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ABSTRACT

Purpose Hydrocephalus is caused by an imbalance of
production and absorption of cerebrospinal fluid (CSF) or
obstruction of its pathways, resulting in ventricular dilatation
and increased intracranial pressure. Imaging plays a crucial
role in the diagnosis, differential diagnosis and planning of
treatment.

Methods This review article presents the different types of
hydrocephalus und their typical imaging appearance,
describes imaging techniques, and discusses differential
diagnoses of the different forms of hydrocephalus.

Results and Conclusion Imaging plays a central role in the
diagnosis of hydrocephalus. While magnetic resonance (MR)
imaging is the first-line imaging modality, computed tomo-
graphy (CT) is often the first-line imaging test in emergency
patients.

Key points

= Occlusive hydrocephalus is caused by obstruction of CSF
pathways.

= Malabsorptive hydrocephalus is caused by impaired CSF
absorption.

= The MR imaging protocol should always include sagittal
high-resolution T2-weighted images.

= When an inflammatory etiology is suspected, imaging with
contrast agent administration is necessary.

Citation Format

= Langner S, Fleck S, Baldauf | et al. Diagnosis and Diffe-
rential Diagnosis of Hydrocephalus in Adults. Fortschr
Rontgenstr 2017; 189: 728-739

ZUSAMMENFASSUNG

Ziel Bei einem ,Hydrozephalus“ kommt es durch ein Missver-
héltnis zwischen Liquorproduktion und -resorption oder ein
Abflusshindernis zu einer Dilatation der Ventrikel und einem
konsekutiven Anstieg des Hirndrucks. Die Bildgebung ist von
zentraler Bedeutung, um die Diagnose zu bestdtigen, die
Ursache zu identifizieren und die Therapie planen zu kénnen.
Methode Der Ubersichtsartikel stellt die verschiedenen
Formen des Hydrozephalus und deren bildmorphologische
Charakteristika vor, beschreibt die zur Verfligung stehenden
Untersuchungstechniken sowie mdgliche Differenzialdiagno-
sen der einzelnen Erkrankungen.

Ergebnisse und Schlussfolgerung Fiir die Diagnose und
Differenzialdiagnose des Hydrozephalus ist die Bildgebung
von zentraler Bedeutung. Untersuchungsmethode der Wahl
ist die MRT wobei in Notfallsituationen die initiale Diagnostik
haufig mit CT erfolgt.
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Introduction

Hydrocephalus is a common symptom that can have a number
of causes [1, 2]. However, if the symptom is not treated, hydroce-
phalus can develop into an independent disease that remains
even after treatment of the cause and may require ongoing treat-
ment.

In the past, analysis of the principles of CSF circulation has
often been based on the Monro-Kellie doctrine [3]. According to
this, the total volume of intracranial tissue (brain, CSF, arterial
and venous blood) is constant due to the rigid dimensions. Since
fluid cannot be compressed, an increase in volume in one
compartment must be associated with a decrease in another
compartment.

In the case of hydrocephalus, there is abnormal ventricular
dilatation caused by an imbalance between CSF production and
absorption [2]. Since the remaining intracranial tissue stays con-
stant, there is an increase in intracranial pressure. This then results
in transependymal CSF extravasation from the ventricular system
into the brain parenchyma, leading to brain damage with cor-
responding symptoms [4] and to pressure-induced atrophy in the
case of persistence of the disease [1]. A special form of hydroce-
phalus is known as "idiopathic normal pressure hydrocephalus".

In the case of clinical suspicion of hydrocephalus, imaging
plays a central role in confirming the diagnosis, identifying the
cause, and planning treatment.

This overview article presents the typical characteristics of
hydrocephalus in cerebral imaging as well as common causes
and their differential diagnoses in adults with their morphological
imaging characteristics.

Anatomy and physiological basis

The ventricular system of the brain is comprised of the two lateral
ventricles that can be divided into a frontal horn, the cella media
as the central portion, and the trigone as the junction to the
anterior horn and the temporal horn. There are also the unpaired
third and fourth ventricles. The CSF volume is about 150 ml, and
approximately 450 ml are produced each day, which means
that the CSF is replaced three times a day [5]. In the classic CSF
circulation model, known as the "bulk flow model" [6], the CSF is
produced by the choroid plexus which is located primarily in the
lateral ventricles and to a lesser extent also in the third ventricle
and on the roof of the fourth ventricle. It runs from the lateral
ventricles through the foramen of Monro into the third ventricle
and from there through the aqueduct into the fourth ventricle.
The fourth ventricle is connected to the subarachnoid spaces via
the foramen of Magendie (median aperture) and the two lateral
foramina of Luschka (lateral apertures). The external CSF spaces
are divided into the basal cisterns and the external CSF spaces
over the hemispheres. A further compartment is the spinal canal.
CSF absorption occurs primarily via arachnoid granulations in the
dural sinus and also to a lesser degree spinally [6]. However, cur-
rent studies have shown that the physiology of CSF production
and absorption is significantly more complex than previously
assumed. Refer to the relevant overview articles for a more
detailed discussion [7 -10].
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Clinical signs of hydrocephalus

The clinical manifestation depends on the etiology and the
dynamics with which the hydrocephalus develops [11]. Acute,
quickly developing hydrocephalus is a life-threatening disease
requiring immediate neurosurgical treatment [4]. The acute
increase in intracranial pressure can result in herniation of
the temporal lobe through the tentorial notch, referred to as
transtentorial herniation, and/or in herniation of the cerebellum
into the foramen magnum. This can lead to a disorder of vigilance,
disorder of pupil motor function and the oculomotor system,
autonomic dysfunction, loss of brain stem reflexes and even
coma. In contrast, slowly progressing chronic hydrocephalus
often manifests with non-specific symptoms, such as headache,
dizziness, and difficulties with vision and concentration. Addition-
al typical clinical signs are vomiting in the morning and papillede-
ma seen in the ophthalmological examination.

Examination methods and morphological imaging
criteria of hydrocephalus

In patients with the clinical picture of acute hydrocephalus and
acute impaired consciousness, cranial computed tomography is
the primary examination method due to the shorter examination
time and the faster access to the patient. Otherwise, the examina-
tion modality of choice is MRI [1, 12].

A typical sign of hydrocephalus is ventricular dilatation
(» Fig. 1). A very sensitive sign of this is dilatation of the temporal
horns. Even though there are no standard values for this in the
literature, a diameter of >2 mm in adults is considered pathologi-
cal (» Fig. 1) [13]. Moreover, the width of the third ventricle
increases so that it is no longer slit-shaped but rather ballooned
or laterally bowed. The normally slit-shaped posterior horns also
appear rounded. Compared to the dilated ventricular system, the
external CSF spaces are disproportionately thin. Depending on the
dynamics of the hydrocephalus, these changes can be very subtle
and only able to be detected when comparing follow-up examina-
tions.

The Evans' Index is used in the clinical routine to quantify dila-
tation of the ventricles in adults (> Fig. 1). A value of >0.3 is con-
sidered pathological [14].

Transependymal CSF extravasation caused by the increase in
pressure appears on cranial CT as hypodense changes in the
region of the frontal and posterior horns. In MRI, these changes
can be detected on T2-weighted (T2w) or ideally FLAIR scans
(» Fig. 2). CSF extravasation must be differentiated from age-
related changes of periventricular white matter [15]. Such chang-
es are usually less than 10 mm in diameter on axial cross-sectional
images (> Fig. 2) and their thickness decreases from anterior to
posterior [16].

In the case of clinical suspicion of acute hydrocephalus, FLAIR
scans are sufficient to rule out impaired CSF circulation and to
detect or rule out CSF extravasation as an indirect sign of in-
creased intracranial pressure. An MR imaging protocol (> Table 1)
for diagnosis of the underlying cause in patients with confirmed
hydrocephalus should always include high-resolution sagittal
T2w scans (e.g. CISS method) [17]. T2w SPACE scans can be
used as an alternative, particularly at 3T [17]. The configuration
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» Fig. 1 Morphological imaging features of hydrocephalus. Axial T2w images of a 24-year-old woman with a 2-week history of headache, nausea
and vomiting due to congenital aqueductal occlusion. The example illustrates the typical imaging findings of occlusive hydrocephalus. Increased
pressure leads to ballooning of the frontal horns (dotted arrow in a), rounding of the posterior horn (arrow in b), dilatation of the temporal horns
(arrow in c); and upward bowing and thinning of the corpus callosum (black arrow in d). The infundibular recess is also dilated (dotted arrow in d).
The cause of hydrocephalus in this patient is decompensated congenital aqueductal occlusion, which can be visualized in CISS images (arrowhead
in d). Missing flow void phenomenon indicating occlusion. Evans’ index (d1/d2 in e) is abnormal (normal <0.3).

of the corpus callosum and the floor of the third ventricle must be
observed here (> Fig. 1). In the case of hydrocephalus, the corpus
callosum bows upward and is thinned in the case of a persistent
increase in pressure. The floor of the third ventricle is usually
bowed upward. However, in the case of hydrocephalus, it is thin-
ned or even bowed downward. Moreover, the infundibular recess
is dilated with respect to the pituitary gland (> Fig. 1). The aque-
duct should be evaluated on these scans with respect to possible
obstructions.

Pulsation of the CSF through the aqueduct can be evaluated
qualitatively on the basis of the flow void phenomenon on flow-
sensitive T2w scans. Therefore, these should be included in
the imaging protocol in addition to high-resolution sequences.
Phase contrast (PC) examinations that allow dynamic imaging of
CSF pulsation but only limited conclusions regarding anatomy
can be alternatively used here. PC measurements perpendicular
to the aqueduct also allow quantitative evaluation of CSF pulsa-
tion through the aqueduct [18]. The diagnostic value of these
examination methods is controversial in the literature [19, 20].
An overview of the diagnostic criteria [12, 21] of hydrocephalus
is provided in » Table 2.

Types of hydrocephalus

In principle, there are three different types of hydrocephalus, with
normal pressure hydrocephalus having special classification as
a fourth type.

Obstructive hydrocephalus

This type of hydrocephalus is also referred to as non-communicat-
ing hydrocephalus [6] and is caused by obstruction of CSF path-
ways. Although there are predilection sites for the obstruction of
CSF pathways, it must be taken into consideration that in principle
every intracranial tumor of a certain size can obstruct CSF path-
ways. Typical differential diagnoses for the various locations are
listed in the following.
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» Fig.2 Morphological imaging features of hydrocephalus. a Axial
FLAIR image of a 43-year-old female patient with a three-week
history of headache, nausea and vomiting. Hyperintense periven-
tricular caps at the level of both frontal horns (arrow) indicating
transependymal CSF extravasation with dilated ventricles due to
hydrocephalus caused by posterior fossa metastasis. b Axial FLAIR
image of a 59-year-old female patient with hearing loss on the right
side. MRI was performed to exclude a tumor. Age-related periven-
tricular white matter changes (arrow) in the area of the two frontal
horns have to be differentiated from CSF extravasation.

Foramen of Monro

A lesion in the region of the foramen of Monro can result in bilat-
eral and more rarely unilateral dilatation of the lateral ventricles.
The most common cause of an obstruction at this site is a colloid
cyst. This is a benign, mucin-containing cyst that makes up
approx. 1% of all brain tumors and 20 % of all intraventricular mas-
ses [22]. These cysts are typically located on the roof of the third
ventricle in the immediate vicinity of the foramen. They appear
hyperdense on plain cranial CT. The cysts have a hyperintense sig-
nal in approx. 60 % of cases on T1-weighted (T1w) MRI scans. They
are usually hypointense to isointense on T2w scans (> Fig. 3). Even
if colloid cysts are histologically benign lesions, there is a risk of
acute life-threatening hydrocephalus, e. g. due to an increase
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» Table 2 Diagnostic criteria of hydrocephalus detected by ima-
ging and the imaging modality allowing the best evaluation (mod.
according to [12, 18]).

best evaluated on

morphological imaging criterion

axial cranial CT
axial TTw/T2w/FLAIR scans

dilated ventricular system; Evans'
Index >0.3

dilated temporal horns
rounded poster horns
dilated third ventricle

decreased mamillopontine dis- sagittal T2w scans

tance
reduced frontal horn angle

thinned and bowed corpus callo-
sum

sagittal T2w scans

flattened cerebral sulcal pattern axial TTw/T2w scans

coronal T1/T2w scans

axial cranial CT
axial T2w/FLAIR scans

transependymal CSF extravasation

prominent "flow void" signal in the sagittal flow-sensitive T2w
aqueduct (in NPH) scans

in the size of the cyst [23]. Therefore, neurosurgical examination
should be performed [24].

Obstruction of the foramen of Monro can also be caused by
primary brain tumors, inflammatory changes, and the formation
of septa (> Fig.4) [25, 26]. The signal and contrast behavior of
the tumor depends on entity and degree of malignancy. If the
hydrocephalus is caused by a tumor, the imaging protocol should
always include contrast-enhanced T1w scans on at least two
perpendicular planes. Alternatively, contrast-enhanced T1w 3D
sequences (e.g. T1 MPR) can be used.

The formation of septa can be best evaluated on high-resolu-
tion T2w scans with these preferably being acquired/reconstruc-
ted in axial or coronal slice orientation.

Aqueduct

An acquired aqueduct stenosis is responsible for hydrocephalus in
adults in up to 10 % of cases. Inflammatory septa and membranes
in the aqueduct [1] and neurocysticercosis [27] are some of the
most common causes. In particular, membranes and septa can
be evaluated particularly effectively in high-resolution T2w
sequences. However, aqueduct stenosis can also be caused by a
process in the pineal gland region or a tectal tumor. The latter is
usually a focal glioma. These are typically isodense on plain cranial
CT and do not show any contrast enhancement. MRl is the meth-
od of choice for precise evaluation of tumor size [28]. These
tumors appear hypointense to isointense on TTw scans and discre-
tely hyperintense on T2w scans (> Fig. 5). Since these are usually
low-grade tumors, they are not enhanced by contrast agent [29].
In the case of tumors with exophytic growth, a tumor of the pineal
gland should be included in the differential diagnosis.

732

Pineal gland cysts [22], which are a common incidental finding
in the daily diagnostic routine [30], are significantly more com-
mon. These are non-neoplastic glial cysts of the pineal region. In
the case of giant pineal gland cysts, compression of the aqueduct
or displacement of the ostium can be seen (> Fig. 5). However, an
intermittent increase in size with secondary aqueduct stenosis
and resulting hydrocephalus can occur in smaller cysts due to a
valve mechanism [22]. Pineal gland cysts appear as masses that
have smooth borders and are isodense to slightly hyperdense
compared to CSF in CT and can have calcifications in the cyst
wall [31]. The cyst contents are isointense to slightly hyperintense
on T1w scans and CSF-isointense on T2w scans. Incomplete signal
suppression is seen on FLAIR scans. Since the pineal gland does
not have a blood-brain barrier, linear peripheral contrast enhance-
ment is typically seen in CT and MRI. This can be nodular in up to
40 % of cases [22].

CT or MRI can be performed as initial imaging. However, since
the exact position in relation to the aqueduct and tectum can be
best evaluated on high-resolution T2-weighted sagittal scans, MRI
is the examination modality of choice. Therefore, MRI should
always be used for follow-up scans. To precisely evaluate the posi-
tion of the cyst in relation to the tectum and aqueduct (> Fig.5),
high-resolution sagittal T2w sequences (e. g. CISS method) should
be acquired. Contrast agent administration is not required for di-
agnosis.

Fourth ventricle and foramen magnum

In adults, the most common mass in the posterior cranial fossa
that can result in compression of the fourth ventricle is a subacute
cerebellar infarction [32] with consecutive swelling of the brain
(» Fig.6). On cranial CT, an infarction appears as a hypodense
lesion in the supply area of the corresponding cerebellar artery.
A hemorrhagic transformation can occur in the further course
causing the infarction to appear partially hyperdense. Ischemic
lesions appear hypointense on T1w MRI scans and hyperintense
on T2w scans. Hemorrhagic changes can be evaluated most effec-
tively on T2*w scans. In diffusion imaging, there is a signal
increase on the diffusion-weighted scans in the acute phase with
lowering of the values in the ADC parameter map. The most com-
mon neoplastic cause is intra-axial metastases (> Fig. 6) or, more
rarely, primary brain tumors [32, 33]. The appearance on cranial
CT and MRI depends on the underlying tumor entity but, as a
rule, any contrast agent can be used to enhance the tumors [32].

The most common causes for compression on the level of the
foramen magnum are congenital malformations of the base of
the skull and of the craniocervical junctions and Chiari malforma-
tions [21], with these clinical pictures rarely first manifesting in
adulthood.

Malabsorptive hydrocephalus

This form of hydrocephalus is caused by impaired CSF absorption.
All ventricles are equally affected. Therefore, this type of hydroce-
phalus is also referred to as communicating hydrocephalus. It can
be caused by subarachnoid bleeding (SAB) or posthemorrhagic
changes after SAB as well as inflammatory or post-inflammatory
changes (> Fig. 7). Moreover, malabsorptive hydrocephalus can
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» Fig.3 Colloid cyst. a Axial plain cranial CT scan of a 56-year-old patient with a two-day history of headache, nausea and vomiting. Hydrocephalus
with bilateral dilatation of the posterior horns of the lateral ventricle due to a colloid cyst (arrow). The cyst typically appears hyperdense on plain
CT. b Coronal CISS image at the level of the foramen of Monro of a 44-year-old patient with bilateral hydrocephalus. Bilateral obstruction of the
foramen by a colloid cyst (arrow) in the foramen. The cyst appears hypointense and the third ventricle (dotted arrow) is small and distorted by the
cyst. c Intraoperative endoscopic view from the right frontal horn of a 43-year-old patient with hydrocephalus due to a colloid cyst. Obstruction of
the foramen (black arrow) by the colloid cyst (x). Dotted arrow indicates choroid plexus.

» Fig.4 Obstructive hydrocephalus due to obstruction of the foramen of Monro. a Axial T2-weighted image of a 54-year-old female patient with
a 5-year history of headache and acute worsening. Dilated posterior horns of the lateral ventricles on both sides (arrow). b Coronal CISS image of
the same patient. Hydrocephalus is caused by post-infectious membranes (arrow) at the level of the foramen of Monro on both sides. ¢ Axial FLAIR
image of a 39-year-old patient with a several day history of headache. Occlusive hydrocephalus with CSF extravasation around the frontal and oc-
cipital horns (arrows) due to a tumor at the level of the foramen of Monro and the thalamus (dotted arrow). d Intraoperative endoscopic view of the

tumor (x) from the left frontal horn through the foramen of Monro (black arrow). Histologically proven pilocytic astrocytoma.

also develop as part of meningism in a malignant primary disease.
The hydrocephalus can be acute as well as slowly progressing. SAB
is usually caused by rupture of an aneurysm of the arteries supply-
ing the brain and is accompanied by the typical symptoms with
abrupt onset of headache. Subarachnoid bleeding appears hyper-
dense on plain cranial CT in the region of the basal cisterns [30]
and hydrocephalus can represent an acute complication of the
disease. Moreover, acute occlusive hydrocephalus can occur in
SAB due to clots. In the case of slowly developing post-hemorrha-
gic hydrocephalus, blood residues typically can no longer be
detected on cranial CT so that the patient's history is decisive for

Langner S et al. Diagnosis and Differential... Fortschr Réntgenstr 2017; 189: 728-739

the correct diagnosis. In contrast, post-hemorrhagic changes can
be detected on T2*w MRI scans for a much longer period of time.

Inflammatory intracranial processes are usually serious and
patients have a systemic reaction with fever and headache.
Inflammatory changes can be detected more effectively on MRI
and cranial CT [34]. In the case of meningitis, significant enhance-
ment in the region of the meninges can be seen after contrast
administration in MRI. Encephalitis is usually associated with a
cortical and subcortical signal increase that can be detected
particularly effectively on FLAIR scans and diffusion-weighted
images. In addition, a lack of signal suppression in the region of
the CSF can be detected on FLAIR scans in the area of the inflam-
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» Fig.5 Typical causes of aqueductal obstruction. a Sagittal CISS image of a 24-year-old female patient with a 6-month history of headache and
eye movement disturbances demonstrating a hyperintense tectal mass with obstruction of the aqueduct. Consecutive hydrocephalus with upward
bowing of the corpus callosum (dotted arrow), while the floor of the third ventricle is pushed downward. b Sagittal T2w SPACE image of a 28-year-
old patient with a 4-month history of morning vomiting. Giant pineal gland cyst (arrow) compressing the aqueduct and obstructing its entrance.
Downward bowing of the floor of the third ventricle indicating hydrocephalus (dotted arrow). c Sagittal CISS image of a 43-year-old female patient
with a 4-month history of headache. Aqueductal stenosis (arrow) at the level of the inlet. Upward bowing and mild thinning of the corpus callosum
(dotted arrow) and downward bowing of the floor of the third ventricle (arrow head) indicating hydrocephalus. d Intraoperative endoscopic view of
the same patient as in c demonstrating the pinhole configuration of the aqueduct (arrow).

» Fig.6 Obstruction in the posterior fossa. a Plain cranial CT scan of a 75-year-old patient with hemorrhagic transformation of bilateral infarcts in
the PICA territory (arrow) with compression of the fourth ventricle. Acute hydrocephalus is indicated by dilatation of both temporal horns (dotted
arrow). b Sagittal T2w image of a 27-year-old female patient with a long history of headache and difficulties concentrating. The tip of the cerebellar
tonsils is below the foramen magnum, indicating Chiari | malformation as the cause of hydrocephalus. ¢ Axial T2w image of the same patient as in
b demonstrating ventriculomegaly as a sign of chronic hydrocephalus. d Axial contrast-enhanced T1w image of a 64-year-old female patient with a
ring-enhancing lesion (arrow) compressing the forth ventricle (arrowhead) (lung cancer metastasis).

matory changes. Contrast enhancement can be detected both  Hypersecretory hydrocephalus
in the arachnoid space and in the region of the dura mater. In
immunocompromised patients, some inflammatory changes can
be visualized better on high-resolution T2w scans (» Fig. 7) than
on contrast-enhanced scans [34, 35]. Since the imaging findings
are often unclear, a correlation with clinical symptoms and lumbar
puncture with CSF diagnostic testing are important for correct
diagnosis [35]. Particularly in inflammatory processes, it must
be taken into consideration that hydrocephalus can progress
quickly [35].

This type of hydrocephalus is caused by an overproduction of CSF,
which is usually caused by a plexus papilloma (> Fig. 8) or more
rarely by a plexus carcinoma [36]. These are typically tumors in
children. On plain cranial CT, the tumors appear isodense with
respect to the brain parenchyma. On MRI the tumor appears
lobulated. It is isointense to hypointense with respect to the brain
on T1w scans and isointense to hyperintense on T2w scans. After
contrast administration significant enhancement is seen. On T2w
scans flow void phenomena caused by tumor vessels can be
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» Fig.7 Typical differential diagnoses of malbsorptive hydrocephalus. a 54-year-old female patient with sudden onset of severe headache; plain
cranial CT scan demonstrating extensive subarachnoid hemorrhage (SAH) in the basal cistern (arrow) with concomitant hydrocephalus and bilat-
erally dilated temporal horns (dotted arrow) and fourth ventricle (arrowhead). b Axial FLAIR image of a 56-year-old patient with a 6-week history of
cough and acute headache. Extensive acute hydrocephalus with transependymal CSF extravasation at the level of the frontal (arrow) and occipital
horns. c Axial postcontrast TTw image of the same patient demonstrating extensive subarachnoid enhancement due to tuberculous meningitis.

d Sagittal CISS image of a 43-year-old female patient with headache and severe neutropenia. CSF analysis revealed Hemophilus influenza menin-
gitis. Extensive infectious CSF changes in the prepontine cistern (dotted arrow) and in the hemispheres. Contrast-enhanced images demonstrated

no blood-brain-barrier breakdown due to neutropenia.

detected within the tumor. Intratumoral calcifications can be
evaluated on MRI, particularly in T2*w gradient echo MRI sequen-
ces.

Idiopathic normal pressure hydrocephalus

Idiopathic normal pressure hydrocephalus (iNPH) is a special type
of communicating hydrocephalus whose pathophysiology is not
yet fully understood. The disease typically occurs in adults and
the prevalence increases with age [37, 38]. It is primarily caused
by impaired CSF dynamics with no or only a slight increase in
intracranial pressure [37]. iNPH is defined by typical clinical and
radiological criteria. Typical clinical symptoms are gait distur-
bance, urine incontinence and dementia (Hakim's triad [38]), the
full clinical picture being seen in only approx. 30 % of all patients.
Correct diagnosis is particularly important since iNPH is a treata-
ble form of dementia. In the case of corresponding clinical suspi-
cion, MRI is the examination modality of choice. Typical radiologi-
cal criteria are ventricular dilatation and small external CSF spaces
above the hemispheres without additional signs of an increase in
intracranial pressure. These changes can be best evaluated on
coronal images (> Fig.9) [39]. Moreover, dilated cerebral sulci
can be seen in isolated cases in patients with iNPH and can further
support the diagnosis as a further morphological imaging criteri-
on in the overall context. A very prominent flow void phenomen-
on in the region of the aqueduct is an indication of impaired CSF
dynamics on sagittal T2w scans (> Fig.9). Impaired CSF dynamics
can be visualized and quantified with the help of phase contrast
scans [38]. However, the relevance of these findings for diagnosis
and the prediction of treatment response is controversial in the
literature [19, 20].
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» Fig.8 MRI of an 8-year-old patient with a rapidly enlarging head
due to plexus papilloma (arrow in a) with subsequent dilatation of
the temporal horn (arrowhead in b) and trigone (dotted arrow in b).

Differential diagnoses

Hydrocephalus must be differentiated from other diseases asso-
ciated with an increase in intracranial pressure and from changes
resulting in ventricular dilatation.

Idiopathic intracranial hypertension

In idiopathic intracranial hypertension (lIH), there is an increase
in intracranial pressure without a morphological intracranial pa-
thology visible on imaging [40]. This must be differentiated from
pseudotumor cerebri, which is often used synonymously [41] and
refers to an increase in intracranial pressure with a definable cause
(» Table 3) [40]. IIH primarily affects overweight women of child-
bearing age. Typical clinical symptoms are headache, vision
impairment or loss of field of vision, pulsatile tinnitus, and
neck pain. Diagnosis is based on the modified Dandy criteria
(» Table4) [41]. On cranial CT, pathologies often cannot be
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» Fig.9 63-year-old patient with progressive gait disturbance, mild cognitive impairment and urinary incontinence. a Axial FLAIR image demon-
strating ventriculomegaly without evidence of transependymal CSF extravasation. b Coronal T1w image demonstrating mismatch between size
of inner and outer CSF spaces. ¢ Flow-sensitive sagittal T2w image demonstrating strong flow void in the aqueduct as an indirect sign of iNPH.

» Table 3 Causes of pseudotumor cerebri (mod. according to [37]).

associated diseases

anemia

hormonal disorder (Addison's disease; Cushing's disease)
sleep apnea

hypercapnia

trisomy 21; Turner syndrome

kidney failure

autoimmune diseases (systemic erythematosus lupus; Sjogren’s syndrome)

iatrogenic

antibiotic therapy (tetracycline [minocycline; doxycycline]; nitrofur-
antoin; sulfonamides; quinolones [nalidixic acid])

hormonal factors (L-thyroxine; growth hormone; tamoxifen)
excessive intake of vitamin A; retinoids

medication (corticosteroids; lithium, ciclosporin)

» Table 4 Modified Dandy criteria for diagnosis of idiopathic intracranial hypertension (mod. according to [38]). For reliable diagnosis, criteria A-E
have to be satisfied and no secondary cause should be present. For a probable diagnosis of IIH, criteria A-D must be fulfilled.

A papilledema in fundoscopy

normal neurological examination, except for affection of cranial nerves

@ normal cerebral imaging': no sign of hydrocephalus (> Table 1), no tumor or structural lesion, no pathological meningeal enhancement, no

evidence of sinus/venous thrombosis

D normal CSF analysis

E increased CSF pressure in lumbar puncture in side position (>25 cm H,0)

! Imaging modality of choice is MRI; if not possible, contrast-enhanced cranial CT can be performed.

detected in axial slice orientation. Therefore, MRI is the preferred
examination modality. Typical morphological imaging findings
(» Fig. 10) are thinning of the pituitary gland tissue (empty sella
sign), dilatation of the CSF spaces around the optic nerve with or
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without accompanying tortuosity of the nerve, thinning of the
dorsal circumference of the eyeball, a prominent papilla of the
optic nerve, and stenosis of the transverse sinus [40 - 42]. There-
fore, in the case of corresponding clinical suspicion, the imaging
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» Fig. 10 27-year-old obese female patient with headache and visual disturbances for 3 months. Cranial MRI demonstrates the typical signs of
pseudotumor cerebri. a Axial FLAIR images without evidence of hydrocephalus. b Sagittal T2w image with thinning (arrow) of the pituitary gland
(empty sella sign). ¢ Coronal fat-saturated T2w showing dilatation of the CSF spaces around the optic nerve (arrow). d CE-MRA demonstrating
stenosis of the right transverse sinus (arrow) and hypoplastic left transverse sinus. Image findings resolved after lumbar puncture.

» Fig. 11 Secondary atrophy due to dehydration. Axial T2w images of a 43-year-old patient. a Initial MRI performed to exclude intracranial com-
plications of sinusitis. b Follow-up MRI which was performed after the patient collapsed at a sports event due to exsiccosis. Dilatation of inner and
outer CSF spaces. c Follow-up MRI three days later after rehydration demonstrating normalization of the CSF spaces.

protocol should include venous angiography either using the
"time of flight" (TOF) technique or preferably as contras-
t-enhanced MR venography (CE-MRV) [42]. The described chan-
ges after lumbar puncture are typically fully reversible [40].

Age-related changes

A physiological reduction in brain volume occurs with increasing
age. However, in contrast to hydrocephalus, there is symmetrical
dilatation of internal and external CSF spaces. Age-related cortical
atrophy primarily relates to the sensomotoric cortex, the visual
occipital cortex, individual frontal areas and the thalamus [15].
Pathological atrophy as can occur, for example, in dementia must
be differentiated from this. While ventricular dilatation due
to subcortical atrophy is non-specific, certain types of cortical
atrophy allow conclusions regarding the primary disease, e.g.,
hippocampus atrophy in Alzheimer's [43]. However, in the individ-
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ual case, differentiation can be difficult. Therefore, a correlation of
imaging findings with symptoms is essential for correct interpre-
tation [43]. The diagnostic reliability for the differentiation
of physiological age-related changes from hydrocephalus can be
increased by using age-specific reference images [44].

Secondary atrophy

Hydrocephalus must also be differentiated from secondary atro-
phy as can occur, for example, in autoimmune diseases [45], HIV
infection [46], after chemotherapy [47], in neurodegenerative
diseases [15], or after taking drugs or medications [48]. Dehydra-
tion [49] can also lead to temporary ventricular dilatation
(» Fig. 11). As in aging processes, symmetrical dilatation of the
internal and external CSF spaces occurs. For correct interpretation
of findings, correlation with symptoms and the particular patient
history is extremely important.
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Summary

In hydrocephalus, an imbalance between CSF production and
absorption or obstruction of CSF pathways results in ventricular
dilatation and consecutively in increased intracranial pressure.
Acute hydrocephalus is a life-threatening disease and requires
urgent neurosurgical treatment. It can be caused by an obstruc-
tion (occlusive hydrocephalus) of CSF circulation or impaired
absorption (malabsorptive hydrocephalus). Hydrocephalus must
be differentiated from ventricular dilatation due to age or second-
ary atrophy. Imaging is essential to identify the cause in occlusive
hydrocephalus so that treatment can be planned.
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