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ABSTRACT
Idiopathic normal pressure hydrocephalus 
(NPH) was described in 1965 as a syndrome 
in which hydrocephalus develops but with 
a normal cerebrospinal fluid (CSF) pressure, 
causing shunt- responsive gait apraxia, cognitive 
impairment and urinary incontinence. Not all 
patients respond to shunting despite having the 
clinical syndrome with appropriate radiological 
features. This has led to considerable debate 
over subsequent decades regarding idiopathic 
NPH. It is now understood that asymptomatic 
communicating hydrocephalus can develop in 
many healthy older people, and that over time 
this can develop into a symptomatic state that 
sometimes responds to CSF shunting, but to a 
variable extent. This review looks at the historical 
background of NPH, the use of predictive tests, 
the current state of clinical evidence for the 
diagnosis and treatment of idiopathic NPH 
and the possible underlying causes, to provide 
a contemporary practical guide for assessing 
patients with the radiological features of 
idiopathic NPH.

THE BIRTH OF A CONTENTIOUS 
SYNDROME
In 1965, Hakim and Adams (Massachu-
setts General Hospital) described normal 
pressure hydrocephalus.1 They reported 
three patients with cognitive impair-
ment, gait apraxia and urinary incon-
tinence (Hakim’s triad) who each had 
communicating hydrocephalus on pneu-
moencephalography and a normal cere-
brospinal fluid (CSF) pressure. All three 
were relatively young (aged 16, 42 and 
53 years)1 and each had a cause for their 
hydrocephalus: two followed a traumatic 
brain injury and one had a low- grade 
lymphocytic process. The patients some-
times declined after pneumoencephalog-
raphy, an investigation where gas (eg, air 
or oxygen) was infused into the subarach-
noid space using a spinal needle, making 

the ventricles and subarachnoid spaces 
visible on skull X- ray.2 All three patients 
dramatically improved after ventricu-
loatrial shunting.1 Hakim and Adams 
hypothesised that an initial increase in 
CSF pressure led to ventricular enlarge-
ment until an equal and opposite pressure 
was exerted between the ventricles and 
adjacent brain matter and the CSF pres-
sure relatively normalised (figure 1). A 
further increase in CSF pressure decom-
pensated this balanced state leading to the 
Hakim’s triad of symptoms, which could 
be improved by diverting CSF to an area 
of lower pressure (CSF shunting).1

In the same year, Hakim and Adams 
published another paper describing idio-
pathic NPH. They reported three slightly 
older (63, 66 and 62 years old) people 
with no apparent underlying cause.3 These 
patients had the Hakim symptom triad 
but did not always improve after lumbar 
puncture. They usually declined with 
pneumoencephalography and all dramat-
ically improved after CSF shunting.3 
Importantly, the index case declined after 
a fall when her ventriculoatrial shunt 
fractured but then improved after shunt 
repair, demonstrating an ongoing shunt- 
dependent condition.3

NOT EVERYONE IS SHUNT 
RESPONSIVE
Hakim and Adams’ original report of idio-
pathic NPH was a proof- of- concept paper 
representing their ‘most striking’ cases. 
However, when the wider neurolog-
ical community treated larger numbers, 
although some responded dramatically 
to shunting, many showed only modest 
improvement, and others (up to half in 
some series) did not respond.3–8 Those 
who did respond usually had prominent 
gait disturbance, with all three symp-
toms of Hakim’s triad, and clinically they 
declined after pneumoencephalography, 
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which showed a ‘lack of filling of the subarachnoid 
spaces over the cerebral convexity’. Invariably those 
with secondary causes of NPH more frequently 

responded to shunting.4–6 However, there were no 
reliable and specific radiological findings that iden-
tified people who were ‘shunt responsive’.4 5 Isotope 

Figure 1 Reproduced with permission from Elsevier.

 on N
ovem

ber 26, 2022 at IN
S

E
R

M
 C

onsortia. P
rotected by copyright.

http://pn.bm
j.com

/
P

ract N
eurol: first published as 10.1136/pn-2021-003291 on 26 S

eptem
ber 2022. D

ow
nloaded from

 

http://pn.bmj.com/


3Carswell C. Pract Neurol 2022;0:1–11. doi:10.1136/practneurol-2021-003291

Review

brain scanning (scintigraphy) with intrathecal radiola-
belled iodine revealed the presence of the tracer in the 
ventricles in patients with communicating hydroceph-
alus (but not in controls), and ventricular clearance 
over time was slow, suggesting obstruction to CSF 
resorption.7 While this technique was less hazardous 
than pneumoencephalography, it still could not predict 
‘shunt responsiveness’ reliably.4 6 8 9

There were usually high complication rates during 
investigation and treatment (~30%–40%) with many 
early series having a significant postoperative mortality 
of ~7%.4 10–12 Computed tomography (CT) imaging 
became available in the early 1970s and superseded 
pneumoencephalography, providing a non- invasive 
way of showing communicating hydrocephalus 
(and the cortical atrophy caused by neurodegener-
ative disease).4 13 Intracranial pressure monitoring 
in patients with idiopathic NPH who responded to 
shunting confirmed Hakim and Adam’s hypothesis 
that CSF pressure was transiently raised in this condi-
tion, with abnormal pressure ‘B’ waves. However, 
even when using both CT imaging and intracranial 
pressure monitoring to investigate idiopathic NPH, 
not all patients responded to therapy.14

Some authorities suggested that patients with typical 
clinical and imaging findings who did not respond to 
shunting must have had the intervention too late to 
avoid irreversible disease.14 Others proposed that idio-
pathic NPH copresents with neurodegenerative disease 
and those in whom the ‘hydraulic’ component was 
prominent would respond to shunting, but those with 
neurodegeneration would not11; Jacobs noted that 
some cases had both Parkinson’s disease and idiopathic 
NPH and postulated that these two disease processes 
interacted, such that idiopathic NPH ‘precipitated or 
accelerated’ the parkinsonism; shunting could improve 
the gait, continence and cognition, but patients still 
needed levodopa to treat the parkinsonism.8

PROVOCATIVE TESTING
Pneumoencephalography was used as both a diag-
nostic and a provocative test; after it went out of use 
several groups looked for less invasive provocative 
tests. Katzman and Hussey described the lumbar infu-
sion study, in which fluid is infused into the lumbar 
CSF space while the pressure is measured at another 
lumbar level, thus allowing the measurement of ‘CSF 
absorption’.15 16 Børgesen and Gjerris used this tech-
nique in patients with NPH to measure the compliance 
of the CSF space and showed that those with increased 
resistance to a lumbar infusion of Ringer’s solution 
were usually shunt responsive.17

Some patients with idiopathic NPH improved after 
lumbar puncture. Thus, Wikkelsø et al. developed the 
CSF tap test, which involves standardised assessments 
of gait and cognition before and after a large volume 
(40 mL) lumbar puncture. They showed that this 
test could identify a population of shunt- responsive 

idiopathic NPH cases.18 However, not all shunt- 
responsive patients have a positive tap test. This led 
to the development of the external lumbar drain test, 
which resembles a CSF tap test except patients had a 
larger volume of CSF removed via a lumbar drain over 
a fixed period (usually a few days).19–21

Several well- designed clinical studies have compared 
these provocative CSF tests. Kahlon et al performed 
either the lumbar infusion study or the CSF tap test 
consecutively in 68 suspected NPH cases (primary and 
secondary) and gave a definitive CSF shunt to anyone 
positive for either test.22 Overall, 7 were positive for 
both tests and 81% improved at 6 months: 84% of 
these had positive lumbar infusion study but only 42% 
had a positive CSF tap test. Those with a positive CSF 
tap test were almost always shunt responsive (positive 
predictive value 94%); the lumbar infusion study had 
a positive predictive value of 80% but was more sensi-
tive. Unexpectedly, 5 of 21 (24%) non- shunted cases 
improved at 6 months (2 had prior traumatic brain 
injury and 1 had aneurysmal subarachnoid haem-
orrhage) and at follow- up there were no differences 
between shunted and non- shunted people on gait or 
cognitive measures. Reassuringly provocative testing 
caused no complications, but three patients devel-
oped a subdural collection and one developed menin-
gitis following ventriculoperitoneal shunting (8.5% 
complication rate).

Walchenbach undertook a CSF tap test on 49 NPH 
patients; all non- responders then had an external 
lumbar drain and all patients (regardless of response) 
had definitive CSF shunting.23 This experimental 
design allowed sensitivity and specificity calculations 
for each test although there was no non- shunted 
control group to assess shunt efficacy. As in Kahlon et 
al.’s study, CSF tap test was not very sensitive (26%) 
but was highly specific (100%). Meanwhile, an external 
lumbar drain had benefit similar to a lumbar infusion 
study, with a sensitivity of 50% and good specificity 
80%. Once again, an external lumbar drain was asso-
ciated with complications, with bacterial meningitis 
occurring in 4%. Subdural haemorrhage occasionally 
followed shunt surgery but the authors did not report 
its frequency.

Meta- analyses have subsequently confirmed that the 
CSF tap test has a high positive predictive value and 
that external lumbar drainage also has a high speci-
ficity (~85% with wide confidence intervals) but there 
is no perfect predictive test for shunt responsiveness.24 

25

AN EXISTENTIAL CRISIS
Postmortem findings of patients with shunt- responsive 
NPH commonly show meningeal fibrosis and deep 
white matter microvascular changes but with no 
unique or pathognomonic features.26–28 NPH was an 
unusual syndrome in which a response to the proposed 
treatment was also the primary diagnostic criterion. By 
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the early 21st century, there was still no explanation 
for the lack of a consistent response to CSF shunting. 
Some meta- analyses of the available evidence showed 
CSF shunting had a positive effect but systematic 
reviews of randomised, controlled studies found no 
evidence to support CSF shunting in NPH.29–31 Some 
clinicians questioned the existence of NPH at all, and 
the field became radically polarised to ‘believers’ and 
‘non- believers’.32

CLINICAL GUIDELINES
Around 20 years ago, two groups produced clin-
ical guidelines for the diagnosis and classification of 
idiopathic NPH that are still used today. Ishakawa’s 
2004 Japanese Hydrocephalus Society guidelines clas-
sified patients as having ‘possible idiopathic NPH’ if 
they were >60 years of age with imaging features of 
hydrocephalus and at least two of Hakim’s symptom 
triad, and with no alternative explanation for their 
symptoms.33 Patients with a normal lumbar puncture 
opening pressure and a response either to CSF tap 
test, external lumbar drain or lumbar infusion study, 
are classified as ‘probable idiopathic NPH’. Those who 
respond to surgery are classified as ‘definite idiopathic 
NPH’. Relkin et al published joint American, German 
and Swedish guidelines in 2005 and defined ‘probable’ 
idiopathic NPH strictly as occurring in people aged 
over 40 years who have all three of Hakim’s triad with 
hydrocephalus on imaging and a normal CSF opening 
pressure.34 The Relkin criteria for ‘possible idiopathic 
NPH’ are more permissive, including patients with 
isolated gait disorder or cognitive decline if they have 
imaging findings of ventriculomegaly. Relkin et al were 
not prescriptive about the use of provocative tests 
but noted that those with ‘probable idiopathic NPH’ 
were likely to have positive predictive tests, further 
increasing the likelihood of a positive response to 
shunt.34 The Japanese Hydrocephalus Society updated 
their guidelines in 2021 to allow for those with more 
specific radiological and gait criteria to be considered 
‘probable’ idiopathic NPH without needing affirmative 
provocative testing.35 Both sets of guidelines acknowl-
edge the lack of prospective evidence on which to base 
guidance.

NPH has a specific radiological identity
Hakim and Adams observed that patients with a tight 
callosal angle on pneumoencephalography usually 
responded to shunting.5 When CT scanning super-
seded pneumoencephalography, the Evans' index 
(ratio of the widest width of the frontal ventricles 
to the widest width of the brain on an axial plane) 
of >0.3 was used as a surrogate.33 34 However, we 
now know that 20% of those aged over 70 years 
have a raised Evans’ index.36 More specific features 
of hydrocephalus have since been described: specifi-
cally, disproportionate enlargement of the subarach-
noid space hydrocephalus (DESH) and a callosal angle 

below 90°.37 Many of these features form the ‘probable 
idiopathic NPH’ criteria for the Relkin NPH guide-
lines. Practically, the updated Japanese Hydrocephalus 
Society guidelines allow a DESH pattern with a higher- 
level gait pattern (locomotor and balance difficulties 
that cannot be explained by peripheral motor, sensory, 
pyramidal, cerebellar, or basal ganglia lesions) to 
qualify as ‘probable NPH’ without an external lumbar 
drain or lumbar infusion study.34 35 38 Further, Kockum 
et al developed a grading scale—‘The idiopathic NPH 
Radscale Score’—by ‘weighing’ the importance of its 
specific radiological features39 (figure 2), and found 
that a score of>4 distinguished patients with shunt- 
responsive idiopathic NPH from their age- matched 
controls.40

‘NO PLACEBOS, PLEASE’: CLINICAL TRIAL 
EVIDENCE
Patients with idiopathic NPH may be reluctant to 
enrol into clinical trials in which they might not 
receive shunt therapy. In 2011, Tisell et al side-
stepped this problem by using a ‘one- arm crossover’ 
trial design in which all patients received CSF shunts 
but only half had these activated on insertion41; all 
patients had an operation (or sham) halfway through 
the study and those whose shunts had initially been 
tied closed had them opened, so all patients ended the 
trial with active shunts. The trial was double blinded 
and neither assessors nor patients knew their shunt 
activation status until the final intervention. Although 
this trial was a small study of a specific population who 
had severe vascular disease and idiopathic NPH unre-
sponsive to a CSF tap test, the design is now the gold- 
standard in clinical trials for this condition.42 In 2015, 
Kazui et al used a similar design in SINPHONI- 2, a 
prospective, randomised control trial of immediate 
vs delayed lumboperitoneal shunt in probable idio-
pathic NPH. They found that lumboperitoneal shunts 
modestly reduced disability, cognitive and gait impair-
ment.43 Toma and Watkins performed a prospective 
randomised, double- blind one- arm cross- over trial 
with programmable ventriculoperitoneal shunts in 
probable idiopathic NPH. This trial was ended due to 
incomplete enrolment; the full dataset has not been 
published but a brief report on a sample size of only 
14 patients showed an improved primary outcome 
(gait speed) at 3 months after the shunt.44 Two further 
prospective, double- blinded randomised controlled 
trials in the USA using ventriculoperitoneal shunts and 
a ‘one- arm crossover’ trial design, the ARCS- NPH 
and the PENS feasibility study, have completed but 
the results are not yet published.45 46 A larger scale 
version of PENS is due to recruit in the USA in 2022.47 
A Cochrane systematic review is currently evaluating 
the pooled analysis of these studies.48 A limitation of 
the ‘one- arm crossover’ trial design is that it sacrifices 
outcome data from the long- term control arm. Large- 
scale prospective follow- up data for shunted patients 
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suggest that the benefit of ventriculperitoneal shunting 
persists for years before decline.49 50 While complica-
tion rates remain relatively high at 20–30%, most are 
now managed non- surgically.43 49 51

WHAT CAUSES IDIOPATHIC NPH?
There have been several plausible disease mechanisms 
proposed for NPH, including direct cortical mass 
effect, reduced CSF absorption, reduce periventricular 

Figure 2 The idiopathic normal pressure hydrocephalus (NPH) Radscale Score Atlas showing the different imaging features of 
hydrocephalus. A combined score of >4 differentiates shunt- responsive idiopathic NPH cases from normal controls. Reproduced with 
permission from Kockum et al.40
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blood flow and reduced glymphatic clearance.7 52–54 
However, the underlying cause of the hydrocephalus 
remains uncertain, although genetic cases may hold a 
clue. Several family pedigrees have been described with 
inherited idiopathic NPH .55–57 In 2019, Morimoto et 
al identified a CFAP43 mutation in a Japanese kindred 
with autosomal dominant hydrocephalus.58 cfap43 
knockout mice have a hydrocephalic phenotype; muta-
tions in this protein appear to cause primary ciliary 
dyskinesia.58 Subsequently, Yang et al have identified 
CWH34 mutations in 15% of a non- familial idio-
pathic NPH cohort.59 CWH43 is a glycosylphosphati-
dylinositol anchor protein expressed in the ventricular 
epithelia, and CWH43 mutation knock- in mice 
have reduced ventricular cilial density and function, 
providing further evidence that cilial function may be 
linked to the development of hydrocephalus. SFMBT1 
is a protein of uncertain function that is expressed in 
the choroid; patients with idiopathic NPH (several 
cohorts) have a higher rate (10–26%) of heterozy-
gous copy number loss in SFMBT1 than age matched 
controls (4–5%).60 61 Although multiple genetic factors 
influence the development of hydrocephalus, there 
are also environmental associations. For example, 
prospective studies have shown that 90% of people 
with idiopathic NPH have obstructive sleep apnoea, 
and the prevalence of idiopathic NPH is much higher 
in people with schizophrenia and diabetes than in age- 
matched controls.62–64

Idiopathic NPH and the role of ageing and 
neurodegenerative disease
Prospective screening population studies suggest that 
up to 6% of people aged over 65 years fulfil clinical 
and radiological criteria for possible idiopathic NPH, 
and that this percentage increases with age.65 There 
are also reports of asymptomatic patients with radio-
logical features of idiopathic NPH. With long- term 
follow- up, many become symptomatic, consistent with 
Hakim and Adams' original hypothesis that hydro-
cephalus develops asymptomatically before causing 
clinical symptoms.66 Some people with asymptom-
atic hydrocephalus probably develop Hakim’s triad 
from underlying neurodegenerative disease that is not 
shunt- responsive. In particular, patients with progres-
sive supranuclear palsy develop imaging features of 
hydrocephalus more than those with Parkinson’s 
disease, Alzheimer’s dementia or normal controls.67 
The few available postmortem studies in idiopathic 
NPH show that many cases have Alzheimer’s dementia 
or vascular pathology at time of death but progressive 
supranuclear palsy pathology occurs more frequently 
than expected.28 68–70 Frontal or parietal cortical biop-
sies taken at the time of ventriculoperitoneal shunt 
insertion or intracranial pressure monitoring show 
that Alzheimer’s dementia develops in 30%–60% of 
cases; there are contrasting reports about whether 
this influences the effect of CSF shunting.71–73 Recent 

studies suggest that patients with low CSF neurofil-
ament light, total tau, abeta 1–40 and pTau181 are 
more likely to respond to shunting. It may be that 
people with higher markers of neurodegeneration 
have asymptomatic hydrocephalus and an underlying 
neurodegenerative disease.74 75

A pragmatic approach to assessing idiopathic NPH
Large case series have shown that many patients 
presenting with idiopathic NPH have an alternative 
cause for their symptoms.76 In a large prospective US 
idiopathic NPH register, 26% of cases did not undergo 
provocative testing and 46% of patients had shunted 
surgery.77 Thus, a careful neurological history and 
examination is required to exclude NPH mimics and 
alternative explanation for patient symptoms.

At the NPH clinic in Imperial College Hospital, 
London, we accept the limitations of the current 
evidence and follow the Japanese Hydrocephalus 
Society and Relkin guidance, broadly incorporating 
idiopathic NPH Radscale imaging scores. Multidis-
ciplinary working with neurologists, neuroradiol-
ogists, neurotherapists and neurosurgeons is key. 
It is important to note that the investigation and 
treatment of idiopathic NPH is highly invasive. We 
are explicit about this in initial discussions with the 
patient and family so they can make an informed 
decision about proceeding. Equally it may not be 
appropriate to perform invasive testing or shunt 
surgery on frail patients with multiple co- morbidi-
ties and this must be considered at the early stages 
of the assessment. We do not usually consider 
a diagnosis of idiopathic NPH if the idiopathic 
NPH Radscale Score is <4 (figure 3). Patients 
with imaging features of idiopathic NPH referred 
to our neurology- led clinic are assessed clinically 
and with subsequent discussion of their imaging 
in a specialist dementia neuroradiology multidis-
ciplinary team meeting.78 Patients may then have 
dopamine transporter (DaT), single- photon emis-
sion CT (SPECT), amyloid positron- emission 
tomography (PET) and fluorodeoxyglucose 
(FDG)- PET imaging as indicated on a case- by- case 
basis. We do not investigate asymptomatic patients 
further but counsel them to return if they develop 
Hakim’s triad symptoms (figure 4). If patients have 
a higher- order gait dysfunction with no other iden-
tified cause then they have a 40 mL CSF tap test 
with a therapist- led 10 m timed walk. The timed 
walk is performed in triplicate immediately before 
and at a minimum of 4 hours after the CSF tap test. 
Our experience suggests that some people’s trip-
licate values vary with fatigue effects, and so we 
compare the lowest values acquired. Out of interest, 
we screen cognition before and after the CSF tap 
test but do not require cognitive improvement to 
define shunt responsiveness, as cognition can to 
take many months to improve following definitive 
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ventriculoperitoneal shunt surgery.50 It is important 
to note that the original 1982 Wikkelsø CSF tap 
test protocol showed that gait speed can improve 
up to a week following the test, but in our practice 
it is not possible to repeat carefully observed gait 
assessments over this period, so we instead consider 
subjective reports of improvements in the week 
following the CSF tap test.18 At the time of CSF tap 
test we also carry out neurodegenerative biomarker 
assessment including CSF neurofilament light. We 
refer patients who improve by >10% with a CSF 
tap test for CSF shunt surgery (figure 5). Those who 
do not improve are usually referred to the CSF- 
disorder neurosurgeons and have either an external 
lumbar drain or a lumbar infusion study. Those 

who improve with these tests have a ventriculoperi-
toneal shunt. Those who do not improve following 
a shunt are reviewed in the NPH clinic to recon-
sider diagnosis (figure 6). If patients have a clear 
neurodegenerative copathology but it is unclear if 
this is causing dominant gait apraxia we do inves-
tigate further with provocative testing, as this can 
tangibly infer the degree of potential improvement 
with shunt surgery (figure 7). We are cautious to 
advise shunt surgery in these cases without a posi-
tive predictive CSF test but we discuss the poten-
tial risks with the patient, their family, neurologist 
and neurosurgeons. Patients who do not improve 
after definitive ventriculoperitoneal shunt surgery 

Figure 5 A 60- year- old woman with a severe progressive 
gait impairment and imbalance was admitted to hospital 
unable to walk independently. She had bipolar disorder treated 
with antipsychotics since age 15 years. She also had urinary 
incontinence problems and previous pelvic floor surgery. She 
had attended the neurology clinic in 2014 with gait instability 
but MR scan of the brain and a dopamine transporter (DaT) 
scan were normal. Repeat MR of the brain imaging showed 
hydrocephalus. A cerebrospinal fluid tap test gave an opening 
pressure of 15 cm of water. Following the lumbar puncture, her 
10 m walking time reduced from 1 min 42 s to 38 s, though her 
Montreal Cognitive Assessment remained unchanged at 15/30. 
Following ventriculo- peritoneal shunt insertion, her walking 
speed and stability improved dramatically. Two years later, she 
still has severe anxiety and subjective imbalance but she can 
walk independently with a stick and manages her household 
affairs independently. A repeat DaT scan was unchanged 
despite the 7- year interval.

Figure 3 The investigation and management pathway of 
idiopathic NPH at Imperial College London Healthcare NHS 
Trust. **Not explained by another neurological condition, for 
example, PSP. **Patients with abnormal CSFcontencts and/
or raised CSF neurofilament light should be further evaluated 
before further NPH provocative testing. CSF, cerebrospinal 
fluid; iNPH, idiopathic normal pressure hydrocephalus;, PSP 
progressive supranuclear palsy.

Figure 4 A 72- year- old woman presented to TIA clinic with 
a 5 min episode where she found it difficult to read and was 
mildly confused. She had a background of frequent migraine 
with visual aura but no traditional vascular risk factors. After 
investigations by TIA clinic, there was no clear diagnosis but 
she was referred to normal pressure hydrocephalus clinic 
regarding the relevance of her brain imaging. Clinically, she 
had no problems with gait and bedside cognitive testing was 
normal. She was discharged with an invitation to return if she 
developed relevant symptoms. TIA, tranient ischaemic attack.
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are investigated by our CSF disorder neurosur-
geons, who exclude surgical compications, ensure 
shunt patency and adjust shunt settings as appro-
priate. Shunt- unresponsive patients and those who 
develop recrudescence of Hakim’s triad are re- re-
ferred to the NPH clinic for further assessment.

CONCLUSIONS
Neurologists commonly encounter people with the 
syndrome of idiopathic NPH, which has specific 
radiological features and can be CSF shunt respon-
sive. It is essential that such patients are assessed 
by clinicians with the experience to identify and 
manage NPH mimics and to perform standardised 
provocative tests to help to determine who will 
benefit from CSF shunting. There is little high- 
quality evidence on which to base practice and we 
need further work—including more randomised 
controlled trial evidence on the use of CSF 
shunting—to understand the cause and to char-
acterise the radiological features associated with 
shunt- responsive idiopathic NPH. Going forward, 
we need to characterise patients with possible idio-
pathic NPH not just by the presence of vascular 
disease and amyloid status but also by synuclein, 
tau as well as non- specific markers of neuronal 
loss such as neurofilament light to understand the 
interaction between neurodegenerative disease 
and idiopathic NPH. Such an approach will need 
to be large scale, co- ordinated and collaborative. 
This approach will also open the door to poten-
tial disease- modifying trials in patients with shunt- 
unresponsive hydrocephalus who traditionally have 
been clinically neglected.

Figure 6 A 69- year- old retired man had a 2- year history 
of cognitive impairment and slowed walking. His family 
feel that he has ‘lost his spark’. His MR scan of the brain 
showed communicating hydrocephalus and his DaT scan was 
negative. A CSF tap test improved his timed 10 m walk by 
15.2%. Following a shunt procedure, he developed a large 
subdural haemorrhage that did not improve with conservative 
management or with shunt setting changes. After surgical 
evacuation of the subdural and a period of rehabilitation he 
could not transfer independently. He was referred to neurology 
at this stage and found to have abnormalities of phonemic 
fluency, tests of abstraction and Stroop testing. There was 
a vertical supranuclear palsy and upper limb ideomotor 
dyspraxia without increase in limb tone or bradykinesia. He was 
diagnosed with progressive supranuclear palsy and managed 
supportively.

Figure 7 A 77- year- old man with gait impairment was found 
to have hydrocephalus on imaging. Clinically, he had cognitive 
impairment with apathy and impaired executive function. 
Neurologically, he had a vertical supranuclear palsy. There 
was no clear bradykinesia or increase in tone but there was 
ideomotor dyspraxia of the upper limbs. He had a wide based, 
unsteady and slow gait with freezing and postural areflexia, 
which was disproportionate to his other symptoms. He fulfilled 
clinical criteria for progressive supranuclear palsy (PSP), but 
it was uncertain whether this completely explained his gait 
dysfunction. Cerebrospinal fluid tap- testing did not improve 
his walking speed and he was referred to cerebrospinal fluid 
disorder neurosurgeons who performed a 48- hour lumbar 
drain. This did not improve his condition when assessed by 
neurophysiotherapists. After mult- disciplinary discussion he was 
managed supportively for PSP.

Further reading

 ► Adams RD, Fisher CM, Hakim S, et al. Symptomatic 
occult hydrocephalus with 'normal' cerebrospinal- 
fluid pressure. A treatable syndrome. N Engl J Med 
1965;273:117–26.

 ► Kazui H, Miyajima M, Mori E, et al. Lumboperitoneal 
shunt surgery for idiopathic normal pressure 
hydrocephalus (SINPHONI- 2): an open- label 
randomised trial. Lancet Neurol 2015;14(6):585–94.

 ► Kockum K, Virhammar J, Riklund K, et al. Diagnostic 
accuracy of the iNPH Radscale in idiopathic 
normal pressure hydrocephalus. PloS One 
2020;15(4):e0232275.

 ► Kimihira L, Iseki C, Takahashi Y, et al. A multi- 
center, prospective study on the progression rate 
of asymptomatic ventriculomegaly with features of 
idiopathic normal pressure hydrocephalus on magnetic 
resonance imaging to idiopathic normal pressure 
hydrocephalus. J Neurol Sci 2020;419:117166.

 on N
ovem

ber 26, 2022 at IN
S

E
R

M
 C

onsortia. P
rotected by copyright.

http://pn.bm
j.com

/
P

ract N
eurol: first published as 10.1136/pn-2021-003291 on 26 S

eptem
ber 2022. D

ow
nloaded from

 

http://pn.bmj.com/


9Carswell C. Pract Neurol 2022;0:1–11. doi:10.1136/practneurol-2021-003291

Review

Acknowledgements Thank you to Dr Paresh Malhotra for 
manuscript comments. Thank you to Elsevier for permission to 
republish figure 1 and to Dr Katrin Kockum for permission to 
republish figure 2.

Contributors CC conceived and wrote the article.

Funding The author has not declared a specific grant for this 
research from any funding agency in the public, commercial or 
not- for- profit sectors.

Patient consent for publication Consent obtained directly from 
patient(s)

Ethics approval Not applicable.

Provenance and peer review Commissioned; externally peer 
reviewed by Robin Corkill, Cardiff, UK, Anthony Jesurasa, 
Cardiff, UK, and Cath Mummery, London, UK.

Data availability statement Data are available upon reasonable 
request. Not applicable.

REFERENCES
 1 Hakim S, Adams RD. The special clinical problem of 

symptomatic hydrocephalus with normal cerebrospinal fluid 
pressure. Observations on cerebrospinal fluid hydrodynamics. J 
Neurol Sci 1965;2:307–27.

 2 Hepburn HH. A technique for pneumo- encephalography. Can 
Med Assoc J 1940;43:28–30.

 3 Adams RD, Fisher CM, Hakim S, et al. Symptomatic occult 
hydrocephalus with "normal" cerebrospinal- fluid pressure.a 
treatable syndrome. N Engl J Med 1965;273:117–26.

 4 Laws ER, Mokri B. Occult hydrocephalus: results of 
shunting correlated with diagnostic tests. Clin Neurosurg 
1977;24:316–33.

 5 Ojemann RG, Fisher CM, Adams RD, et al. Further experience 
with the syndrome of "normal" pressure hydrocephalus. J 
Neurosurg 1969;31:279–94.

 6 Benson DF, LeMay M, Patten DH, et al. Diagnosis of normal- 
pressure hydrocephalus. N Engl J Med 1970;283:609–15.

 7 Bannister R, Gilford E, Kocen R. Isotope encephalography 
in the diagnosis of dementia due to communicating 
hydrocephalus. Lancet Lond Engl 1967;2:1014–7.

 8 Jacobs L, Conti D, Kinkel WR, et al. "Normal- pressure" 
hydrocephalus. Relationship of clinical and radiographic 
findings to improvement following shunt surgery. JAMA 
1976;235:510–2.

 9 Shenkin HA, Greenberg J, Bouzarth WF, et al. 
Ventricular shunting for relief of senile symptoms. JAMA 
1973;225:1486–9.

 10 Black PM. Idiopathic normal- pressure hydrocephalus. Results 
of shunting in 62 patients. J Neurosurg 1980;52:371–7.

 11 Greenberg JO, Shenkin HA, Adam R. Idiopathic normal 
pressure hydrocephalus-- a report of 73 patients. J Neurol 
Neurosurg Psychiatry 1977;40:336–41.

 12 White YS, Bell DS, Mellick R. Sequelae to 
pneumoencephalography. J Neurol Neurosurg Psychiatry 
1973;36:146–51.

 13 Jacobs L, Kinkel W. Computerized axial transverse tomography 
in normal pressure hydrocephalus. Neurology 1976;26:501–7.

 14 Crockard HA, Hanlon K, Duda EE, et al. Hydrocephalus as 
a cause of dementia: evaluation by computerised tomography 
and intracranial pressure monitoring. J Neurol Neurosurg 
Psychiatry 1977;40:736–40.

 15 Katzman R, Hussey F. A simple constant- infusion manometric 
test for measurement of CSF absorption. I. rationale and 
method. Neurology 1970;20:534–44.

 16 Hussey F, Schanzer B, Katzman R. A simple constant- infusion 
manometric test for measurement of CSF absorption. II. 
clinical studies. Neurology 1970;20:665–80.

 17 Børgesen SE, Gjerris F. The predictive value of conductance 
to outflow of CSF in normal pressure hydrocephalus. Brain 
1982;105:65–86.

 18 Wikkelsø C, Andersson H, Blomstrand C, et al. The clinical 
effect of lumbar puncture in normal pressure hydrocephalus. J 
Neurol Neurosurg Psychiatry 1982;45:64–9.

 19 Di Lauro L, Mearini M, Bollati A. The predictive value 
of 5 days CSF diversion for shunting in normal pressure 
hydrocephalus. J Neurol Neurosurg Psychiatry 1986;49:842–3.

 20 Haan J, Thomeer RT. Predictive value of temporary 
external lumbar drainage in normal pressure hydrocephalus. 
Neurosurgery 1988;22:388–91.

 21 Chen IH, Huang CI, Liu HC, et al. Effectiveness of shunting 
in patients with normal pressure hydrocephalus predicted 
by temporary, controlled- resistance, continuous lumbar 
drainage: a pilot study. J Neurol Neurosurg Psychiatry 
1994;57:1430–2.

 22 Kahlon B, Sundbärg G, Rehncrona S. Comparison 
between the lumbar infusion and CSF TAP tests to 
predict outcome after shunt surgery in suspected normal 
pressure hydrocephalus. J Neurol Neurosurg Psychiatry 
2002;73:721–6.

 23 Walchenbach R, Geiger E, Thomeer RTWM, et al. The value 
of temporary external lumbar CSF drainage in predicting the 
outcome of shunting on normal pressure hydrocephalus. J 
Neurol Neurosurg Psychiatry 2002;72:503–6.

 24 Nunn AC, Jones HE, Morosanu CO, et al. Extended lumbar 
drainage in idiopathic normal pressure hydrocephalus: a 
systematic review and meta- analysis of diagnostic test accuracy. 
Br J Neurosurg 2021;35:285–91.

	25	 Mihalj	M,	Dolić	K,	Kolić	K,	et al. CSF tap test - Obsolete 
or appropriate test for predicting shunt responsiveness? A 
systemic review. J Neurol Sci 2016;362:78–84.

 26 DeLand FH, James AE, Ladd DJ, et al. Normal pressure 
hydrocephalus: a histologic study. Am J Clin Pathol 
1972;58:58–63.

 27 Akai K, Uchigasaki S, Tanaka U, et al. Normal pressure 
hydrocephalus. Neuropathological study. Acta Pathol Jpn 
1987;37:97–110.

 28 Leinonen V, Koivisto AM, Savolainen S, et al. Post- Mortem 
findings in 10 patients with presumed normal- pressure 
hydrocephalus and review of the literature. Neuropathol Appl 
Neurobiol 2012;38:72–86.

Key points

 ► Idiopathic normal pressure hydrocephalus (NPH) 
should be considered in patients who have dominant 
gait dysfunction with cognitive and urinary symptoms; 
there is some high- quality evidence to justify 
cerebrospinal fluid shunting in such cases.

 ► Ventriculomegaly is a common and non- specific 
finding in elderly people but NPH has some specific 
radiological features.

 ► The radiological features of NPH initially develop 
asymptomatically, so it is important to exclude 
alternative causes in patients whose symptoms 
suggest idiopathic NPH.

 on N
ovem

ber 26, 2022 at IN
S

E
R

M
 C

onsortia. P
rotected by copyright.

http://pn.bm
j.com

/
P

ract N
eurol: first published as 10.1136/pn-2021-003291 on 26 S

eptem
ber 2022. D

ow
nloaded from

 

http://dx.doi.org/10.1016/0022-510x(65)90016-x
http://dx.doi.org/10.1016/0022-510x(65)90016-x
http://www.ncbi.nlm.nih.gov/pubmed/20321751
http://www.ncbi.nlm.nih.gov/pubmed/20321751
http://dx.doi.org/10.1056/NEJM196507152730301
http://dx.doi.org/10.1093/neurosurgery/24.cn_suppl_1.316
http://dx.doi.org/10.3171/jns.1969.31.3.0279
http://dx.doi.org/10.3171/jns.1969.31.3.0279
http://dx.doi.org/10.1056/NEJM197009172831201
http://dx.doi.org/10.1001/jama.235.5.510
http://www.ncbi.nlm.nih.gov/pubmed/4740719
http://dx.doi.org/10.3171/jns.1980.52.3.0371
http://dx.doi.org/10.1136/jnnp.40.4.336
http://dx.doi.org/10.1136/jnnp.40.4.336
http://dx.doi.org/10.1136/jnnp.36.1.146
http://dx.doi.org/10.1212/wnl.26.6.501
http://dx.doi.org/10.1136/jnnp.40.8.736
http://dx.doi.org/10.1136/jnnp.40.8.736
http://dx.doi.org/10.1212/wnl.20.6.534
http://dx.doi.org/10.1212/wnl.20.7.665
http://dx.doi.org/10.1093/brain/105.1.65
http://dx.doi.org/10.1136/jnnp.45.1.64
http://dx.doi.org/10.1136/jnnp.45.1.64
http://dx.doi.org/10.1136/jnnp.49.7.842-a
http://dx.doi.org/10.1227/00006123-198802000-00020
http://dx.doi.org/10.1136/jnnp.57.11.1430
http://dx.doi.org/10.1136/jnnp.73.6.721
http://dx.doi.org/10.1136/jnnp.72.4.503
http://dx.doi.org/10.1136/jnnp.72.4.503
http://dx.doi.org/10.1080/02688697.2020.1787948
http://dx.doi.org/10.1016/j.jns.2016.01.028
http://dx.doi.org/10.1093/ajcp/58.1.58
http://www.ncbi.nlm.nih.gov/pubmed/3577765
http://dx.doi.org/10.1111/j.1365-2990.2011.01195.x
http://dx.doi.org/10.1111/j.1365-2990.2011.01195.x
http://pn.bmj.com/


10 Carswell C. Pract Neurol 2022;0:1–11. doi:10.1136/practneurol-2021-003291

Review

 29 Hebb AO, Cusimano MD. Idiopathic normal pressure 
hydrocephalus: a systematic review of diagnosis and outcome. 
Neurosurgery 2001;49:1166–84. discussion 1184- 1186.

 30 Toma AK, Papadopoulos MC, Stapleton S, et al. Systematic 
review of the outcome of shunt surgery in idiopathic normal- 
pressure hydrocephalus. Acta Neurochir 2013;155:1977–80.

 31 Esmonde T, Cooke S. Shunting for normal pressure 
hydrocephalus (NPH). Cochrane Database Syst Rev 
2002;3:CD003157.

 32 Saper CB. The emperor has no clothes. Ann Neurol 
2016;79:165–6.

 33 Ishikawa M. Guideline Committe for idiopathic normal 
pressure hydrocephalus, Japanese Society of normal pressure 
hydrocephalus. clinical guidelines for idiopathic normal 
pressure hydrocephalus. Neurol Med Chir 2004;44:222–3.

 34 Relkin N, Marmarou A, Klinge P, et al. Diagnosing idiopathic 
normal- pressure hydrocephalus. Neurosurgery 2005;57:S4–16. 
discussion ii- v.

 35 Nakajima M, Yamada S, Miyajima M, et al. Guidelines for 
management of idiopathic normal pressure hydrocephalus 
(third edition): endorsed by the Japanese Society of normal 
pressure hydrocephalus. Neurol Med Chir 2021;61:63–97.

 36 Jaraj D, Rabiei K, Marlow T, et al. Estimated ventricle size 
using Evans index: reference values from a population- based 
sample. Eur J Neurol 2017;24:468–74.

 37 Kitagaki H, Mori E, Ishii K, et al. CSF spaces in idiopathic 
normal pressure hydrocephalus: morphology and volumetry. 
AJNR Am J Neuroradiol 1998;19:1277–84.

 38 Nutt JG. Higher- Level gait disorders: an open frontier. Mov 
Disord Off J Mov Disord Soc 2013;28:1560–5.

 39 Kockum K, Lilja- Lund O, Larsson E- M, et al. The idiopathic 
normal- pressure hydrocephalus Radscale: a radiological scale 
for structured evaluation. Eur J Neurol 2018;25:569–76.

 40 Kockum K, Virhammar J, Riklund K, et al. Diagnostic 
accuracy of the iNPH Radscale in idiopathic normal pressure 
hydrocephalus. PLoS One 2020;15:e0232275.

 41 Tisell M, Tullberg M, Hellström P, et al. Shunt surgery in 
patients with hydrocephalus and white matter changes. J 
Neurosurg 2011;114:1432–8.

 42 Saper CB. Is there even such a thing as "Idiopathic normal 
pressure hydrocephalus"? Ann Neurol 2017;82:514–5.

 43 Kazui H, Miyajima M, Mori E, et al. Lumboperitoneal 
shunt surgery for idiopathic normal pressure hydrocephalus 
(SINPHONI- 2): an open- label randomised trial. Lancet Neurol 
2015;14:585–94.

 44 Toma AK, Watkins LD. Surgical management of idiopathic 
normal pressure hydrocephalus: a trial of a trial. Br J 
Neurosurg 2016;30:605.

 45 Johns Hopkins University. Efficacy of Shunt Surgery in 
Normal Pressure Hydrocephalus: a Randomized Cross- over 
Study [Internet].  clinicaltrials. gov, 2018. Available: https:// 
clinicaltrials.gov/ct2/show/results/NCT01798641 [Accessed 18 
Apr 2022].

 46 Johns Hopkins University. A Placebo- Controlled 
Effectiveness in INPH Shunting (PENS) Trial: Proof of 
Concept [Internet].  clinicaltrials. gov, 2021. Available: 
https://clinicaltrials.gov/ct2/show/NCT03350750 [Accessed 
18 Apr 2022].

 47 Johns Hopkins University. A Placebo- Controlled Efficacy in 
iNPH Shunting (PENS) Trial [Internet].  clinicaltrials. gov, 2021. 
Available: https://clinicaltrials.gov/ct2/show/NCT05081128 
[Accessed 18 Apr 2022].

 48 Gontsarova A, Richardson D, Methley AM. Shunting for 
idiopathic normal pressure hydrocephalus. Cochrane Database 
Syst Rev [Internet] 2022.

 49 Klinge P, Hellström P, Tans J, et al. One- Year outcome in the 
European multicentre study on iNPH. Acta Neurol Scand 
2012;126:145–53.

 50 Takeuchi T, Yajima K. Long- Term 4 years follow- up study of 
482 patients who underwent shunting for idiopathic normal 
pressure hydrocephalus -Course of symptoms and shunt 
efficacy rates compared by age group. Neurol Med Chir 
2019;59:281–6.

 51 D'Antona L, Blamey SC, Craven CL, et al. Early postoperative 
outcomes of normal pressure hydrocephalus: results of a 
service evaluation. J Neurosurg Anesthesiol 2021;33:247–53.

 52 Hakim S, Venegas JG, Burton JD. The physics of the cranial 
cavity, hydrocephalus and normal pressure hydrocephalus: 
mechanical interpretation and mathematical model. Surg 
Neurol 1976;5:187–210.

 53 Momjian S, Owler BK, Czosnyka Z, et al. Pattern of white 
matter regional cerebral blood flow and autoregulation in 
normal pressure hydrocephalus. Brain 2004;127:965–72.

 54 Ringstad G, Vatnehol SAS, Eide PK. Glymphatic MRI 
in idiopathic normal pressure hydrocephalus. Brain 
2017;140:2691–705.

 55 Takahashi Y, Kawanami T, Nagasawa H, et al. Familial 
normal pressure hydrocephalus (NPH) with an autosomal- 
dominant inheritance: a novel subgroup of NPH. J Neurol Sci 
2011;308:149–51.

 56 McGirr A, Cusimano MD. Familial aggregation of idiopathic 
normal pressure hydrocephalus: novel familial case and a 
family study of the NPH triad in an iNPH patient cohort. J 
Neurol Sci 2012;321:82–8.

 57 Huovinen J, Kastinen S, Komulainen S, et al. Familial 
idiopathic normal pressure hydrocephalus. J Neurol Sci 
2016;368:11–18.

 58 Morimoto Y, Yoshida S, Kinoshita A, et al. Nonsense mutation 
in CFAP43 causes normal- pressure hydrocephalus with ciliary 
abnormalities. Neurology 2019;14;92:e2364–74.

 59 Yang HW, Lee S, Yang D, et al. Deletions in CWH43 cause 
idiopathic normal pressure hydrocephalus. EMBO Mol Med 
2021;13.

 60 Sato H, Takahashi Y, Kimihira L, et al. A segmental copy 
number loss of the SFMBT1 gene is a genetic risk for Shunt- 
Responsive, idiopathic normal pressure hydrocephalus (iNPH): 
a case- control study. PloS one 2016;11:e0166615.

 61 Korhonen VE, Helisalmi S, Jokinen A, et al. Copy number loss 
in SFMBT1 is common among Finnish and Norwegian patients 
with iNPH. Neurol Genet [Internet] 2018;4.

 62 Hudson M, Nowak C, Garling RJ, et al. Comorbidity of 
diabetes mellitus in idiopathic normal pressure hydrocephalus: 
a systematic literature review. Fluids Barriers CNS 2019;16:5.

 63 Román GC, Verma AK, Zhang YJ, et al. Idiopathic normal- 
pressure hydrocephalus and obstructive sleep apnea are 
frequently associated: a prospective cohort study. J Neurol Sci 
2018;395:164–8.

 64 Vanhala V, Junkkari A, Korhonen VE, et al. Prevalence of 
schizophrenia in idiopathic normal pressure hydrocephalus. 
Neurosurgery 2019;84:883–9.

 65 Andersson J, Rosell M, Kockum K, et al. Prevalence of 
idiopathic normal pressure hydrocephalus: a prospective, 
population- based study. PloS One 2019;14:e0217705.

 66 Kimihira L, Iseki C, Takahashi Y, et al. A multi- center, 
prospective study on the progression rate of asymptomatic 

 on N
ovem

ber 26, 2022 at IN
S

E
R

M
 C

onsortia. P
rotected by copyright.

http://pn.bm
j.com

/
P

ract N
eurol: first published as 10.1136/pn-2021-003291 on 26 S

eptem
ber 2022. D

ow
nloaded from

 

http://dx.doi.org/10.1097/00006123-200111000-00028
http://dx.doi.org/10.1007/s00701-013-1835-5
http://dx.doi.org/10.1002/ana.24603
http://dx.doi.org/10.1227/01.neu.0000168185.29659.c5
http://dx.doi.org/10.2176/nmc.st.2020-0292
http://dx.doi.org/10.1111/ene.13226
http://www.ncbi.nlm.nih.gov/pubmed/9726467
http://dx.doi.org/10.1111/ene.13555
http://dx.doi.org/10.1371/journal.pone.0232275
http://dx.doi.org/10.3171/2010.11.JNS10967
http://dx.doi.org/10.3171/2010.11.JNS10967
http://dx.doi.org/10.1002/ana.25053
http://dx.doi.org/10.1016/S1474-4422(15)00046-0
http://dx.doi.org/10.1080/02688697.2016.1229751
http://dx.doi.org/10.1080/02688697.2016.1229751
https://clinicaltrials.gov/ct2/show/results/NCT01798641
https://clinicaltrials.gov/ct2/show/results/NCT01798641
https://clinicaltrials.gov/ct2/show/NCT03350750
https://clinicaltrials.gov/ct2/show/NCT05081128
http://dx.doi.org/10.1111/j.1600-0404.2012.01676.x
http://dx.doi.org/10.2176/nmc.oa.2018-0318
http://dx.doi.org/10.1097/ANA.0000000000000668
http://www.ncbi.nlm.nih.gov/pubmed/1257894
http://www.ncbi.nlm.nih.gov/pubmed/1257894
http://dx.doi.org/10.1093/brain/awh131
http://dx.doi.org/10.1093/brain/awx191
http://dx.doi.org/10.1016/j.jns.2011.06.018
http://dx.doi.org/10.1016/j.jns.2012.07.062
http://dx.doi.org/10.1016/j.jns.2012.07.062
http://dx.doi.org/10.1016/j.jns.2016.06.052
http://dx.doi.org/10.15252/emmm.202013249
http://pn.bmj.com/


11Carswell C. Pract Neurol 2022;0:1–11. doi:10.1136/practneurol-2021-003291

Review

ventriculomegaly with features of idiopathic normal 
pressure hydrocephalus on magnetic resonance imaging 
to idiopathic normal pressure hydrocephalus. J Neurol Sci 
2020;419:117166.

 67 Ohara M, Hattori T, Yokota T. Progressive supranuclear palsy 
often develops idiopathic normal pressure hydrocephalus- 
like magnetic resonance imaging features. Eur J Neurol 
2020;27:1930–6.

 68 Cabral D, Beach TG, Vedders L, et al. Frequency of 
Alzheimer’s disease pathology at autopsy in patients with 
clinical normal pressure hydrocephalus. Alzheimers Dement J 
Alzheimers Assoc 2011;7:509–13.

 69 Magdalinou NK, Ling H, Smith JDS, et al. Normal pressure 
hydrocephalus or progressive supranuclear palsy? A 
clinicopathological case series. J Neurol 2013;260:1009–13.

 70 Starr BW, Hagen MC, Espay AJ. Hydrocephalic parkinsonism: 
lessons from normal pressure hydrocephalus mimics. J Clin 
Mov Disord 2014;1:2.

 71 Savolainen S, Paljärvi L, Vapalahti M. Prevalence 
of Alzheimer’s disease in patients investigated for 
presumed normal pressure hydrocephalus: a clinical and 
neuropathological study. Acta Neurochir 1999;141:849–53.

 72 Hamilton R, Patel S, Lee EB, et al. Lack of shunt response 
in suspected idiopathic normal pressure hydrocephalus with 
Alzheimer disease pathology. Ann Neurol 2010;68:535–40.

 73 Yasar S, Jusue- Torres I, Lu J, et al. Alzheimer’s disease 
pathology and shunt surgery outcome in normal pressure 
hydrocephalus. PloS One 2017;12:e0182288.

 74 Neurology Clinical Practice. CSF biomarkers predict gait 
outcomes in idiopathic normal pressure hydrocephalus, 2022.

 75 Lukkarinen H, Jeppsson A, Wikkelsö C, et al. Cerebrospinal 
fluid biomarkers that reflect clinical symptoms in idiopathic 
normal pressure hydrocephalus patients. Fluids Barriers CNS 
2022;19:11.

 76 Macki M, Mahajan A, Shatz R, et al. Prevalence of alternative 
diagnoses and implications for management in idiopathic 
normal pressure hydrocephalus patients. Neurosurgery 
2020;87:999–1007.

 77 Williams MA, Nagel SJ, Golomb J, et al. Safety and 
effectiveness of the assessment and treatment of idiopathic 
normal pressure hydrocephalus in the adult hydrocephalus 
clinical research network. J Neurosurg 2022:1–13.

 78 Kolanko MA, Win Z, Loreto F, et al. Amyloid PET imaging in 
clinical practice. Pract Neurol 2020;20:451–62.

 on N
ovem

ber 26, 2022 at IN
S

E
R

M
 C

onsortia. P
rotected by copyright.

http://pn.bm
j.com

/
P

ract N
eurol: first published as 10.1136/pn-2021-003291 on 26 S

eptem
ber 2022. D

ow
nloaded from

 

http://pn.bmj.com/

	Idiopathic normal pressure hydrocephalus: historical context and a contemporary guide
	Abstract
	The birth of a contentious syndrome
	Not everyone is shunt responsive
	Provocative testing
	An existential crisis
	Clinical guidelines
	NPH has a specific radiological identity

	‘No placebos, please’: clinical trial evidence
	What causes idiopathic NPH?
	Idiopathic NPH and the role of ageing and neurodegenerative disease
	A pragmatic approach to assessing idiopathic NPH

	Conclusions
	References


