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Abstract

Tomography

Spontaneous intracranial hypotension (SIH) is being recognized with increasing frequency with magnetic resonance imaging (MRI).
Orthostatic headache, low CSF pressure, and diffuse meningeal enhancement on brain MRI are the major features of the classic syndrome. Low
pressure headaches are caused by low cerebral spinal fluid (CSF) pressure or volume, and they may be spontaneous or provoked (for example,
after lumbar puncture, inadvertent dural puncture during spinal anesthesia or neurosurgical procedures). Low pressure headache without
apparent provocation is termed SIH. Such headaches are typically postural they are eased by lying down but worsened in the upright position,
which may result in patients being bed bound. SIH is secondary to a CSF leak at the level of the spine and the resulting loss of CSF volume to
support the brain and spinal cord. Delay in diagnosing this condition may subject patients to unnecessary procedures and prolong morbidity. We
describe a 42 years old male patient with SIH and outline the important clinical and radiographic features of this syndrome.
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Introduction

Spontaneous intracranial hypotension is increasingly
recognized as an important cause of new daily persistent
headaches, although an initial misdiagnosis remains common
[1]. Intracranial hypotension may be spontaneous (primary) or
related to prior injury (secondary), such as brain or spine trauma.
The annual incidence of spontaneous intracranial hypotension is

about 5per 100,000 persons [1].

Patients with intracranial hypotension may present with the
classic postural headache and a broad spectrum of symptoms
including nausea, vomiting, neck pain, visual and hearing
disturbances, and vertigo. These various clinical presentations
may lead to misdiagnosis of intracranial hypotension, thus
delaying effective treatment. SIH is characterized by headache
worse on standing , relieved on lying down and is the most
common presentation .Careful history taking and a high level of
suspicion are essential to diagnosing this syndrome.

Low CSF pressure is a well-known feature of spontaneous
intracranial hypotension (SIH) and is one of several diagnostic
criteria for the disorder [1,2]. A number of imaging findings

have been described including dural enhancement, reversible
pituitary enlargement [3,4], subdural collections, brainstem
slumping, and caudal tonsillar displacement [3,5-7]. MRI is
vital in the diagnosis of intracranial hypotension and ruling out
any other conditions. The aim of this study was to demonstrate
MRI features of SIH, in a 42yrs old male who presented with
persistent headache for 2 weeks.

Case Report

A 42 year old man complained of gradual worsening of
headache over a period of 2 weeks. The pain was described
as a “dragging” sensation, most severe at the occipital region.
It worsened on standing up and improved when he was in a
recumbent position. He became progressively bedbound, being
only able to sit up for short periods before he had to lie down
again.

There was no past history of headaches or precursors of
migraine. There was no history of convulsion, head trauma,
blurring of vision, diplopia, photophobia, decreased hearing,
skin rash, tick bites, or fever or chills, vertigo, dizziness, unsteady
gait and family history was negative for headaches. Patient took
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treatment from a private practitioner for 1 -2 weeks without
much relief. His past medical history was unremarkable.

Physical examination revealed no abnormality and
lumbar puncture (LP) showed low opening pressure that was
unrecordable. Blood pressure was normal without postural
hypotension, and he was afebrile. Ear examination showed clear
canals with normal tympanic membranes. Neck showed normal
range of motion. Ophthalmologic examination showed normal
eye movement, equal, round reactive pupils and fundoscopic

examination was also normal. His vision was intact.

Neurological examination revealed normal cranial nerves.
Muscle Strength, sensations, and coordination were normal.

Serum chemistry values, peripheral blood count and differential
count, and the erythrocyte sedimentation rate were normal. His
Romberg test was negative and there were no signs of cerebellar
dysfunction.

Laboratory analysis of CSF fluid showed a cell count of 3/
mm? (normal, 0 to 4/mm?3), all lymphocytes, no red blood cells,
protein value of 42mg/dL (normal, 30 to 45mg/dL), and glucose
value of 50mg/dL (normal, 45 to 60mg/dL). Corresponding
random blood glucose was 100mg/dl. Results of cultures and
cytologic examination were negative. His screening morning
serum cortisol was normal (13mg/dL). HIV ELISA was non-
reactive. Thyroid function test was within normal limits.

Ve

Figure 1: (A-H) 42-year-old man with positional headaches. Axial T2W (A, B), ADC(C, D) & Coronal T2W (E, F) & Axial FLAIR (G, H), MR
image displays hyperintense subdural collections overlying bilateral cerebral convexities with mild mass effect on subjacent parenchyma.
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CT brain study was unremarkable and the patient proceeded fluid collections (Figure 1A-1F), which were located in the
to Non contrast & contrast-enhanced MRI. On T2-weighted cerebral and cerebellar subdural spaces and were also hyper
images, there were, bilaterally symmetrical small hyper intense intense on FLAIR images (Figure 1G & 1H).

Ve

Figure 2: (A-F) 42-year-old man with orthostatic hypotension.MRI gadolinium enhanced Axial (A-C) & Coronal (D-F) images showing
bilateral enhancing subdural fluid collections.

Figure 3: (A-F) 42-year-old man with SIH. MRI gadolinium enhanced Axial (A,B), Coronal (C) and Sagittal (D, F) images showing downward
displacement (sagging) of brain, inferiorly displaced cerebellar tonsils and reduction of the -Pre-pontine CSF with round contour of Superior
sagittal sinus, Transverse sinus and diffuse pachymeningeal enhancement of Falx & Tentorium cerebelli. The dural enhancement extends

into the spinal canal.

m How to cite this article: Krishna K M, Kumaran R, Yogaraj S. Spontaneous Intracranial Hypotension - MRI Features. J Tumor Med Prev. 2017; 1(3):
555564. DOI: 10.19080/JTMP.2017.01.555564


http://dx.doi.org/10.19080/JTMP.2017.01.555564


Journal of Tumor Medicine & Prevention

After contrast media injection, there was diffuse and uniform
intense enhancement of all the dural surfaces, including the Falx
and tentorium. The thickened and enhancing dura showed a
smooth, non-nodular pattern (Figure 2A-2F). In addition, there
was venous engorgement of the superior sagittal and transverse
sinuses and prominent hyperaemic enhancement of the pituitary
gland. The brain was sagging, with inferiorly displaced cerebellar
tonsils and decreased pre-pontine CSF space (Figure 3A-3F).

Diagnostic intracranial angles revealed reduced Ponto-
mesencephalic angle of 35° & Mamillopontine distance of
4.6mm, as measured on ADW GE Work station using standard
angle-measuring tool (Figure 4A). T2W Coronal image (Figure
4B) at the level of fornices & 3rd ventricle showed narrowed

lateral ventricular angle of 128°.
4 A

Figure 4: (A, B) Diagnostic intracranial angles in 42-year-old
patient with intracranial hypotension. A. T1W Sagittal image.
Ponto mesencephalic angle is narrowed to 35° & Mamillo-pontine
distance is narrowed to 4.6mm, as measured on ADW GE Work
station using standard angle-measuring tool. Note also low-lying
cerebellar tonsils, downward retraction of pituitary infundibulum,
and brainstem slumping. B.T2W Coronal image at the level of
fornices & 3rd ventricle show narrowed lateral ventricular angle
of 128°.

Figure 5: (A, B) Sagittal T2-weighted Cervico-Dorsal spine
images show Cervico-dorsal ventral extradural fluid collection
that is isointense with CSF, consistent with a CSF leak, which
extends from C6 to D2.

\ J
the brain MRI findings,
reexamination of the initial Non contrast spine MRI revealed
distension of the cervical epidural veins and epidural fluid

In association with close
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collection at the cervico-thoracic junction (Figure 5A & 5B),
consistent with a CSF leak in that region. The diagnosis of SIH
was made on the basis of typical headache symptoms, low CSF
pressure and characteristic MRI findings.

The patient was put on complete bed rest, and given
intravenous normal saline, increased salt intake, oral caffeine.
His condition was not improved over the course of 3 days. Hence
a trial of therapeutic epidural blood patch has been advocated as
the next management step, which involves empirical replacement
of lost CSF volume with an autologous blood volume (10-20mL)
into the epidural space of the spinal canal to tamponade and
seal any leaks. At 3-month follow up, the patient reported no
headache or systemic symptoms.

Discussion

SIH was originally described by Schalten brand [8] in 1938
and the MRI findings were later described in 1991 [9]. A constant
volume of CSF, approximately 150 ml that is replaced three to
four times daily through the choroid plexus system, serves to
cushion the brain and spinal cord [10]. SIH results when the loss
of CSF due to a dural tear outpaces the ability of the plexus to
replace it. The peak incidence of SIH is in the fourth and fifth
decades although it also occurs in children and older adults.
Women are affected twice as often as men [11].

Orthostatic headache is the prototypical symptom, with
occipital or sub-occipital pain occurring or worsening within
minutes of assuming the upright position and improvement
on resuming recumbency. This classic positional headache is
due to downward displacement of the brain due to CSF loss or
due to the pain-sensitive dura in the presence of compensatory
dilation of venous structures. Not all patients who have SIH
have orthostatic headache and not all patients with postural
headache have SIH. In some patients, the postural component
may be absent or they may have “thunderclap” headache that
might result in unnecessary invasive testing for subarachnoid
hemorrhage [6].

Other clinical signs and symptoms that have been
documented in SIH include nausea, vomiting, diplopia with visual
disturbance, cranial nerve palsies and even encephalopathy and
coma. Hearing complaints are also very common and are believed
to be caused by pressure changes that are transmitted to the
cochlea. The sagging brain may also stretch the eighth nerve and
other cranial nerves, which is felt to be the mechanism for visual
changes such as blurred vision, diplopia, and photophobia [11].

Stretching of the pituitary
prolactinemia and galactorrhea [12]. In severe cases of brain
descent, deformation may result in ataxia, Parkinsonism, bulbar
weakness [13] and cognitive changes [14,15]. Symptoms and
signs referable to the spine can occur, including back pain and
radiculopathy. Symptoms were attributable to an epidural CSF
collection compressing the spinal cord or nerve roots.

stalk may cause hyper
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The pathogenesis is usually considered to be an occult CSF
leak through small defects in the meninges with a resultant
decrease in CSF volume and pressure [16]. The lumbar puncture
opening pressure usually is low ranging from 0-70mm H20.

Although exact cause of spontaneous CSF leaks often
remains unknown. Two factors are frequently suspected one
is -Mechanical factors- including minor trauma or an inciting
event like sudden sneezing or sports activity, and the other is an
underlying- Connective tissue disorder that may result in dural
weakness and play a role in the development of spontaneous
low CSF pressure [7]. These include occurrence of meningeal
diverticulae and CSF leaks in patients with Marfan’s syndrome
[17]. Other Connective tissue disorders that may be associated
include Ehlers-Danlos syndrome and autosomal dominant
polycystic kidney disease [6].

Medical causes of intracranial hypotension (ICH) include
dehydration, diabetic coma, hyperpnea, uremia, and severe
systemic illness [18]. Most cases of ICH result from a persistent
CSF leak, most commonly after dural puncture for a diagnostic
lumbar puncture, myelography, or spinal anesthesia. Nonetheless,
symptoms of ICH may be experienced any time the dura mater is
violated, such as after craniotomy, spinal surgery, cranio-spinal
trauma, or placement of a ventriculo-peritoneal shunt [19].

According to the Monroe-Kellie hypothesis, the sum of the
volumes of cerebral tissue, intracranial blood and CSF is constant
in an intact cranium. Hence, any CSF leak must be compensated
by venous engorgement (not arterial as this is tightly auto
regulated) or increase in the subdural space [11].

The International classification of Headache disorders
requires the following to diagnose aheadache due to spontaneous
spinal CSF leak: the orthostatic headache as described above
along with at least one additional symptom (neck stiffness,
tinnitus, hypoacusia, photophobia, or nausea) and confirmatory
evidence of low CSF pressure such as on magnetic resonance
imaging (MRI) with gadolinium, conventional myelography,
computed tomography (CT) myelography, cisternography, or CSF
opening pressure [11].

Various imaging techniques help to diagnose SIH and guide
treatment. MRI of the brain and spine identify signs of SIH. The
common qualitative MRI findings in SIH represent the sum of
loss of CSF volume and compensatory changes in response to
the leakage. Thin, bilateral, subdural fluid accumulation over
the cerebral and cerebellar convexities is commonly seen in
about 50% of patients [20-22]. The pachymeningeal (dural)
enhancement is bilateral, diffuse, involves both supratentorial
and infratentorial compartments and spares the leptomeninges
[7]. This common (in 80% of cases) and striking appearance has
been likened to a “felt tip pen” outlining the thickened, enhancing
dura in a diffuse and non-nodular pattern [23]. It is thought to be
caused by engorgement of the small, thin-walled dilated blood
vessels in the subdural zone [5].
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Dural venous sinus engorgement [24,25] and Pituitary
hyperaemia or enlargement [26] are also due to compensatory
increase in the venous blood component to balance the loss
in cranial volume and pressure, but are less constant and less
striking signs of SIH. Increased height of the pituitary gland
(mean * SD, 6.9£2.3mm) has been reported to have a sensitivity
of 63% and specificity of 97% for the diagnosis of intracranial
hypotension [27].

Sagging and downward displacement of the cerebellar tonsils
or effacement of prepontine cistern with flattening of the pons
against the clivus [7] may mimic a Chiari typel malformation or
it can be misdiagnosed as increased intracranial pressure from
space-occupying lesions. Downward drooping of splenium of the
corpus callosum (droopy penis sign) and decreased fluid within
the optic nerve sheath are the other signs. These qualitative
features are not always present, so quantitative findings would
be of great help in making more accurate diagnosis based on MRI
findings.

The quantitative signs include mamillo-pontine distance
<5.5mm, ponto-mesencephalic angle <50° and callosal angle,
also known, as lateral ventricle angle <130°. In patients with
the clinical suspicion of intracranial hypotension, the cutoff
values of 5.5mm or less for the mamillopontine distance and
50° or less for the pontomesencephalic angle were sensitive and
specific in strengthening the qualitative MRI findings. Therefore,
quantitative assessments may provide a more accurate diagnosis
[26].

The mamillo-pontine distance is defined as the distance
between the inferior aspect of the mamillary bodies and the
superior aspect of the pons. This measurement approximates
the interpeduncular cistern. The ponto-mesencephalic angle is
defined as the angle between a line tangential to the anterior
margin of the midbrain and the line tangential to the superior
margin of the pons. The lateral ventricular angle is delineated as
the angle between the medial margins of the right and left lateral
ventricles. This angle was measured on coronal images at the
level of the fornices, third ventricle, and pituitary infundibulum
[28].

Venous engorgement is defined as prominent dural venous
sinus enhancement with enlarged and rounded sinuses [4]. On
sagittal T1-weighted MRI, the convex bulging of the inferior
border of the dominant transverse sinus seen in intracranial
hypotension patients has been described as the “venous
distention” sign [29]. Brainstem slumping is defined as a low-
lying third ventricle at or below the level of the floor of the sella
turcica, horizontal configuration of the infundibulum, and red
nuclei below the level of the tentorium [30].

Several imaging features of brainstem slumping have been
identified and described in the literature including ventricular
effacement [7], effacement of the suprasellar and prepontine
cisterns, bowing of the optic chiasm over the sella turcica,
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flattening of the central pons [30], and caudal displacement of
the cerebellar tonsils [1,4,11].

The differential diagnosis of the MRI findings in SIH is
important and includes idiopathic hypertrophic pachymenigitis
which can present with diffuse dural enhancement. Metastatic
malignant tumor deposits cause multifocal and nodular
pachymeningeal than diffuse [31].
Infectious meningitis typically affects the leptomeninges
rather than pachymeninges. However tuberculosis can cause
pachymeningitis as well as leptomeningitis [32].

enhancement rather

CT myelography (CTM) and intrathecal gadolinium magnetic
resonance myelography (Gd-MRM), localize spinal CSF leaks.
Standard CTM is best to localize suspected slow leaks, which
remain confined over at most two vertebral levels between
the time of fluoroscopically guided contrast instillation and
CT acquisition [33]. Dynamic CTM is best to localize suspected
fast leaks, which would otherwise spread over many levels,
obscuring the actual leakage site [33]. Gd-MRM has higher
sensitivity than CTM for small, slow leaks, but is more complex to
perform [32,33]. CTM and Gd-MRM both have higher sensitivity
and spatial resolution than radionuclide cisternography [34,35].
Despite their increased sensitivity, CTM and Gd-MRM fail to
identify a CSF leak in close to half of subjects with suspected SIH
[33,34].

Many patients respond to conservative measures alone,
including bed rest, oral hydration, oral caffeine, and an
abdominal binder. Other supportive measures included are oral
corticosteroids, intravenous caffeine, and theophylline, but their
effectiveness has been limited [36].

Lumbar epidural blood patch (LEBP) is the time-honored
approach for the treatment of post dural puncture headache
when conservative treatment fails [37]. Many patients with
intracranial hypotension experience symptom relief within
minutes after the LEBP [38,39]. Sustained relief presumably
occurs due to tamponade and then sealing of the dural defect by
the LEBP, followed by gradual restoration of CSF volume [38].
Indeed, targeted cervico-thoracic Epidural blood patching (EBP)
has succeeded in cases when LEBP has failed [40]. In some cases
where EBP has failed, epidural fibrin glue patching has succeeded
when used alone [41] or mixed with autologous blood [42].

Surgery is sometimes effective for the small minority of
patients who remain refractory to conservative measures, one
or more EBPs, and possibly one or more epidural fibrin glue
patching [43,44]. Our patient underwent EBP & reported no
headache or systemic symptoms at the end of 3-months follow

up.
Conclusion

SIH is a rare syndrome that should be considered in the
differential diagnosis of daily persistent headache. Spontaneous
CSF leakage from the spinal canal can give rise to SIH. Typically,
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these patients complain of orthostatic (postural) headache, have
very low CSF pressure on lumbar puncture and usually respond
to conservative treatment or by an epidural blood patch. The
characteristic MRI features include subdural fluid collections,
enhancement of the pachymeninges and engorgement of
venous structures, pituitary hyperaemia and sagging of the
cerebellar tonsils. Knowledge of the typical MRI features &
clinical findings can help radiologists confidently diagnose the
rare but characteristic syndrome of SIH, and avoid unnecessary
investigations and surgical procedures.
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