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Abstract Spontaneous Intracranial Hypotension typically
occurs from spontaneous CSF leak. CSF volume depletion
rather than decrease in CSF pressure is thought to be the
main causative feature for intracranial hypotension. More
and more cases of intracranial hypotension are getting
diagnosed with the advances in the imaging. The advances
in the imaging have also led to the better understanding of
the dynamic changes that occur with intracranial
hypotension. The old theories of CSF overproduction or
CSF underproduction have not been substantially associ-
ated with intracranial hypotension. It has also led to the
fore different atypical clinical features and presentations.
Although, it has been known for a long time, the diagnosis
is still challenging and dilemma persists over one diag-
nostic modality over other and the subsequent manage-
ment. Spontaneous CSF leaks occur at the spinal level and
the skull base and other locations are rare. The anatomy of
spontaneous intracranial hypotension is a very complex
process with significant overlap in connective tissue dis-
orders, previous dural weakness or meningeal diverticula.
To localize the location of the CSF leak—CT myelography
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is the modality of choice. CSF cysternography may provide
additional confirmation in uncertain cases and also MRI
spine imaging may be of significant help in some cases.
Spontaneous intracranial hypotension continues to be a
diagnostic dilemma and our effort was to consolidate
available information on the clinical features, diagnostics,
and management for a practicing neurologist for a
“15-20 min quick update of the topic”.
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Introduction

“Doctor, my head hurts when I am standing. The pain gets
better after I sit down or lay down flat!” This patient in the
emergency room (ER) was a young female in her mid-
thirties, who came that morning concerned that she might
have had a “brain tumor”! ER physician saw the patient
and promptly communicated her grief to me “I do not
know, but doesn’t sound like a tumor” he exclaimed!
Indeed, we are talking about a headache subtype related to
low cerebral spinal fluid (CSF) pressure, that was first
described in 1938 [32].

Intracranial hypotension is characterized by a low
pressure headache secondary to CSF leak. In 1959, Dr.
William Bell described 5 types of intracranial hypotension:
(1) Spontaneous or primary, (2) postoperative (cranial), (3)
head trauma, (4) post lumbar puncture or nerve sleeve tear,
(5) secondary to other medical conditions, such as dehy-
dration, or instances of decreased cerebral blood flow [3].
We will be focusing on the spontaneous intracranial
hypotension in this review chapter.

@ Springer


http://orcid.org/0000-0002-7280-7407
http://crossmark.crossref.org/dialog/?doi=10.1007/s13760-015-0577-y&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s13760-015-0577-y&amp;domain=pdf

120

Acta Neurol Belg (2016) 116:119-125

Epidemiology

According to the current literature, the incidence of
spontaneous intracranial hypotension is estimated to be
around 2-5 per 100,000 in western countries [1-4, 6, 44].
It is one of the greatest masqueraders, and the current
belief is that it is vastly underdiagnosed. Females are
affected more than males in 2:1 ratio [1-6]. This condi-
tion gains more importance as the affected population is
young with average age at presentation being 38 years [4—
6], leading to considerable morbidity with headaches
accounting more than 1.3 % YLD (years lost due to
disability) [3].

Pathophysiology

As the name suggests, intracranial hypotension is caused
by CSF leak resulting in low CSF pressure. The CSF leak
usually arises from the spine, but rarely from the skull base.
The headache is believed to be caused by a change in the
hydrodynamics of CSF in the intracranial space by
changing the volume, and hence the buoyancy effect on
brain provided by CSF. Persistent CSF leak leads to sink-
ing of the brain towards foramen magnum. If the leak
continues, subdural hygromas, cranial nerve palsies,
brainstem compression, and even coma may result [6, 17—
22]. In addition, persistent intracranial hypotension can be
complicated by cortical venous thrombosis secondary to
reduced venous flow. This may lead to increased vessel
shear and rupture, leading to subarachnoid hemorrhage.

Spontaneous intracranial hypotension is generally seen
in patients with underlying structural weakness of the
spinal dura. The triggers for the symptoms can be trivial or
minor; however, no clear precipitant was identified in most
cases. Schievink et al. studied a group of 80 consecutive
patients with spontaneous intracranial hypotension. Pre-
cipitating events were recorded in only 35 % of their
patients. Reported triggering events include straining,
choking, exercising, sport activities, picking up small or
large objects, positional changes, trivial falls, rollercoaster
rides, or chiropractic neck manipulation.

A subset of patients with spontaneous intracranial
hypotension has been shown to have stigmata of connec-
tive tissue disorders. These patients have been demon-
strated to have dural abnormalities that would predispose
them at risk for CSF leaks. Meningeal diverticula are
known to occur in Marfan’s syndrome and neurofibro-
matosis. In a study of 83 patients with Marfan’s syndrome,
92 % of the patients were found to have dural ectasia on
the MRI of the thoracic aorta and lumbosacral spine [34—
36]. Therefore, it is conceivable that a trivial insult to
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patients with underlying connective tissue disorder can
lead to spontaneous intracranial hypotension.

Clinical presentation

The hallmark of intracranial hypotension is postural or
orthostatic headache [1-4]. This headache occurs upon
assuming an upright posture and improves with recum-
bency. In an observational study by Schievink et al., 18/18
patients had orthostatic headache [17, 18]. The other
symptoms that are mentioned by the patients include neck
pain or stiffness (60 %), nausea and vomiting (50 %),
hearing abnormalities (40 %), and visual abnormalities
(28 %). [17-19]. Some of the patients have reported double
vision and symptoms suggestive of parkinsonism and
reversible coma [19-22], but these remain as reported case
reports. Due to the common presentation of headache with
neck stiffness, nausea and vomiting, clinicians often sus-
pect meningitis and sometimes rightly so! However, in an
appropriate clinical setting of orthostatic headache without
fever and other meningeal signs, intracranial hypotension
should be considered. It is important to recognize that in
one of the case series from Cedar-Sinai, 28/80 patients had
a preceding event within 15 min of symptoms onset, 13
had symptoms onset after 1 min of the precipitating factor,
and 15 patients presented after 24 h of precipitating factor.
The types of precipitating factors were most commonly (1)
blunt non-penetrating trauma (57 %), (2) Valsalva
maneuver (33 %), and (3) rapid positional change (10 %)
[43]. In addition, persistent intracranial hypotension can be
complicated by cortical venous thrombosis secondary to
reduced venous flow. This may lead to increased vessel
shear and rupture, leading to subarachnoid hemorrhage.
Cardiac anomalies like bicuspid anomaly have been
reported to be associated with intracranial hypotension
[47]. We would also like to mention that although ortho-
static hypotension is hallmark of intracranial hypotension,
it may also be seen with headache associated with pneu-
mocephalus [48].

Diagnosis

Clinical history alone is often highly suggestive of the
diagnosis. Imaging study and lumbar puncture are used to
confirm the diagnosis and localize the CSF leak. The pro-
posed diagnostic criteria of headache due to spontaneous
intracranial hypotension have undergone several revisions
since 2004 to recognize the variability in the clinical pre-
sentation and the imaging findings. The criteria from the
most recent publication (2011) are as follows [44]:
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1. Orthostatic headache;
The presence of at least one of the following:

a. Low opening pressure (<60 mm H,0),

b. Sustained improvement of symptoms after epidu-
ral blood patching,

c. Demonstration of an active spinal cerebrospinal
fluid leak,

d. Cranial magnetic resonance imaging changes of
intracranial hypotension (such as brain sagging or
pachymeningeal enhancement);

3. No recent history of dural puncture; and
4. Not attributable to another disorder.

Lumbar puncture

It is a simple bedside test. Opening pressure <60 mm H,O
(6 cm) is typically found in patients with intracranial
hypotension. It should be noted that a normal opening
pressure does not rule out a CSF leak. CSF analysis can be
normal. However, it is also not uncommon to see CSF
pleocytosis (up to 200 cells/mm?) and elevated protein (up
to 1000 mg/dl) reflecting an increased permeability of the
dilated meningeal blood vessels and reduced CSF circula-
tion [6, 8].

Imaging
Computed tomography (CT) imaging

The advantages of cranial CT imaging is the wide avail-
ability and in emergency setting evaluation. CT imaging
can readily identify subdural fluid collection, obliteration
of subarachnoid cistern and ventricular collapse [6].

Magnetic resonance imaging (MRI)

Improvement in the MRI over the years has made it pos-
sible to understand many aspects of intracranial hypoten-
sion. Cranial MRI can be diagnostic of intracranial
hypotension without resorting to invasive modalities,
including lumbar puncture. Recognizing the characteristic
imaging findings on cranial MRI have been responsible in
the ever increasing number of intracranial hypotension
being identified. It should be noted that about 20-30 %
patients with intracranial hypotension have normal cranial
MRI [25].

The mnemonic SEEPS can be helpful to remember the
main findings on cranial MRI [37]:

1. Subdural fluid collections (Figs. 1, 2).
2. Enhancement of pachymeninges (Fig. 3).
3. Engorgement of venous structures.

Fig. 2 MRI T2 weighted image—subdural hygroma

4. Pituitary hyperemia (Fig. 4).
5. Sagging of the brain (Fig. 5).

Subdural fluid collections are the most common findings
found on cranial MRI, accounting for as many as 50 % of
patients in the published studies [24-26]. These subdual
fluid collections are mostly bilateral, thin, on the cerebral
convexities without any mass effect. However, subdural
hematomas with varying degrees of mass effect are not
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Fig. 3 Pachymeningeal enhancement-T1 post contrast

Fig. 4 Pituitary hyperemia on -T1 weighted sagittal section of MRI

uncommon in intracranial hypotension. Pachymeningeal
enhancement is the most well-known imaging abnormality
that is found with intracranial hypotension. The enhance-
ment is non-nodular, diffuse, supra and infratentorial and
sparing the leptomeninges. The venous engorgement
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Fig. 5 Sagging of the brain with Pachymeningeal enhancement on
T-1 post contrast image

becomes evident when, dural venous sinuses or large
cerebral veins are involved. Of late, pituitary hyperemia is
a well described imaging modality described in patient
with intracranial hypotension and sometimes mimicking
tumor or hyperplasia [27]. Sagging of the brain is a specific
finding associated with this particular headache syndrome.
It may be associated with slit like ventricles or frank
ventricular collapse [24-26]. In addition, the sagging of
brain is generally out of proportion to the subdural
hygroma collection. All the imaging findings can be
explained by the Monroe-Kellie hypothesis, which states
that the sum total of CSF, intracranial blood and cerebral
tissue remains constant [31]. Therefore, the intracranial
pressure loss from the CSF volume is compensated by the
vascular component causing venous engorgement and
pituitary hyperemia [28]. The sagging of the brain occurs
from the loss of buoyancy provided by the CSF volume.
Improvement in the cranial MRI changes can be seen a few
days (generally 6—7) to many weeks from the onset of the
clinical symptoms. Therefore, it is not uncommon to
observe clinical improvement before the radiologic
improvement.

Spinal MRI is a new but important modality which has
revealed many an important spinal manifestations like
epidural and intradural veins, dural enhancement, menin-
geal diverticula, extra-thecal CSF collection and
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retrospinal C1-C2 fluid collection [24-26]. MRI with
intrathecal gadolinium may also be a useful modality as the
gadolinium stays in the cranial cavity for 24 h. This helps
in detecting intermittent leaks. In addition, it is reported to
be well tolerated with good contrast ratio, superior spatial,
and temporal resolution [45].

Myelography

Myelography with iodinated contrast and thin slice com-
puted tomography is the diagnostic modality of choice for
defining the location and extent of the CSF leak [6, 10].
The extent of leak may range from small collection of the
iodinated contrast limited to one single nerve root to
extensive bilateral collection of the CSF in the paraspinal
muscles. Majority of the leaks are at the cervico-thoracic
level or thoracic levels [30]. In approximately 5 % of the
patients, the symptoms are made worse by the procedure.
The risk of cerebral herniation caused by the procedure is
considered extremely low, and in fact has never been
reported [6, 30].Retrospective studies confirm digital sub-
traction myelography as a useful test to localize spinal
dural tears [46].

Radionuclide cysternography

Radionuclide cysternography involves injecting radioiso-
tope by lumbar puncture into the spinal subarachnoid
space. The radioisotope will then diffuse up the spinal
column and into the brain. At predetermined intervals up to
24 or even 48 h, the progress of the radioisotope’s diffu-
sion through the subarachnoid space will be recorded by a
nuclear medicine camera. A radionuclide cysternography
can be very helpful to confirm the presence of a CSF leak,
especially in patients with normal myelography and atyp-
ical but suspected intracranial hypotension. Unfortunately,
this technique is insensitive in localizing CSF leaks [40].

Treatment

There are several treatment options that we will discuss in
the following paragraphs. However, due to lack of ran-
domized controlled trials, the treatment of choice remains
solely on the physician’s preference and expertise.

Conservative management

Traditionally accepted view is that many improve sponta-
neously without any intervention within a period of
1-2 weeks from the symptom onset. Initial management
often involves bed rest, oral hydration, oral caffeine,
abdominal binders, or simple analgesia. However, some

patients may have persistent symptoms after the initial
treatment or may desire more timely resolution of symp-
toms. For these patients, intravenous caffeine, theophylline
infusions or corticosteroids can be considered [41, 42].
Most of the patients improve with the above treatment but
some progress to continue having debilitating headaches.

Epidural patching

For patients with continued symptoms despite the above
conservative measures, the mainstay first-line treatment is
injection of autologous blood in the epidural space, also
known as “epidural blood patch” [29]. Initially about
10-20 ml of blood should be used. This modality not only
can provide instant relief but also may serve as a diagnostic
modality. The mechanism of action is thought to be dural
tamponade or reducing CSF absorption by restricting the
CSF flow in the spinal epidural space. If this does not work
in the first setting, it may be repeated for a second time
with higher amount of blood (20-100 ml) [29]. It is rec-
ommended that generally 5 days should be given in
between the two procedures in view of relatively large
amount of blood used in the second setting. If the blood
patch does not work, directed epidural blood patch or
placement of fibrin sealant is recommended [29]. For the
placement of the fibrin sealant, it is required that the exact
site and extent of the leak is known; hence, providing with
the best chance of symptomatic relief [6, 10, 29].

Surgical management

Surgical management is reserved only for patients who do
not respond to the above management options or the
symptoms are too severe, necessitating immediate surgical
intervention. Surgical repair has been reported to be safe
[6, 9, 29], and helpful in patients with focal or identified
position of the leak. Leaking meningeal diverticula is
usually ligated with a suture or metal aneurysm clip [6, 9,
10, 29]. Dural holes or tear may be repaired with a small
tissue of muscle and gel foam and fibrin sealant. Intrathecal
artificial CSF or saline infusion is sometimes used in severe
cases to replenish the lost volume until a permanent solu-
tion is found or in patients with rapidly declining symp-
toms such as altered mental status [9, 10, 20].

Outcomes

Overall, outcomes are good for the majority of patients
with spontaneous intracranial hypotension. However,
recurrence of headache was estimated to be around 10 %
[29]. Outcome studies indicate that patients with abnormal
cranial MRI imaging and focal CSF leak do better than the
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rest [4, 6]. The exact mechanism for this is unclear at this
point.

Following successful treatment, some patients may
experience a different type of headaches. These headaches
are typically opposite of their headaches from intracranial
hypotension, waking them from sleep and improving with
upright positioning. In addition, these headaches can be
associated with nausea, vomiting, pulsatile tinnitus, or
double vision. These findings are suggestive of elevated
intracranial pressure, termed rebound intracranial hyper-
tension [38, 39]. The proposed mechanism is a temporary
increase in CSF production after the onset of the symp-
toms. After successful treatment of the CSF leak, it may
take days, weeks or months for the CSF production to
return to normal. Patients with mild symptoms may not
require treatment. However, typical treatments for idio-
pathic intracranial hypertension (e.g., acetazolamide or
CSF shunting) can be considered for patients with more
severe or debilitating symptoms.
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