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ABSTRACT

Purpose of Review: This article provides neurologists with a pragmatic approach
to the diagnosis and treatment of idiopathic normal pressure hydrocephalus (iNPH),
including an overview of: (1) key symptoms and examination and radiologic findings;
(2) use of appropriate tests to determine the patient’s likelihood of shunt re-
sponsiveness; (3) appropriate referral to tertiary centers with expertise in complex
iNPH; and (4) the contribution of neurologists to the care of patients with iNPH fol-
lowing shunt surgery.

Recent Findings: The prevalence of iNPH is higher than previously estimated; how-
ever, only a fraction of persons with the disorder receive shunt surgery. iNPH should be
considered as a diagnosis for patients with unexplained symmetric gait disturbance, a
frontal-subcortical pattern of cognitive impairment, and urinary urge incontinence,
whose MRI scans show enlarged ventricles and whose comorbidities are not sufficient
to explain their symptoms. Physiologically based tests, such as the tap test (large-
volume lumbar puncture) or temporary spinal catheter insertion for external lumbar
drainage with gait testing before and after CSF removal, or CSF infusion testing for
measurement of CSF outflow resistance, can reliably identify patients who are likely to
respond to shunt surgery. Properly selected patients have an 80% to 90% chance of
responding to shunt surgery, and all symptoms can improve following shunt surgery.
Longitudinal care involves investigating the differential diagnosis of any symptoms that
either fail to respond to shunt surgery or that worsen after initial improvement from
shunt surgery.

Summary: Neurologists play an important role in the identification of patients who
should be evaluated for possible iINPH. With contemporary diagnostic tests and treat-
ment with programmable shunts, the benefit-to-risk ratio of shunt surgery is highly
favorable. For more complex patients, tertiary centers with expertise in complex iNPH
are available throughout the world.
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INTRODUCTION

Idiopathic normal pressure hydro-
cephalus (iNPH) is the most common
form of hydrocephalus in adults. Pa-
tients develop a syndrome character-
ized by dilated cerebral ventricles in
combination with impaired gait, cog-
nition, and urinary control (urgency
and incontinence). The only effective
treatment for iNPH is a CSF shunt,
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usually configured between the lateral
ventricle and the abdomen (ventric-
uloperitoneal [VP] shunt).! Between
60% and 80% of patients improve
following shunt surgery. The average
age of onset is about 70 years, and
men and women are affected in equal
numbers. In a population-based study
from western Sweden, the prevalence
of iNPH was estimated at 0.2% (200
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CONTINUUM Normal Pressure Hydrocephalus

KEY POINTS

B The only effective
treatment for idiopathic
normal pressure
hydrocephalus is a
CSF shunt.

B Approximately 700,000
persons may have
idiopathic normal
pressure hydrocephalus
in the United States.

M Idiopathic normal pressure
hydrocephalus should be

suspected for elderly
patients presenting with
unexplained, symmetric
gait disturbance.

W History, clinical
examination, and
ventriculomegaly are the

basis for the diagnosis of

idiopathic normal
pressure hydrocephalus.

out of 100,000 individuals) in the age
group of 70 to 79 years, and 5.9%
(5900 out of 100,000 individuals) for
age 80 years and older.” In the same
geographic area, the incidence of
patients with iNPH who were treated
with a CSF shunt was about only two
to three operations per 100,000, which
implies that iNPH may be underdiag-
nosed.” If the prevalence of iNPH in
the United States is the same, then
based on US census data,* approximately
700,000 persons may have iNPH in the
United States. For comparison, the
number of people in the United States
with multiple sclerosis is about 400,000,
according to the National Multiple Scle-
rosis Society website.” It is thus impor-
tant for neurologists to know when to
suspect this disorder and also how to
verify and confirm the diagnosis.

This article will first focus on eval-
uation approaches for general neurol-
ogists and then describe methods in
use at tertiary centers with expertise
in complex iNPH. For a review of the
pathophysiology of iNPH, see Malm
and Eklund (Figure 10-1).°

CLINICAL EVALUATION

iNPH is a clinical diagnosis that is
based on medical history, neurologic
examination, and brain imaging with
CT or MRI. The international iNPH
guidelines and the Japanese iNPH
guidelines both describe diagnostic
criteria for iNPH.”” The international
guidelines have three different levels of
diagnostic criteria: probable, possible,
and unlikely. In this review, for sim-
plicity, we have combined the defini-
tions of probable and possible, and
describe them together as iNPH.
Briefly, patients with possible or
probable iNPH present with one or
more of the iNPH symptoms (typically
gait) with insidious onset over 3 months
or more, have an MRI or CT that shows
ventriculomegaly and may also show
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atrophy, and may have other diagnoses
that contribute to the patient’s symp-
toms, but do not explain them entirely.”
Patients with probable iNPH also have
physiologic evidence in support of
the diagnosis.

Typical Presentations

iNPH should be suspected in elderly
patients presenting with unexplained,
symmetric gait disturbance, which is
the primary symptom of iNPH. Although
dementia and incontinence are part of
the so-called iNPH triad and are fre-
quently present, the complete triad is
not required to suspect the disorder.
Because the diagnosis of iNPH re-
quires the exclusion of other diagno-
ses that would completely explain the
patient’s symptoms, an extensive and
detailed history of each of the symp-
toms is required, which can be difficult
if the patient has impaired memory.
Thus, it is best to have a family member
accompany the patient. With careful
review, most patients will be found to
have symptoms starting insidiously and
progressing slowly over at least 3 to
6 months prior to presentation in clinic.
Known causes of hydrocephalus,
such as intracranial hemorrhage,
trauma, or infections of the central ner-
vous system, should be sought, as pa-
tients with these risk factors may have
secondary hydrocephalus. Patients who
have undergone an intracranial neuro-
surgical procedure should be suspected
of having secondary hydrocephalus.
Some patients are referred for eval-
uation of possible iNPH because a CT
or MRI scan reveals ventriculomegaly as
an incidental finding. Sometimes, the
patient is asymptomatic and has no
neurologic examination findings to sug-
gest iNPH. Such patients do not meet
the criteria of iNPH and do not require
prognostic testing; however, they may
be at risk for future development
of symptoms and should be seen at
intervals between 1 and 2 years for
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This schematic drawing illustrates various models of the pathophysiology of
idiopathic normal pressure hydrocephalus (iNPH). Any model must explain how

and why the ventricles enlarge, how neuronal and glial dysfunction occurs to
produce the clinical features, and why symptoms improve with shunt surgery (ie, reversible
neuronal and glial dysfunction). Proposed disturbances in the CSF dynamic system that
contribute to ventricular enlargement and dysfunction of the brain parenchyma include impaired
CSF outflow resistance and increased intracranial pressure pulsatility. The gait and cognitive
disturbances of iINPH are thought to be of periventricular/subcortical/frontal origin. The arterial
supply of this area is mainly via periventricular end arteries, sensitive to a subcritical ischemia
that causes dysfunction, but not infarction in an anatomic distribution, that affects the axons
related to symptoms (eg, those to the leg, as represented in the homunculus). The altered CSF
dynamics and reduced subcortical blood flow and metabolism may give rise to periventricular

hyperintensities seen on MRI in iNPH.

CSF = cerebrospinal fluid; ICP = intracranial pressure.

reevaluation, or patients should be
advised to seek medical care if they
develop any symptoms of concern.

Neurologic Examination and
Typical Symptoms

Except for abnormal findings of bal-
ance, gait, and cognitive functions, the
neurologic examination in patients
with iNPH is normal. Symptoms of iNPH
are symmetric; therefore, lateralizing
findings should increase suspicion of
other disorders. There should be no
signs of hemiparesis or paraparesis (ie,
myelopathy). Spasticity, hyperreflexia,
and other upper motor neuron find-
ings are atypical.
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Gait impairment. The gait impair-
ment in iNPH is best characterized as
a higher-level gait disorder, which, in
the absence of primary sensorimotor
deficits, cerebellar dysfunction, or in-
voluntary movements, involves diffi-
culty integrating sensory information
about the position of the body in its
environment, including the effect of
gravity and properly selecting and
executing motor plans for gait or
postural reflexes.'”"'! The impairment
should be symmetric unless coexisting
musculoskeletal disorders (eg, knees,
hips, spine) cause asymmetry. Findings
include difficulty with transitional
movements (sitting to standing or
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KEY POINT

M Spasticity, hyperreflexia,
and other upper motor
neuron findings are
atypical in patients with
idiopathic normal
pressure hydrocephalus.
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KEY POINTS

B The features of gait
impairment in patients
with idiopathic normal
pressure hydrocephalus
can be difficult to
distinguish from those
of neurodegenerative
disorders with motor
involvement, such as
parkinsonism or
dementia with
Lewy bodies.

B Neuroimaging with
either CT or MRl is

required for the diagnosis

of idiopathic normal
pressure hydrocephalus.

W An Evans ratio of more
than 0.3 indicates large
ventricles, and a ratio
of more than 0.33
indicates very large
ventricles, but is
not specific for
idiopathic normal

pressure hydrocephalus.

standing to sitting); gait initiation fail-
ure; shuffling and poor foot clearance;
tripping, falling, or festination; unstable
multistep turns; and retropulsion or
anteropulsion.'"'* The severity of gait
impairment in iNPH is variable, and the
features can be difficult to distinguish
from neurodegenerative disorders with
motor involvement, such as parkinson-
ism or dementia with Lewy bodies.
Cognitive impairment and demen-
tia. Symptoms of dementia in iNPH
overlap with those of other demen-
tias, including difficulty managing fi-
nances, taking medications properly,
driving, and keeping track of appoint-
ments. Some patients with iNPH pres-
ent with mild cognitive impairment
rather than dementia. Screening tests
such as the Mini-Mental State Examina-
tion (MMSE) or Montreal Cognitive
Assessment (MoCA) are advised.™ The
cognitive findings of iNPH reflect in-
volvement of the prefrontal brain struc-
tures, similar to a subcortical dementia,
with executive dysfunction (eg, slow
processing, difficulty with problem solv-
ing) and memory deficits with poor
retrieval and relatively intact recogni-
tion memory.14_16 Impaired naming,
agnosia, rapid forgetting that does not
benefit from cueing, hallucinations,
and failure to recognize close family
or friends should raise concern for
other causes of dementia. Symptoms
of depression are common in iNPH,
and depression screening is helpful.'”
Delirium is not typical in iNPH and
implies the presence of a concomi-
tant disorder or medication side effect.
Urinary urgency and incontinence.
Urgency and frequency are the most
common urinary symptoms and may
occur with or without incontinence.'®
Patients are usually aware of the urinary
urge and are concerned about their
incontinence. Incontinence without
awareness of urinary urge or that one’s
clothes are wet is not characteristic of
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iNPH. Patients or family should be
asked about the use of incontinence
pads or undergarments, as occasionally
they do not consider the patient to be
incontinent if the urine is contained by
the pads or undergarments. Because
bladder symptoms are very common
among the elderly, other causes are
frequently present in patients with
suspected iNPH.

Imaging

Neuroimaging with either CT or MRI is
required for the diagnosis of iNPH;
however, MRI is preferable. In iNPH,
the lateral and third ventricles are
enlarged and no obstruction to CSF
flow should be present. If obstructive
hydrocephalus is suspected, which
occurs in a small percentage of pa-
tients, MRI should be obtained to
evaluate for sites of obstruction.

A screening test for ventricular
enlargement is the Evans ratio or
index, which is the ratio of the widest
frontal horn span to the widest diam-
eter of the brain on the same axial
image (Figure 10-2'%). An Evans ratio
of more than 0.3 indicates large ventri-
cles, and a ratio of more than 0.33 in-
dicates very large ventricles, but is not
specific for iNPH.

Distinguishing dilated ventricles due
to cerebral atrophy from iNPH is diffi-
cult. Focal atrophy is often indicative of
a degenerative dementia, particularly if
it is asymmetric (eg, frontotemporal
dementia) or is stereotypical, such as
hippocampal atrophy in Alzheimer de-
mentia. In iNPH, the sylvian fissures
are often widened out of proportion to
the cortical sulci, which are flattened
(“high tight” convexity)*® (Figure 10-2),
which is thought to suggest a block of
CSF flow over the cerebral convexity to
the arachnoid granulations. Japanese
researchers have described this as
disproportionately enlarged subarach-
noid space hydrocephalus (DESH).
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MRI of a 73-year-old woman with impairment of gait and balance, bladder
control, and cognition for 3 years. A, Axial T2 MRI consistent with the

Japanese "high and tight" criteria for the convexity. The interhemispheric
fissure is effaced. B, Axial T1 MRI shows a widened third ventricle with a span of 1.0 cm.
C, Sagittal T1 MRI shows bowing of the corpus callosum and a pulsation artifact (flow void)
in the sylvian aqueduct D, Axial fluid-attenuated inversion recovery (FLAIR) MRI shows
measurement of the Evans ratio. The diameter of the frontal horns is 4.4 cm, the widest
brain diameter is 13.7 cm, and the Evans ratio is 0.32.

Reprinted with permission from Williams MA, Relkin NR, Neurol Clin Pract."® cp.neurology.org/content/3/5/

375.full. © 2013 American Academy of Neurology.

The absence of DESH may be sugges-
tive of brain atrophy, but does not
exclude the possibility of iNPH.”%!
Almost all patients with iNPH have
periventricular white matter lesions
that are best seen in the fluid-attenuated
inversion recovery (FLAIR) or T2 se-
quences. Periventricular white matter
lesions immediately adjacent to the
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ventricular wall are considered to re-
flect fluid movement from the ventri-
cles into the parenchyma, but white
matter lesions that are more peripheral
(eg, in the corona radiata) or that are
diffuse and confluent are more likely to
represent ischemic change. Extensive
white matter lesions are not a contrain-
dication to shunt surgery and should

www.ContinuumJournal.com
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CONTINUUM Normal Pressure Hydrocephalus

KEY POINTS

W Gait impairment is
typically either the
first or worst
symptom in patients
with idiopathic normal

pressure hydrocephalus.

B Attempts to investigate
acutely hospitalized
patients for idiopathic
normal pressure
hydrocephalus are
fraught with the risk
of misattribution.

B Identification of
comorbidities is an
essential part of the
clinical management of
idiopathic normal

pressure hydrocephalus.

B The presence of
comorbidities does not
exclude the possibility
of idiopathic normal
pressure hydrocephalus;
however, comorbidities
do influence the
prognosis after
shunt surgery.

not be used to rule out the need for
prognostic testing; however, extensive
ischemic white matter lesions may limit
the patient’s response to shunting.

The appearance of a pulsation arti-
fact in the cerebral aqueduct, or mea-
surements of CSF stroke volume or
velocity in the aqueduct using phase-
contrast methods®* cannot be used
alone to recommend shunt surgery,
but can support the diagnosis of iNPH
and the need for further testing.

DIFFERENTIAL DIAGNOSIS

The diagnosis of iNPH is rarely an
either/or situation, as it is uncommon
to see “pure” iNPH. Table 10-1'° de-
scribes common differential diagnoses
that should be considered. Tests com-
monly ordered to evaluate the differen-
tial diagnosis include typical dementia
blood work (eg, complete blood count,
biochemical profile, vitamin B, folate,
thyroid-stimulating hormone [TSH], and
when indicated, rapid plasma reagin
[RPR], Lyme titers, and vitamin D), as
well as imaging of the cervical or lumbo-
sacral spine. Polyneuropathy, which is
common in the elderly, is an important
comorbidity. As a general rule, a dif-
ferential diagnosis that is sufficient to
explain the patient’s symptoms and is
treatable should be treated before any
further testing or treatment of iNPH
is undertaken.

Three important and common pre-
sentation variations deserve special at-
tention for the differential diagnosis.
First, patients with ventriculomegaly
who have only cognitive impairment or
only incontinence should be evaluated
for other disorders before considering
iNPH. Most published research and
guidelines indicate that nearly all patients
have gait impairment, which is typically
either the first or worst symptom.

Second, patients with gait impair-
ment and urinary symptoms but no
cognitive impairment should be con-
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sidered for spinal cord disorders be-
fore evaluating for iNPH.

Third, patients who have been ad-
mitted to the hospital for delirium or
failure to thrive and are incidentally
found to have ventriculomegaly on neuro-
imaging should not be investigated
for iNPH until the underlying cause of
the delirium has been found, treatment
has been initiated, and the patient has
been discharged from the hospital and
had time to return to a stable baseline.
Attempts to investigate acutely hospi-
talized patients for iNPH are fraught
with the risk of misattribution, as an
apparent response to CSF removal could
be due to recovery from the underlying
illness, or an apparent lack of response
to CSF removal could be due to persis-
tence of the underlying illness.

ROLE OF COMORBIDITIES

iNPH affects the elderly, many of whom
have other conditions (ie, comor-
bidities that contribute to their symp-
toms).*> However, if the comorbidities
are not sufficient to explain the pa-
tient’s symptoms, then iNPH should be
investigated. The presence of comor-
bidities does not exclude the possibil-
ity of iNPH; however, comorbidities do
influence the prognosis after shunt
surgery. The specific symptoms that
will improve and the extent of clinical
improvement that can be expected
after treatment of iNPH will depend
on the proportional contribution of the
iNPH and the comorbidities to the
patient’s clinical presentation. For in-
stance, a patient with possible Alzheimer
disease dementia, along with the iNPH,
is likely to have a worse cognitive re-
sponse to shunting than a patient with
pure iNPH. Thus, an important part of
the iNPH investigation is to identify
and treat any treatable comorbidities
and discuss their potential influence
on surgical outcome with the patient
and family. If there is any doubt as to
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Differential Diagnosis of Idiopathic Normal Pressure
Hydrocephalus?®
Gait Dementia Incontinence
Disorders that may have all three symptoms
Idiopathic normal pressure hydrocephalus X X X
(iNPH) with or without comorbidities
Parkinsonism X X X
Dementia with Lewy bodies X X X
Corticobasal degeneration X X X
Progressive supranuclear palsy X X X
Multiple system atrophy X X X
Vascular dementia X X X
Neurosyphilis X X X
Medication side effects X X X
Multifactorial—any combination of X X X
diagnoses with or without iNPH
Disorders that may have two symptoms
Multifactorial—any combination of X X X
diagnoses with or without iNPH
iNPH with or without comorbidities X X
Vitamin B;; deficiency X X
Cervical stenosis and myelopathy X
Lumbosacral stenosis X X
Peripheral neuropathy X
Disorders that may have only one symptom
iNPH X
Degenerative arthritis of the hips, knees, ankles X
Spinocerebellar degeneration X
Peripheral vascular disease (claudication) X
Alzheimer dementia X
Frontotemporal dementia X
Depression X
Hypothyroidism X
Sleep apnea X
Prostatic hypertrophy/obstructive uropathy X
Pelvic floor abnormalities X
Interstitial cystitis X
Continned on page 586
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KEY POINT

M The international and
Japanese guidelines
support shunt surgery as
effective treatment of
idiopathic normal
pressure hydrocephalus,
as does the American
Academy of Neurology
practice guideline.

I TCITRX] Differential Diagnosis of Idiopathic Normal Pressure
Hydrocephalus® Continned from page 585

Gait Dementia Incontinence

Disorders that can aggravate other
symptoms

Visual impairment
Hearing impairment
Obesity

Cardiovascular disease
Pulmonary disease
Chronic lower back pain

Vestibular disorders

X X X X X

@ Reprinted with permission from Williams MA, Relkin NR, Neurol Clin Pract.'® cp.neurology.org/
content/3/5/375.full. © 2013 American Academy of Neurology.

whether comorbidities completely ex-
plain the patient’s symptoms, then
testing for iNPH should be performed.

INDICATIONS FOR SHUNT SURGERY

The clinical presentation of iNPH by
itself is usually not sufficient to rec-
ommend shunt surgery, as each of the
primary iNPH symptoms has multiple
potential etiologies, and enlarged ven-
tricles can be seen either with hy-
drocephalus or with brain atrophy.
Predictive tests to determine the
likelihood of shunt responsiveness are
recommended. The CSF tap test is a pre-
dictive test that easily can be performed
at most neurologic centers. If multiple
comorbidities or differential diagnoses
make the diagnosis uncertain, referral
to specialized centers that can perform
ancillary tests (see the following section
on specialized diagnostic testing) can
help to select patients with a high like-
lihood of responding to shunt surgery.

The international and Japanese
guidelines support shunt surgery as
effective treatment of iNPH, as does
the American Academy of Neurology
(AAN) practice guideline.””** Endo-

m www.ContinuumJournal.com

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

scopic third ventriculostomy is not
effective in treatment of iNPH.?>?® As
of 2016, no medical treatments are
effective in iNPH, and, specifically, no
evidence supports the use of acetazol-
amide,”” although this medication is
occasionally prescribed and has been
evaluated in a small pilot study.?®

Specialized Diagnostic Testing
The international guidelines recommend
tests of CSF hydrodynamics (tap test,
external lumbar drainage, and infusion
testing) to demonstrate either that the
patient has the potential to respond to
shunt surgery or that the patient has ab-
normal CSF hydrodynamics that are con-
sistent with hydrocephallus.7’9’24’29 The
tap test, also known as the large-volume
lumbar puncture (LP), will be described
here. Infusion testing and external
lumbar drainage will be described in
the following section on tertiary cen-
ters with expertise in complex iNPH.
Tap test. The rationale for testing a
patient’s response to CSF removal is
that doing so temporarily creates the
physiologic effect of a shunt for the pa-
tient. The hypothesis is that if the patient

April 2016


http://cp.neurology.org/content/3/5/375.full
http://cp.neurology.org/content/3/5/375.full

has iNPH, a significant response to CSF
removal should be seen, and shunt
surgery should help.

Properly performing the tap test
rests on two principles.’” First, the pa-
tient must be examined before and after
the LP so that the response to CSF re-
moval can be documented and quanti-
fied. Impaired gait is the symptom most
likely to respond, and use of a standard-
ized evaluation of gait, with or without
video recording or computer-assisted
assessment, is helpful. The baseline
assessment should be done immediately
before the LP. The authors specifically
recommend that a health care profes-
sional with the appropriate skills (eg,
neurologist, nurse, or physical ther-
apist) assess and document the pa-
tient’s gait before and after the LP, as
relying only on the report of the patient
or family is liable to be influenced by
their desire to see improvement.

Second, the volume of CSF removed
must be large enough to improve the
patient’s CSF hydrodynamics enough for
the brain to respond and the symptoms
to improve. The LP should be done
with an 18- or 20-gauge spinal needle.
Typical tap test protocols remove 30 mL
to 50 mL of CSF. The interval between
the LP and the formal follow-up exami-
nation is usually between 2 and 4 hours.
The patient does not have to stay su-
pine after the LP, and our experience
is that headache and nausea after LP
are uncommon in the iNPH population.
We have patients lie down only if they
develop adverse events and encour-
age them and their families to be active
(eg, going for a snack or taking a walk)
after the LP, which enables them to
determine in realistic circumstances
whether the patient’s gait has improved.

The same formal gait assessments
should be performed before and after
the LP. If the response is significant,
shunt surgery can be recommended.*’
However, the absence of response to
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CSF removal does not exclude shunt
responsiveness because the tap test is
specific (range of 60% to 100% in var-
ious studies), rather than sensitive
(range of 50% to 80%). External lumbar
drainage can be considered if iNPH is
still clinically suspected after a patient
has failed to improve after the tap test.

SHUNT BASICS

The purpose of a shunt is to divert CSF
from the craniospinal CSF space to
another anatomic space where the CSF
can be reabsorbed. The most common
configuration is a VP shunt. A VP shunt
consists of three parts (Figure 10-3): a
proximal catheter, usually inserted in
the right lateral ventricle; a distal cath-
eter with its tip in the peritoneal cavity;
and a shunt valve between the proximal
and distal catheters. The valve consists
of a mechanism that opens when the
pressure difference across the valve (ie,
between the ventricle and peritoneal
cavity) exceeds the pressure required to
open the valve. Once the valve opens,
CSF flows through the tubing. An alter-
nate configuration is a lumboperitoneal
shunt, in which the proximal catheter
is placed in the lumbar CSF space.

Two types of shunt valves are widely
used: shunts with a fixed-valve opening
pressure and programmable shunts
with variable valve opening pressure
that can be changed via an external
magnetic programming device. Several
different makes and models of adjust-
able shunts are available, and the
devices for adjusting them are not
interchangeable. Flow through shunt
valves is unidirectional, preventing re-
flux into the ventricles. Some shunts
also have an antisiphon device that has
a higher resistance in the vertical posi-
tion to prevent overdrainage of CSF
when patients are upright that can cause
low-pressure symptoms or, in severe
circumstances, subdural fluid collections
or hematomas.
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KEY POINTS

M If a patient has idiopathic
normal pressure
hydrocephalus, a
significant response to
CSF removal should be
seen and shunt surgery
should help.

H A ventriculoperitoneal
shunt consists of three
parts: a proximal catheter,
usually inserted in the
right lateral ventricle; a
distal catheter with its tip
in the peritoneal cavity;
and a shunt valve
between the proximal
and distal catheters.

M Several different makes
and models of adjustable
shunts are available, and
the devices for adjusting
them are not
interchangeable.
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KEY POINT

W Some, but not all,
adjustable shunts are
susceptible to strong

external magnetic fields.

588

Depending on the design of the valve
mechanism, some, but not all, adjust-
able shunts are susceptible to strong
external magnetic fields (eg, MRI) or
to weak external magnetic fields (eg,
household magnets or magnets from
toys) that are brought within 1 to 2 mm
of the shunt valve mechanism, which
can change the shunt setting.*' 3> A
website for determining the safety of
shunts, as well as other devices, in
MRI scanners is available at wwuw.
mrisafety. com>* Patients who have
MRI-susceptible shunts are not prohib-
ited from undergoing MRI scans; how-
ever, they should be seen soon after the
MRI to have the shunt setting checked
and reset if necessary. Failure to do so
could result in either overdrainage if the
shunt setting after the MR is too low, or
in inadequate drainage and worsening
of the iNPH symptoms if the shunt
setting after the MRI is too high.

The choice of shunt valve and con-
figuration depends on the neurosur-
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Lateral skull x-ray showing the three
components of a shunt: the proximal
catheter (yellow arrow), the valve
(red arrow), and the distal catheter
(blue arrow).

geon’s recommendation and the
patient’s preference. No evidence sup-
ports the use of one specific make or
model of shunt over another*”?>; how-
ever most tertiary centers with exper-
tise in complex iNPH make use of
shunts with adjustable settings. When
patients with iNPH are selected for
shunt surgery on the basis of testing
described in the international and
Japanese guidelines, the risk of shunt
surgery is low in the context of the
expected benefits, and most patients
will proceed with shunt surgery.

The goal of using a shunt to treat
iNPH is to improve the patient’s symp-
toms and avoid serious complications,
such as subdural effusion or hematoma.
Adjustable valves offer the advantage
of being able to lower the pressure set-
ting incrementally until symptoms im-
prove and to raise the pressure setting if
low-pressure symptoms or complications
emerge. The introduction of adjustable
valves has dramatically lowered the need
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for shunt revisions, and most complica-
tions can be handled by changing the
shunt setting. Severe complications, such
as subdural hematoma with mass effect,
shunt infection, and shunt obstruction,
typically require neurosurgical interven-
tion. Adjustable shunts can be used to
safely manage patients with iNPH who
need chronic anticoagulation.” 6

LONGITUDINAL FOLLOW-UP
AFTER SHUNT SURGERY

Patients who have had shunt surgery
should have periodic follow-up visits.
Many neurosurgeons will see these pa-
tients only for a postoperative wound
check and will not see them again un-
less they have a shunt complication
that requires surgery. Although most
neurologists have not been trained to
provide longitudinal care of patients
with iNPH after shunt surgery, they
can learn to do so.

The follow-up of patients with a shunt
is similar to the follow-up of patients
with parkinsonism or other chronic neu-
rologic disorders. The interval history
should cover all three iNPH symptoms
of gait impairment, incontinence, and
dementia. The neurologic examination
should include cognitive screening (eg,
MMSE or MoCA), gait evaluation, and
a general neurologic examination.

All symptoms in iNPH can improve
after shunt surgery. The cognitive im-
provement is not widely appreciated,
but has been confirmed in multiple stud-
ies and is more robust than the improve-
ment seen with pharmacologic treatment
of degenerative dementias.'* 1

Periodic brain imaging is recom-
mended to look for signs of overdrain-
age, such as subdural effusion or
hematoma, particularly in the first 6 to
12 months after shunt surgery until it is
determined that the patient’s condition
and the appearance of the scan are
stable. In most instances, a CT scan
without contrast suffices.
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Overdrainage can be caused by a
shunt setting that is too low (if using
an adjustable shunt) or by a fixed valve
with a setting that is too low. The main
symptom of overdrainage is headache
that worsens with sitting and standing
and improves when lying down. Pa-
tients may also report altered hearing,
typically muffled.?” A subdural effusion
(hygroma) or hematoma can be seen
on CT or MRIL. Symptomatic patients
may benefit from raising the shunt
setting (Figure 10-4). Thin subdural
effusions (2 mm to 5 mm) in asymp-
tomatic patients are usually not an
indication for raising the shunt setting.

The setting of adjustable shunts
should be confirmed during the
follow-up visit, provided the neurolo-
gist has the device appropriate for the
patient’s shunt. Depending on the de-
gree of symptomatic recovery and the
presence or absence of low-pressure
signs and symptoms, the shunt setting
can be raised or lowered in small incre-
ments or left unchanged. If the setting
is changed (Current Procedural Ter-
minology code 62252, reprogram-
ming of programmable cerebrospinal
shunt®®) then follow-up in 2 to 3 months
to assess the response to the change is
indicated. Once patients have reached
a stable degree of recovery without
low-pressure symptoms, the interval
between visits can be extended to 6 to
12 months.

Symptoms of shunt malfunction
should be explored, such as pain or dis-
comfort from the shunt components,
including abdominal pain. The exami-
nation includes inspection and palpa-
tion of the shunt, as rarely poor wound
healing or dehiscence will be present,
which requires immediate admission to
the hospital and neurosurgical consul-
tation for possible shunt surgery be-
cause of the risk of shunt infection.

Because shunt obstruction occurs in
30% or more of patients with iNPH,
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KEY POINTS

M Patients who have
had shunt surgery
should have periodic
follow-up visits.

W Although most
neurologists have not
been trained to provide
longitudinal care of
patients with idiopathic
normal pressure
hydrocephalus after
shunt surgery, they can
learn to do so.

W All symptoms in patients
with idiopathic normal
pressure hydrocephalus
can improve after
shunt surgery.
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KEY POINT

M \When patients who
have been treated with
shunts have worsening
symptoms, physicians
frequently presume that
the shunt is obstructed,
which is often incorrect.

QO
OO

Serial axial CT scans without contrast over a 6-week period showing the

evolution of enlarging bilateral subdural fluid collections (4, from January 3; B,
from January 7; C, from January 12) and resolution of the subdural fluid collections
after the adjustable shunt was placed at the highest setting (D, from February 16).

shunt obstruction symptoms should be
reviewed during clinic visits. It is not
possible to predict who will experience
shunt obstruction or when. The return
of iNPH symptoms is typically grad-
ual, and it may be several weeks or
months before patients realize that
they are getting worse. Shunt obstruc-
tion in iNPH is rarely an emergency.
If shunt obstruction is detected and
treated, approximately 75% of patients
will once again improve.>

www.ContinuumJournal.com

When patients who have been treated
with a shunt have worsening symptoms,
physicians frequently presume that the
shunt is obstructed, which is often
incorrect because elderly patients may
worsen for other reasons, including
worsening of comorbidities or emer-
gence of new diagnoses or conditions.
Typical clinical scenarios that are of
concern to patients are lagging symp-
tom recovery, transient worsening,
and insidious worsening.’

April 2016

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



Some patients have recovery of only
one or two symptoms after shunt
surgery, while other symptoms lag
behind. In most circumstances, an-
other disorder is responsible for the
lagging symptom and should be in-
vestigated further. For example, a pa-
tient whose urinary symptoms do not
improve after shunt surgery may need
to be referred to a urologist.

Some patients, after initial improve-
ment, will have transient worsening of
iNPH symptoms in association with
another illness (eg, urinary tract infec-
tion) or with hospitalization or surgery.
This pattern is similar to the worsening
of latent symptoms seen in many
neurologic disorders when patients
experience other illnesses. After the
underlying illness is identified and
treated, the iNPH symptoms should
improve with time.

Gradual worsening of symptoms
over weeks or months may indicate
shunt malfunction or the emergence
of a comorbidity. In this circumstance,
shunt malfunction should be investi-
gated. Disconnection of the shunt
components is easily detected by plain
x-rays, although uncommon in the iNPH
population. Palpating and depressing
the shunt reservoir to check for
refilling is not helpful in distal shunt
obstruction. A shunt patency study
should be performed, which is
discussed in the following section.

TESTS AND SERVICES AVAILABLE
AT TERTIARY CENTERS

High-complexity patients (Table 10-2)
may be better served by referral to ter-
tiary centers with experience in diagno-
sis and management of complex adult
hydrocephalus that utilize a multidis-
ciplinary team of specialists, including
neurologists, neurosurgeons, radiolo-
gists, and neuropsychologists, and pro-
vide a highly organized and protocolized
approach to the evaluation and treat-
ment of iNPH and related disorders.
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These centers typically have access to
diagnostic tests that are not available
in general use, including external lum-
bar drainage, lumbar CSF infusion test-
ing, tests to evaluate shunt patency, and
specialized imaging approaches.

Patient Flow at a Hydrocephalus
Unit

Figure 10-5 illustrates the patient flow
at a tertiary clinic investigating pa-
tients for suspected iNPH. After inves-
tigation, about 60% of referred patients
had a diagnosis of probable or pos-
sible iNPH. A small portion had
ventriculomegaly without iNPH symp-
toms, or had iNPH symptoms but a
normal radiologic examination. In
about 10% of patients, secondary
causes of hydrocephalus were found.
About one-fourth had an alternate diag-
nosis, such as parkinsonism, Alzheimer
dementia, or vascular dementia.

CSF Infusion Testing

Infusion testing for assessment of CSF
hydrodynamics is commonly used in
Europe to diagnose iNPH, but is rarely
used in the United States or Canada.
The CSF infusion test involves infusing
Ringer lactate via one spinal needle
while simultaneously recording CSF
pressure via a second spinal needle. **4!
Several variables, such as intracranial
pressure (ICP), outflow resistance
(Rouy), CSF formation rate, pulse pres-
sure curve,” and dural venous pres-
sure can be measured or indirectly
calculated. R, or its inverse, CSF
conductance, is a measure of the
resistance to CSF resorption in the cen-
tral nervous system. One of the most
consistent findings in iNPH research is
that patients have an increased resis-
tance to CSF outflow (Rout).43 Several
methods for infusion testing exist, and
the value and accuracy of R, are
method dependent.* Reference values
for healthy elderly exist.*’ Infusion
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KEY POINTS

M Three typical clinical
scenarios of worsening
symptoms are lagging
symptom recovery,
transient worsening,
and insidious worsening.

B High-complexity patients
with idiopathic normal
pressure hydrocephalus
may be better served by
referral to tertiary centers
with expertise in complex
idiopathic normal
pressure hydrocephalus.

W Supplementary tests can
be used to include
patients for surgery, but
not to exclude them.

M Infusion testing for
assessment of CSF
hydrodynamics is
commonly used
in Europe.

W An increased resistance
to CSF outflow (Rour)
is one of the most
consistent findings
in idiopathic
normal pressure
hydrocephalus research.
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» Patients with severe ventriculomegaly

childhood or as young adults

» Patients who have congenital or childhood-acquired hydrocephalus but
were not treated

» Patients who require chronic anticoagulation

» Patients with severe neurologic impairment

» Patients with atypical presentations (eg, no gait impairment)
» Patients who need shunt adjustments

» Patients with shunt complications, including wound dehiscence or
suspected shunt infection, subdural hematoma in need of surgical
evacuation, or intraperitoneal complications

Patients referred
because of clinical
suspicion of iNPH

(n=100)

6% of patients
without symptoms
or without dilated

ventricles

v

23% of patients
found to have an
alternative
diagnosis

v

11% of patients
found to have
secondary causes
of NPH

v

33% probable 27% possible
patients with iNPH patients with iNPH

m Flowchart illustrating the diagnostic workup at the

Department of Clinical Neuroscience, Umea
University, Sweden, including diagnosis at discharge.

iNPH = idiopathic normal pressure hydrocephalus; NPH = normal
pressure hydrocephalus.

m www.ContinuumJournal.com
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T CITR %] High-Complexity Patients With Adult Hydrocephalus

» Patients who first received a shunt or endoscopic third ventriculostomy in
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testing requires specialized equipment,
which is commercially available in
Europe and other parts of the world,**
but not the United States, and requires
considerable expertise on the part of
the physicians who perform it.

External Lumbar Drainage

External lumbar drainage involves con-
tinuous CSF drainage and requires
hospitalization. A spinal catheter is in-
serted via a Tuohy needle (Figure 10-6)
and connected to a sterile, closed sys-
tem for controlled CSF drainage at
approximately 10 mL/h (Case 10-1).45
The patient’s gait should be examined
before the procedure, daily during
CSF drainage, and after removal of
the catheter. Neuropsychological test-
ing before and after external lumbar
drainage may also be helpful. Most
publications have cited 72 hours of
CSF drainage, although some centers
drain CSF for shorter periods. Exter-
nal lumbar drainage is said to be
accurate, with both a high positive-

predictive value and a high negative-
predictive value. The most frequent
serious complication of external lumbar
drainage is bacterial meningitis, seen in
2% to 3% of patients.z‘&49 Because of
the potential risks and the need for
specialized inpatient nursing, external
lumbar drainage should be performed
only by centers that have an organized
team and approach. Attempts at ad
hoc performance of external lumbar
drainage are discouraged.

Intracranial Pressure Monitoring

Recording of ICP has been used as a
diagnostic test for iNPH for 40 years.”
The recordings in iNPH reveal wave-
form abnormalities similar to those
originally described for brain tumor
or acute injury, ie, so-called B waves
and A waves, particularly in sleep. The
presence of unstable ICP (predomi-
nantly B waves) in NPH is well known,
and the correlation with iNPH shunt
responsiveness varies from 50% to
90%.°">3 Most ICP monitoring has
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Insertion of a 16-gauge spinal catheter via a 14-gauge Touhy needle for
external lumbar CSF drainage.
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KEY POINTS

W Attempts at ad hoc
performance of external
lumbar drainage in
patients with idiopathic
normal pressure
hydrocephalus
are discouraged.

B The presence of unstable
intracranial pressure
(predominantly B waves)
in idiopathic normal
pressure hydrocephalus
is well known.
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Case 10-1

An 82-year-old woman was referred for difficulty with gait, balance, bladder control, and cognition. She
had experienced gait trouble for “many years,” but it had been much worse over the past year. She had
problems getting in and out of seats, initiating gait, and turning, and she had festination. She used a
walker with wheels. Urinary symptoms included urgency, but sometimes her urine would not flow when
she was on the toilet, and she lost urine with coughing or straining. Cognitively, she had trouble finding
words, but managed her money, medications, and appointments, which her daughter confirmed. Her
medications included alprazolam, oxycodone, and tramadol. She was unable to live independently.

The Montreal Cognitive Assessment (MoCA) score was 14 out of 30, and the Tinetti scale score?®
(a standardized gait and balance assessment) was variable from 12 out of 28 to 16 out of 28.
Motor examination revealed paratonia versus rigidity. Brain MRI scan (Figure 10-7) showed an Evans
ratio of 0.40, bilateral frontal atrophy, and possible disproportionately enlarged subarachnoid space
hydrocephalus (DESH).

She did not improve after cessation of alprazolam, oxycodone, and tramadol, and thus was
admitted to the hospital for external lumbar drainage. Over 3 days, 690 mL CSF was drained. The Tinetti scale
score improved from 5 to 10 out of 28 on admission to 21 to 25 out of 28 after external lumbar drainage.
The Timed Up and Go Test (TUG),*” a standardized assessment in which a patient is observed and timed
while arising from an arm chair, walking 3 meters, turning around, walking back, and sitting down
again, improved from 36.65 seconds to 16.25 seconds after external lumbar drainage. She was referred to
a neurosurgeon. A programmable ventriculoperitoneal shunt was inserted at a setting with an opening
pressure of approximately 115 mm H,O.

w Imaging from the patient in Case 10-1. The Evans ratio is 0.40. The widening
of the sulci in the frontal lobes (A, B) suggests atrophy; however, the pattern

also raises the possibility of disproportionately enlarged subarachnoid space
hydrocephalus (DESH), particularly the widening of the sulci higher over the convexities
(B, arrows).

Three months after shunt surgery, she no longer needed a walker and only occasionally used a
cane. The MoCA score was 20 out of 30 and the Tinetti scale score was 25 out of 28, which was normal.
Because she was still improving, the shunt setting was not changed.

Continned on page 595
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Nine months after shunt surgery, she was living in her own home part time and able to do light
housework and manage all of her affairs. The MoCA score was 24 out of 30 and the Tinetti scale score
was 22 out of 28.

Fourteen months after shunt surgery, she had passed a formal driving evaluation. She was living
independently. Her gait examination was described as cautious, but with no shuffling. Because her
condition was stable, she was seen annually for follow-up.

Comment. This case illustrates the evaluation and management of a patient with possible
idiopathic normal pressure hydrocephalus from the beginning to a sustained successful outcome

after shunt surgery.

been done with ventricular catheters or
other intracranial devices.”>> Elderly
patients with obstructive hydrocepha-
lus may present with symptoms of iNPH.
In such cases, diagnostic ICP monitor-
ing via intracranial methods should be
considered. Because most patients with
iNPH have communicating hydroceph-
alus, ICP monitoring can be performed

safely via lumbar catheter, and the
authors tend to reserve ICP monitoring
for patients whose gait impairment is so
mild that it may be difficult to ascertain
improvement with CSF drainage alone.*®
Recently, analysis of the amplitudes of
the ICP pulse pressure has been pro-
posed as a predictive test in iNPH.
High pulse pressure amplitudes are

Case 10-2

A 77-year-old man was referred for evaluation of possible idiopathic normal
pressure hydrocephalus (iNPH) at a center that uses CSF infusion testing. The
investigation revealed a low CSF outflow conductance (6.2 mm?®/s/kPa), which
is a typical finding in iNPH. (Normal values are above 10 mm?3/s/kPa.) A shunt
with a fixed opening pressure and an antisiphon device was inserted.

At 3 and 12 months after surgery, he had a marked clinical improvement.
The conductance was increased, as expected (57 mm?>/s/kPa and 59 mm?/s/kPa,
respectively), because the shunt, which is an alternate CSF outflow
channel, increases the measured conductance.

The patient’s gait and cognitive function deteriorated 36 months after
the shunt surgery. The conductance was reevaluated and was lower than
before (25 mm?>/s/kPa), but still higher than the preoperative value. After
consideration, the original shunt valve was replaced with an adjustable
valve set at 120 mm H,0. However, the patient did not improve as expected.

Another CSF dynamic investigation was performed, showing CSF outflow
conductance results (7.7 mm>/s/kPa) that were the same as the preoperative
value, indicating that the shunt system was obstructed. The shunt was revised
again, after which the patient improved.

The patient’s iINPH symptoms once again worsened 57 months after the
original shunt surgery. Another CSF dynamic investigation revealed a high
conductance (33 mm?/s/kPa), consistent with a functioning shunt. The shunt
setting was lowered, but the patient did not improve, and the cause of his
worsening was attributed to his comorbidities.

Comment. This case illustrates how an infusion technique can be used
for patient selection, but also to assess postoperative shunt function.

Case modified with permission from Eklund A, et al, Med Biol Eng Comput.>® © 2004 Springer International
Publishing AG.
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KEY POINT

W Pathologic CSF dynamics
are an important part of
the idiopathic normal
pressure hydrocephalus
pathophysiology.

considered to predict good chances of
improvement after surgery.54 A variant
of this method is the ICP pulsatility
curve, which describes how the pulse
amplitude changes while ICP is manip-
ulated to different levels during CSF
infusion testing.*?

Shunt Patency Evaluation

Either radionuclide shunt patency study
or CSF infusion testing can be used to
assess shunt function.*>>> Radionuclide
shunt patency study involves the injec-
tion of a small volume of radioisotope
into the shunt reservoir. Once the
radionuclide is injected, images of the
proximal system are obtained every
minute for the first 20 minutes to
create a time/activity curve, followed
by imaging of the body region con-
taining the distal shunt catheter. De-
termination of shunt patency involves
demonstration of radionuclide in the
peritoneal cavity or the venous system
(for ventriculoatrial shunts). Other fac-
tors to consider include opening CSF
pressure, rate of radionuclide outflow
from the reservoir, and dispersal of
radionuclide in the peritoneal cavity.
Shunt patency can also be deter-
mined by CSF infusion testing
(Case 10-2). If the shunt is obstructed,
then values of R, similar to those
seen before shunt surgery will be
found. On the other hand, if the shunt
is functioning, the Ry, will be much
lower than the values seen before
shunt surgery because the shunt
facilitates CSF outflow and thus lowers
the measured outflow resistance.”®

CONCLUSION

iNPH is a common, treatable disorder
that can be reliably diagnosed with an
organized approach that incorporates
diagnostic principles and procedures
familiar to most neurologists, includ-
ing a comprehensive history and
physical examination, identification of

m www.ContinuumJournal.com
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key features on brain imaging, and
assessment of the clinical response to
tap test. Evidence supports the use of
shunt surgery to treat patients with
iNPH, and when patients are properly
selected, the benefit-to-risk ratio is
favorable. Neurologists have a role in
the longitudinal care of patients with
iNPH who have undergone shunt sur-
gery, particularly in considering the
differential diagnosis of any symptoms
that may worsen after shunt surgery.
Tertiary centers with expertise in com-
plex iNPH are available throughout
the world.
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