesic
agents and minor tranquilizers did not provide relief.
She had noted mild discomfort in the right lower tho-
racic region since the onset of the headaches. There
was no history of trauma, cutaneous eruption, diabetes,
infection, or easy bruising. Her medical history was
significant for previous episodes of common migraine
and corrective surgery for retrognathism. The family
history was unremarkable.

Examination. The patient was of a tall and lanky build
(height 176 em, weight 50 kg). A high-arched palate,
thin skin, and increased laxity of the finger joints were
noted. The remainder of the general physical and neu-
rological examination was normal, as were the results
of a detailed ophthalmological examination and echo-
cardiography.
A computerized tomography (CT) scan of the head

was normal. Lumbar puncture in the lateral decubitus
position revealed an opening pressure of 40 mm H20.
On CSF examination, the cell count and glucose and
protein levels were normal. Gram stain revealed no or-
ganisms, and bacterial and fungal cultures were nega-
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Spontaneous intracranial hypotension

FIG. 1. Radionucleotide cisternograms at 24 hours after in-
jection showing a focus of increased activity of tracer in the
right lower thoracic region (curved arrows). A marker is seen
at the L-3 level (straight arrow) in one panel (left).
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tive. Radionucleotide cisternography showed early
accumulation within the bladder, less than expected
activity over the convexities, as well as a focus of in-
creased activity of tracer in the right lower thoracic
region (Fig. 1). Myelography with subsequent CT dis-
closed the presence of a large right T-ll extradural
arachnoid diverticulum extending through the nerve
root foramen corresponding to the location of the ab-
normal radionucleotide activity (Fig. 2). In light of the
patient's age, the unrelenting and debilitating nature of
the postural headaches, and the well-demonstrated ra-
diographic abnormalities, we recommended surgical
intervention.

Operation. A right Tll-12 hemilaminectomy was
performed; upon removal of the ligamentum flavum,
a thin arachnoid diverticulum was encountered extend-
ing laterally with a broad-based neck originating at the
common dural sac. There was obvious disruption of
the dura at this level through which the diverticulum
appeared to have herniated. The T-ll nerve root was
found to be enveloped by the arachnoid diverticulum.
The fragility and broad-based neck of the diverticulum
precluded ligation, and the neck was clipped with a
straighl Sugita aneurysm clip. The diverticulum was
then aspirated with a syringe and there was no evidence
of ongoing CSF leakage. Vascular clips were placed
acr?ss the nerve root on either side of the diverticulum,
whIch was then resected. Pathological examination re-
vealed that the wall of the diverticulum consisted of
arachnoid.

Postoperative Course. The patient recovered and
was ambulatory on the 2nd day postoperatively. She
has remained free of headaches during the I-year pe-
riod of follow-up review.

Discussion

Characteristics and Diagnosis of Low CSF Pressure
Headache

The International Headache Society defines low CSF
pressure headache as one that "occurs or worsens less
than 15 minutes after assuming the upright position,
and disappears or improves less than 30 minutes after

FlO. 2. Postmyelography computerized tomography scan
showmg the presence of a large right extradural diverticulum
extending through the nerve root foramen at the T-ll level
(arrow). The density of contrast material within the diverticu-

is not that of the intrathecal space, suggesting a slow fill-
mg rate.

resuming the recumbent position."? By definition,
spontaneous intracranial hypotension is not associated
with any significant trauma; an innocuous precipitating
factor,. such as sneezing, coitus, or a minor fall, how-
ever, IS frequently reported.1.4.18,19 Women are more

affecte? than men and the majority of pa-
Ilents are III the thud or fourth decade of life. I,9,2s The
onset of headache may be acute or gradual. Associated
symptoms are common and include nausea, vomiting,
tinnitus, vertigo, photophobia, and phonophobia. In ap-
proximately 10% of cases, subdural hematomas or hy-
gromas have been detected.22 These subdural fluid col-
lections are not considered to be the cause of the
orthostatic headache but are more likely the result of
rupture of bridging veins due to the decrease in CSF
volume and downward displacement of the brain.
Similarly, subdural hematomas have been described
following lumbar puncture and myelography.26,28

The diagnosis of a low-pressure headache is con-
firmed by a lumbar puncture in the lateral decubitus
position demonstrating a CSF pressure of less than 60
mm H20. Not infrequently, a "dry tap" is initially en-
countered and CSF can only be obtained with a Val-
salva maneuver, raising the patient's head, or with
gentle aspiration using a syringe. A sucking noise has
occasionally been described as the stylet is withdrawn
and air apparently enters the subarachnoid space, indi-
cating subatmospheric pressure. This course of events
may result in spontaneous pneumocephalus. On exam-
ination, CSF is often normal but may show mild eleva-
tion of total protein content or an increased cell count.
These CSF abnormalities may be due to meningeal
hyperemia resulting from the low CSF pressure. Inter-
estingly, several cases of diffuse meningeal enhance-
ment on magnetic resonance (MR) imaging have re-
cently been described in low CSF pressure states.8•IS
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leaks

1991 – 1998  Learning about CSF leaks
   Clipping of meningeal diverticula and exploratory surgeries
2000 – 2009  Establishing a CSF leak center (FGI & hvEBP)
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   Rarely targeting of osteophytes (VATS, sternotomy, thoracotomy)
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Classification of spinal CSF leaks as a cause of SIH

• Type 1: Dural tear
  1a: ventral
  1b: (postero-)lateral
• Type 2: Meningeal diverticulum  
  2a: simple
  2b: complex/dural ectasia
• Type 3: CSF-venous fistula

• Type 4: Indeterminate
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   Clipping of meningeal diverticula and exploratory surgeries
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2009-2011  DSM -> Targeting ventral thoracic leak site extradural approach
   Interim review: successful repair 40% with extradural approach
2011-2023  Targeting ventral thoracic leak sites intradural approach
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Resection of transdural disc herniation and repair ventral tear –
need a steady hand







Ventral thoracic spinal CSF leak repair (n=325) –
With identification and repair of ventral dural tear

• Successful repair (radiographic): 311 (95.7%)

Complications
• Infection:    3 (0.9%)
• Neurologic deficit (transient): 8 (2.4%) 
• Pseudomeningocele:  13 (4.0%)
• Pre-syrinx/cicatrix   4 (1.2%)
• Epidural hematoma:  0
• Mortality:    0



Size of laminectomy for ventral CSF leak repair



Post-op recovery





Ventral thoracic spinal CSF leak repair (n=325) –
With identification and repair of ventral dural tear

• Successful repair (radiographic): 311 (95.7%)

Complications
• Infection:    3 (0.9%)
• Neurologic deficit (transient):  8 (2.4%) 
• Pseudomeningocele:   13 (4.0%)
• Pre-syrinx/cicatrix   5 (1.5%)
• Epidural hematoma:   0
• Mortality:    0

• Persistent “low pressure” symptoms: 10-20%
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2011-2023  Targeting ventral thoracic leak sites intradural approach
2013-2023  Clip ligation CSF-venous fistulas
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racic region since the onset of the headaches. There
was no history of trauma, cutaneous eruption, diabetes,
infection, or easy bruising. Her medical history was
significant for previous episodes of common migraine
and corrective surgery for retrognathism. The family
history was unremarkable.

Examination. The patient was of a tall and lanky build
(height 176 em, weight 50 kg). A high-arched palate,
thin skin, and increased laxity of the finger joints were
noted. The remainder of the general physical and neu-
rological examination was normal, as were the results
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A computerized tomography (CT) scan of the head
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position revealed an opening pressure of 40 mm H20.
On CSF examination, the cell count and glucose and
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Pros and cons of CSF-venous fistula treatments
1 Percutaneous fibrin glue injection (outpatient)
 Since 2013
 local/MAC
 70-80% cure rate

2 Onyx embolization (outpatient)
 Since 2020
 General anesthesia
 70-80%? cure rate

3 Surgical ligation (inpatient)
 Since 2013
 General anesthesia
 >98% cure rate

FGI

Endo onyx

hemoclips aneurysm clips
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The History of Surgical Treatment for Iatrogenic Spinal 
CSF Leaks



How to prevent post dural puncture headaches?

1 Don’t do it
2 Don’t do it
3 Don’t do it



How to prevent post dural puncture headaches?
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Letters

RESEARCH LETTER

Computed Tomography vs Heavily T2-Weighted
Magnetic Resonance Myelography
for the Initial Evaluation of Patients
With Spontaneous Intracranial Hypotension
Spontaneous intracranial hypotension (SIH) is an important
cause of headaches. For the initial evaluation of patients with
suspected SIH, post-myelography computed tomography

(CT myelography or CTM)
has long been considered the
gold standard for the detec-

tion of cerebrospinal fluid (CSF) leaks,1 but spine magnetic reso-
nance imaging including heavily T2-weighted magnetic

resonance myelography (MRM) may be a noninvasive
alternative.2-4 We compared the diagnostic accuracy of MRM
with CTM for the identification of spinal CSF leaks.

Methods | This study was approved by the Cedars-Sinai Medi-
cal Center institutional review board.

Using a prospectively maintained registry, we identified all
patients with SIH who had MRM and CTM without any inter-
vening treatment. Patients who had MRM and CTM performed
more than 6 months apart were excluded from the study.

The diagnosis of SIH was based on International Classifi-
cation of Headache Disorders, third edition (ICHD-III)
criteria5 with a modification of also including patients with-
out headaches but whose symptoms are best explained by
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Figure. Schematic Flowchart of Patient Selection
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Type of cerebrospinal fluid (CSF) leak based on previously published
classification of spontaneous spinal CSF leaks.6 CSMC indicates Cedars-Sinai
Medical Center; CTM, post-myelography computed tomography; EBP, epidural
blood patch; FGI, fibrin glue injection; MRM, spine magnetic resonance imaging
with heavily T2-weighted magnetic resonance myelography; SIH, spontaneous

intracranial hypotension.
a SIH diagnosed using modified International Classification of Headache

Disorders, third edition criteria.5
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1. Use MR-Myelo instead of CT-myelo

2. Trust CT to rule out SAH 

3. Medico-legalities 



71 year-old man with iSS, S/P anterior cervical surgery 
20 years prior



71 year-old man with iSS, S/P anterior cervical surgery 
20 years prior



Thank you!
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