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Abstract

Objective To review the clinical features, proposed pathophysiology, and the role of medical imaging in the diagnosis and
treatment of idiopathic intracranial hypertension and spontaneous intracranial hypotension.

Methods The authors conducted a narrative review of the current literature on intracranial hypertension and hypotension
syndromes, with a focus on imaging findings and role of neurointerventional radiology as a therapeutic option for these
pathologies.

Results Idiopathic intracranial hypertension commonly presents in obese women of childbearing age, being headache and
papilledema the main clinical manifestations. Characteristic radiological findings consist of increased cerebrospinal fluid
around the optic nerve, partially empty sella turcica and stenosis of the transverse sinuses. Transverse sinus stenting is a
treatment alternative that has proven valuable utility in the recent years. Spontaneous intracranial hypotension in most of
cases presents with orthostatic headache and has predilection for female population. The typical radiological features in the
brain consist of subdural fluid collections, enhancement of the dura, engorgement of the venous structures, pituitary enlarge-
ment, and sagging of the brain. In this pathology, a cerebrospinal fluid leak in the spine associated with a defect in the dura,
meningeal diverticulum, or a cerebrospinal fluid-venous leak must be actively ruled out.

Conclusions Neurologic complaints secondary to changes in intracranial pressure exhibit certain clinical features that in com-
bination with fairly specific radiological patterns allow a highly accurate diagnosis. The diverse specialists in neurosciences
should be aware of the multiple image modalities in the study of these syndromes as well as the treatment alternatives by
neurointerventional radiology.

Keywords Headache disorders, Secondary - Idiopathic intracranial hypertension - Spontaneous intracranial hypotension -
Papilledema - Magnetic resonance angiography - Myelography

Abbreviations Introduction
ITH Idiopathic intracranial hypertension
SIH Spontaneous intracranial hypotension Idiopathic intracranial hypertension (IIH) and spontaneous
CSF Cerebrospinal fluid intracranial hypotension (SIH) syndromes are recognized
IITHWOP Idiopathic intracranial hypertension without causes of neurological complaints, mainly related to disa-
papilledema bling headache, which may be untreatable in severe presen-
LP Lumbar puncture tations under conventional medical management.
MRI Magnetic resonance imaging Despite the pathophysiology of both syndromes is not
MRV MRI with venography completely known to the date and several causal theories
CT Computed tomography have been proposed, there are some facts noticeably associ-
CT™M Computed tomography myelography ated with IIH, such as a female gender predisposition and a
RIC Radioisotope cysternography higher prevalence among obese population [1]. In the con-
text of suspected SIH, it is recognized that a leakage of cer-
54 Mauricio E. Moreno ebrospinal fluid (CSF) (fistula or meningocele) is a potential
mmorenomejia@hotmail.com source of decreased CSF volume, frequently affecting the

cervical or thoracic spine [1].
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Delayed diagnosis or misdiagnosis of these diseases
may affect the clinical outcome, leading to inappropriate
therapeutic decisions. The different neuroscience clinicians
and subspecialist involved in headache treatment should be
familiar with the diverse imaging modalities to guide diag-
nosis, monitor evolution, and establish adequate treatment.

This review describes the pathophysiology, clinical char-
acteristics, radiological findings, and role of neurointerven-
tional radiology in the treatment of IIH and SIH focused in
adult patients.

Methods

A search for articles addressing IIH and SIH was con-
ducted on PubMed, focused on the clinical presentation,
imaging assessment, imaging findings, and radiology-
guided procedures on adult population. Google Scholar
and UpToDate were used as additional sources of infor-
mation to identify highly cited papers on this field.
Free-text terms and Mesh terms were used, including
among others the following terms: idiopathic intracra-
nial hypertension, spontaneous intracranial hypoten-
sion, MRI with venography, transverse sinus stenting,
epidural blood patching. The search did not have a start
date limit and covered publications until August 2021.
Only English language and peer-review publications
were included. All type of studies relevant to the review
were considered.

Idiopathic intracranial hypertension
Epidemiology and pathophysiology

Also known as pseudotumor cerebri over the past years,
IIH is an entity defined by clinical criteria based on signs
and symptoms of elevated intracranial pressure of unknown
cause, in the absence of structural abnormalities in the brain
parenchyma, meninges, or along the venous structures, also
characterized by a normal CSF composition [1].

The estimated annual incidence of ITH is 1-2 per 100,000
general population [2]. Obese women between 15 and
44 years have shown a higher incidence, reaching up to 21
per 100,000 [3]. With the obesity epidemic in the USA and
other countries, the incidence and prevalence of IIH have
raised during the last decades [4, 5].

Although ITH is by definition idiopathic, a number of
medications and exogenous substances have been linked to
it, for instance, growth hormone [6], tetracyclines [7], and
retinoids [8].

Many mechanisms have been proposed as the cause of
ITH over the years, but its pathophysiology remains not
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completely probed. Currently, the most evaluated theory
is in keeping with an elevated intracranial venous pres-
sure [1, 9]. This hypothesis is supported on the idea that
patients with elevated intracranial pressure secondary to
cerebral venous thrombosis or other abnormalities in the
vein outflow may present similar clinical manifestations
to those with IIH. Indeed, transverse sinus stenosis is a
common finding in ITH, with current controversy if this
is a contributing factor or a consequence of raised ICP. It
has been reported the restoring of the dural venous sinus
caliber after CSF removal or derivation, which may indi-
cate that venous sinus stenosis could be a consequence
rather than a cause of IIH. Regarding this topic, it is
important to mention that the evidence originates from
uncontrolled cases-based series [10, 11].

A recent review emphasizes the role of altered gluco-
corticoid metabolism in the pathophysiology of ITH [10].
The 11p-hydroxysteroid dehydrogenase type 1 (11p-HSD1)
is an intracellular enzyme that converts inactive cortisone
into the active cortisol; it is expressed in the choroid plexus
and aids in the regulation of CSF production. An in vitro
analysis and prospective in vivo cohort study revealed a
significant correlation between the decrease in the 11p-
HSD1 global activity and reduction of the intracranial
pressure [12]. Moreover, the IIH drug trial was a recent
randomized controlled trial comparing the selective 11f-
HSD1 inhibitor AZD4017 versus placebo, demonstrating
significant decrease in lumbar puncture opening pressures
in the AZD4017 group compared to the placebo group [13].
The authors therefore have proposed this drug as a potential
therapeutic option for ITH.

Alternative theories have also assessed excess of sys-
temic and CSF androgens in IIH, such as testosterone and
androstenedione, which can modulate CSF secretion via the
choroid plexus. These metabolites were found elevated in
IIH patients, and this hormonal cascade can be a potential
therapeutic target in the future [14].

Additional theories reported in the literature include
increased CSF outflow resistance and increased intraabdom-
inal and intracranial venous pressure related to obesity [15].

Clinical setting

Headache is the most common manifestation of ITH, present
in approximately 90% of the patients[1]. Headache attrib-
uted to idiopathic intracranial hypertension lacks specific
features and depending on the complexity of the presen-
tation can resemble the phenotype of a primary disorder,
especially migraine or tension type headache. Nonetheless,
papilledema is considered the hallmark of the disease and
should be documented to make the diagnosis of ITH [1].
The risk of visual disability and the related visual distur-
bances makes necessary concurrent ophthalmologic workup
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for these patients. Additional clinical manifestations of IIH
include diplopia secondary to unilateral or bilateral sixth
nerve palsy, pulsatile tinnitus, and sporadically neck or back
pain [16].

Neuroimaging studies have two main purposes in IIH:
firstly, to exclude structural causes of intracranial hyperten-
sion and secondly, to identify typical radiologic patterns
of ITH. MRI with venography (MRV) would be the non-
invasive diagnostic method of choice, particularly in order
to rule out a subjacent venous sinus stenosis or thrombosis.
Optionally, a computed tomography (CT) study is still con-
sidered an alternative for patients with contraindications for
MRI. A CT without contrast may detect cases of significant
distension of the optic nerve sheaths as well as a partially
empty sella turcica. Furthermore, a CT venogram is also
an alternative to an MRV when it is contraindicated or not
available in a reasonable time frame.

To confirm an elevated intracranial pressure, a lumbar
puncture (LP) has to be performed, only after an intracranial
mass has been excluded by neuroimages. The recommended
technique is with the patient relaxed and lying in the lateral
decubitus position with legs extended. It is considered in
adult patients pressures greater than 250 mmH?2O as abnor-
mal. In the range from 200 to 250 mmH20, the result has to
be read as equivocal [17]. In the latter scenario, the presence
or absence of magnetic resonance imaging (MRI) findings
compatible with ITH would support the definite diagnosis.

The most widely accepted diagnostic criteria for IIH are
the modified Dandy criteria [1] as shown in Table 1.

An entity known as idiopathic intracranial hyperten-
sion without papilledema (IITHWOP) includes a subgroup
of patients with chronic primary headaches who present

increased ICP but no papilledema. Furthermore, these
patients may have transverse venous sinus stenosis, which
supports the theory of a continuum between typical ITH and
ITHWOP. On the other hand, IIHWOP is considered a rare
pathology and its diagnosis has to be made with specific
diagnostic criteria [17].

Imaging findings

MRV has been postulated as a routine examination in
patients with ITH, as it can depict transverse sinus steno-
sis and can rule out intracranial hypertension secondary to
venous sinus thrombosis. MRV without contrast medium,
with techniques such as phase contrast, provides appropri-
ate diagnostic accuracy in the assessment of both IIH and
venous sinus thrombosis. In cases of doubt, MRV with con-
trast medium has demonstrated greater diagnostic accuracy
[18].

The brain parenchyma and the ventricular system exhibit
normal appearance in patients with IIH. A partially empty
sella has been described in about 85% of the cases (Fig. 1)
[19]. This finding probably reflects a long-standing increased
intracranial pressure leading to protrusion of CSF through
the diaphragma sellae and subsequent flattening of the pitui-
tary gland [20].

Secondary changes can also be found at the level of the
eye globes and optic nerves sheaths (Fig. 2), where there
is characteristically dilation and increased amount of CSF
within the optic nerve sheath, with an incidence up to 95%
of ITH cases [20]. Flattening of the posterior contour of the
globes is an associated feature as well. Protrusion of the
optic nerve heads into the posterior chamber is seen in cases

Table 1 Modified Dandy
criteria for diagnosis of
idiopathic intracranial
hypertension [1]

B W~

Signs and symptoms of increased intracranial pressure

Non-localizing, focal neurological signs, except unilateral or bilateral sixth nerve paresis
Elevated intracranial pressure with normal cerebrospinal fluid (CSF) composition

A neuroimaging study that shows no etiology for intracranial hypertension

Fig. 1 Partially empty sella in
IIH. A Sagittal FLAIR image
shows widening of the CSF
space within the sella turcica
and flattening of the pituitary
gland (arrow), in a 43-year-old
female patient presenting with
headache, right 6th and left 3rd
cranial nerves palsies. B Cor-
responding axial T2-weighted
sequence shows enlarged CSF
space within the sella (asterisk)
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Fig.2 Optic nerve—sheath complex abnormalities in IIH. A Axial and
B coronal volumetric heavy T2-weighted images show distension of
the optic nerves sheaths secondary to elevated intracranial pressure
(arrowheads). C This feature can also be identified on head or orbit
CT

of marked papilledema, clinically referred as reduced visual
acuity [21]. Some studies have also documented that there
may be vertical or horizontal tortuosity of the intraorbital
segments of the optic nerves [22].

Enlargement of other CFS spaces can also occur in I1H,
such as enlargement of the Meckel’s cave (Fig. 3), foramen
oval and in uncommon presentations, as meningoceles with
reported incidence from 9 to 11% [20].

Several observational studies have described the inci-
dence of transverse sinus stenosis in IIH, typically at the
junction with the sigmoid sinuses and in some cases also
with concomitant sigmoid sinus stenosis, with estimated
incidence of 65 to 90% [11, 18] (Fig. 4). Current debate
exists regarding dural sinuses stenosis as the cause of this
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Fig.3 Enlargement of the Meckel’s caves. A Axial and B coronal
T2-weighted images show enlargement of the Meckel’s caves (aster-
isk) in 33-year-old female patient with vertigo and diplopia secondary
to ITH

Fig.4 Bilateral transverse sinuses stenosis. 3D reconstruction of
MR venography with contrast demonstrating bilateral stenosis of the
transverse sinuses (arrows) in a 43-year-old female patient with diag-
nosis of ITH
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Fig.5 Transverse sinus stenting.
A 44-year-old male presenting
headaches and visual changes,
opening pressure of 38 cm/
H20. A Images of conventional
angiogram in venous phase
show super-selective catheteri-
zation of the superior sagittal
and right transverse sinuses,
noting stenosis at the trans-
verse—sigmoid sinuses junction
(arrow). B Images post stenting
with marked improvement of
the transverse sinus caliber
(arrow). C Skull x-rays show
radiopaque marks of the stent in
correct position (arrow). D CT
angiogram follow-up six months
post procedure shows patency
of the stent, with near complete
resolution of the symptoms
referred by the patient

syndrome or if corresponds to the result of persistent ele-
vation of intracranial pressure. A proportion of the litera-
ture supports the theory that these changes reflect a con-
sequence rather than a cause of ITH, mainly because when
intracranial pressure levels are improved, the caliber of
the transverse sinuses also increases spontaneously [23].

Treatment

The treatment of ITH has two main objectives: preserving
visual function and improving the symptoms related to
intracranial hypertension, especially headache [20].

The first line of treatment consists of measures focused
on weight loss, at a rate of approximately 1 pound per
week until a 5-10% weight reduction is achieved. In addi-
tion to this, sodium restriction in the diet must also be
recommended.

Many patients show improvement for an interval of
time even after the first diagnostic lumbar puncture, due
to decrease in the intracranial pressure.

Some authors recommend pharmacological treatment
associated with the aforementioned measures, specifically

medication that reduces intracranial pressure. The most
widely used drug, which has been evaluated in most clini-
cal trials, is acetazolamide (Diamox), a carbon anhydrase
inhibitor that reduces CSF production [24]. Given the
side effects of acetazolamide, an alternative to this drug
is topiramate [25].

Corticosteroids can be used in a short cycle to rapidly
decrease intracranial pressure in those patients with severe
symptoms. Long-term use should be avoided [26].

In cases where the therapeutics objectives have not been
achieved with pharmacological therapy, surgical alterna-
tives can be used, such as ventricular or lumbar perito-
neal shunts, preferably in patients whose main complaint
is headache rather than compromised vision. Fenestration
of the optic nerve sheath is indicated especially in cases
where there is a progressive deterioration of vision despite
other conservative measurements. This surgery can also be
performed as an emergency measurement in patients with
severe vision loss [1].

A recent systematic review evaluating the efficacy
of bariatric surgery in the treatment of obese patients
with concomitant ITH demonstrated the considerable
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improvement of the symptoms postoperatively, including
headaches, visual symptoms, and papilledema [27]. Bari-
atric surgery can be considered a therapeutic alternative in
patients for whom optimal weight loss is not achieved with
conservative management. However, it should be high-
lighted the limitation of the aforementioned review, which
mainly assessed case reports and case series.

Endovascular venous sinus stenting

Venous sinus stenting is a relatively recent alternative in the
treatment of ITH, first reported in one patient by Higgings
in 2002 [28]. As sinus stenoses have been documented as
a frequent finding in patients with IIH, it is presumed that
placing a stent will improve venous outflow and thus the
reabsorption of CSF (Fig. 5), ultimately lowering intrac-
ranial pressure. The existing evidence to the date mainly is
based on case series, with the lack of randomized controlled
studies evaluating the clinical outcome of this intervention.

The indication for the procedure includes patients who
persist with disabling symptoms despite pharmacological
management or treatment with CSF shunting or optic nerve
sheath fenestration [29].

In general, the studies published on this technique show
improvement in the severity of the headache referred by the
patients. Information regarding visual impairment has not
been consistently described and data on follow-up of patients
with visual complaints are limited.

Spontaneous intracranial hypotenison
Epidemiology and pathophysiology

A few decades ago, SIH was also categorized under the term
of spontaneous (or idiopathic) low CSF pressure headache
or CSF hypovolemia. The pathophysiology of SIH has not
been fully identified to the date; however, recent literature
supports the concept of decreased intracranial and spinal
CSF volume that leads to a decrease in CSF pressure in

Table 2 Headache attributed to spontaneous intracranial hypotension
according to the International Classification of Headache Disorders, 3
Edition (ICHD-3) [43]

A Any headache fulfilling criterion C

B Either or both of the following:
-Low CSF pressure (<60 mmH20)
-Evidence of CSF leakage on imaging

C Headache has developed in temporal relation to the
low CSF pressure or CSF leakage, or has led to its
discovery

D Not better accounted for by another ICHD-3 diagnosis
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most patients [30], quantifiable through the opening pres-
sure of a lumbar puncture. It is relevant to convey that a
normal opening pressure does not exclude SIH; moreover,
several publications have documented normal spinal opening
pressure in a significant proportion of patients with diagno-
sis of SIH [31-33], ranging between 43.7 and 90% in the
assessed population. Lumbar puncture opening pressure
was low enough to meet diagnostic criteria (<60 mmH20)
in only 34% of patients in one study [34]. Most patients
had an opening pressure in the low normal to normal range,
and 5% had an opening pressure of 200 mmH?2O or more.
The position of the legs during a lumbar puncture has small
impact (approximately 10 mmH?2O) on the opening pressure,
although the most accurate measurement is produced with
the patient relaxed and legs extended [1].

SIH can occur in any group of age, with a peak incidence
around the 40 years, affecting women 2:1 compared to men
and an annual incidence of 5 per 100,000 people has been
estimated [35], being more frequent than ITH.

This entity has been related to spontaneous leakages of
CSF, typically in the thoracic spine or the cervicothoracic
junction. Schievink et al. [36] have classified CSF leaks
into four groups based on their underlying cause and the
presence of an extradural CFS collection:

(1) Type 1: Leaks secondary to dural tears. More than 90%
occur in the ventral region and are associated with bone
pathology of the spine, especially with osseous spurs.
Most of cases will be associated with a spinal CSF col-
lection.

(2) Type 2: Leaks secondary to meningeal diverticula. It
was the most common cause in this study, representing
42% of cases.

(3) Type 3: Direct CSF-venous fistula, secondary to an
abnormal communication between the subarachnoid
space and an epidural vein. A CSF collection will not
be found throughout the spine.

(4) Type 4: No evidence of any of the causes mentioned
above. This group consists of patients with clinical and/
or brain imaging characteristics of SIH, however with-
out a demonstrable leak.

Clinical setting

The most common symptom in patients with SIH is head-
ache [1], classically described as orthostatic. In most cases,
the headache occurs suddenly, increasing in minutes or hours
[37]; and the Valsalva maneuver is a well-known headache
trigger. It has been described in the literature changes in
the headache features over time, with a number of patients
evolving to chronic daily headaches without modification
during postural changes [1].
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Fig.6 Axial T1 post gadolinium injection images show diffuse
smooth pachymeningeal enhancement (arrows), which is the most
frequently found imaging abnormality in STH

Regarding the pathophysiology of headache, it is accepted
that the decrease in CSF volume leads to sagging of the
brain and consequent traction of pain-sensitive intracranial
and meningeal structures [38, 39]. The involvement of the
cranial nerves is also explained by the fact that there is trac-
tion of them [38, 39].

Other common symptoms are neck pain or stiffness, nau-
sea, vomiting, and complaints related to vestibular-cochlear
involvement, such as tinnitus, vertigo, and hypoacusis.
Exceptional cases of decreased consciousness or coma have
been reported when severe brain sagging occurs [40—42].

Fig.7 A Coronal post
gadolinium image and B sagit-
tal T1-weighted image show
venous distension (line) leading
to rounded morphology on the
cross-section view of the trans-
verse sinus (arrow)

The most widely known diagnostic criteria for SIH-
related headache are that established by the International
Classification of Headache Disorders [43], 3 edition (ICHD-
3), described in the Table 2. These criteria have high speci-
ficity for SIH-related headache; nonetheless, the diverse
clinical and radiological manifestations of SIH may limit
the diagnostic accuracy.

Role of medical images and technical considerations

Brain images

Brain CT This is the initial study in a significant proportion
of cases.

Brain MRI This is the ideal modality to assess the intracranial
features. The use of paramagnetic contrast medium allows
the evaluation of changes secondary to intracranial hypoten-
sion with high sensitivity. It is important to note that a brain
MRI will be normal in up to 20% of patients with SIH [35].

Spine images

Spinal images are always recommended in conjunction with
brain imaging in the study of SIH, in order to determine if
an extradural CSF collection is present and to identify the
exact level of a CSF leak.

Computed tomography myelography CTM is the study of
choice to identify the CSF leakage site [44, 45]. Among its
advantages, we find the high spatial resolution, high contrast
resolution between leaked contrast medium and the adja-
cent tissues, and an excellent assessment of osseous spurs
or calcified discs.

Among the technical aspects of this study, special care
should be taken in the following points:
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Fig.8 A CT head without contrast shows bilateral slightly hyper- »

dense collections in the frontoparietal convexity bilaterally (asterisk)
in a 47-year-old male patient presenting headaches, worse when lean-
ing down. B Axial and C coronal T2-weighted images show mixed
fluid-hemorrhagic subdural collections along the cerebral convexity
bilaterally (arrows) in the context of STH

— Adequate concentration of contrast medium within the
CSF

— Early and late images should be obtained of all segments
of the spine, as there may be rapid or slow leaks

— Tailored cuts should be made at the suspected leaking
leve

— Minimize artifacts from breathing movements during the
exam

MRI spine/MRI myelography The use of heavy T2 sequences
with fat suppression can increase the sensitivity to detect
CSF leaking into the extradural space. Nevertheless, this
technique has a relatively decreased sensitivity on the evalu-
ation of associated bone pathology compared to a CT mye-
lography [46]. CSF-Venous fistulae are not visible by this
modality.

Several studies have evaluated the utility of MRI myelog-
raphy for the location of CSF leakage, using a volumetric
technique weighted in T2, and showing this technique as
a potential alternative to CT myelography [47, 48]. Publi-
cations on intrathecal administration of gadolinium as an
“off-label” use for the detection of the site of leakage have
shown overall diagnostic accuracy between 64 and 100%
[49]. Intrathecal gadolinium MRI myelography is reserved
for highly selected patients, in whom the site of CSF leak is
not demonstrated by other modalities [50-52].

Dynamic myelography/digital subtraction myelogra-
phy Studies with fluoroscopic vision with or without
digital subtraction are an excellent alternative to identify
rapid CSF leaks [53-55]. One substantial limitation of
other diagnostic modalities on the assessment of rapid
CSF leaks is the fact that extensive extravasation of con-
trast medium is present when the images are obtained,
reducing the conspicuity of the site of leak. Studies
under fluoroscopy have a better temporal resolution and
additionally allow the acquisition in different positions,
making possible the exposure of lateral or dorsal dural
tears [46, 56].

It is important to point out that this modality is the best
suited to identify CSF-venous fistulae [46]. Additionally,
lateral decubitus during digital subtraction myelography
can demonstrate CSF-venous fistulae more frequently (74%)
than in prone position (15%) [57].
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Fig.9 Three different patients with several degrees of intracranial
hypotension. A Sagittal T1 with contrast image shows engorged and
hyperenhancing pituitary gland (arrow). B Sagittal T1 image at the
cerebral midline exhibits partially effaced basal cisterns (asterisks)
and reduced mamilopontine distance (line). C Low-lying optic chi-
asm (arrow), inferior displacement of the third ventricle floor (star)
and flattening of the ventral aspect of the pons (asterisk) secondary
to SIH

Dynamic CT myelography This modality is an option to
identify active CSF leaks into the epidural space with bet-
ter temporal resolution when compared to conventional CT
myelography [46].

Radioisotope cysternography (RIC) RIC has been an imag-
ing modality used for decades to evaluate CSF leaks. Given
the superior anatomical resolution of modalities such as
MRI and CT, nowadays, RIC is not the first test performed
in the SIH study. Among its current uses, some studies have
reported a higher sensitivity to reveal intermittent CSF leaks
compared to MRI and CT myelography [58-60].

The disadvantages of RIC consist primarily in its poor
anatomical resolution, which makes it difficult to accurately
locate the level of the leak in the spine, as well as the ina-
bility to detect the cause of the leak. These limitations are
relevant to make treatment decisions.

Imaging findings
Brain findings
The decrease in CSF volume and subsequent decrease in

intracranial pressure lead to diverse radiological signs sec-
ondary to compensation of such hypotension. Nevertheless,

Fig. 10 CT myelography of the cervical spine depicts contrast
medium accumulation along the ventral epidural space (asterisks),
consistent with a fast CSF leak
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Fig. 11 Digital substraction
myelography in the fast-leak
evaluation. Images obtained

in prone position, A early
adquisition and B progressive
opacification of the spinal canal
revealing a meningeal diver-
ticulum at the T2-T3 foraminal
/ extraforaminal area (arrow) as
undelying cause of STH

it should be taken into account that 10 to 20% of patients
with STH will have a normal cerebral MRI [30, 61, 62].

The most frequent radiological finding is pachymeningeal
enhancement, described to be present in approximately 73%
of cases [46, 62, 63] (Fig. 6). It has been proposed that this
pachymeningeal enhancement is secondary to dilatation of
dural vascular structures in compensation to the decreased
CSF volume. Typically, this enhancement is smooth, diffuse,
and supra- and infratentorial in extension. In SIH, there is no
leptomeningeal enhancement, which is an important feature
to differentiate SIH from other conditions.

The venous distension sign has been reported in the litera-
ture, consisting of an enlargement of the dominant transverse
sinus at its midpoint (Fig. 7), with convex contours, different
from the normal triangular or arrowhead configuration. The
sensitivity and specificity of this sign are approximately 94%
and it is best seen on T1-weighted sagittal imaging of the
transverse sinus [64].

@ Springer

As intracranial pressure decreases, the appearance of sub-
dural collections may occur, as a result of fluid transudation
from the vascular structures into the subdural space, found in
35% of SIH cases [63]. These collections tend to be bilateral
and have density and signal similar to CSF on CT and MRI
images respectively (Fig. 8). In certain cases, haemorrhagic
content may be visualized, which has been attributed to the
rupture of subdural bridging veins [39].

Decreased intracranial CSF volume can lead to brain sag-
ging, present in around 60% of cases (Fig. 9) [46], and both
qualitative signs and quantitative measures can be helpful
and important in radiologically confirming its presence.
Signs that will be found especially on MRI are as follows:
effacement of the basal cisterns associated with decreased
vertical distance between the mammillary bodies and the
pons (mamillopontine distance), descent of the optic chi-
asm and floor of the third ventricle, flattening of the ventral
aspect of the pons, which contacts the clivus. Ectopia of the
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Fig. 12 T1-weighted fat suppression MR myelography with intrathe-
cal gadolinium injection. A Focal tear in the ventral dura at T1-T2
(arrow). B Concomitant extensive extravasation of contrast material
in the cervico-thoracic epidural space (asterisks)

cerebellar tonsils is commonly found as well. A reduction of
optic-nerve sheath subarachnoid space, evident on coronal
T2-weighted MRI scan, can be also observed and restored
with treatment [65].

An enlarged and hyperenhancing pituitary gland is other
distinctive feature of SIH, present in an average of 38%
of cases [63], reflecting hypophyseal vascular congestion
(Fig. 9A). Thus, the acronym SEEPS synthetizes the cer-
ebral hallmarks of SIH, standing for the following: subdural
fluid collections, enhancement of the dura, engorgement of
the venous structures, pituitary enlargement, and sagging
of the brain.

A nine-point predictive scoring system based on the six
most discriminating imaging features of SIH was developed
and validated by Dobrocky et al. [66]. The score is based

on three major findings (2 points each): pachymeningeal
enhancement, engorgement of venous sinus, and efface-
ment of the suprasellar cistern. Three signs are considered
minor (1 point each): subdural fluid collection, effacement
of the prepontine cistern, and mamillopontine distance of
6.5 mm or less. The score identifies a patient with a high
(score >/=15), intermediate (score 3 to 4), or low (score 2 or
lower) probability of having a spinal CSF leak and in whom
further invasive myelographic examinations are warranted.

Spine findings

Spinal imaging is performed primarily for two purposes: the
first is to identify the presence of fluid collections, identified
in 48 to 67% of patients [63], most often at the cervicotho-
racic junction or in the thoracic spine. The second objective
is to determine the exact site of leakage. In cases, of dural-
venous fistulae, no CSF collections will be found.

On both CT and MRI, extradural collections, either in
the epidural space or paraspinal structures, may be large in
extent indicating high-flow or fast leaks (Fig. 10). Digital
substraction myelography is an excellent option when a fast
CSF leak is suspected (Fig. 11). Small collections, extend-
ing no more than one vertebral body, are called low-flow or
slow leaks, for which delayed image acquisitions are recom-
mended for their detection.

On contrast-enhanced CT and MR myelography, exten-
sion of the contrast medium outside the thecal sac will be
found as direct sign of leak (Fig. 12). Some indirect signs
may be present also in spinal studies such as dilated epidural
venous plexuses and dural enhancement [67].

Treatment

Therapeutic options for SIH depend on the severity and time
course of symptoms. Patients with mild symptoms and in
the early phase of the disease are usually treated with con-
servative measurements, such as bed rest, analgesics, oral
hydration, and generous administration of caffeine, in order
to increase intracranial pressure [68].

The second line of treatment consists of epidural blood
patching (EBP). This is indicated on patients with more
severe and disabling symptoms, symptoms lasting more
than 2 weeks and in whom initial conservative measures
have failed [69].

At present, there is lack of recommendations based on
randomized clinical trials regarding the regimen and loca-
tion of EBPs [69]. Retrospective descriptive studies have
shown an improvement rate after the first EBP in approxi-
mately 30-50% of cases. The need of repeat attempts, up
to four or six EBPs, has been reported to achieve improve-
ment in some patients [63, 70]. Based on clinical experi-
ence, several authors recommend starting with 10-20 cc of
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autologous blood targeting the suspected site of leakage.
In cases of unknown leak site, patches can be started at the
thoracolumbar junction and then placed in the lower lumbar
region.

Anecdotal evidence suggests that fibrin patches can be
used as an alternative to EBPs, as an option before attempt-
ing surgical repair of a dural tear [71].

Microsurgical repair of the dural leak site is reserved for
patients in whom non-surgical measures have failed as well
as in whom the exact level of the dural tear or nerve root
diverticulum has been accurately identified. Additionally,
surgical treatment appears at this time as the first option in
the management of CFS-venous fistulae [71].

Conclusions

The ITH and SIH syndromes are recognized entities that may
lead to significant neurological complaints, especially mani-
festing as headache, visual disturbances, and altered cranial
nerves function. IIH will commonly affect obese women
of childbearing age. The distinctive radiological pattern
includes increased CSF in the optic nerve sheaths, partially
empty sella turcica, and transverse sinus stenosis.

On the other hand, STH may affect a wider age group
and has shown a relatively increased predilection for female
patients as well. The underlying abnormality in SIH cases is
related to the presence of a dural tear, meningeal diverticu-
lum, or a CSF-venous fistula. Typical radiological manifes-
tations of endocranial hypotension consist of subdural fluid
collections, enhancement of the dura, engorgement of the
venous structures, pituitary enlargement, and sagging of the
brain (summarized in the mnemonic SEEPS).

Interventional radiology has an active role in the treat-
ment of both entities, in transverse sinus stenting for
ITH cases and performance of targeted EBP in the SIH
management.
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