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Description
Imaging of hydrocephalus

Hydrocephalus is a a mechanical complication of differ-
ent pathologic conditions and a disease process itself. The
morphologic features are easily recognizable, but the patho-
physiology remains incompletely understood. Nearly all
hydrocephalus is due to cerebrospinal fluid (CSF) obstruc-
tion at some point between the ventricles and the systemic
venous circulation. Classification is important as it informs
optimal treatment.

Optimized imaging is vital to the success of flow diver-
sion. Current treatments are limited and invasive: CSF di-
version via catheter or endoscopic third ventriculostomy.
Decision-making relies upon high resolution imaging to
determine the site of obstruction and anatomic features that
may complicate the procedure.

Morphologic and physiologic imaging are used to evaluate
suspected normal pressure hydrocephalus (NPH). Several
morphologic measures individually and in combination have
shown high positive predictive value in identifying individ-
uals who will respond to treatment with ventricular shunting
and in differentiating NPH from Alzheimer disease, which
can have a similar imaging appearance.
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After completing this activity, the participant will be able to:

* Describe the three classes of hydrocephalus, a
necessary prerequisite to appropriate radiologi-
cal evaluation and treatment.

* Explain the utility of different imaging modal-
ities and techniques in pretreatment decision
making and surgical planning.

* Apply the primary morphological imaging mea-
sures that support the diagnosis of normal pres-
sure hydrocephalus.
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Imaging of hydrocephalus

Wende N. Gibbs, MD, MA, und Lawrence N. Tunenbuum, MD, FACR

ydrocephalus is a common
and important process, a me-
chanical complication of many

different pathologic conditions and a
disease process itself. The morphologic
features are easily recognizable, but the
pathophysiology remains incompletely
understood. Current treatments are lim-
ited and invasive: cerebrospinal fluid
(CSF) diversion via catheter or endo-
scopic third ventriculostomy (ETV).
Further research and improved under-
standing of the pathophysiology is nec-
essary to expand and refine treatment
options and optimize patient outcomes.
Hydrocephalus can be acute or
chronic and has a myriad of causes,
with different etiologies primarily af-
fecting children, young and middle age
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Healthcare, Philips, Hitachi, Toshiba,
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adults, and the elderly. For this reason,
the scientific community has yet to pro-
duce a universally accepted definition.
The most commonly accepted defini-
tion of hydrocephalus is “...active dis-
tention of the ventricular system of the
brain resulting from inadequate passage
of CSF from its point of origin within
the cerebral ventricles to its point of ab-
sorption into the systemic circulation.!
This definition has limitations, but is
simple and supports the idea that hydro-
cephalus is an active process, produced
by obstruction along the course of CSF
flow, that can be evaluated with mor-
phologic or physiologic imaging.

CSF Flow dynamics
and hydrocephalus

The traditional bulk flow model of
CSF posits that CSF is secreted by cho-
roid plexus epithelium in the ventricles,
flows through the ventricular system,

enters the spinal and cerebral subarach-
noid spaces, and is absorbed by the
arachnoid granulations into the superior
sagittal sinus, to enter the systemic ve-
nous system. We now know that brain
interstitial fluid is the source of 30-40%
of CSF? and 20-40% is absorbed by cra-
nial and spinal nerve sheaths and at the
cribriform plate rather than arachnoid
granulations.??

Hemodynamic factors also contrib-
ute to this complex picture. The Mon-
ro-Kellie doctrine states that changes in
intracranial blood, CSF, or parenchy-
mal volume require reciprocal changes
in one or both of the other factors. Be-
yond a certain point of compliance,
compensation fails and there is an ex-
ponential rise in intracranial pressure
(ICP). The impact of blood flow is sub-
stantially greater than secretion and ac-
cumulation of CSF. In the acute setting
of trauma, hemorrhage, or stroke, CSF

6 W  APPLIED RADIOLOGY

www.appliedradiology.com

May 2018



IMAGING OF HYDROCEPHALUS SA'C M E

HYDROCEPHALUS

Obstruction point within With obstruction of Without obstruction of
ventricular system CSF absorption CSF absorption

Non-Communicating Intraventricular
1. Mass 1.
2. Mass effect
3. Aqueductal stenosis

TABLE 1. Hydrocephalus classification.

drainage can reduce ICP, but accumu-
lation in the form of hydrocephalus is
rarely a primary cause of increased ICP.
In the chronic setting, arterial systolic
pressure waves that are normally dissi-
pated in the subarachnoid spaces affect
the brain based upon age-dependent
changes in brain compliance, likely
contributing to idiopathic hydroceph-
alus in infants, idiopathic intracranial
hypertension in young adults, and idio-
pathic normal pressure hydrocephalus
in the elderly.*>%

The discovery of aquaporins (AQP),
water channels expressed in the central
nervous systems adds an additional layer
of complexity to the process. AQP-4
channels expressed in the ependymal
cells and subependymal astrocytic end-
feet lining the ventricles facilitate bidi-
rectional transport of water between the
interstitial and CSF spaces.” Water and
solutes flow and diffuse between the
ventricles and parenchyma depending
upon regional concentration and hydro-
static pressure gradients. Iliff and col-
leagues hypothesize that a “glymphatic”
system facilitates directional CSF flow
through the brain serving as a type of
lymphatic system to clear metabolites
and waste.® CSF flows from perivascu-
lar spaces (PVS) surrounding end ar-
terioles, into the interstitial space, and
out through the PVS surrounding the
venules. AQP-4 channel expression is
key to the directionality of the process,
and disordered expression with aging,

Mon-Communicating Extraventricular
Post-hemorrhage -
2. Post-infection

3. Carcinomatosis

Communicating

Normal Pressure
2. SILPAH (Low pressure)
3. Overproduction

cerebrovascular disease, stroke and trau-
matic brain injury impairs parenchymal
waste removal, contributing to neurode-
generation.

Classification of hydrocephalus

Walter Dandy first described the
basic mechanism and classification
of hydrocephalus as obstructive or
non-obstructive in 1913. Despite ad-
vances in understanding of the under-
lying process, current classification
systems still rely upon Dandy’s classifi-
cation scheme.’

Nearly all hydrocephalus is due to
CSF obstruction at some point between
the ventricles and the systemic venous
circulation. The point of obstruction in
non-communicating hydrocephalus may
lie within the ventricles or connecting
channels or outlet foramen (non-com-
municating intraventricular hydroceph-
alus) or at the level of the arachnoid
granulations (non-communicating ex-
tra-ventricular hydrocephalus). Normal
pressure hydrocephalus, low pressure
hydrocephalus, and CSF overproduction
by choroid plexus hyperplasia or tumor
are the three causes of communicating
hydrocephalus (Table 1).

Classification is important as it in-
forms optimal treatment. Hydrocephalus
caused by obstruction of the ventricular
system at a point between the third ven-
tricle and cortical subarachnoid space
can be treated with a ventricular shunt
or by endoscopic third ventriculostomy

DETAILS ON PAGE 5

Spinal subarachnoid space

FIGURE 1. A third ventriculostomy bypasses
intraventricular obstruction by connecting
the ventricular system to the cortical sub-
arachnoid space, allowing CSF to flow to
the convexities where it can be absorbed at
the arachnoid granulations. An endoscope
is advanced to the lateral ventricles, through
the foramen of Monro, and into the third ven-
tricle to puncture the third ventricular floor.

(ETV). This procedure bypasses the ob-
struction, decompressing the obstructed
ventricles by creating a direct connec-
tion with the cortical subarachnoid space
in the interpeduncular and prepontine
cisterns via fenestration of the third ven-
tricular floor (Figure 1). ETV success
varies with age and hydrocephalus eti-
ology. The overall complication rate is
2-15%. Most complications are imme-
diate and minor; in the long term, ETV
confers a greater survival advantage than
shunting.'°

The primary treatment of hydroceph-
alus caused by obstruction beyond the
level of the fourth ventricular outlet is
ventricular shunting. The most com-
mon complications of shunting are ob-
struction and infection. Infection rate
is approximately 5-9% per procedure,
usually within three months of place-
ment.% Estimated thirty-year mortality
related to shunt placement is 5-10%. !

Non-communicating
intraventricular hydrocephalus
Obstruction of CSF flow within the
ventricular system may be produced
by neoplasms, intraventricular cysts
or infections, webs or membranes, or
aqueductal stenosis (Figure 2). More
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FIGURE 2. 43-year-old woman with obstructive hydrocephalus resulting from cystercercosis
cyst within the 4 ventricle. (A) The noncontrast CT shows dilation of the 4" ventricle and
temporal horns. The ventricular margins are sharp and there is no periventricular interstitial

edema, suggesting a chronic, compensated state. Additional small calcifications reflect the
nodular calcified stage of disease. (B) The cyst walls are clearly defined on the sagittal post-

contrast image.
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FIGURE 3. Acute hydrocephalus can progress rapidly, resulting in herniation, ischemia and

death. aSAH obstructs the aqueduct and outlet foramen and impairs CSF absorption over the
convexities. According to the Monro-Kellie hypothesis, increase in volume of one intracranial
component requires a decrease in others. The brain is non-compressible. In this case, shunt-
ing to decrease the size of the ventricles is necessary to prevent cerebral hypoperfusion or

herniation.

commonly, parenchymal masses, hem-
orrhage, infarct, and other processes
that produce extrinsic compression
upon the ventricles or connecting chan-
nels produce obstructive hydrocephalus
(Figure 3).

Acute obstructive hydrocephalus can
progress rapidly, resulting in hernia-
tion and death within hours(Figure 4).
The temporal horns have the greatest
capacitance of the ventricular system,

and enlargement is the earliest sign of
hydrocephalus.'> Rounding of the fron-
tal horns and bulging of the third ven-
tricle floor are additional early findings.
Periventricular interstitial edema is
visible on CT, but better characterized
on the MR FLAIR sequence. In acute
obstruction, CSF secretion continues,
and low density (CT) or high intensity
(FLAIR) signal around the ventricles
is thought to reflect some combination

of CSF trapped within the surround-
ing brain parenchyma, unable to flow
into the high-pressure ventricles, and
outward, transependymal flow from
the high-pressure ventricles into the
parenchyma. With time the ventricles
compensate: ventricular enlargement
decreases the pressure gradient, the
periventricular edema resolves, and sig-
nal abnormality on imaging normalizes.

Treatment planning for patients
with intraventricular obstruction ben-
efits from high-resolution 3D MRI
sequences that facilitate detection of
small webs and membranes that may
be occult on conventional sequences.
Morphologic evaluation is optimized
with 3D cisternographic imaging se-
quences (CISS-Siemens, FIESTA-GE)
sequences. Morphology and physiol-
ogy can be studied with T2-weighted
3D fast /turbo spin echo techniques
SPACE-Siemens, CUBE-GE), which
manifest signal changes associated
with flowing CSF in patent channels,
such as the cerebral aqueduct and a
functioning third ventriculostomy. A
relatively new technique, time-spatial
labeling inversion pulse (TimeSLIP,
Toshiba) tags CSF spins in a manner
analogous to arterial spin labeling,
allowing visualization of CSF move-
ment over a short distance (Figure
5).13 This technique can be used to de-
termine patency of CSF channels and
ventriculostomies.

High-resolution imaging is vital for
the pre-operative evaluation for ETV.
The radiologist must report the pres-
ence of the Liliquist membrane and
other thin membranes and webs in the
interpeduncular and prepontine cisterns,
as non-recognition may result in ETV
failure. Dincer et al studied 134 cases of
hydrocephalus with preoperative evalu-
ation using conventional and high reso-
lution sequences.'* They found that 20%
of cases originally diagnosed as commu-
nicating hydrocephalus demonstrated
small intraventricular webs on 3D CISS
images. In 32% of cases, CISS images
changed the treatment plan: an ETV was
performed in patients originally planned
for shunting.
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FIGURE 4. An infarct produces acute upstream hydrocephalus by exerting mass effect on

the fourth ventricle. (A) The axial diffusion-weighted image shows an acute PICA infarct with
substantial mass effect. (B, C) The axial FLAIR images reveal enlarged temporal horns and
periventricular interstitial edema. (D) A sagittal T1-weighted image demonstrates low intensity
edema in the PICA territory. As edema increases, mass effect may also compress the brain-

stem, and produce further tonsillar herniation.

In addition, the radiologist should re-
port the location of the basilar artery in
relation to the third ventricular floor to
prevent inadvertent injury. The endo-
scopic surgical trajectory extends from
the frontal horn, through the foramen
of Monro to the third ventricle. The sur-
geon pierces the third ventricular floor,
blind to subjacent structures. Post-op-
erative evaluation of ventriculostomy
patency and evaluation in the setting of
recurrent symptoms also benefits from
MR imaging. High resolution sequences
such as SPACE, phase contrast MRI, or
TimeSLIP demonstrate CSF flow or ob-
struction at the surgical site (Figure 6).

Non-communicating
extraventricular hydrocephalus
The term of “communicating” hy-
drocephalus is now controversial: the
prevailing thought that nearly all hydro-
cephalus is obstructive (non-communi-
cating) has limited the entities that fall
under this heading to normal pressure
hydrocephalus, low pressure hydro-
cephalus, and CSF overproduction. Pa-
thologies that produce CSF obstruction
between the fourth ventricular outlet
and arachnoid granulations fall under
the heading of “non-communicating ex-
tra-ventricular” hydrocephalus. Hem-
orrhage, infection, and leptomeningeal

DETAILS ON PAGE 5

FIGURE 5. TimeSLIP image obtained in the
coronal plane at the level of the frontal horns
demonstrates CSF reflux from the third to
the lateral ventricles through the foramen of
Monro (orange arrow). An inversion pulse is
used to null all CSF signal. A second pulse in
a transversely oriented band tags CSF. Any
bright CSF seen above or below the band
has moved from the tagged region. Research
and development of this technique has pro-
duced new insights into the nature of CSF
flow. Reflux flow through the ventricular sys-
tem is seen in normal individuals.

spread of tumor are the most common
etiologies that result in this type of hy-
drocephalus.

Subarachnoid and
Intraventricular hemorrhage

Post-hemorrhagic hydrocephalus
may be the result of subarachnoid hem-
orrhage, intraventricular hemorrhage,
or traumatic brain injury. Hydroceph-
alus in these cases increases morbidity
and disability independent of the incit-
ing event. Nearly all patients require
surgical shunt placement emergently,
and many require permanent ventricular
catheters. '3

Vasospasm, re-hemorrhage, and hy-
drocephalus are the most common com-
plications of aneurysmal subarachnoid
hemorrhage (aSAH). aSAH results in
acute and/or chronic hydrocephalus in
up to 37% of cases and worsens progno-
sis.!>!® Aneurysm rupture in the poste-
rior circulation more frequently results
in hydrocephalus than rupture in the an-
terior circulation (Figure 7)."

In the acute phase, blood obstructs
the ventricles, outflow channels, basi-
lar cisterns, and arachnoid granulations,
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impairing CSF flow and absorption. Hy-
drocephalus can develop within hours,
requiring vigilant observation, liberal
imaging, and rapid interpretation and
communication of imaging findings. In
the chronic phase, hemosiderin, fibrosis,
and scarring obstructs CSF flow primar-
ily over the convexities at the arachnoid
granulations, but also within the basilar
cisterns and outflow channels (Figure 8).
Intraventricular hemorrhage and trau-
matic brain injury produce hydrocepha-
lus by similar mechanisms. Forty percent
of patients with spontaneous intracranial

FIGURE 6. Child with hydrocephalus and failed ETV. (A) A sagittal T2-weighted turbo spin
echo image shows a prominent flow void reflecting flow through the cerebral aqueduct (yellow e
arrow). A miniscule flow void is seen at the ventriculostomy site (orange arrow). (B) After ETv ~ hemorrhage have extension into the ven-
revision, the aqueduct flow void has diminished in caliber and a strong flow void is seen at tricular system, and of these, 51% to 89%
the now patent ventriculostomy (orange arrow). Most ventriculostomies fail within the first 6 will develop hydrocephalus. '

months; late failure is rare. MR imaging in postoperative patients with recurrent symptoms is

Extraventricular drainage catheters
standard of care.

are used to lower intracranial pressure,

;.,} i

N AN

FIGURE 7. Hydrocephalus resulting from aneurysmal subarachnoid hemorrhage is common. (A) 3D reconstruction of a ruptured posterior com-
municating artery aneurysm. (B, C) Axial CT images show subarachnoid hemorrhage within the basilar cisterns and early acute hydrocephalus.
Blood circulates throughout the intra- and extraventricular system, leaving small obstructing clots and fibrosis. Many patients require permanent
ventricular shunting for disordered CSF flow and absorption.

FIGURE 8. Delayed and chronic hydrocephalus can result from aSAH. In this case, the patient presented with aSAH and developed mild
hydrocephalus (A). She received an extraventricular drain. (B) There is no CT evidence of residual hemorrhage one week later. The EVD was
clamped, ventricles remained stable, and the drain was removed. Two months later the patient returned with headache. (C) The CT shows
enlarged ventricles and periventricular interstitial edema of acute hydrocephalus. Microscopic obstruction by blood products and fibrosis is likely
intra- and extraventricular.
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FIGURE 9. 75-year-old man with suspected normal pressure hydrocephalus. Indium-111-
DTPA was injected via lumbar puncture, and subsequent imaging followed CSF flow. (A) At
4 and 24 hours, radiotracer is clearly seen within the ventricles (yellow arrow). (B) At 48 and
72 hours, a great deal of radiotracer activity remains within the ventricles (orange arrow), with
little activity over the convexities. These findings support the diagnosis of NPH.

but do not inhibit the circulation of
blood products or clot production, and
therefore do not reduce the incidence of
post-hemorrhagic hydrocephalus. Tri-
als of low dose intraventricular throm-
bolysis with recombinant tissue-type
plasminogen activator (rtPA) have
shown mixed results in preventing hy-
drocephalus and improving neurologi-
cal outcomes. 81920

Infection and carcinomatosis
Hydrocephalus complicates bacte-
rial meningitis in approximately 5% of
cases, and is associated with substan-
tially increased morbidity and mortal-
ity.2122In this case, exudates block the

arachnoid granulations, and less com-
monly, the outlet foramen. High CSF
protein levels may also contribute to
decreased absorption at the arachnoid
granulations.??

Lung and breast carcinoma and
melanoma are the most common ma-
lignancies to produce leptomeningeal
carcinomatosis. The incidence of carci-
nomatosis in patients with solid tumors
is approximately 5%, and of these, 25%
develop hydrocephalus.?*232° Survival
at this point is limited, but prolonged
by shunting.?* Carcinomatosis produces
hydrocephalus in a similar manner as
infection, obstructing CSF outflow at
the level of the granulations.

DETAILS ON PAGE 5

Communicating hydrocephalus

True communicating hydrocephalus
has no obstruction within the ventricu-
lar system, within the basilar cisterns,
cortical subarachnoid space, or at the
arachnoid granulations. Treatment de-
pends upon etiology.

CSF Overproduction

CSF overproduction by a choroid
plexus tumor or hyperplasia is exceed-
ingly rare. In this case, the volume of
CSF produced exceeds the absorption
capacity at the arachnoid granulations,
across aquaporin receptors in the ven-
tricular walls, and via alternative drain-
age routes, such as spinal and cranial
nerve sheaths.

Low pressure hydrocephalus

The syndrome of low pressure hy-
drocephalus (SILPAH) is also ex-
tremely rare. In this case, complete
obstruction of the ventricular system
results in disconnection from the corti-
cal subarachnoid space (CSAS).?7282
CSF in the CSAS drains into the SSS,
with resultant outward expansion of
the brain parenchyma and enlargement
of the ventricles. The intracranial pres-
sure is low: CSF does not drain from the
ventricular shunt. Treatment involves
lowering the EVD setting to subzero
pressure to force drainage, binding of
the neck to increase sinus pressure, and
eventual reconnection of the ventricular
system with the CSAS via ETV.%

Normal pressure hydrocephalus

Normal pressure hydrocephalus
(NPH) was first described by Hakim
and Adams in 1965 as a syndrome of
gait apraxia, dementia and urinary in-
continence in a patient with imaging
findings of enlarged ventricles and nor-
mal CSF pressure measured with lum-
bar puncture.’! Prevalence increases
with age, reaching 6% in individuals
over 80 years old.* It is one of the few
potentially treatable causes of demen-
tia. Clinical diagnosis can be difficult,
as symptoms overlap with other neuro-
degenerative diseases, primarily Alz-
heimer’s disease (AD).
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FIGURE 10. Simple morphologic measures are often used in daily practice for initial NPH
screening. (A) The Evans index can be measured quickly on both CT and MR images. The
widest diameter of the frontal horns is divided by the maximal intracranial diameter on the
same axial slice. In this case, El is 0.4, supporting the clinical suspicion of NPH. (B) A collosal
angle less than 63 degrees may suggest shunt responsiveness. Note also in this case, the
narrowed vertex sulci and widened Sylvian fissures: features of DESH.

Since the original description, re-
searchers have discovered numerous
additional physiologic changes associ-
ated with this disease. In the majority
of NPH cases there is resistance to CSF
reabsorption at the arachnoid granula-
tions®? with consequent reversal of flow
into the periventricular parenchyma.**
Ventricular pressure is normal, but
pulse pressure is increased 6-8 times
normal, resulting in hyperdynamic flow
through the cerebral aqueduct.>>* PET
and SPECT images show globally de-
creased cerebral blood flow.?’

Diagnosis and treatment of NPH re-
mains controversial, despite decades of
study. Management decisions balance
the risks associated with CSF diversion
surgery in patients of this age, and often
with multiple comorbidities, with the
potential benefit of alleviating symp-
toms. Not all patients with NPH benefit
from CSF diversion: late in the disease
course ventricular dilation progresses to
atrophy and damage is irreversible. For
this reason, the primary goal of imaging
research is to identify patients who will
benefit from surgery.

Nuclear cisternography, commonly
utilized in the assessment of NPH and
CSF flow disorders in the past, is less
often performed today, given improved
imaging techniques. This procedure
entails injecting a radiopharmaceutical,
typically Indium 111 DTPA, into the

subarachnoid space by lumbar puncture
and imaging flow at subsequent time
points. Normally the radiotracer will
reach the basilar cisterns in 1 to 3 hours
and flow over the cerebral convexities
within 12 to 24 hours. In the setting of
NPH, the radiotracer flows preferen-
tially into the ventricles, and remains on
delayed imaging at 24 to 48 hours. This
pattern suggests impairment of flow to
the cortical subarachnoid space or re-
sistance to absorption at the arachnoid
granulations (Figure 9). No studies have
shown benefit of nuclear cisternography
in predicting shunt responsiveness.

Phase contrast MRI provides a quan-
titative measure of aqueductal stroke
volume. Bradley et al found that ele-
vated stroke volume, twice that of nor-
mal individuals, was associated with
positive shunt response.*® Dixon et al
found that phase contrast measurement
of CSF flow rate did not inform shunt
responsiveness, but did support diag-
nosis in clinically questionable cases.*
Many additional studies have produced
mixed results regarding the utility of
this technique. Measurements differ
between MRI scanners and calibration
with normal individuals must precede
use on patients.

Morphologic imaging features are
most commonly used in daily practice
to support clinical suspicion of NPH.
The Evans index (EI) is the oldest and

most frequently used measure of ven-
tricular enlargement. This is calculated
as he ratio of the maximum diameter of
the frontal horns to the maximum diam-
eter of the skull on axial CT or MR im-
ages.*” An EI of 0.3 or greater suggests
NPH. Specificity is low, as El is also
increased in the setting of parenchymal
atrophy due to other causes.

The callosal angle (CA), the angle
between the frontal horns measured in
the coronal plane at the level of the pos-
terior commissure, is decreased in NPH.
A CA less than 90 degrees may differ-
entiate NPH from AD.*! Virhammar et
al found that shunt response correlated
with a preoperative CA significantly
smaller than that of non-responders: 59
degrees versus 68 degrees. CA of less
than 63 degrees had the best prognostic
accuracy.*?

Disproportionally enlarged subarach-
noid space hydrocephalus (DESH) de-
scribes narrowed frontoparietal sulci
that abut the superior sagittal sinus and
widening and upward displacement of
the Sylvian fissures. MR imaging and
DESH were utilized in the Study of Id-
iopathic Normal Pressure Hydroceph-
alus on Neurological Improvement
(SINPHONI) trial, with DESH show-
ing a high positive predictive value in
identifying shunt responsive patients
(Figure 10).4344

Volumetric segmentation is com-
monly used in the evaluation of global
and regional structural changes in AD.
Miskin et al tested the utility of volu-
metric assessment versus CA and EI
in discriminating between individuals
with NPH, AD, and normal age matched
controls.*> A combination of CA and EI
demonstrated 89.6 - 93.4% accuracy for
differentiating patients with NPH from
those without it. In a three-way analysis
discriminating between NPH, AD and
healthy controls, volumetric assessment
was superior to combined CA and EI
with overall classification accuracy of
88.7% versus 71.7%. Currently, morpho-
logic imaging with simple cutoff criteria
serves as a useful screening tool for sus-
pected NPH. As automated volumetric
methods become more widely available,
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these metrics may provide greater diag-
nostic utility.

Conclusion

Despite over a century of study, the
pathophysiology of hydrocephalus re-
mains incompletely understood. Ra-
diologists play a vital role in diagnosis,
classification, and treatment planning.
Identification of noninvasive imaging
biomarkers for shunt-responsive NPH
is an active area of radiology research
that has produced novel imaging tech-
niques and insights into CSF flow dy-
namics. Further study is necessary to
expand treatment options and optimize
patient outcomes.
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