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Abstract and Introduction
Abstract

Spontaneous intracranial hypotension has become a well-recognized clinical entity, but it remains an uncommonly,
and probably underdiagnosed, cause of headache; its estimated prevalence is only one in 50,000 individuals. The
clinical spectrum of spontaneous intracranial hypotension is quite variable and includes headache, neck stiffness,
cranial nerve dysfunction, radicular arm pain, and symptoms of diencephalic or hindbrain herniation. Leakage of the
spinal cerebrospinal fluid (CSF) is the most common cause of spontaneous intracranial hypotension. A combination
of an underlying weakness of the spinal meninges and a more or less trivial traumatic event is often found to cause
this event in these patients. Typical magnetic resonance imaging findings include diffuse pachymeningeal
enhancement, subdural fluid collections, and downward displacement of the brain, sometimes mimicking a Chiari I
malformation. Opening pressure is often, but not always, low, and examination of CSF may reveal pleocytosis, an
elevated protein count, and xanthochromia. The use of myelography computerized tomography scanning is the
most reliable method for the accurate localization of the CSF leak. Most CSF leaks are found at the cervicothoracic
junction or in the thoracic spine. The initial treatment of choice is a lumbar epidural blood patch, regardless of the
location of the CSF leak. If the epidural blood patch fails, the blood patch procedure can be repeated at the lumbar
level, or a blood patch can be directed at the exact site of the leak. Surgical repair of the CSF leak is safe and
generally successful, although a distinct structural cause of the leak often is not found.
Introduction

When a person is in the upright position, intracranial pressure is negative.[9] Intracranial hypotension is defined as an
abnormally low intracranial pressure, and it is characterized by headaches that worsen when standing and improve
when lying down. The occurrence of such posture-related headaches is well known to all physicians in individuals
who have undergone lumbar puncture as well as to neurosurgeons, in particular, who observe these headaches in
patients following craniospinal traumatic injury or CSF shunt placement. Although a spontaneous form of
intracranial hypotension was described more than 60 years ago,[67] it has only been recently that this condition has
become a well-recognized clinical entity. Spontaneous intracranial hypotension is also known as essential
aliquorrhea, spontaneous hypoliquorrhea, and Schaltenbrand syndrome. Georg Schaltenbrand 67 was the German
physician who first described patients with spontaneously occurring low CSF pressures, but his role in the Third
Reich[77] should preclude the eponym from being used.
In this review I discuss recent developments in our understanding of the causes and pathogenesis of spontaneous
intracranial hypotension, its clinical spectrum, methods of diagnosis, and approaches to treatment.

Epidemiological Characteristics
Spontaneous intracranial hypotension is an increasingly diagnosed cause of headaches, and more than half of
documented cases have been reported during the last decade.[4,8,15,21,29,30,36,38,40,49,54,62,63,68,70,81,84] In the past, spontaneous
intracranial hypotension was probably underdiagnosed, and it is not likely that there has been an actual increase in
its incidence, although that possibility cannot be excluded. Comprehensive epidemiological studies have not been
reported, but the prevalence of spontaneous intracranial hypotension in Olmsted County, MN, in 1995 was
estimated at approximately one in 50,000 individuals.[71] Spontaneous intracranial hypotension affects women more
frequently than men, and the onset of symptoms typically occurs in the fourth or fifth decade of
life.[4,8,16,22,30,37,39,41,50,55,63,64,69,71,72,82,85]

Causes and Pathogenesis
Spontaneous spinal CSF leaks are the most common cause of spontaneous intracranial hypotension. [70] Because
these CSF leaks generally do not cause any other symptoms, they often remain undetected. Other causes of
symptomatic spontaneous intracranial hypotension, such as spontaneous CSF rhinorrhea or otorrhea, diabetic
coma, or uremia, are less common, and their diagnosis is usually straight forward because of the obvious
associated symptomatology.
The exact cause of spontaneous spinal CSF leaks largely remains unknown, but an underlying weakness of the
spinal meninges is generally suspected,[69-73] and a more or less trivial traumatic event often precedes the onset of
symptoms (Table 1).[4,23,49,52,69] The structural dural weakness predisposes to the formation of fragile meningeal
diverticula or simple dural rents that allow CSF to leak into the extradural space. There is good evidence to suggest
that a generalized connective tissue disorder may play an important role in the development of spontaneous spinal
CSF leaks and intracranial hypotension, as first reported in 1994.[72] In approximately one fifth of patients with
spontaneous CSF leaks and intracranial hypotension, subtle skeletal abnormalities are commonly observed such as
those seen in Marfan syndrome -- tall stature, joint hypermobility, and arachnodactyly -- but no other stigmata of the
syndrome are found in these patients (Fig. 1).[70,72,73] In some of these patients an abnormality of fibrillin metabolism
is expressed.[75] Another associated finding, suggesting the presence of a generalized connective tissue disorder, is
the occurrence of spontaneous retinal detachment at an early age in patients with spontaneous CSF leaks. [70]
Moreover, meningeal diverticula and spontaneous intracranial hypotension have been described in several wellcharacterized, generalized connective tissue disorders such as autosomal dominant polycystic kidney disease, [75]
Marfan syndrome,[13,18,22] neurofibromatosis type 1,[17,42] and Lehman syndrome.[37,58]

Figure 1. Photograph showing a representative case of a generalized connective tissue disorder in spontaneous
intracranial hypotension. Arachnodactyly and joint hypermobility were present in this 30-year-old woman with a
spontaneous CSF leak at the thoracolumbar junction.
In rare circumstances spontaneous spinal CSF leaks are caused by an extradural pathological entity, such as a
bone spur that pierces the dura.[16,83]
In the past, some authors have speculated that spontaneous intracranial hypotension results from decreased CSF
secretion or generalized CSF hyperabsorption.[34,35,40,67,68] However, there are no data to support how these alternate
mechanisms lead to a decrease in CSF pressure. Much remains to be learned about the pathophysiology of
spontaneous intracranial hypotension, and a decrease in CSF volume, rather than in CSF pressure, may be the
final common pathway.

The clinical hallmark of intracranial hypotension is the presence of an orthostatic headache that, according to the
criteria of the International Headache Society,[27] should "occur or worsen less than 15 minutes after assuming the
upright position, and disappear or improve less than 30 minutes after resuming the recumbent position." The onset
of the individual's headache generally is gradual or subacute and often is first noted upon arising in the morning.
However, in some patients the onset is acute ("thunderclap" headache), and such patients often will have
undergone cranial CT scanning and cerebral angiography to rule out an aneurysmal subarachnoid hemorrhage.
The severity of the headache varies widely, and many mild cases undoubtedly are never diagnosed. On the other
hand, the headaches may become quite incapacitating, preventing the patient from engaging in any useful activity
while in the upright position. Such patients will characteristically present in a recumbent position to their physicians'
offices. The headache may be generalized or it may be localized to the frontal or (sub)occipital regions. The
headache most likely is a direct result of the decrease in CSF volume and the downward displacement of the brain,
which causes traction on pain-sensitive structures, particularly the intracranial dura that is supplied by the
trigeminal, glossopharyngeal, and vagal nerves, as well as the upper cervical nerve roots.[19,33]
Although all patients in all major series have presented with orthostatic headaches it is well known that this posturerelated component often becomes less prominent or even disappears over time when the intracranial hypotension is
left untreated and becomes chronic.[49,70] Rarely, patients with spontaneous intracranial hypotension have been
described in whom there is no posture-related component to their headaches from the onset.[2,74]
A wide variety of symptoms may be associated with spontaneous intracranial hypotension. Nausea, vomiting,
phonophobia, photophobia, and neck pain or stiffness are common symptoms and suggest meningeal irritation.
Many of the other associated symptoms are believed to be directly related to the downward displacement of the
brain, which is caused by the loss of CSF buoyancy. Horizontal diplopia, changes in hearing, and vertigo are
present in at least one fourth of patients with spontaneous intracranial hypotension [2,4,6,8,20,29,49,63,70,84] and may be
caused by stretching of the abducens, cochlear, and vestibular nerves, respectively. A similar mechanism could
also explain rarely seen manifestations of intracranial hypotension such as facial numbness or pain (trigeminal
nerve), facial weakness or spasm (facial nerve), and dysgeusia (chord of tympanum or glossopharyngeal
nerve).[49,70] Transient visual obscurations or visual field defects also have been reported [29] and may be attributed to
the stretching of the optic apparatus over the pituitary fossa. Distortion of the pituitary stalk has been implicated as a
cause of hyperprolactinemia and galactorrhea associated with spontaneous intracranial hypotension. [85] Stretching
of cervical nerve roots could even be implicated as a cause of the radicular arm pain occasionally found in patients
with spontaneous intracranial hypotension. An alternative hypothesis to explain the disturbances of hearing or
balance is that the abnormal change in CSF pressure is directly transmitted to that in the cochlea or labyrinth.
Rarely, severe sagging of the brain may result in symptomatic diencephalic or hindbrain herniation. [3,59,70] Other
unusual manifestations may include parkinsonism and cerebellar ataxia.[55] Local back pain may be present at the
level of the spinal CSF leak,[70] and structural abnormalities of the nerve root sleeves may cause radicular
symptoms. Thus, although uncommon, certain symptoms may aid in localizing the level of the CSF leak.
Pachymeningeal Enhancement. Magnetic resonance imaging has revolutionized our understanding of intracranial
hypotension and undoubtedly is one of the most important factors responsible for the ever-increasing number of
patients in whom spontaneous intracranial hypotension can be diagnosed. Enhancement of the pachymeninges
(that is, dura mater) following administration of gadolinium is the most characteristic neuroimaging feature of
intracranial hypotension (Figs. 2 and 3).[2,8,21,25,28,29,45,49,56, 63,64,70,84] This association was first reported in 1991 by Mokri
and colleagues.[47] The pachymeningeal enhancement is diffuse, thin, involves both supra- and infratentorial
compartments, and may extend into the spinal canal.[44] There has been debate as to the cause of the
pachymeningeal enhancement observed on MR imaging. However, careful examination of meningeal biopsy
samples consistently demonstrate a thin layer of fibroblasts in the so-called subdural zone as well as small thinwalled dilated blood vessels without evidence of inflammation.[48] Meningeal fibrosis is seen only in patients with
long-standing symptoms.[48] These findings strongly suggest that dural venous dilation is the most likely explanation
of the pachymeningeal enhancement in intracranial hypotension. Similarly, reactive hyperemia of the pituitary gland
in patients with spontaneous intracranial hypotension may mimic a pituitary tumor.[1,45,78]

Figure 2. Axial gadolinium-enhanced T1-weighted MR image demonstrating diffuse pachymeningeal enhancement
(arrows) in a 54-year-old woman with a spontaneous CSF leak at the cervicothoracic junction. Note the absence of
any leptomeningeal involvement.

Figure 3. Left: Coronal gadolinium-enhanced T1-weighted MR image revealing diffuse pachymeningeal
enhancement (curved arrows) and bowing of the optic chiasm over the pituitary fossa (straight arrow) preoperatively
(left). Right: Coronal image demonstrating resolution of the pachymeningeal enhancement and restoration of the
crowding of the optic chiasm after surgical ligation of a leaking meningeal diverticulum of the left L-2 nerve root in a
41-year-old man.
The presence of pachymeningeal enhancement on MR imaging has been considered to be the sine qua non of
intracranial hypotension, and this neuroimaging finding has been believed to be so characteristic that the term
"syndrome of orthostatic headache and diffuse pachymeningeal gadolinium enhancement" has been proposed. [49]
However, a small minority of patients never develop any meningeal enhancement as seen on MR imaging despite
the presence of symptomatic intracranial hypotension.[46,53,76]
Brain Sagging and Pseudo-Chiari Malformation. Downward displacement of the brain, or brain sagging, is a very
specific finding in cases of intracranial hypotension. It was first described in 1975 in a patient with spontaneous
intracranial hypotension revealed on a pneumoencephalogram.[7] Brain sagging can be identified by several
features: effacement of the suprasellar cistern, bowing of the optic chiasm over the pituitary fossa, flattening of the
pons against the clivus and obliteration of the prepontine cistern, and hindbrain herniation in which downward
displacement of the cerebellar tonsils occurs. (Figs. 3-5).[21,25,29,32,45,56,63,70] Most of these changes are best visualized

on the midline sagittal MR images. The displacement of the cerebellar tonsils into the spinal canal may be mistaken
for a Chiari I malformation, and some patients with spontaneous intracranial hypotension have undergone
decompressive posterior fossa surgery.[70]

Figure 4. Sagittal T1-weighted MR images representative of brain sagging and pseudo-Chiari malformation. Left: A
T1-weighted image revealing inferior displacement of the optic chiasm (arrowhead) and severe flattening of the pons
(straight arrow) in a 68-year-old man in whom a spontaneous CSF leak was demonstrated at the lumbosacral
junction. Center: Image demonstrating inferior displacement of the optic chiasm (arrowhead), mild flattening of the
pons (straight arrow), and cerebellar tonsillar herniation mimicking a Chiari I malformation (curved arrow) in a 40year-old woman with a spontaneous CSF leak at the C-7 level. Right: For comparison, a sagittal T1-weighted image
obtained in a healthy 38-year-old woman.

Figure 5. Coronal T1-weighted MR image revealing a subacute left-sided subdural hematoma (straight arrow) and
cerebellar tonsillar herniation (curved arrow) in a 42-year-old woman with a spontaneous CSF leak at the C-5 level.
Subdural Fluid Collections. Subdural hematomas and hygromas are commonly found in patients with
spontaneous intracranial hypotension (Fig. 5).[2,8,9,21,22,25,29,36,49,51,56,62,63,65,66,70] Most of these subdural fluid collections are
bilateral, thin, and do not cause any appreciable mass effect. Occasionally, larger symptomatic subdural
hematomas require surgical evacuation, and if the spinal CSF leak is left untreated, the recurrence rate of the
subdural hematoma may be increased.[51,65,66] It has been postulated that the subdural hematomas are caused by
tearing of bridging veins resulting from the downward displacement of the brain. Alternatively, subdural hematomas
may be caused by the rupture of the dilated thin-walled vessels in the subdural zone. The subdural hygromas may
represent a compensatory increase of the subdural CSF spaces due to the downward displacement of the brain.

After successful treatment of the underlying CSF leak, improvement or resolution of the MR-documented
abnormalities can be expected within several days or weeks (Fig. 3). Clinical improvement generally precedes that
demonstrated on neuroimaging. In some patients, particularly those who have not received specific treatment for
their CSF leak, considerable clinical improvement is shown over time whereas their MR-documented abnormalities
persist.[8,79] In most patients, the pachymeningeal enhancement is the first abnormality that resolves, whereas the
brain sagging may linger for a considerably longer time or show only partial improvement.[56,71]
In current practice when the clinical history, physical examination, and imaging studies all are typical of
spontaneous intracranial hypotension, additional evaluation may not always be necessary, and the diagnosis can
be made with confidence. Prior to the recognition of the characteristic cranial MR imaging findings, a lumbar
puncture was the study of choice with which to confirm a diagnosis of intracranial hypotension. With the patient in
the lateral recumbent position, normal opening pressure ranges from 65 to 195 mm H2O (5-15 mm Hg) at the level
of the lumbar spine.[39] In patients with intracranial hypotension an opening pressure of less than 60 mm H2O is
characteristically demonstrated.[62] Not infrequently, a "dry tap" is initially encountered, and CSF can only be
obtained with a Valsalva maneuver, placing the patient in an upright position, or with aspiration by using a syringe.
A sucking noise has also been described as the stylet is withdrawn and air enters the subarachnoid space,
indicating subatmospheric pressure.[4,38,67] It is now well recognized that in some patients with spontaneous spinal
CSF leaks and intracranial hypotension who undergo serial lumbar puncture studies, variable readings of CSF
pressure are demonstrated over time, including pressures well within the range of normal.[49,70] This may indicate that
the CSF leak is intermittent. Normal opening pressures are rarely consistently found in patients with welldocumented spontaneous intracranial hypotension.[49] Possibly these opening pressures are subnormal for these
patients and their normal CSF pressure is at a higher range. Alternatively, normal, fully compensated CSF
pressures may be found in these patients despite reduced CSF volumes.
Examination of a CSF sample often demonstrates abnormal findings.[49,62] An elevated protein content (45 mg/dl) is
the most common abnormality and is present in more than three fourths of patients with intracranial hypotension.
The increase usually is mild but may reach 1000 mg/dl. Pleocytosis (five white cells/mm 3) is found in approximately
half of patients. The pleocytosis is primarily lymphocytic and may exceed 200 white cells per mm. [77] Xanthochromia
also has been reported. All these CSF abnormalities may be explained by a combination of increased permeability
of the dilated meningeal blood vessels and a decrease of CSF flow in the lumbar subarachnoid space.
The fear of cerebral herniation or aggravating symptoms by performing a lumbar puncture is entirely theoretical and
has never been documented in patients with spontaneous intracranial hypotension. Not only is the dural hole
caused by a lumbar puncture relatively small but the CSF pressure is already low.
Myelography with water-soluble contrast followed by CT scanning is the study of choice to confirm a diagnosis of
spontaneous spinal CSF leak and accurately define its location (Figs. 6 and 7).[70,71] Ideally, myelography should be
performed in conjunction with the initial lumbar puncture. The use of CT myelography will demonstrate the presence
of extrathecal contrast or of structural abnormalities responsible for the CSF leak, such as meningeal diverticula.
The CSF leak may appear to be diffuse and the exact site difficult to define, or the leak may be very focal along a
single nerve root. The majority of spinal CSF leaks are found at the cervicothoracic junction or in the thoracic spine.
Occasionally, multiple simultaneous CSF leaks are demonstrated on myelography at different spinal levels.

Figure 6. Lateral thoracolumbar (left) and lumbar (right) myelogram demonstrating a meningeal diverticulum of the
left L-2 nerve root (curved arrows) in a 41-year-old man with spontaneous hypotension.

Figure 7. Postmyelography CT scans demonstrating a focal CSF leak along the right T-12 nerve root in a 24-yearold man (left); a meningeal diverticulum of the left L-2 nerve root (asterisk) in a 49-year-old woman (center); and
bilateral complex meningeal diverticula at the T6-7 level (asterisk) in a 35-year-old woman (right).
Myelography should be performed with thin-slice CT cuts at each spinal level from the foramen magnum to the
sacrum, unless a previous imaging study has indicated the approximate level of the leak. If the initial CT myelogram
fails to demonstrate a leak, it may be of benefit to have the patient ambulate for some time and then to obtain a
delayed CT scan to identify a slow or intermittent spinal CSF leak. Infusion of artificial CSF following the installation
of contrast also may improve the detection rate of spinal CSF leaks by increasing intrathecal pressure.
Radionuclide cisternography with 111 Indium-diethylenetriamine pentaacetic acid has been used extensively in the
evaluation of patients with spontaneous intracranial hypotension (Fig. 8).[13,40,50,62,63,70,71,79] In most cases, this study will
show early accumulation of tracer in the kidneys and bladder, slow ascent along the spinal axis, and less activity
than expected over the cerebral convexities. These findings suggest unusually rapid uptake of tracer into the
bloodstream through the extensive epidural venous plexus. However, this diagnostic modality identifies the location
of the CSF leak in only about two thirds of patients in whom CT myelography has defined spinal CSF leaks. [70] It is
likely that in such cases the CSF leak is below the level of resolution of the radionuclide study. Nevertheless,

radionuclide cisternography may be useful to confirm a diagnosis of intracranial hypotension when CT myelography
demonstrates normal findings or to aid in the localization of the CSF leak when CT myelography suggests multiple
simultaneous spinal CSF leaks.

Figure 8. Radionuclide cisternograms with 111 Indium-diethylene-traimine pentaacetic acid demonstrating
spontaneous CSF leaks at the cervicothoracic junction (curved arrows) in a 51-year-old woman (left) and at the left
lumbosacral junction (curved arrow) in a 68-year-old man (right).
Spinal MR imaging has played a relatively limited role in the evaluation of patients with spontaneous intracranial
hypotension.[43,49,60,62,70] Although extrathecal CSF collections and meningeal diverticula are routinely visualized on
MR imaging in patients with spontaneous intracranial hypotension (Fig. 9), often MR imaging is not sensitive
enough to detect the exact location of the spinal CSF leak. Magnetic resonance myelography is a novel
technique[31,61] that may prove to be valuable in the localization of spinal CSF leaks.[41] Dilated epidural veins are
commonly visualized using MR myelography in patients with spinal CSF leaks, and these veins may mimic an
arteriovenous malformation or jugular vein thrombosis.[11,43]

Figure 9. Axial T2-weighted MR image revealing bilateral complex meningeal diverticula of the S-1 nerve roots
(curved arrows) in a 55-year-old woman with Marfan syndrome.
Transorbital color Doppler flow imaging of the superior ophthalmic veins is a recently described method to diagnose
intracranial hypotension.[10] Using this imaging technique, Chen and colleagues[10] have observed high blood flow
velocities in greatly engorged superior ophthalmic veins in all their patients with spontaneous intracranial
hypotension. Flow velocities returned to normal after successful treatment of the intracranial hypotension.

Fortunately, most cases of spontaneous intracranial hypotension resolve spontaneously or respond well to bed rest
and a generous intake of oral fluids. However, the duration of symptoms among patients who seek medical care
has ranged from weeks to many years. Medical management of spontaneous intracranial hypotension, which has
included the administration of caffeine, glucocorticoid medication, mineralocorticoid agents, and
theophylline,[30,32,62,70,81] usually are of limited benefit.
The injection of autologous blood into the lumbar epidural space, the so-called epidural blood patch, is the initial
treatment of choice.[5,15,49,70,84] Nosik[52] and Gormley[26] were the first to report the use of an epidural blood patch for the
treatment of intracranial hypotension. They injected only 1 to 3 ml of blood and achieved excellent results. Since
then, however, it has been shown that the success rate of the epidural blood patch procedure increases with the
volume of blood used, from approximately 80% after injection of 10 to 15 ml of blood to greater than 95% after
injection of 20 ml of blood.[12,26] Relief of symptoms often is almost instantaneous, and this is likely related to the
acute compression of the thecal sac resulting in an increase of CSF pressure. In addition to this acute effect, an
epidural blood patch can provide long-term relief by forming a dural tamponade that permanently seals the CSF
leak. Nevertheless, in patients with spontaneous intracranial hypotension the benefit of performing the initial
epidural blood patch procedure often is only temporary. The epidural blood patch procedure can then be repeated,
several times if necessary, and a larger volume of blood, up to 30 ml, may be considered for injection. [15] An
important limitation of a large-volume blood patch is the development of back and leg pain. Epidural blood patches
have been shown to spread within the epidural space over many spinal levels,[80,82] and the initial epidural blood
patch generally is placed in the lumbar spine regardless of the level of the CSF leak. Therefore, it may not be
unreasonable to proceed with this treatment without undertaking any spinal neuroimaging studies to localize the
level of the leak. However, if lumbar epidural blood patches fail to provide relief, the next step often is the placement
of an epidural blood patch directed at the exact site of the CSF leak, which usually is at least several vertebral
levels higher than the lumbar spine.[70,71] Thoracic or cervical epidural blood patches are associated with a higher
risk,[14] and institutional experience with such directed epidural blood patches may be limited. It has been our
experience that the directed epidural blood patch is more successful than the lumbar epidural blood patch,
particularly in providing long-term relief.
When the epidural blood patch procedure is ineffective, epidural or intrathecal saline infusion may be
considered,[13,15,24,49,62,70] but such infusions should not be expected to seal the CSF leak. Percutaneous CT-guided
placement of fibrin glue into the epidural space may also be an option. This technique has been used successfully
in patients who developed postoperative spinal CSF leaks.[57]
Surgical repair of spinal CSF leaks is a safe and generally effective treatment of spontaneous intracranial
hypotension in selected patients.[34,59,70-72,83] Surgery is reserved for patients with persistent symptoms in whom there
is evidence of a structural abnormality or focal CSF leak identified on their neuroimaging studies. Different types of
leaking spinal meningeal diverticula have been found at surgery, and most of these can be ligated safely.[70-72]
However, in the majority of surgically treated patients a structural abnormality is not demonstrated on their
preoperative neuroimaging studies; a focal CSF leak, however, is often observed, and when such a leak is carefully
explored, a clear structural cause of the leak is found only rarely.[71] In these cases, a small dural tear or "blow out"
of a small meningeal diverticulum is suspected. Nevertheless, the results of packing of the epidural space and
nerve root with fibrin glue at the level of the focal CSF leak have been satisfactory.[71] I recommend using muscle
and gel-foam, and usually apply fibrin glue as well, in such surgically treated cases.
We have observed transient intracranial hypertension associated with papilledema and retinal hemorrhage following
successful surgical treatment of a chronic spontaneous spinal CSF leak.[70,71] In this case, papilledema resolved
spontaneously over a 1-month period. This is an uncommon complication, probably related to the sudden
interruption of the abnormal CSF resorption pathway that had been present for many years.
Abbreviations used in this paper: CSF = cerebrospinal fluid; CT = computerized tomography; MR = magnetic
resonance.
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