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A B S T R A C T

Cerebellar tonsillar descent can be seen on head magnetic resonance imaging in both Chiari malformation type 1
and spinal cerebrospinal fluid leak creating the potential for misdiagnosis. We report five cases of spinal cere-
brospinal fluid leak at Stanford University initially misdiagnosed and treated as Chiari malformation type 1 based
on cerebellar tonsillar descent demonstrated on imaging. All five cases had sustained relief at the 6-month follow
up visit from epidural blood patches for the treatment of spinal cerebrospinal leak after unsuccessful suboccipital
decompression surgeries. A misdiagnosis of Chiari malformation type 1 in patients with spinal cerebrospinal fluid
leak may lead to unnecessary surgeries instead of the less invasive treatment, such as epidural blood patches. It is
imperative to consider a spinal cerebrospinal fluid leak in the differential based on clinical-radiological corre-
lation and not solely on cerebellar tonsillar descent demonstrated on imaging.
1. Introduction

A spinal cerebrospinal fluid (sCSF) leak occurs when a dural defect
causes cerebrospinal fluid (CSF) to flow into the extradural space. It can
lower the CSF pressure within the intradural space, and the resultant
intracranial hypotension (IH) is an important differential diagnosis to
consider in patients presenting with chronic headaches. IH can often be
confused with other chronic headache disorders, including Chiari Mal-
formation Type 1 (CM) [1]. CM is a disorder related to abnormally
low-positioned cerebellar tonsils with disruption of normal CSF flow
dynamics at the craniocervical junction [2]. Cerebellar tonsillar descent
(TD) can be seen on head imaging such as magnetic resonance imaging
(MRI) in both CM and a sCSF leak. We present 5 patients with sCSF leaks
misdiagnosed initially as CM based on TD (greater than 3mm below the
foramen magnum) demonstrated on imaging.

2. Case reports

A 25-year-old female presented with a 10-year history of headaches.
Her medical history was significant for migraine. MRI head demonstrated
TD (Figure 1a) and she was diagnosed with CM. She received two sub-
occipital decompression surgeries resulting in no relief. A sCSF leak was
suspected based on her history of worsening headaches upon standing.
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Computed tomography myelography (CTM) demonstrated extradural
contrast spread at multiple cervical and thoracic levels (Table 1)
(Figure 2). Multi-level targeted epidural autologous blood patches (EBPs)
resulted in immediate symptom improvement.

A 26-year-old female presented with a 17-year history of headaches,
neck pain and tinnitus following a motor vehicle accident at age 9. Her
medical history was significant for Ehler-Danlos Syndrome (EDS) and
Postural Orthostatic Tachycardia Syndrome (POTS). CM was diagnosed
initially based on an MRI head demonstrating TD (Figure 1b). Sub-
occipital decompression surgery was unsuccessful. A sCSF leak was sus-
pected based on the orthostatic feature of her headaches (worse upright)
and the lack of response to surgery. CTM demonstrated multiple nerve
root sleeves enhancement from cervical to lumbar levels (Table 1).
Opening pressure was measured at 4 cm H20. Multi-level targeted EBPs
resulted in symptom improvement immediately.

A 57-year-old female presented with a 30-year history of orthostatic
headaches, neck pain, visual disturbance and imbalance. Her medical
history was significant for EDS, migraine and orthostatic hypotension.
MRI head demonstrated TD (Figure 1c) and a reduced mamillopontine
distance of 4.64 mm, abnormal pontomesencephalic angle less than 50�,
convex pituitary with near complete effacement of the suprasellar
cistern. A sCSF leak was suspected based on the unsuccessful suboccipital
decompression surgery and clinical-radiographic features of IH. CTM
han).
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Figure 1. a, b, c, d: MRI Head (T1 Sagittal FLAIR sequence) demonstrated inferior displacement of the cerebellar tonsils. (Case 1–4).

Table 1. Summary.

Case Age (Sex) PMH Orthostatic Headache
(worse upright)

MRI CTM Intervention Outcome: Headache
improvement*

1 25 (F) Migraine Yes CTD Multiple spinal level contrast
spread at level C6-T1, T4-5, T7-8
level

Multi-level EBPs Yes

2 26 (F) EDS, POTS Yes CTD Multiple nerve root sleeves
enhancement from C4 to T1, and
T6 to L4
Opening pressure -4cm H20

Multi-level EBPs Yes

3 57 (F) EDS, migraine Yes CTDa Multiple nerve root sleeves
enhancement from T7-S3

Multi-level EBPs Yes

4 29 (M) Alcohol
Dependence

Yes CTD Multiple nerve root sleeves
enhancement from T11-S1

Multi-level EBPs Yes

5 41 (F) POTS Yes CTDb Negative** Surgical repair Yes

PMH: Past Medical History MRI: Magnetic Resonance Imaging CTM: Computed Tomography Myelogram.
EDS: Ehler Danlos Syndrome POTS: Postural Orthostatic Tachycardia Syndrome CTD: Cerebellar tonsillar descent EBPs: Epidural blood patches.

* Duration, intensity, orthostatic features, concomitant symptoms at the 6-month follow up visit.
** Digital subtraction myelography – CSF venous fistula arising on the left at T4 and T5.
a MRI also demonstrated reduced mamillopontine distance of 4.64 mm, abnormal pontomesencephalic angle less than 50�, convex pituitary with near complete

effacement of the suprasellar cistern.
b MRI also demonstrated TD, crowding of the posterior fossa, pituitary enlargement and effacement of the basilar cisterns.
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demonstrated multiple nerve root sleeves enhancement from thoracic to
sacral levels (Table 1). EBPs targeted between T7-S3 resulted in symptom
improvement immediately.

A 29-year-old male suffered from orthostatic headaches and tinnitus
for 2 years without a clear inciting event. His medical history was sig-
nificant for alcohol dependence. MRI head demonstrated TD (Figure 1d)
and he underwent suboccipital decompression surgery 1 year after
symptom onset without relief. CTM demonstrated multiple nerve roots
sleeve enhancement from thoracic to sacral levels (Table 1) with
2

transverse process fractures at L1 and sharp edge osteophyte at T11. A
sCSF leak was suspected and EBPs targeted at T11 and L1 resulted in
symptom resolution immediately.

A 41-year-old female presented with a 15-year history of orthostatic
and suboccipital headaches without a clear inciting event. Her medical
history was significant for POTS. MRI head demonstrated TD, crowding
of the posterior fossa, pituitary enlargement and effacement of the basilar
cisterns. A suboccipital decompression surgery was unsuccessful. CTM
did not demonstrate evidence of a leak and blind EBPs proved ineffective.



Figure 2. Computed tomography myelogram (axial view) demonstrated a
ventral cervicothoracic epidural CSF collection (arrow) extending from the mid
cervical spine to mid thoracic level. (Case 1).
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She underwent digital subtraction myelography of the thoracic spine,
which demonstrated a CSF-venous fistula arising on the left at T4-5 re-
gion (Figure 3). Surgical repair resulted with symptom resolution.

At the 6-month follow-up visit, all 5 patients demonstrated sustained
symptom relief without recurrence of symptoms. Please refer to Table 1
for a summary of the cases. It is to be noted that the orthostatic feature of
the headaches was not clearly obtained or elicited prior to CM decom-
pression surgeries for the 5 patients. Prior to suboccipital decompression
surgeries, all 5 patients had orthostatic headaches and worsening of
existing headaches associated with Valsalva maneuvers, such as
Figure 3. Digital subtraction myelogram (lateral decubitus position) demon-
strated venous spread of contrast via CSF venous fistula. (Case 5).
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coughing, but not “new onset” headaches. Post-operatively, the headache
characteristics for the patients remain unchanged.

Written consent for publication was obtained from each patient.

3. Discussion

While CM and sCSF leak each have distinct clinical presentations,
there are overlapping symptoms, such as chronic headaches that make it
challenging to differentiate between the two conditions. The accompa-
nying headache with sCSF leak has been variously described as an
orthostatic headache, second half of the day headache [3], constant
headache [4, 5, 6, 7]. In a study of children with CM and its associated
symptoms, the most common symptom was pain, especially in the
neck/occipital area [2]. Some types of headaches that CM patients
experience are short attacks of “cough-headache,” migraine phenotype,
long lasting headaches, and headaches that worsen with Valsalva ma-
neuvers, physical exertion, head dependency, and sudden posture
changes [2].

Headache with orthostatic features is the hallmark of symptomatic
sCSF leak and most recognizably occurs within thirty minutes of standing
and disappears within thirty minutes of lying down at least at initial
presentation [8]. Steps can be taken to properly assess for a suspected
leak, because orthostatic headaches and associated symptoms should
improve after prolonged recumbency, especially early on in the disease
course [8].

When evaluating a patient with radiologic evidence of TD, other MRI
features can help build suspicion that the patient has IH due to a leak,
including pachymeningeal enhancement (MRI with contrast), pituitary
hyperemia, subdural collections and venous engorgement [8, 9].
Pachymeningeal enhancement is the most specific head imaging finding
for IH due to a sCSF leak [9]. Recent studies have provided quantitative
measures with a suprasellar cistern less than 4mm, mamillopontine dis-
tance less than 6.5 mm and prepontine cistern less than 5 mm (illustrated
in Case 3, Figure 4), all predicting an increased likelihood of finding a
leak with spinal imaging [10]. The reduced mamillopontine distance and
abnormal pontomesecephalic angle (Case 3), crowding of the posterior
fossa and pituitary enlargement and effacement of the basilar cisterns
(Case 5) were features identified retrospectively and were not reported
initially. Other radiographic clues associated with CM include syringo-
myelia and tethered cord which are not commonly seen in a sCSF leak
[2]. In addition, recent evidence has suggested that reduced clivus vol-
ume and increased sphenoid sinus volume are associated with CM [11].
These findings were absent in all 5 patients. The initial diagnostic
work-up to differentiate between the two conditions should include an
MRI head with and without contrast and an MRI full spine [8]. It is
Figure 4. MRI Head (T1 Sagittal FLAIR sequence): Arrow: Effacement of
suprasellar cistern above convex pituitary surface. Dotted line: Reduced
mamillopontine distance less than 6.5 mm. Previous Chiari decompression and
cerebellar tonsillar descent noted. (Case 3).
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prudent to provide all clinical details to the radiologists, including the
differential diagnoses in consideration, so these supporting radiographic
features could be assessed.

There has been a previously published case report of identifying a
sCSF leak after suboccipital decompression for presumed CM failed to
resolve symptoms. A 12-year-old girl with Marfan's syndrome and
sacral dural ectasia had occipital and biparietal orthostatic headaches,
a waning appetite, nausea when upright, and tonsillar herniation. She
went through a decompression surgery for her foramen magnum,
which did not help her condition. Radiographic imaging demon-
strated a possible sCSF leak and she underwent an autologous EBP. All
symptoms resolved over the next 15 months [12]. A number of au-
thors have reported sCSF leaks masquerading as CM, but primarily
describe this in terms of mishaps avoided. They describe how they
nearly treated CM with suboccipital decompression, but realized they
were dealing with a sCSF leak prior to engaging in surgery [13, 14,
15].

Since the neurosurgical procedures were performed in the pe-
ripheral centers, one of the major limitations to these cases are the
lack of neurosurgical details available in terms of the initial decision
making, type of surgeries performed and the rationale in proceeding
to surgeries. Secondly, 4 out of the 5 patients did not have an opening
pressure measured from their CTM. Although these were unavailable,
other clinical and radiographic features discussed were suggestive of a
sCSF leak. An opening pressure of less than 6 cm H20 is suggestive of
a sCSF leak [8], however patients with a chronic leak can have a
normal opening pressure due to a compensatory mechanism [8]. A
low opening pressure should be regarded as specific, but not sensitive
[8, 9]. The retrospective nature and the small case series are major
limitations to this study. While one could postulate there are a num-
ber of existing cases of patients with sCSF leak who were initially
misdiagnosed with CM, there is no data on trends in these mis-
diagnoses as this study only identified the patients who were seen at
the headache clinic.

4. Conclusion

A misdiagnosis of CM in patients with sCSF leak may lead to unnec-
essary surgeries instead of a less invasive treatment, such as EBPs.
Therefore, it is imperative to consider a sCSF leak in the differential based
on clinical-radiological correlation and not solely on TD demonstrated on
imaging. This type of misdiagnosis can largely be avoided with proper
pre-surgical evaluation via a comprehensive anamnesis and examination
in combination with suitable radiographic diagnostic imaging. Future
studies should explore a larger database of patients who failed CM
decompression surgeries with radiographic TD and identify the preva-
lence and common clinical-radiologic features of this population.
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