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Normal Pressure
Hydrocephalus

By Neill R. Graff-Radford, MBBCH, FRCP, FAAN; David T. Jones, MD

ABSTRACT

PURPOSE OF REVIEW: Since it was first described in 1965, normal pressure
hydrocephalus (NPH) has been a controversial subject. New studies have
shed light on its epidemiology and pathogenesis and provided objective
ways to measure outcome in patients with NPH. Neuroimaging has
improved and allows better recognition of both NPH and the presence
of overlapping diseases

RECENT FINDINGS: Several recent epidemiologic studies confirm that NPH is a
rare disease, but the presence of large ventricles is a common finding with
aging. NPH may be multifactorial, including congenital causes, vascular
disease, and impaired CSF absorption. MRI features of NPH include
enlarged ventricular size and CSF fluid collection outside the ventricles
not due to atrophy. The term disproportionately enlarged subarachnoid
space hydrocephalus (DESH) has been used to describe prognostic MRI
features in NPH, including a “tight high convexity” and enlargement of CSF
spaces in the sylvian fissure. DESH has been included in the Japanese
guideline for the diagnosis and treatment of NPH. A new NPH scale has
been published that provides an objective framework for evaluating
patients with NPH before and after shunt placement. Programmable
shunts can noninvasively manage overdrainage complications. Surgical
outcome has been improving over time. Recent studies have led to
improved recognition of overlapping diseases such as Alzheimer pathology,
which co-occurs in about 30% of NPH cases. Fludeoxyglucose positron
emission tomography (FDG-PET) is a promising imaging modality for
diagnosing NPH and detecting concomitant degenerative disease.

SUMMARY: A systematic approach to patients with possible NPH allows
recoghnition of the subset of patients who will respond to shunt surgery and
identification of those with alternative diagnoses.

INTRODUCTION
dams and colleagues’ published the first article on normal pressure
hydrocephalus (NPH) in 1965 based on Hakim’s hypothesis that
patients with hydrocephalus but normal CSF pressure on lumbar
puncture (LP) could improve with shunt surgery. Two key
guidelines have been published on NPH, the international
guideline” and the Japanese guideline.? The American Academy of Neurology
practice guideline on NPH concluded that clinicians may offer shunt placement
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NORMAL PRESSURE HYDROCEPHALUS

as a treatment for patients with idiopathic NPH to treat their subjective
symptoms of idiopathic NPH and gait with Level C evidence but recommended
that additional well-designed randomized clinical trials are needed for NPH.*

Two recent randomized studies have been published on NPH. In the first trial,’
a group of patients with NPH was shunted immediately with a lumboperitoneal
shunt and compared to a control group of patients with NPH who underwent
lumboperitoneal shunt surgery after a 3-month delay. At 3 months, only 5% of the
delayed shunt group improved compared to 65% of the immediately shunted
group as measured by the modified Rankin Scale (mRS). Tisell and colleagues®
completed the only double-blind randomized study in NPH. Among 14 patients
with NPH, vascular risk factors, and no absorption problem, seven participants
had their shunts open immediately after surgery, while the other seven had their
shunts tied closed for 3 months. The group who had their shunts open improved
immediately, and the second group improved only when their shunts were
opened 3 months later.

Although limited by size, these two studies provide additional evidence of
the efficacy of shunt surgery for NPH, but a large double-blind study is still
necessary before practice guidelines can recommend shunt surgery with a higher
level of confidence. Because of the lack of a large randomized double-blind study,
the treatment of patients with NPH has been questioned by some, including in
a 2016 editorial.’”

This article provides a practical approach to the management of NPH and
reviews NPH nomenclature, etiology, epidemiology, clinical findings, and the
approach to diagnosis, including for complicated cases with overlapping diseases.
Recent advances in MRI diagnosis are highlighted, and surgical considerations,
how to evaluate shunt outcome, and the prognosis of patients undergoing shunt
surgery are discussed.

NORMAL PRESSURE HYDROCEPHALUS NOMENCLATURE

CSF is produced in the choroid plexuses of the ventricular system at a rate of
20 mL per hour and flows from the lateral and third ventricles to the fourth
ventricle via the cerebral aqueduct. The fourth ventricle communicates with the
subarachnoid space via the midline foramen of Magendie and the two lateral
foramina of Luschka. The CSF then circulates through the subarachnoid space
over the cranial convexity and down the spinal canal before being reabsorbed
by arachnoid villi located along the intracranial venous sinuses and around the
spinal nerve roots. CSF is circulated through the ventricular and subarachnoid
spaces by a pulsatile wave induced by the expansion of the vascular compartment
within the rigid cranial vault associated with pulsatile flow in the cerebral
arteries. In healthy adults, the CSF volume is between 125 mL and 150 mL,

with 20% residing in the ventricular system and the remainder in the cerebral
(approximately 65%) and spinal (approximately 15%) subarachnoid spaces.

The term hydrocephalus is a compound word with origin from the Greek
words for water (hydor) and head (kephalos). In modern medical usage, the term
is meant to capture the clinical condition of increased CSF content within the
cranial vault caused by a variety of circumstances.

While the ventricular system is a common and salient location for increased
CSF content within the cranial vault, it should be emphasized that the term
hydrocephalus also encompasses increased CSF content in the extraventricular
cranial subarachnoid space. The term ventriculomegaly is used to describe
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increased CSF content in the ventricular system and the term subarachnoid KEY POINT
hydrocephalus to describe increased CSF content in the cranial portion of the

. ®OH hall
subarachnoid space. ydrocephalus can

occur as fluid accumulation
both inside and outside
ETIOLOGY the ventricles.

The following sections discuss factors that relate to NPH, including congenital
factors, poor CSF absorption, and vascular factors.

Congenital Factors

Traditionally, hydrocephalus has been divided into two broad categories:
obstructive and communicating. Obstructive hydrocephalus, also known as
noncommunicating, is secondary to a blockage of the normal CSF flow through
the ventricular and subarachnoid spaces associated with a congenital condition
or acquired with the development of a brain lesion that exerts obstructive mass
effect. Stenosis of the cerebral aqueduct is a common cause of hydrocephalus
in the young, but symptoms may not manifest until adulthood and may account
for the syndrome long-standing overt ventriculomegaly in adults (LOVA),

which has a clinical presentation similar to NPH (dementia, gait disturbance,
and urinary incontinence). The authors and others have shown that persons
diagnosed with NPH have a large head size in more than 10% of cases

(eg, 20% have a head size larger than the 9oth percentile),*? supporting that
congenital factors may play a role in the development of hydrocephalus even
in adulthood. Secondary NPH may be suspected in the setting of a large head
size, triventriculomegaly without involvement of the fourth ventricle, little to no
T2 signal change around the ventricular system on fluid-attenuated inversion
recovery (FLAIR) imaging, and evidence of aqueductal stenosis and/or webbing
identified with special MRI sequences (refer to the MRI section) of the

cerebral aqueduct (FIGURE 8-1).

FIGURE 8-1

Long-standing overt ventriculomegaly in adults (LOVA). A, Axial fluid-attenuated inversion
recovery (FLAIR) MRI sequence shows ventriculomegaly without significant T2 signal around
the ventricles. A lack of subarachnoid hydrocephalus suggests a noncommunicating
etiology for the ventricular hydrocephalus. B, Sagittal fast imaging employing steady state
acquisition C (FIESTA-C) sequence in the same patient shows two membranes/webs (arrows)
within the cerebral aqueduct leading to stenosis and partial obstruction.
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NORMAL PRESSURE HYDROCEPHALUS

In contrast to obstructive hydrocephalus, communicating hydrocephalus is
characterized by an increase in intracranial CSF content without a gross anatomic
lesion obstructing flow. NPH, the topic of this article, is a form of communicating
hydrocephalus that occurs insidiously without substantially increasing CSF
pressure. The NPH syndrome can be primary, ie, without a known cause (referred
to as idiopathic NPH), or secondary to some condition that is known to impair
CSF absorption at the arachnoid granulations (eg, following infectious,
inflammatory, or hemorrhagic events involving the subarachnoid space).
Similar to obstructive hydrocephalus, the clinical symptoms associated with
primary and secondary forms of NPH are responsive to surgical treatment
(eg, ventriculoperitoneal shunt, ventriculopleural shunt, lumboperitoneal
shunt, or some other surgical CSF diversion procedure).

Cerebrospinal Fluid Absorption Impairment

The mechanisms that lead to the insidious increase in CSF volume in idiopathic
NPH are poorly understood, and the condition can likely occur from many
different etiologies that influence CSF dynamics (ie, production or flow, or
absorption) with a final common end point. The earliest theories regarding
idiopathic NPH involved decreased CSF absorption leading to increased CSF
volume over a protracted time frame, allowing for a compensatory increase in
ventricular volume to maintain normal intracranial pressure. In support of
these theories, a number of studies have shown a strong association between
poor CSF absorption and good outcome after shunt surgery for idiopathic NPH.
A study conducted by Boon and colleagues™® showed that a higher resistance to
outflow of CSF (known as R,,) was related to better surgical outcome.

Vascular Risk Factors

Animal models support that vascular mechanisms are related to the development
of hydrocephalus. The spontaneously hypertensive rat model is known to
produce hydrocephalus.™ Pettorossi and colleagues™ showed that increasing the
pulse pressure with a balloon in the ventricle of the brain of sheep led to
hydrocephalus in hours. Bering™® showed that unilateral choroid plexectomy
diminishes the amplitude of pressure pulsation in the one ventricle but not the
mean pressure in both ventricles, and hydrocephalus was prevented in that
ventricle. Human studies also support a role for vascular disease altering CSF
dynamics and contributing to the development of NPH. Epidemiologic studies
show that vascular risk factors are associated with NPH.*** In the ARIC
(Atherosclerosis Risk in Communities) study, pulse pressure and baseline systolic
blood pressure were associated with enlargement of ventricles over 10 years.*®
As previously mentioned, Tisell and colleagues® completed a double-blind
randomized study of 14 patients who had hydrocephalus, vascular risk factors,
and, on testing, no CSF absorption problem, and patients improved with shunting.

EPIDEMIOLOGY

In a population-based study of 220,000 persons in Norway, the prevalence and
incidence of NPH were 21.9 per 100,000 and 5.5 per 100,000, respectively.”’” In a
large population-based sample using neuroimaging and clinical examinations,
Jaraj and colleagues™ found that the prevalence of probable NPH was 0.2% in
persons 70 to 79 years of age and 5.9% in those older than 8o years of age. An
estimate of ventricular enlargement (Evans index of >0.3) was present in 20.9%,
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but an important imaging feature that is typically found in NPH that allows the
ventriculomegaly of NPH to be distinguished from neurodegenerative causes of
ventriculomegaly (occluded sulci at the high convexity) was only present in 5.4%.
Mori and colleagues® summarized three epidemiologic NPH studies in Japan.
They reported the prevalence of idiopathic NPH with MRI support to be
approximately 1.1% of persons older than 60 years of age.
The population-based Mayo Clinic Study of Aging found that among
1494 persons older than age 70 who had MRI scans, 20% had ventriculomegaly
(an Evans index of 0.3 or greater) and 5% had ventriculomegaly and either a
tight high convexity (occluded sulci at the high convexity) or extraventricular
hydrocephalus (CSF fluid collection outside the ventricles not due to atrophy).**

WHY NORMAL PRESSURE HYDROCEPHALUS IS HARD TO DIAGNOSE
AND MANAGE

One reason NPH is difficult to diagnose is that all the key “hallmark” findings
are common in older persons and have many causes. Gait abnormality occurs in
20% of individuals older than age 75 and is associated with the development of
dementia.” Incontinence occurs in 38% of women®® and 18% of men™ at this age.
Fourteen percent of persons older than 70 years of age have dementia.”* In 2017,
the Alzheimer’s Association reported that 5.5 million persons in the United State
had Alzheimer dementia.”® Ventricles enlarge with age** and with
neurodegenerative dementias.” In the general population older than 70 years
of age, 20% have ventriculomegaly (defined as an Evans index of >0.3).

Managing NPH is difficult because surgical complications with shunting are
common. In a review of 30 studies conducted since 2006 that included
1573 patients, Toma and colleagues® summarized the complication rate of NPH
surgery: mortality was 0.2%, subdural hemorrhage 4.5%, intracranial
hemorrhage 0.2%, infection 3.5%, and revisions 13%.

To date, all diagnostic tests for NPH have both false-positive and false-
negative results; these tests include absorption tests, monitoring CSF pressure,
cisternography, flow in the cerebral aqueduct, high-volume lumbar puncture,
and external CSF drainage.”

Patients with NPH commonly have overlapping comorbid diseases, including
Alzheimer disease, Parkinson disease, parkinsonian syndromes, spinal stenosis,
large joint disease, and neuropathy. For more information, refer to the authors’
review of the comorbidities in NPH.*”

CLINICAL FEATURES

The classic clinical presentation of NPH is that of an insidiously progressive gait
syndrome, urinary urgency followed by incontinence, and cognitive impairment.
This clinical triad is thought to occur because of impairment of periventricular
frontal cortical-basal ganglia-thalamocortical circuitry in the setting of CSF
hypervolemia.”® In support of this, the authors have recently demonstrated that
patients with idiopathic NPH show hypometabolism in the caudate nucleus,*
and others have shown functional recovery of the supplementary motor area
after CSF drainage.>°

Gait Dysfunction

The gait dysfunction in NPH has traditionally been described as that of a “magnetic”
or “glue-footed” gait, gait apraxia, or a frontal ataxia similar to what has been
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KEY POINTS

® Factors associated with
so-called idiopathic normal
pressure hydrocephalus
include impaired CSF
absorption, vascular
disease, and congenital
hydrocephalus. All these
factors may alter CSF
dynamics in a way that can
lead to increased CSF
content in the cranial vault
while maintaining a
relatively normal average
CSF pressure.

® Normal pressure
hydrocephalus is an
uncommon disease, but
large ventricles are
commonly seen in persons
older than 70 years of age.

® No pathognomonic
individual or combination
of clinical features exists
for normal pressure
hydrocephalus. Comorbid
diseases are common and
should be evaluated.

® The triad of gait
abnormality, incontinence,
and cognitive impairment
seen in normal pressure
hydrocephalus may possibly
be related to periventricular
frontal cortical-basal
ganglia-thalamocortical
circuitry. Most often,
patients with normal
pressure hydrocephalus do
not have the full triad of
symptoms, and gait
abnormality usually
presents first.
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NORMAL PRESSURE HYDROCEPHALUS

described as Bruns ataxia. However, the gait abnormality can be highly variable and
likely depends on the nature of the specific cortical-basal ganglia-thalamocortical
circuitry disruption. The clinician considering a diagnosis of idiopathic NPH
should focus on differentiating the gait observed from other potential causes of
gait abnormalities in this clinical population (refer to the Approach to Diagnosis
section). The diagnosis should not be excluded if a magnetic gait is not seen.
Common features that are consistent with an idiopathic NPH-related gait
abnormality include small steps, wide base, difficulty with turns (usually taking
several steps to do so), and postural instability with a positive pull test.

Cognitive Impairment

The cognitive impairment in idiopathic NPH is usually described as frontosubcortical
dementia,* but the exact quality and severity in any individual will depend on that
individual’s pattern of cortical-basal ganglia—thalamocortical circuitry disruption
related to the distribution of increased CSF content in the cranial vault and any
comorbid pathology. Some common cognitive features include psychomotor
slowing, decreased attention and concentration, impaired executive functions,
and apathy. Importantly, if an anomia is present,*** a comorbid cortical
neurodegenerative disease such as Alzheimer disease (AD) should be suspected.

Urinary Incontinence
The urinary symptoms of idiopathic NPH are consistent with the original clinical
description of frontal lobe incontinence and include urgency, frequency, and,

TABLE 8-1

Causes of Gait Abnormalities in the Differential Diagnosis of Normal
Pressure Hydrocephalus

Disease Entity Common Causes and Comments

Spinal disease

Lower extremity large joint

disease

Peripheral neuropathy
Visual impairment
Vestibular dysfunction

Parkinson disease

Parkinsonian syndromes

Medications

Alcohol abuse
Cerebrovascular disease
Cerebellar disease

Postural hypotension

170

Cervical and lumbar stenosis

Hip and knee arthritis

Diabetic neuropathy
Walking with bifocal lenses makes it hard to see the floor
Peripheral vestibular dysfunction

The presence of a rest tremor, asymmetric signs/symptoms, or involvement of the face and
arms should raise the suspicion of Parkinson disease

Lewy body disease, progressive supranuclear palsy, corticobasal degeneration, and multiple
system atrophy

Phenothiazines and benzodiazepines
Cerebellar degeneration, peripheral neuropathy
Strokes and white matter changes

Alcohol abuse, spinocerebellar degeneration

Blood pressure medications, alpha blockers for enlarged prostate, degenerative diseases (see
parkinsonian syndromes above) associated with autonomic dysfunction
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eventually, urgency incontinence.>* The original localization of this syndrome
included the anteromedial frontal lobe, the genu of the corpus callosum, and the
anterior cingulate cortex. These regions are frequently impacted by increased CSF
content in the ventricles and the subarachnoid space of the longitudinal fissure in
idiopathic NPH. Urinary urgency is usually the first urinary sign of dysfunction,
which then evolves into urge urinary incontinence. This symptom is typically
compounded by a slow gait, making timely travel to the bathroom difficult. After a
successful CSF diversion procedure, patients are frequently surprised and quite
pleased with the degree of improvement in these urinary symptoms.

APPROACH TO DIAGNOSIS

Performing shunt surgery on patients with large ventricles and no gait abnormality
has not been shown to be helpful. This was first noted by Miller Fisher® in 1978, and
several other studies have confirmed it.?*3° The approach should be to concentrate
on patients with large ventricles and gait abnormality; to that end, clinicians should
keep the differential diagnosis of gait abnormality in this age group in mind
(TABLE 8-1). When taking the history and performing an examination,
identifying prognostic features and common causes of gait dysfunction and
incontinence can help in evaluating a patient for a shunt (TABLE 8-2377%°).

Diagnostic Tests
Many tests have been evaluated to predict which patients with ventriculomegaly
will improve with shunt surgery. As discussed earlier in this article, the
mechanisms that lead to NPH are many; therefore, identifying a single diagnostic
test to predict shunt outcome has been challenging. Cisternography has not
proven to be consistently helpful.** Absorption studies or resistance to outflow
(Rour) may have false negatives,** although when abnormal, they are correlated
with good outcome. CSF flow study through the aqueduct may have false
positives,*> and monitoring CSF pressure and quantifying B waves may have false
negatives.’»** Some of these tests evaluate the pathogenesis of a subset of NPH,
such as impaired absorption,* and result in false negatives.’® Further, it has been
shown that patients without absorption problems can improve with a shunt.*
In the authors’ opinion, the most important tests are the MRI and tests that
evaluate whether a shunt may improve symptoms, including an LP with high-
volume CSF removal or external CSF drainage. The latter tests are not specific to
the pathogenesis but evaluate whether a shunt will improve symptoms.

MAGNETIC RESONANCE IMAGING. The routine evaluation of the NPH clinical
syndrome always begins with neuroimaging. High-resolution structural MRI
with orthogonal reconstructions can allow for a more thorough examination
of the relevant anatomic effects of hydrocephalus. The first step is usually
establishing the presence of ventriculomegaly. This can quickly be quantified
by measuring the Evans index (FIGURE 8-2), which is the ratio of the largest
width of the frontal horns and the widest measure of the inner table of the
skull at that level. When this ratio is greater than 0.3, the ventricles are
considered to be enlarged.” One weakness in measuring the Evans index is that
it correlates poorly with ventricular volume because the measurement is
one-dimensional and dependent on the level at which the index is measured®
(this issue is especially problematic for measures of the callosal angle). The
Mayo Clinic Study of Aging found that quantitative volume ratios between the
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KEY POINTS

® Coghnitive features of
normal pressure
hydrocephalus include
psychomotor slowing,
decreased attention and
concentration, impaired
executive functions, and
apathy. Anomia suggests the
presence of a cortical
dementia and is a poor
prognostic factor when
deciding about shunt
placement.

® The differential diagnosis
of gait abnormalities in the
elderly is broad and should
be reviewed in detail when
evaluating patients for
normal pressure
hydrocephalus.

® A focused history and
examination should be
performed looking for
diseases that can co-occur
or mimic the symptoms

of normal pressure
hydrocephalus and looking
for factors that may
influence management.
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NORMAL PRESSURE HYDROCEPHALUS

frontal horns of the lateral ventricles divided by the total intracranial volume
correlate better than the Evans index with measures of gait speed and cognition
both cross-sectionally and longitudinally.** Nonetheless, the Evans index is
easy to measure in the office and readily available to all.

In a true communicating hydrocephalus syndrome, CSF has the potential to
increase volume not only in the ventricular system but also in the communicating
subarachnoid space. In such cases, the CSF tends to collect in the major
fissures in the brain and displace the surrounding brain tissue, leading to a
compressed appearance of adjacent sulci. A characteristic pattern known as

TABLE 8-2 Pertinent Features in History and Examination for Normal Pressure
Hydrocephalus

Feature Why Feature Should Be Addressed

History

Was gait difficulty onset before, at same time as, or after
cognitive decline?

How long has the patient had cognitive difficulty?

Does the patient have urinary difficulty? If so, what type and
for how long?

Has the patient fallen?

Was the patient assessed for vascular risk factors?

Does the patient have a history of alcohol abuse?

Does patient have a history of secondary causes, such as head
injury, meningitis, brain surgery, previous brain hemorrhage?

Is the patient on an anticoagulant?

Does the patient have sleep apnea?

Is the patient in heart failure?

Does the patient have any spinal diseases?

Does the patient have any major arthritis?

Does the patient have diabetes mellitus?

Does the patient have any visual problems?

Does the patient have any auditory or vestibular difficulty?
Does the patient have any family history of neurologic disease?

Is the patient taking medications that affect gait or lower
blood pressure?

172

Gait onset before or at same time as cognitive difficulty is
associated with a good prognosis with shunting; dementia
preceding the gait difficulty is associated with a poor
prognosis with shunting***’

Two or more years of cognitive decline before presentation
indicates poor prognosis with shunting®-#

Urinary urgency is the most common problem; incontinence
is not necessary for the diagnosis

Stronger indication to intervene

Risk factors are associated with normal pressure
hydrocephalus'®

Poor prognosis from shunt point of view>?

Good prognosis from shunt point of view

Important if considering lumbar puncture or surgery
Valsalva at night theoretically may aggravate hydrocephalus®
May raise CSF pressure

Important contributor to gait dysfunction

Important contributor to gait dysfunction

Associated with peripheral neuropathy

May affect gait

May affect gait

Could be related to ataxia

Examples are phenothiazines, benzodiazepines,
antihypertensives, and alpha blockers for prostate
hypertrophy

CONTINUED ON PAGE 173

FEBRUARY 2019

Copyright © American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



disproportionately enlarged subarachnoid space hydrocephalus (DESH) was first
defined in 2010.*® DESH includes a tight high convexity and enlarged sylvian
fissures with ventriculomegaly (FIGURE 8-3). DESH is associated with a good
response to shunting and is now included in in the Japanese guideline for
management of NPH.? The ventriculomegaly combined with sylvian fissure
expansion leads to displacement of the CSF from sulci at the convexity and
medial portion of the brain, leading to the so-called tight appearance.
Tightness at the high convexity has been shown to be predictive of a
shunt-responsive NPH clinical syndrome.*” When fluid in the sylvian fissure

CONTINUED FROM PAGE 172

Feature Why Feature Should Be Addressed

Examination

Measure head size 10% or more of patients with normal pressure hydrocephalus
have a head size larger than the 98th percentile®? (57.5 cm ‘
for women and 59 cm for men)

Measure postural blood pressure Look for orthostatic hypotension

Evaluate reflexes for radiculopathy, signs of stroke, and Brain, spinal cord, nerve root, and peripheral nerve diseases

myelopathy affect gait

Check vision May affect gait

Test hearing and vestibular function May affect gait

Evaluate for peripheral neuropathy May affect gait

Examine for parkinsonism May affect gait

Check for ataxia May affect gait

Check for arthritis May affect gait

Measure body mass index This correlates with elevated opening pressure*®

CSF = cerebrospinal fluid.
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NORMAL PRESSURE HYDROCEPHALUS

accumulates in connected sulci,
the brain takes on an unusual
anatomic appearance, especially
when viewed on axial slices
(FIGURE 8-4). This subarachnoid
space expansion is frequently
mistaken for atrophy or an
arachnoid cyst, complicating the
evaluation of patients with NPH.
It is thus important for clinicians
to become familiar with the
anatomic patterns of fluid
collection within the major brain
fissures. Fluid tends to accumulate
not only in the sylvian fissure
but also in other major fissures
(eg, calcarine, parietooccipital,
and longitudinal fissures) and
FIGURE 8-2 connected sulci (FIGURE 8-5). The

Evans index. The Evans index is the maximal .
ventricular width in the frontal horns divided by authors have found that this

the largest distance between the inner tables of lmaging appearance can
the skull measured at the same level. When the complicate NPH evaluation when

Evans index is greater than 0.3, the ventricles are it is mistaken for atrophy and the
in the top 20% in size of persons older than concomitant ventriculom egaly
70 years of age. .. .

is interpreted as being ex vacuo
(CASE 8-1).

In addition to high-resolution
structural MRI for evaluation of
anatomic patterns, axial FLAIR
MRI is useful for evaluating for
evidence of transependymal flow
(FIGURE 8-6A) in addition to
coexisting vascular pathology.
The authors have also found it
useful to include sagittal MRI
sequences that have high signal
from CSF to evaluate for partial
obstruction (eg, fast imaging
employing steady state
acquisition C [FIESTA-C] or
constructive interference in
steady state [CISS] sequences,

FIGURE 8-3 ) FIGURE 8-1).
Disproportionately enlarged subarachnoid space

hydrocephalus (DESH). Coronal T1-weighted MRI

sequence with the three features characteristicof = HIGH-VOLUME LUMBAR PUNCTURE
DESH highlighted. Ventriculomegaly (asterisk), TEST. The exact way to perform
increased CSF volume in the sylvian fissure a high-volume LP test for the
(arrow), and the tight high convexity (oval). This
finding has been incorporated into the Japanese

evaluation of NPH is a matter of

guidelines for management of normal pressure controversy. Differences among
hydrocephalus. studies include using different
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measures for outcome, measuring the
outcomes at different times after the LP,
and taking off different amounts of CSF. A
meta-analysis looked at the eight “best”
studies.*® Patients were evaluated at
different times after the LP, from 2 hours
to 1 to 2 days later. The timing of when the
patient is reevaluated for improvement
after the high-volume LP is important
because CSF is made at a rate of 0.3 mL/min;
therefore, after 3 hours, the CSF withdrawn
has been replaced. Yet, anecdotally, some
patients report improvement 24 hours
after the high-volume LP test. Several
studies have used the LP as an indication
for surgery, so the sensitivity could not be
calculated. The meta-analysis concluded
that if the high-volume LP test shows
improvement in gait, the patient has an
excellent chance of improving with

shunt surgery.

The authors perform the high-volume
LP test by videotaping the patient’s gait
before the LP. After removing 30 mL CSF
with the LP, the patient’s gait is again
videotaped within 30 minutes. Three
measures of the gait are documented:

(1) the time taken to walk 10 meters, turn 180 degrees, and return to the starting
point; (2) the number of steps needed to turn 180 degrees twice, averaged;

(3) the number of steps needed to turn 360 degrees 3 times, averaged.
Improvement on any one of these measures is regarded as gait improvement
(VIDEO 8-1, links.lww.com/CONT/A268). It has been shown that some patients
who did not improve with a high-volume LP test may still improve with shunt
surgery, suggesting that high-volume LP tests may result in false negatives.”®
This study®® should be interpreted cautiously because patients were evaluated

6 to 8 hours after the LP. Nonetheless, the authors advise patients that if the LP test
is negative, a subset of patients who have the clinical and imaging features of
NPH may still have a chance of improving with a shunt, but this is much less likely
than if the LP test was positive.

FIGURE 8-4

Characteristic finding of fluid
collection in the anterior and posterior
aspects of the sylvian fissure in normal
pressure hydrocephalus. Axial head CT
shows fluid pockets surrounded by
tight sulci. This characteristic finding in
normal pressure hydrocephalus is
sometimes mistaken for atrophy or
arachnoid cysts when viewed on only
one of the three anatomic planes.

EXTERNAL LUMBAR DRAINAGE. For an external lumbar drain, patients are
admitted to the hospital for placement of the drain. One method is to remove
10 mL CSF per hour. This study can be done for 1 to 3 days. The patient is
evaluated for improvement in gait, cognition, or both. Despite the more invasive
nature of an external lumbar drain, false negatives still occur,’® similar to the
LP test. Meningitis is an important complication with an external lumbar drain,
and in a large series, 3.6% of patients developed an infection.”” Placement of an
external lumbar drain is most often undertaken in experienced centers and is
considered in patients who have a negative LP test and when the patient, family,
and doctors are struggling with the decision to decide on surgery.
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® In the assessment

of patients for NPH,
establish that there is
ventriculomegaly; look for
congenital factors such as
aqueductal stenosis or
webbing; and recognize

the features of
disproportionately enlarged
subarachnoid space
hydrocephalus (DESH), not
mistaking DESH for atrophy.

® The two best diagnostic
tests for normal pressure
hydrocephalus are
evaluating the MRI for the
characteristic features, and
performance of a
high-volume lumbar
puncture, measuring gait
features objectively before
and within 30 minutes after
the lumbar puncture.
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FIGURE 8-5

Anatomic patterns of subarachnoid hydrocephalus
within major brain fissures and connected sulci. The
anatomic patterns of subarachnoid hydrocephalus
are best appreciated on yoked orthogonal MRI
sections (sagittal, coronal, and axial views centered
on the same point in the image). A, MRI of a patient
with prominent subarachnoid hydrocephalus in the
bilateral sylvian fissures and connected sulci is
displayed using three orthogonal sections
highlighting the posterior aspect of the fissure (S1),
the middle portion of the fissure (S2), and the
anterior portion of the fissure (S3). B, The same
patient also had prominent subarachnoid
hydrocephalus in the parietooccipital (POC) and
calcarine fissures. The CSF volume in these fissures
dramatically reduced after a ventriculoperitoneal
shunting procedure (not shown). C, MRI of a
different patient demonstrates anatomic patterns
that can be observed with subarachnoid
hydrocephalus involving the longitudinal fissure and
connected sulci, such as the cingulate sulcus. Note
the tight sulci seen on the midsagittal slice above the
calcarine fissure (L-Sag) and the tight sulci on the
upper cuts on the posterior portion of the axial
slices (L-Ax).

OVERLAPPING DISEASES
The average age of patients
who receive shunts for NPH is
approximately 75, when many
of the comorbid diseases
discussed become common.3®
Thus, it is not surprising that
persons being considered for
shunt surgery may have
several diseases that can
complicate diagnosis.””
Considering whether
coexisting AD is present is
important. In an autopsy series
of persons without dementia,
Braak and Braak®® noted that at
71 to 75 years of age, 26% of
patients had stage B and stage
C amyloid pathology and 21%
had stage III to stage VI tau
pathology. At 76 to 80 years of
age, 40% had stage B and stage
C amyloid pathology and 37%
had stage III to stage VI tau
pathology. In four studies in
which the brain was biopsied
at the time of the shunt
placement for NPH, about
30% of patients had AD
pathology by biopsy,” ¢
consistent with the expected
percentage based on age from
the Braak and Braak study.
Therefore, it should be
suspected that about 30% of
persons shunted have
coexisting AD pathology.
While AD pathology is an
important comorbid disease
confounding the cognitive
features of NPH, Parkinson
disease and other
neurodegenerative
parkinsonian syndromes
causing gait abnormality are
important conditions to
consider when evaluating the
motor aspects of NPH.>
Dopamine transporter single-
photon emission computed
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tomography (SPECT) scanning® and iodine-123 metaiodobenzylguanidine
[MIBG] SPECT scanning of the heart> have been proposed as biomarkers of
neurodegenerative parkinsonian syndromes that may predict a poor response to
shunt. However, these modalities are limited in that they are only able to
detect a subset of comorbid neurodegenerative conditions and do not have
positive findings suggestive of the presence of NPH. FDG-PET may also serve
as a useful diagnostic biomarker in evaluating a patient for NPH because,
in addition to detecting an AD pattern of hypometabolism,*® FDG-PET is
abnormal in a wide range of neurodegenerative diseases. The presence of
caudate hypometabolism has been identified as a potential biomarker in NPH.*
In addition to evaluating for the presence of comorbid neurodegenerative
diseases with FDG-PET, normal cortical metabolism will rule out most
neurodegenerative sources of ex vacuo ventriculomegaly and limit
misinterpretation of subarachnoid hydrocephalus (FIGURE 8-6).

Spinal diseases, arthritis, peripheral neuropathy, cerebellar diseases, and
orthostatic hypotension are crucial to recognize when evaluating a patient
for NPH.*”

CEREBROSPINAL FLUID BIOMARKERS

CSF measures of AD proteins were considered potential biomarkers to readily
distinguish patients with AD from patients with NPH. In AD, amyloid-,_,, is low
in the CSF, while total tau (t-tau) and phosphorylated tau (p-tau) are elevated.
In patients with NPH, however, many proteins, including metabolites of amyloid
precursor protein (APP) (eg, amyloid-B,_,o, amyloid-p,.,,, soluble amyloid
precursor protein a [sAPPa], and soluble amyloid precursor protein  [sAPPB]),
t-tau, and p-tau are low, and these normalize after a shunt is placed.®* The
finding of low amyloid-p,_,, and low tau in NPH has been confirmed in several
studies.®>®3 The exact reason these proteins are low in NPH is unknown, but
studies have shown that during sleep the nerve cells shrink and the interstitial
space increases, facilitating metabolic product drainage.®* The authors® have
hypothesized that in NPH, the typical drainage of metabolic products is impaired
because the cells and interstitial space are tight, resulting in many proteins
being low when measured in the CSF of patients with NPH, but these proteins
return to normal after a shunt is placed.®* Because amyloid-p,_,, is low in both
NPH and AD, the utility of CSF biomarkers in distinguishing AD from NPH is
limited. The presence of elevated t-tau or p-tau would be inconsistent with NPH
and suggestive of a primary or at least coexisting neurodegenerative disease.

SURGICAL CONSIDERATIONS
Important surgical considerations in NPH include the use of adjustable shunts,
the complications of surgery, and setting the valve opening pressure.

Adjustable Shunts Versus Fixed-Opening-Pressure Shunts

Over the past decades, adjustable shunts have slowly replaced fixed-pressure
shunts. In the Swedish registry of patients with NPH who underwent shunt
surgery between 2004 and 2015,°¢ 10% developed subdural hematomas. Of
these, 103 subdural hematomas were treated by adjusting the shunts, while

66 had surgical drainage and 15 had no treatment. Of those with fixed-pressure
shunt valves, 90% were treated with surgery, but only 30% with adjustable
valves were treated surgically. The study concluded that subdural hematomas are

CONTINUUMJOURNAL.COM

KEY POINTS

® Overlapping chronic
diseases are common in
persons being considered
for shunt surgery because
their average age is about
74 years. At this age, 30% of
coghnitively normal persons
have Alzheimer disease
pathology. Fludeoxyglucose
positron emission
tomography may help
reveal a concomitant
degenerative disease.

® In idiopathic normal
pressure hydrocephalus,
most metabolic proteins are
low in the CSF, so Alzheimer
biomarkers (eg, amyloid-f;-42
and phosphorylated tau)
are also low and are not
helpful in distinguishing
Alzheimer disease from
idiopathic normal pressure
hydrocephalus.
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CASE 8-1 A 68-year-old woman presented with a 2-year history of progressive gait
disturbance. She had used a walker for the past 4 months and had
noticed difficulty with turning and imbalance but no freezing. She had no
tremors, delusions, hallucinations, dream enactment, head trauma, or
history of central nervous system infection but had memory difficulty.
She had experienced urinary incontinence for 6 years, which worsened
when treated with oxybutynin.

Lumbar spine MRI demonstrated mild to moderate canal stenosis at L3
through L5. MRI of the cervical spine demonstrated moderately severe
bilateral neural foraminal stenosis at C4 to C5. Brain MRl demonstrated
hydrocephalus with high periventricular fluid-attenuated inversion
recovery (FLAIR) signal suggestive of normal pressure hydrocephalus.
CSF collections outside of the ventricle were seen as well (FIGURE 8-6A).
The patient had undergone a high-volume lumbar puncture by a previous
neurologist and reported improvement in her symptoms; however, the
diagnosis was questioned, and she sought a second opinion.
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FIGURE 8-6

Ventricular, sylvian fissure, and longitudinal fissure hydrocephalus in the absence of
neurodegenerative hypometabolism in the patient in case 8-1. A, Baseline axial fluid-
attenuated inversion recovery (FLAIR) MRI sequence demonstrates ventriculomegaly with
subarachnoid hydrocephalus in the sylvian and longitudinal fissures. Periventricular

high T2 signal is also present. B, Baseline fludeoxyglucose positron emission tomography
(FDG-PET) demonstrating normal cortical metabolism in the brain tissue around the sylvian
and longitudinal fissures with subtle artifactual hypometabolism seen in these same areas
(green-colored regions) related to partial volume averaging. There is a notable absence of
a neurodegenerative pattern of hypometabolism. True hypometabolism is seen in the
striatum, which commonly occurs in normal pressure hydrocephalus. C, Axial CT scan
demonstrating resolution of the ventricular, sylvian fissure, and longitudinal fissure
hydrocephalus 17 months after a ventriculoperitoneal shunt was placed.
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On examination, she scored 29/38 on the Kokmen Short Test of Mental
Status (orientation 6/8, digit span 5/7, learning 4/4 with two trials,
calculation 3/4, abstraction 3/3, construction 4/4, information 4/4,
recall 2/4). (The normal score on the Kokmen Short Test of Mental Status
is 34.2 +/- 2.4.%®) Speech and language were normal. Her neurologic
examination was normal with the exception of having a wide base while
standing, difficulty moving while sitting on the examination table, and
walking slowly with a wide base. She took nine steps to turn 180 degrees.
She did not freeze while walking.

Her neuropsychological testing demonstrated prominent cognitive
slowing along with mild to moderate deficits in aspects of executive
function, learning, and memory. The patient needed assistance with
activities of daily living, so the findings were in keeping with a mild
dementia.

A high-volume lumbar puncture (30 mL) was performed and
demonstrated significant improvement in her walking speed and turns.
The opening pressure was 232 mm H,O0, and the CSF cell count, protein,
and glucose were normal. Fludeoxyglucose positron emission
tomography (FDG-PET) demonstrated normal cortical metabolism,
providing evidence against a neurodegenerative etiology (FIGURE 8-6B).

She underwent ventriculoperitoneal shunt placement. On her
return visit 17 months after surgery, her CT scan showed improvement in
ventricular size and fluid in the sylvian and longitudinal fissures
(FIGURE 8-6C). Clinically, her cognition also improved (she scored 35/38 on
the Kokmen Short Test of Mental Status). Her gait was normal, and her
urinary incontinence had resolved.

This case illustrates the major clinical features of normal pressure
hydrocephalus. The patient’s main problem was gait difficulty, but she also
had clear cognitive and urinary problems, which all resolved with shunting.
The fluid collections outside of the ventricles made the diagnosis difficult,
with some suspicion that the fluid collections were due to atrophy.
FDG-PET was helpful because it showed no cortical hypometabolism,
supporting that a concomitant degenerative disease was unlikely. Her
follow-up scan showed improvement in the fluid collections outside of the
ventricles, indicating that this was part of the hydrocephalus and
confirming the fluid collections were not secondary to atrophy.

COMMENT
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common after shunt surgery, but adjustable shunts decrease the need for surgical
intervention. TABLE 8-3 reports the declining complication rate of shunt
placement by decade.

Setting the Opening Valve Pressure

When the opening valve pressure is set to a level much lower than the opening LP
CSF pressure, a greater chance of overdrainage complications exists, such as
subdural hematoma, subdural hygroma, or headache.*® The patient’s body mass
index has been associated with the LP opening pressure, with patients who are
overweight having higher LP opening pressures. The authors’ practice has
changed to now set the valve opening pressure at the LP opening pressure to try
to decrease overdrainage. The authors recommend that each center review its
own complication rate so that specific advice can be given when advising a
patient and family regarding complications of shunt surgery.

How to Evaluate Improvement
The authors recommend both the mRS and the Normal Pressure Hydrocephalus
Scale for detailed evaluation of improvement in NPH.

MODIFIED RANKIN SCALE. The mRS has been used in NPH and stroke studies.’
It is a subjective assessment of change but has a track record in important clinical trials;
it measures patient functionality, which is crucial in judging shunt benefit. Use of
this scale allows comparison of patients and their outcomes to those in other NPH
studies that used the scale. Reliability is improved with a structured interview.”

NORMAL PRESSURE HYDROCEPHALUS SCALE. A standardized Normal Pressure
Hydrocephalus Scale®® was used in the European Multicenter NPH study to
quantitatively measure the cardinal clinical features of NPH. It is a o- to 100-point
scale that measures the key features of NPH: gait, cognition, balance, and urine
control. All items are weighted equally except gait, which contributes double weight
compared to the other components. Hellstrom and colleagues®® give the details of
how to combine the individual measures to obtain an overall o to 100 score.

TABLE 8-3 Complication Rate in Normal Pressure Hydrocephalus by Decade?

Number Number Subdural Intracranial Infection Seizures Revision
Decade of Studies of Patients Mortality (%) Hematoma (%) Hemorrhage (%) (%) (VA) Rate (%)
1970s 2 92 9.5 41 0 8.2 1.3 17.8
1980s 8 262 5 15 1.3 1.7 4.8 14
1990s 12 459 3.2 14 0 2 0.7 27
2000s 42 2250 0.3 4.8 0.4 3.6 0 19
2006to 30 1573 0.2 4.5 0.2 3.5 0 13
October
2010

@ Reprinted with permission from Toma AK, et al, Acta Neurochir (Wien).?¢ © 2013 Springer-Verlag Wien.
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GAIT SCALE. The gait scale consists of three measures:

& A timed walk for 10 meters (free pace)
@ The number of steps the patient took to make this walk

@ An ordinal scale from 1 to 8 for walking (TABLE 8-4)

COGNITIVE SCALE. The cognitive scale consists of three tests that contribute four
cognitive variables. The grooved pegboard test evaluates speed of manual
dexterity. The patient must place 25 pegs into holes with randomly positioned
slots as quickly as possible. The task is performed once with each hand, beginning
with the dominant hand. Time to completion for the faster hand is used to
determine the test score. The Rey Auditory Verbal Learning Test is a 15-word
list-learning test. The words are read aloud by the examiner at a rate of
approximately one word per second; immediately afterward, the patient is asked
to recall as many words as possible from the list. The same list is read five
consecutive times, and the sum of words recalled correctly across all trials
contributes to the overall cognitive score. The Swedish Stroop test is a task that
measures processing speed and complex attention/executive function. Two tasks
are administered: a color-naming task and an interference task. In the
color-naming task, the patient is asked to name the colors of 100 rectangles
presented in a 10 by 10 matrix as quickly as possible. In the interference task, the
patient is asked to name, again as quickly as possible, the color of the ink of
100 incongruently colored color words (eg, the word green printed in yellow).

BALANCE SCALE. The balance scale consists of an ordinal scale converted to
100 points based on observations of the patient’s efforts to stand up straight on
one or both legs. An ordinal rating is given (TABLE 8-5).

CONTINENCE SCALE. The continence scale is also an ordinal scale (TABLE 8-6). The
rating is based on information of the most trustworthy source available, as
patients with reduced insight may deny incontinence despite its presence.

OTHER ASSESSMENTS FOR IMPROVEMENT. From a clinical point of view, physicians
could also use a combination of videotaping the patient’s gait (eg, walking 10

Gait Scale of Normal Pressure Hydrocephalus Scale® TABLE 8-4

1 Normal

2 Slight disturbance of tandem walk and turning

3 Wide-based gait with sway, without foot corrections
4 Tendency to fall, with foot corrections

5 Walking with cane

6 Bimanual support needed

7 Aided

8 Wheelchair dependent

@ Reprinted with permission from Hellstrom P, et al, Acta Neurol Scand.®® ® 2012 John Wiley & Sons.
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TABLE 8-5 Balance Scale of Normal Pressure Hydrocephalus Scale®

1 Able to stand independently for 30 seconds or more on either lower extremity alone

2 Able to stand independently for less than 30 seconds on either lower extremity alone

3 Able to stand independently with the feet together (at the heels) for more than 30 seconds

or more

4 Able to stand independently with the feet together for less than 30 seconds

5 Able to stand independently with the feet 1 foot apart for 30 seconds or more

6 Able to stand independently with the feet 1 foot apart for less than 30 seconds

7 Unable to stand without assistance

@ Reprinted with permission from Hellstrém P, et al, Acta Neurol Scand.®® © 2012 John Wiley & Sons.
TABLE 8-6 Incontinence Scale of Normal Pressure Hydrocephalus Scale®

1 Normal urinary function

2 Urgency without incontinence

3 Infrequent incontinence without a diaper

4 Frequent incontinence with a diaper

5 Bladder incontinence

6 Bladder and bowel incontinence

@ Reprinted with permission from Hellstrom P, et al, Acta Neurol Scand.®® ® 2012 John Wiley & Sons.
TABLE 8-7 Long-term Outcome of Shunt Surgery by Decade?®

Improved at Improved at Improved at More

Decade Studies (N) Patients (N) Age (Mean) 3 Months (%) 1 Year (%) Than 3 Years (%)
1970s 92 67 67.5 45 No data available
1980s 262 67 68 53 No data available
1990s 459 68 64 81 40
2000s 2250 70 74 79 72
2006 to October 2010 1573 71 81 82 73

@ Reprinted with permission from Toma, AK, et al, Acta Neurochir.?® © 2013 Springer-Verlag.
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meters, turning 180 degrees, and returning) and a standardized short test such as
the Kokmen Short Test of Mental Status,®® Mini-Mental State Examination
(MMSE),”® or the Montreal Cognitive Assessment (MoCA).”*

Prognosis After Shunting

Determining the long-term outcomes after shunt surgery is a controversial
area. One meta-analysis shows that surgical prognosis has improved over time
(TABLE 8-7). Others have pointed out that in an intention-to-treat analysis, the
number of individuals improving would be lower.””

When the authors discuss the high complication risk and the long-term
outcome for shunt surgery with patients and their families, patients most
frequently still choose to undergo the procedure and take the risk because the
alternatives are so bleak. A patient with difficulty walking and incontinence has a
large chance of being cared for in a nursing home. Further, the patients’ risk of
falling increases their risk of hospitalization.

CONCLUSION

NPH is a rare, but treatable, disease. The diagnosis can be difficult because many
diseases can cause cognitive impairment, incontinence, and gait dysfunction.
Treating well-selected patients can result in clinical improvement, but the risks
and benefits of the shunt procedure must be weighed. Recent improvements in
understanding the neuroimaging features of NPH have allowed improved
identification and selection of patients with NPH. In the future, a randomized
double-blind clinical trial is needed to evaluate the short- and long-term clinical
outcome and complication rate for NPH. Since shunts now have a virtual “oft”
setting, this could potentially be completed with half the shunted patients having
the shunt set at “off” for a period and half having the shunt set at “on”
immediately.”

VIDEO LEGEND

VIDEO 8-1

Gait in normal pressure hydrocephalus before and
after high-volume lumbar puncture test and after
ventriculoperitoneal shunt surgery. A 64-year-old
woman with normal pressure hydrocephalus.
Video on the left demonstrates the baseline gait
of the patient. Video on the right shows her gait
30 minutes after removing 30 mL CSF and her
gait 6 months after shunting.
links.lww.com/CONT/A268

© 2019 American Academy of Neurology.
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