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As a neurology resident at the University 
of Minnesota in Minneapolis in 1970, I was 
fortunate when Dr. Alan Rubens joined 
the teaching faculty. He had completed a 
cognitive and behavioral neurology fellow-
ship with Dr. Frank Benson and Dr. Norman 

Geschwind, who were both giants in that field. 
The first neurology grand rounds Dr. Rubens gave was 

on idiopathic normal pressure hydrocephalus (NPH), a 
disorder characterized by dementia, gait impairment, and 
urinary incontinence. He was excited about this disorder, 
which appeared to improve with intracranial shunt 
surgery, because it was one of the few causes of dementia 
that was treatable. At the time, senility or Alzheimer’s 
disease (AD), both untreatable, were considered the major 
causes of dementia. 

Specific criteria to make a definitive diagnosis were 
not completely clear. Radioisotope cisternogram was 
frequently used to see if spinal fluid was delayed in flowing 
or obstructed with normal spinal fluid pressure, which 
led to many individuals having a ventricular or lumbar 
peritoneal shunt placed without improvement. At the 
time, gait and urinary incontinence improved more often 
than dementia. 

Most individuals with NPH treated with shunts are fol-
lowed by neurosurgeons to be sure the shunts are working 
and long-term follow-up by neurologists, including myself, 
has been infrequent. Not surprisingly then, although I 
am the director of an AD and memory disorders center, 
my knowledge of cognitive impairment before and after 
shunting in patients with NPH was lacking, and so here 
I review the cognitive aspects of NPH before and after 
shunting as well as long-term outcomes and comorbidi-
ties (eg, stroke, AD, frontotemporal dementia [FTD], and 
Parkinson’s disease [PD]). 

Current Approach to Normal Pressure 
Hydrocephalus

For a more detailed approach, the reader is referred to 
an article by Williams and Relkin1 that covers international 
and Japanese guidelines.

Presentation and Clinical Evaluation
The onset of NPH is insidious, taking place over a period 

of at least 6 months. Persons with NPH develop a gait dis-
order with disturbed postural and locomotor features with-
out sensorimotor deficits. Gait initiation failure, shuffling, 
festination, tripping, and falling are often present; whereas, 
spasticity, hyperreflexia, and other upper motor neuron 
signs are not typical. Lateralizing findings are also not typi-
cal. Persons with NPH commonly have urinary urgency 
with difficulty emptying the bladder. Cognitive impairment 
is usually dementia, which includes apathy, amotivation, 
psychomotor slowing and features of executive impair-
ment with or without visuospatial abnormalities, impaired 
receptive or expressive language, or impaired naming not 
benefited by cueing and hallucinations. Importantly, these 
cognitive changes often overlap with other neurologic 
causes of dementia and are not unique to NPH.

Differential Diagnosis
Most persons with NPH appear to have other conditions 

contributing to their symptoms and it is uncommon to 
see pure NPH. Not all persons with NPH will have the full 
triad of clinical symptoms and signs, although nearly all 
have gait impairment. The presence of cognitive impair-
ment, urinary incontinence, or both in a person who also 
has a gait disorder should increase suspicion for spinal 
cord and other brain disorders that should be ruled out. 
Helpful testing includes blood studies for complete blood 
cell count; metabolic profile, including thyroid-stimulating 
hormone; levels of vitamins D, B12, and folate; and Lyme 
seropositivity. Neuropsychologic testing to measure signs 
and symptoms of dementia objectively is useful, as is a 
urology consultation. Cervical, thoracic, or lumbar MRIs 
should be ordered. 

Taking the time to rule out other causes of the clinical 
features of NPH does not diminish the response to surgery. 
Trials of treatments (carbidopa/levodopa) or withdrawal 
of potentially causative agents such as neuroleptics, benzo-
diazepines, or other sedating agents should be given time 
to work before testing for NPH.1 It is better to take time 
for a thorough evaluation, and if the patient improves 
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upon treatment of other disorders, then testing for NPH 
may not be necessary. 

Diagnostic Criteria
Testing for NPH includes a brain MRI and lumbar punc-

ture (LP), and potentially cerebrospinal fluid (CSF) drain-
age. MRI findings typical of NPH are shown in the Box. An 
opening pressure in the range of 5 to 18 mm Hg (or 70 to 
245 mm H20) as determined by LP or comparable proce-
dure is seen in NPH. Pressures significantly higher or lower 
are not consistent with a diagnosis of NPH. Draining CSF 
by LP or spinal catheter is recommended for diagnosis, 
although the international guidelines also recommend 
infusion testing. In the typical test protocol, 30 to 50 mL 
of CSF is drained, and changes of gait and cognition are 
observed for 30 minutes to 4 hours afterward. It is recom-
mended that the patient remain upright after the proce-
dure because post-LP headaches are unusual in this popu-
lation. Improvements in gait and cognitive function should 
be observed but rarely last more than a few days. 

The absence of response to CSF drainage does not nec-
essarily mean treatment with a shunt will not be successful 
and, although not widely used or available, external lumbar 
drainage (ELD) is effective for diagnosis of NPH.2,3 This is 
an inpatient procedure in which a 16-gauge spinal catheter 
is inserted to drain CSF at a controlled rate of 10 mL per 
hour. Gait and cognitive function are tested before the 

procedure, daily during the drainage, and when the cath-
eter is removed, usually after 48 to 72 hours. This test has 
a high positive and negative predictive value, but it does 
carry the risk of bacterial meningitis (3% incidence).2,3

Infusion testing for assessment of CSF in suspected NPH 
is done more commonly in Europe. The test infuses artifi-
cial CSF (Ringer’s lactate) via 1 spinal needle while simul-
taneously recording from a second spinal needle.4 Infusion 
testing requires specialized equipment and considerable 
expertise to perform. 

Treatment
If the response to CSF drainage is definite or the CSF 

hydrodynamic variables are consistent with NPH, guide-
lines support shunt placement, but do not favor one type 
of shunt surgery over another. Adjustable shunt valves 
offer the advantage of generally being able to lower the 
CSF pressure until symptoms improve or to raise the pres-
sure settings if low pressure symptoms emerge. If there is 
a shunt malfunction that leads to worsening of symptoms, 
75% of patients will recover when the shunt is corrected. 
The choice of shunt placement (ventriculoperitoneal, ven-
tricular atrial, or lumboperitoneal) depends on the neuro-
surgeon recommendation and patient preference.

Cognitive Impairments in Persons With Normal 
Pressure Hydrocephalus

The classic cognitive impairment is frontosubcortical 
dementia, which refers to a pattern of cognitive decline 
characterized by deficits in executive function (ie, impair-
ments in judgment, insight, and processing of informa-
tion), psychomotor slowing, and behavior and mood 
swings with marked apathy.5-8 

A study of 11 cases9 of NPH used neuropsychologic test-
ing to assess for the presence of dementia and described 
2 cognitive profiles for the patients studied. The first group 
had early and less advanced disease with isolated frontal 
lobe dysfunction but normal memory. The second group 
had more advanced impairment with severe global cogni-
tive dysfunction including memory loss. Many other authors 
have shown cognitive impairment beyond frontal lobe dys-
function to include episodic memory and visuoperceptual 
and visuospatial impairments.10,11 In a study of 32 persons 
with NPH and 30 persons without NPH, control groups with 
detailed neuropsychologic testing showed that those with 
NPH had dysfunction in all aspects of frontal executive and 
visuospatial and visual discrimination abilities.12 Another 
study of 17 persons with NPH and 14 persons without NPH 
also found deficits in visuospatial but not executive dysfunc-
tion, suggesting that visuospatial impairment could be an 
early sign of cognitive impairment in NPH regardless of glob-
al cognitive dysfunction.13 Although a study of 51 persons 

Box. MRI Findings for Diagnosing 
Normal Pressure Hydrocephalus

Ventricular enlargement not entirely attributable to cere-
bral atrophy or congenital enlargement with no macro-
scopic obstruction to cerebrospinal fluid (CSF) flow.

AND 1 OF THE FOLLOWING

•  Enlargement of temporal horns of the lateral ventricle 
not entirely attributable to hippocampal atrophy. 

•  Callosal angle ≥40°. 

•  Evidence of altered brain water content including peri-
ventricular signal changes on CT or MRI not attributable 
to ischemic changes or demyelination. 

•  An aqueductal or fourth ventricular flow void on MRI. 

•  Narrowing of the sulci and subarachnoid spaces over the 
high convexity/midline surface.a

a This criterion is in the Japanese guideline but not the 
international guideline.
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with NPH showed a pattern of memory loss of the frontal 
type in which recall is disproportionately affected but rec-
ognition memory is spared,11 others12 have found that both 
recognition and recall are impaired, suggesting that NPH 
is not exclusively ascribable to frontal lobe function. Both 
types of memory impairment occur in AD. 

Other studies have focused on differentiating cognitive 
dysfunction in persons with NPH from cognitive dysfunction 
in persons with other neurodegenerative disorders charac-
terized by gait impairment (eg, AD, vascular dementia, Lewy 
body dementia [LBD], and PD dementia). These studies 
show that antiparkinson medicines are not efficacious for 
treating people with NPH. In contrast to those with PD, a 
DaTscan imaging study with ioflupane (123I), which binds 
to dopamine transporters (DaT) often has normal findings 
in persons with NPH. In persons with AD, early stages of 
frontal lobe abnormalities are infrequent, but all types of 
memory impairment usually occur; in contrast, recognition 
memory is often preserved in those with NPH.

The presence of other neurologic disorders in persons 
with NPH is not uncommon and in 2 studies in which cor-
tical biopsies of patients with NPH have been obtained, 
neuritic plaques suggesting AD or FTD were found in 34% 
(n = 118) and 41% (n = 56) of patients respectively.14,15 In 
the smaller of these 2 studies, positive biopsy was correlated 
with increased cognitive impairments.15

Pathogenesis of Cognitive Impairments in Persons With 
Normal Pressure Hydrocephalus

Cognitive impairment in NPH may be from tangential 
shear stress that results from intraventricular CSF pulsa-
tions to periventricular projection fibers and associated 
subcortical structures. A diffusion tensor imaging (DTI) 
study of 24 persons with NPH and 17 control subjects 
showed that in persons with NPH, the anterior thalamic 
nucleus had elevated axial diffusivity (DA), fractional 
anisotropy (FA), and pure diffusion anisotropy.16 These 
findings suggest that in persons with NPH, the thalamic 
structures may undergo reactive changes at the synaptic 
level to compensate for declines in memory performance 
leading to greater FA. Similar changes are seen in the red 
nucleus of the midbrain suggestive of synaptic reorganiza-
tion in the corticorubralspinal tract during motor recovery 
in patients who have had a stroke.

Compression of frontal subcortical structures has also 
been proposed as a cause of dementia in NPH.17 This, 
however, does not account for the finding of structural 
changes involved in the anterior thalamic Papez circuit (ie, 
the hippocampus, fornix, and anterior thalamic radiations) 
that have been shown to have structural alterations in 
patients with NPH because the thalamus is not susceptible 
to compression.15,18-20 

More studies with larger sample sizes are needed to fully 
understand the pathophysiology of cognitive impairments 
that result from NPH.

Changes in Cognition After Shunt Placement
There is no general agreement about which cognitive 

domains are more likely to improve after shunt placement, 
although an important study demonstrated that improve-
ment of cognition and motor ability tests were significant 
and not a result of learning to take the tests.17 Another study 
reported greater improvements in verbal memory and psy-
chomotor speed after shunting in 22 of 42 persons with NPH 
treated by shunt who had cognitive improvement (a 4-point 
increase on the Mini-Mental State Examination [MMSE]) or 
1 standard deviation of improvement in 50% of the neuro-
psychologic tests they took) 3 months after surgery.21 Other 
studies have shown improved memory and visual construc-
tive function 2 months to 1 year after shunt placement.22,23 
In contrast, a study with median follow-up of 4.8 years found 
increased risk of dementia and cognitive decline, even in 
patients who initially responded positively to the shunt; 80% 
(n = 146) of patients in this study had cognitively declined 
with 46% receiving a diagnosis of AD or vascular dementia.24 
An observational study of 61 patients with NPH who had 
shunts placed that did not include neuropsychologic test-
ing showed outcomes deemed excellent (60%), satisfactory 
(15%), or unsatisfactory (26%).25 Differences in CSF levels of 
amyloid-b42 or tau biomarkers for AD have not been seen 
to differ between patients with NPH who respond positively 
to shunt placement versus those who do not; however, this 
study also did not measure response with cognitive testing.26 
Caregivers have noted that 1 year after shunt placement, per-
ceived improvement in the patient’s cognition was a major 
factor in reducing the caregiver’s burden.27

In a study comparing persons with NPH (n = 32) with 
those with AD (n = 30) and those without cognitive impair-
ments (n = 30), detailed neuropsychologic testing was per-
formed in all subjects and in the 26 patients with NPH who 
had shunts placed (1 year after placement).12 The baseline 
deficits in persons with NPH included attention, executive 
function, memory, and visuospatial processing and percep-
tion with memory impairment comparable to patients 
with AD. Significant improvement in executive function 
was observed in patients with NPH after shunt placement. 
An important point made by the author in this article was 
that preoperative diagnosis can be difficult when gait dys-
function can be very mild and cognitive impairments are 
prominent.28,29 Even though the subjects with NPH were 
more impaired than those with AD in attention, execu-
tive, visuoperceptual, and visuospatial functions, it was dif-
ficult to differentiate between the 2 disorders. Frontal lobe 
impairment accounted for more than 50% of whole cognitive 
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deficits in subjects with NPH, whereas memory impairment 
accounted for > 50% of cognitive deficits in those with AD.

When fluorodeoxyglucose (FDG) positron emission 
tomography (PET) imaging was done in patients with NPH 
3 days before and 7 days after shunt placement, a significant 
increase in global glucose uptake was seen after shunt place-
ment.30 Clinical status of independence in activities of daily 
living (ADL), gait, urine incontinence, and cognition were 
evaluated did not correlate with FDG-PET findings before 
shunt placement but were seen after shunt placement. 
Changes in FDG uptake and global cognitive function (mea-
sured with MMSE) were observed in 16% (n = 19) of sub-
jects 7 days after surgery. Rapid functional improvements 
in the absence of the early morphologic changes suggests a 
prompt metabolic response by neurons that may be related 
to neuronal plasticity but do not provide prognostic infor-
mation to help identify who will benefit from surgery.

A study of cerebral blood flow changes with single pho-
ton emission computed tomography (SPECT) imaging and 
statistical parametric mapping (SPM) in 15 persons with 
NPH after shunt placement showed increased perfusion in 
both frontal and right parietal lobes and the left prefrontal 
dorsolateral area, right medial prefrontal white matter area 
(ie, superior longitudinal fasciculus), and right basal ganglia 
(ie, lenticular nucleus, putamen, and globus pallidus).31 

Summary
A diagnosis of NPH requires an organized approach incor-

porating differential diagnosis, treatment of other disorders 
before specific testing for NPH, MRI imaging, and CSF drain-
age with frequent neurologic assessments to record any 
neurologic improvement. If MRI findings consistent with 
NPH are present, and gait or cognitive improvement occurs 
within 2 to 24 hours of CSF drainage, referral to neurosur-
gery for shunt placement should follow. Cognitive impair-
ments in persons with NPH vary and include multiple forms 
of dementia, including those caused by small vessel disease 
related to high blood pressure, diabetes, high cholesterol, 
smoking, and neurodegenerative diseases (eg, AD, FTD, PD, 
and LBD). Individual variation in neuroplasticity and so-
called cognitive reserve may also explain the variability of 
cognitive impairment in persons with NPH. Some patients 
with NPH will have worsening of symptoms with other ill-
nesses such as urinary tract infections, hospitalization for 
any reason, and other surgical procedures, but this usually 
improves within 2 to 8 weeks.

All or some of the 3 major symptoms, (gait, cognition, and 
urinary incontinence), may improve after shunt surgery; if 
none of the 3 improve, another cause should be considered. 
Patients with NPH should be closely followed after shunt 
surgery as other neurologic disorders are often present, and 
neurosurgeons may focus exclusively on shunt function. There 

are no reliable means of assessing disease severity or predict-
ing response to shunt surgery yet. n
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