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Abstract

Spontaneous intracranial hypotension (SIH) is a rare occurrence, especially in children. In the pediatric population, three
cases of Chiari malformation in children and no cases of hydrocephalus due to SIH have been discussed in the literature.
We present two patients under the age of five who presented with imaging concerning for the need for neurosurgical
intervention later found to be due to SIH that resolved spontaneously. These cases are the fourth case of Chiari and the
first case of hydrocephalus due to SIH in the pediatric population presented in the literature. In addition, they are the
youngest reported cases of these conditions and the only cases to resolve with conservative measures. Most cases of SIH
require intervention, but since our cases resolved spontaneously in a relatively short period of time, this phenomenon
may be more prevalent than is recognized in the pediatric population. Cerebellar subdural hygromas and clumping of
the lumbar nerve roots were crucial findings in determining the accurate diagnosis. We caution neurosurgeons to look
closely for signs of intracranial hypotension when establishing a diagnosis and especially prior to surgical decisions.
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Introduction

Spontaneous intracranial hypotension (SIH) occurs in ap-
proximately 1 in 50,000 in all ages [1]. The prevalence of SIH
in the pediatric population is not clear as it is even rarer, par-
ticularly in the first decade of life. One center reported that
only about 5% of their SIH cases occurred in patients under
18-years of age [2]. SIH can present as other neurosurgical
pathologies, leading the practitioner to unnecessary workup
and interventions. The typical presentation of SIH is ortho-
static headaches that may worsen with Valsalva maneuvers,
but can include vomiting, vision changes, and dizziness. Rare-
ly, SIH can present mimicking other neurosurgical entities. Pa-
tients with various connective tissue disorders are at higher
risk of developing SIH [2]. While multiple reports of SIH pre-
senting as Chiari malformation have been reported in adults,
only three prior pediatric cases have been published. No prior
cases of SIH presenting with the clinical and imaging findings
of hydrocephalus in a child have been found. In many cases
of SIH, intervention is required to resolve symptoms; but no
prospective study comparing conservative and procedural
treatments has been performed [3]. Headache relief may be
more likely in adult patients who have treatment compared
to conservative therapy [4]. We present two cases of children
less than five years of age who presented with two different
common pediatric neurosurgical entities, Chiari 1 malforma-

tion and hydrocephalus, but instead, suffered from SIH that
resolved without intervention. These cases are much young-
er and resolved spontaneously in contrast to the already re-
ported cases in the literature. A thorough history and careful
review of the imaging were crucial for identifying the correct
pathology in these cases.

Illustrative Cases
Case 1

Four-year-old female with no significant past medical his-
tory was referred for newly discovered Chiari 1 malformation.
She did not have any signs of connective tissue disorder such
as joint laxity, elongated digits, rashes, or other associated
findings. She complained of occipital headaches and vomiting
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Figure 1: a) T1-weighted sagittal imaging showing 9 mm tonsillar descent and cervicomedullary kinking in a four-year-old female; b)
T2-weighted axial shows bilateral cerebellar hygromas concerning for intracranial hypotension; c) T2-weighted clumping of cauda
equina nerve roots; d) Same patient two months later with no intervention shows improvement in tonsillar descent now 4 mm below
foramen magnum; e) Resolution of hygromas two months later; f) Improvement in nerve root clumping two months later.

that started after riding a rollercoaster at a local amusement
park several times in one day. The headaches and vomiting
occurred multiple times daily without any identified triggers,
but would worsen when upright. After several days, the head-
aches and vomiting resolved; however, given the unusual
presentation, the patient’s pediatrician ordered an MRI brain
which was obtained two weeks after symptoms started. The
MRI showed 9 mm of tonsillar descent with crowding of the
foramen magnum and a pronounced cervicomedullary kink
(Figure 1a). Neurosurgery’s review of the MRI brain showed
bilateral cerebellar subdural hygromas, which were not com-
mented on by radiology, concerning for intracranial hypo-
tension (Figure 1b). Lumbar spine MRI showed crowding of
the nerve roots with a circumferential subdural fluid collec-
tion (Figure 1c). The patient’s neurological exam was unre-
markable and since her headaches had resolved, no surgery
or further diagnostic workup such as a myelogram or lumbar
puncture was planned. Two months later, repeat imaging re-

vealed the subdural hygromas had resolved, the cerebellar
tonsils had ascended 5 mm (now 4 mm below the foramen
magnum), and cervicomedullary kink had improved (Figure
1d and Figure 1e). In the lumbar spine, the nerve roots were
much less clumped together (Figure 1f). At follow-up three
months later, the patient’s symptoms remained resolved.

Case 2

Two-year-old female with no significant past medical his-
tory presented to an emergency department with five days of
headache and vomiting while vacationing out-of-state. There,
she had a CT brain that was read as normal, but again after
later review by neurosurgery, showed bilateral cerebellar hy-
gromas (Figure 2a). A lumbar puncture was performed after
CT at initial presentation due to the outside hospital’s con-
cern for meningitis which was ruled out. Opening pressure
and amount drained was not recorded at the outside facility,
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Figure 2: a) Initial CT brain without contrast reported as negative at outside facility that reveals bilateral cerebellar hygromas; b) T2-
weighted axial MRI eight days after CT showing larger temporal horns compared to initial CT; c) FLAIR MRI showing transependymal
edema.

but drainage likely worsened the condition as the pressure
was lowered further. The patient was given antibiotics for
a urinary tract infection and sent home. When she did not
improve, she presented to our pediatric emergency depart-
ment. At this time, she had suffered from ten days of head-
ache, vomiting, and fatigue. Her headache was worse when
lying down. MRI brain was concerning for hydrocephalus
with transependymaledema, bilateral cerebellar hygromas,
mild cerebellar tonsillar ectopia, increased prominence of the
prepontine and premedullary cisterns, and mild cervical cord
kinking (Figure 2b, Figure 2c, Figure 3a, Figure 3b and Figure
3c). This constellation of findings was concerning for fourth
ventricular outflow obstruction. The patient did not have any
neurological deficits. MRI of the spine revealed centralization
of the lumbar nerve roots concerning for subdural fluid col-
lections in the lumbar spine (Figure 3d). Patient was observed
for two days with no treatment except for IV hydration and
her headaches and vomiting resolved. Six months later, MRI
showed resolution of hydrocephalus, cerebellar subdural hy-
gromas, and great improvement in clumping of the lumbar
nerves (Figure 3e, Figure 3f and Figure 3h). In addition, her
cervical kinking and prominence of midline cisterns improved
and her cerebellar tonsillar ectopia resolved (Figure 3g). At
last follow-up six months after her initial presentation, the pa-
tient was doing well with continued resolution of symptoms.

Discussion

The typical presentation of SIH is orthostatic headaches
that may worsen with Valsalva maneuvers [5]. Other symp-
toms include vomiting, blurred vision, tinnitus, vertigo, or bal-
ance difficulties. While direct measurement of cerebrospinal
fluid (CSF) pressure is the main diagnostic study, there are
five main imaging characteristics on MRI that may point to
SIH: Subdural fluid collections (particularly in posterior fos-
sa), sagging or downward displacement of brain, meningeal
enhancement, venous engorgement, pituitary hyperemia [5].

SIH in the pediatric population is uncommon and SIH in the
first decade of life is limited to very few case reports [2]. A
retrospective review showed 24 pediatric cases of SIH over
an eleven-year period (out of a total of 450 patients), none of
which showed evidence of Chiari malformation or hydroceph-
alus as in our patients [2]. Only two of the 24 patients were
under the age of ten and both suffered from a connective tis-
sue disorder. All but one of the 24 cases required epidural
blood patch, fibrin glue patches, or operative repair for reso-
lution of their symptoms. Both of our cases were in the first
decade of life and resolved spontaneously, one prior to their
neurosurgical consultation. Based on this, SIH in children may
be more common than is recognized as they may improve pri-
or to evaluation.

Multiple reports of Chiari malformation in the setting of
SIH have been reported in adults [6,7]. The only other pedi-
atric cases in the literature were in adolescents (ages 12-15)
and all three required epidural blood patches before symp-
toms resolved, in contrast to both of our cases which resolved
spontaneously [1,8,9]. One of the three suffered from Marfan
syndrome, but the other two did not have a connective tis-
sue disease. The exact reason why SIH may cause an acquired
Chiari malformation is not fully elucidated. One center noted
Chiari malformations in seven of thirty-five SIH adult patients
over a ten-year period [6]. The only unique aspect to these
patients was the patients with Chiari suffered from SIH for
a much longer period of time (months to years) compared
to those without Chiari. This study noted that these patients
showed more overall brain sagging with loss of CSF cisterns,
brainstem distortion, and occasional subdural hygromas com-
pared to the “typical” Chiari appearance on MRI. One theory
is the loss of CSF in the spinal subarachnoid space causes a
pressure difference or a sump effect and the cerebellar ton-
sils are pulled down. In contrast to the other reported cases,
our patient had symptoms for only two weeks before her MRI
showing a Chiari malformation was obtained. The previous-
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Figure 3: a) T2-weighted axial MRI imaging showing ventriculomegaly in a two-year-old female; b) T2-weighted axial MRI shows
bilateral cerebellar hygromas concerning for intracranial hypotension; c) T1-weighted sagittal MRI showing cervical kinking, enlarged
prepontine and premedullary cisterns, and cerebellar tonsillar ectopia; d) T2-weighted MRI showing clumping of cauda equina nerve
roots; e) Same patient six months later with no intervention shows resolution of ventriculomegaly; f) Resolution of hygromas six
months later; g) Resolution of cerebellar tonsillar ectopia, improvement of cerebellar kinking, and decrease in size of prepontine and
premedullary cisterns; h) Improvement in nerve root clumping six months later.
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ly reported pediatric cases had symptoms for at least three
months (range 3-18 months) which is similar to all the adult
cases reported by Atkinson, et al. [1,6,8,9]. Our case illus-
trates Chiari malformation can be seen earlier in the course
of SIH than previously described. We do not know why our
patient developed SIH, but in most cases, the cause is never
uncovered and the mechanism is still not understood [5]. Our
hypothesis is our patient had an asymptomatic subarachnoid
bleb or weakness in the spinal meninges that ruptured while
riding the rollercoaster, triggering the intracranial hypoten-
sion. This is the youngest reported case of SIH presenting as
Chiari malformation and the first reported case of any age to
resolve spontaneously. Summarizes the known pediatric cas-
es of Chiari 1 malformation or hydrocephalus secondary to
SIH.

The second case presents the only known case of pedi-
atric SIH presenting with clinical and imaging characteristics
of hydrocephalus. There are case reports of children with
shunted hydrocephalus presenting with low-pressure ven-
triculomegaly after lumbar puncture, but our patient was not
shunted [10]. We speculate that there was a spontaneous CSF
leak in the spine that caused cerebral sagging that may have
caused ventricular outflow obstruction causing the ventricu-
lomegaly and transependymal edema; however, an obvious
obstruction was not appreciated on imaging. There was mild
cervical cord kinking along with increased prominence of the
prepontine and premedullary cisterns which was concerning
for fourth ventricular outflow obstruction. Another hypothe-
sis is the loss of spinal subarachnoid CSF created a pressure
differential where the pressure in the subarachnoid space
was much lower than the pressure in the ventricles causing
the ventricles to expand. This case also resolved without in-
tervention aside from bedrest and hydration.

Conservative treatments such as bedrest and hydration
are typically employed as first line treatment for SIH. While
no prospective comparison of treatments has been done,
retrospective reviews indicate conservative measures fail
in the majority of cases [3,4,11]. One study of 53 adult pa-
tients reported that 81% failed conservative treatment and
required epidural blood patching [4]. In addition, those pa-
tients who received epidural blood patches reported great-
er improvement in their headaches compared to those with
supportive measures alone. In another study, only 8% of 178
adult patients experienced complete resolution of symptoms
with conservative treatment [11]. In the pediatric population,
Schievink, et al. reviewed all cases of SIH at a single institution
in patients 19-years of age or younger over an eleven-year
period [2]. Out of twenty-four cases, only one patient did not
require any surgical intervention for a CSF leak. This four-
teen-year-old male experienced symptom resolution with
conservative measures only, but headache recurred seven
months later due to a subdural hematoma next to a middle
fossa arachnoid cyst that had been incidentally discovered
earlier. Not only did both of our cases resolve with conser-
vative care, both experienced complete symptom resolution
with great outcomes. Since we do not know why our patients
developed SIH initially, it is difficult to know why they spon-
taneously resolved. If it was due to a spontaneous rupture

of the arachnoid, we would surmise this small defect spon-
taneously sealed itself resulting in a restoration of normal in-
tracranial pressure and resolution of symptoms. It is possible
that SIH may occur more often in the pediatric population
than is recognized as they may resolve spontaneously after a
short course of symptoms before any workup or imaging may
be initiated.

In both of our cases, subdural hygromas, one of the main
SIH characteristics on MRI, were a critical finding to lead to
the correct diagnosis and avoiding unnecessary surgery. In
our cases, the hygromas resolved when the other imaging
findings resolved as well. Another imaging finding in our cas-
es was lumbar nerve root clumping. This has been reported
in spontaneous and traumatic intracranial hypotension and is
hypothesized to be from collapse of the spinal subarachnoid
space, resulting in subdural CSF collections [12]. The term
“pseudoarachnoiditis” has been connected to the appear-
ance of the spinal nerve roots in SIH as they can show en-
hancement along with clumping, but the enhancement is not
always present as in our cases. Both of our cases exhibited
this phenomenon which showed improvement, but not res-
olution, on short-term follow-up which suggests brain find-
ings improve prior to spinal manifestations of SIH. The find-
ing of lumbar pseudoarachnoiditis shows how important it is
to obtain MRI of the lumbar spine in newly diagnosed Chiari
patients or those with unusual or complex presentations in
order to assess for signs of other pathologies such as SIH or
tethered spinal cord.

Conclusions

We present two cases of pediatric SIH that presented with
associated neurosurgical entities: Chiari malformation and
hydrocephalus. One is the youngest known case of SIH asso-
ciated Chiari malformation and the second is the only known
case of SIH associated hydrocephalus, both of which resolved
spontaneously. SIH can appear as other neurosurgical entities
which may cause delayed treatment or unnecessary surger-
ies if not properly identified. Cerebellar subdural hygromas
and clumping of the lumbar nerve roots are crucial findings
that point to SIH as the true diagnosis. “Pseudoarachnoiditis”
is an unusual finding that in the setting of possible CSF dis-
orders that almost definitively points to SIH. Acquired Chiari
malformation may develop early in the course of SIH and hy-
drocephalus can occur in SIH.
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