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Abstract

Background: Normal pressure hydrocephalus (NPH) is considered
potentially treatable with the placement of a cerebrospinal fluid (CSF)
shunt. Yet, the procedure has had variable success, particularly with
respect to improving the cognitive impairment in NPH. The presence
of neurologic co-morbidities, particularly Alzheimer’s Disease (AD),
may contribute to shunt responsiveness. Uncovering the extent to
which AD and NPH co-occur has implications for diagnosis and
treatment of NPH. Autopsy studies of patients with NPH during life
would elucidate the frequency of such co-morbidities.

Methods: We conducted a search of the Sun Health Research Institute
Brain Donation Program database between 1/1/1997 and 4/1/09 to
identify all cases with neuropathologic evidence of dementia as well as
those cases of clinically diagnosed NPH. We reviewed the medical
records and brain findings of each NPH case.

Results: Of the 761 cases autopsied over the study interval, 563 cases
were found to have neuropathological evidence meeting criteria for a
dementing illness. AD was found exclusively in 313/563 (56%) cases
with 94/563 cases having a secondary diagnosis of dementia.

We identified 9/761 cases with a clinical diagnosis of NPH, all nine
cases were among the 563 cases with neuropathology of dementing
illness at autopsy, representing 1.6% (9/563). Upon review of brain
autopsy reports, 8/9 (89%) cases were found to have AD and 1/9 (11%)
had progressive supranuclear palsy. Review of the medical records of
the nine NPH cases revealed the following clinical co-morbidities: 5/9
with AD; 1/9 with Parkinson’s Disease (PD); 1/9 with Mild Cognitive
Impairment (MCI); 1/9 with seizure disorder.

Conclusions: Given the findings of our study, we support the AD-NPH
theory and posit that AD is a common pathological co-morbidity in the
setting of NPH and may preclude cognitive improvement post-shunt
placement. This may have influence on selection of cases for shunting
in the future.
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Introduction

Normal pressure hydrocephalus (NPH), first described by Hakim and
Adams(1), 1s characterized by the clinical triad of gait disturbance,
cognitive impairment, and urinary incontinence along with radiological
evidence of ventriculomegaly out of proportion to cortical atrophy. In
practice, clinical presentation is variable, and diagnosis is based on a
composite of clinical history, brain imaging, physical findings and
physiological measures.(2) The only available treatment for NPH 1s
the placement of a CSF shunt; however, identifying patients most
likely to benefit has remained a challenge despite several shunt trials.
The recent advent of programmable shunts has brought new attention
to NPH, prompting an increased vigilance for NPH and an increasing

number of shunting procedures to treat NPH.

It has been theorized that the presence of neurologic co-morbidities in
patients with clinical NPH may contribute to shunt responsiveness or
lack thereof. Several studies have demonstrated neuropathologic

evidence of Alzheimer’s disease (AD) in NPH through cortical biopsies
taken during shunt placement. The frequency of AD in cortical biopsy

has been shown to be greater than that of the general population,



suggesting an AD-NPH syndrome. This pathophysiologic relationship
has not yet been fully elucidated. One hypothesis is that altered CSF
dynamics play a role in the pathologic build-up of beta-amyloid in the
brain.(3, 4) Uncovering the extent to which AD and NPH co-occur has

implications for diagnosis and treatment of NPH.

If an AD-NPH syndrome exists and is at least partly due to altered
CSF dynamics, the restoration of proper CSF circulation would seem a
reasonable therapeutic approach. Yet, studies have shown that the
majority of persons with NPH and concomitant AD do not exhibit
cognitive improvement after shunt placement. For these reasons,

patient selection for shunt surgery has remained a challenge.

In order to gain insight into the neuropathology of NPH, we identified
all NPH cases from our database of deceased donors and reviewed the
medical records and autopsy findings of each case. Our analysis of
clinical characteristics and neuropathologic diagnoses sheds light on

the role of co-morbidities, particularly AD, in NPH.



Methods

Subjects

Study subjects were selected from the Sun Health Research Institute
(SHRI) Brain Donation Program. Demographic characteristics of
program participants consist primarily of elderly, well-educated,
Caucasian, middle and upper income individuals originating commonly
from Midwestern US states. The SHRI Brain Donation Program

(BDP) has been described in detail elsewhere.(5)

In order to participate in the BDP, subjects sign Institutional Review
Board-approved informed consent and undergo medical, neurologic,
and neuropsychologic assessments. Outside medical records from
primary care physicians, neurologists, and other specialists are also
reviewed extensively. At death, prompt brain retrieval and
comprehensive brain autopsy are completed by the SHRI

neuropathology team.

For this cliniconeuropathologic study, the BDP database was queried
to 1dentify all participants with neuropathological evidence of

dementing illnesses. Frequencies of underlying cause were compared.



Alzheimer’s disease was diagnosed using NINCDS-ADRDA criteria,(6)
vascular dementia (VaD) using NINDS-AIREN criteria,(7) dementia
with Lewy bodies (DLB) according to the Consortium on Dementia
with Lewy bodies criteria(8) and frontotemporal dementia (FTD) using

the Lund and Manchester Groups criteria.(9)

The database was also queried for all participants with a clinical
diagnosis of normal pressure hydrocephalus during life. For our study,
those fulfilling a diagnosis of NPH were noted to have gait disturbance
and dementia with or without urinary incontinence. Imaging
confirmation of dilated ventricles consistent with NPH was present in
all cases. These criteria correspond to probable NPH as described by

current evidence-based guidelines.(2)

Of the i1dentified NPH cases, we reviewed medical records from SHRI
assessments as well as those received from outside physicians.
Abstracted information included clinical diagnoses, education, CSF

shunt status, age at death, and neuropathologic diagnoses.



Neuropathologic Assessment

All autopsies were performed by a certified neuropathologist at the
Sun Health Research Institute. The mean postmortem interval was
2.8 hours. Brain tissue is processed for neuropathological examination
in a standardized protocol as previously described.(5) Briefly, paraffin
blocks containing brain tissue were cut at 5-pm intervals and stained
with hematoxylin-eosin for analysis. Additional paraffin sections
containing tissue from the olfactory bulb, anterior medulla, anterior
and midpons, amygdala with adjacent entorhinal and transentorhinal
areas, middle frontal gyrus, middle temporal gyrus and inferior
parietal lobule were stained for immunohistochemical analysis of a-
synuclein to identify Lewy bodies and Lewy-related neurites, using a
method previously described.(10, 11) The diagnosis of AD was made
when there was a clinical history of dementia and the histopathological
assessment of the brain was consistent with the categories of
“intermediate” or “high” as established by criteria outlined in a joint
publication by the National Institute on Aging and the Reagan

Institute (NIA-Reagan).(12)



Results

Of the 761 cases autopsied between 1/1/1997 and 4/1/09, 563 cases
were found to have neuropathologic evidence of dementing illnesses at
autopsy, and the remaining 198 cases were without evidence of a
neurodegenerative disease pathologically. Of these 563 cases, various
etiologies were identified including Alzheimer’s disease, vascular
dementia, Lewy Body Dementia, frontotemporal dementia, or lastly, a
category of other dementing illness, including progressive
supranuclear palsy, multiple sclerosis, Huntington’s disease, and
corticobasal degeneration. AD was found exclusively in 313/563 (56%)
cases with an additional 94 cases having a secondary diagnosis of
dementia in addition to AD pathology. These secondary diagnoses
mncluded 41/94 with AD and VaD, 49/94 with AD and DLB, and 4 with
AD and other dementing illness (see list above). The remaining 156
cases had a sole neuropathologic cause of the above listed dementia
etiologies with the following frequencies: 16/563 (2.7%) VaD; 8/563

(1.4%) DLB; 3/563 (0.5%) FTD; and 70/563 (12%) Dementia NOS.

The database yielded 9/761 cases with clinically-confirmed NPH

during life. As such, all nine NPH cases demonstrated clinical

10



cognitive impairment. At autopsy, the nine NPH cases were found to
have neuropathologic evidence of dementing illness, which represents
1.6% (9/563) of all neuropathologic dementia cases. Of the 198 donors
without evidence of a neurodegenerative disease at autopsy, there were
zero cases of clinical NPH during life. The medical records of the nine
cases were reviewed. Clinical diagnoses, age at death, education, and
neuropathologic diagnoses are shown in Table 1. The following clinical
co-morbidities were present: 5/9 with AD; 1/9 with Parkinson’s
Disease (PD); 1/9 with Mild Cognitive Impairment (MCI); 1/9 with
seizure disorder. Upon review of brain autopsy reports, 8/9 (89%) cases
were found to AD and 1/9 (11%) had progressive supranuclear palsy.
Concomitant neuropathologic diagnoses included: 1/9 DLB; 3/9

cerebral white matter rarefaction; 2/9 argyrophilic grains, mesial lobe.
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Discussion

In this clinico-neuropathologic study of a cohort of brain donors with
clinically-confirmed NPH during life, our most striking finding at
autopsy is that 8 of 9 (89%) cases met NIA-Reagan criteria of AD. (12)
We also found that NPH occurred in 1.6% (9/563) of all subjects with
dementia in our database of deceased donors, corresponding to
previous epidemiologic reports of NPH in 0-3% of dementia cases.(13,
14) In our series, NPH rarely exists in the absence of other
neurodegenerative conditions and does not commonly appear to be a

sole contributor to a dementia process.

There has been ongoing debate as to the validity of NPH as a true
diagnosis, thereby calling into question the benefits of shunting, in
light of the risks.(15) Shunt trials have consistently demonstrated
greater success in treating the gait disturbance and incontinence of
NPH with minimal improvement in cognition. Silverberg posits that
the dementia in NPH is of multifactorial etiology and the lack of

response may represent, in part, fixed tissue damage.(16)

12



Prior research has investigated the prevalence of AD pathology in
NPH. Several studies analyzed cortical biopsies taken from subjects
with NPH during shunt surgery, and reported AD pathology in 18-75%
of cases.(17-21) The variability may be partly attributable to NPH
clinical diagnostic criteria. By current evidence-based guidelines, a
diagnosis of probable NPH requires presence of gait disturbance along
with cognitive impairment and/or urinary incontinence.(2) The
guidelines also further distinguish the characteristic findings of
cognitive impairment in NPH versus AD, which is an important
distinction for diagnosis and treatment purposes. Nonetheless, in
practice, it can be challenging to fit the clinical symptoms into an NPH
or AD category. Perhaps when dementia is the primary symptom at
clinical presentation, the likelihood of AD is greater. In these cases,
shunting may have less robust clinical response, as evidenced by a
recent double-blind, randomized, placebo-controlled study of 251
subjects with probable AD which found no benefit to low-flow CSF

shunting in AD subjects.(22)

Our study has several strengths. Comprehensive neuropathologic

examinations were important to confirm post-mortem diagnoses.

13



Additionally, we were able to identify cases from a large database of
clinical and neuropathologic data on deceased persons. This study is
also strengthened by the review of detailed medical records from SHRI

and from external clinicians.

The small sample size of NPH patients may limit the generalizability
of the findings. However, the frequency of NPH in our sample was
comparable to epidemiologic reports of NPH in dementia patients.
Additionally, the clinical diagnosis of AD in 5/9 NPH cases may
confound the analysis. Yet, excluding persons with a clinical diagnosis

of AD seems to be less reflective of the general population.

All nine NPH cases in our study demonstrated cognitive impairment at
clinical presentation. Some may argue that this could bias the
findings, as our sample may reflect the more severe cases of NPH,
which are more likely to have neuropathologic co-morbidities, such as
AD. That being said, NPH is widely known as “a reversible form of
dementia” through placement of a CSF shunt. Based on our autopsy
findings and cortical biopsy studies, AD is a prevalent co-morbidity in

clinical NPH. Clinicians should have a greater suspicion of the

14



existence of AD in patients with possible NPH and should undertake

appropriate clinical assessment prior to consideration of shunt surgery.

Conclusions and Future Directions

It has been proposed that altered CSF dynamics exist in both AD and
NPH, and an AD-NPH syndrome may occur as a result of co-existing
pathophysiology. (4, 23, 24) Given the findings of our current study,
we support this theory and posit that AD is a common pathological co-
morbidity in the setting of NPH. Indeed, NPH as a single entity may
be quite rare. This may have influence on selection of cases for
shunting in the future. Longitudinal studies of larger samples of NPH
cases providing detailed, standardized clinical assessments pre- and
post-shunt placement are needed and may further clarify the AD-NPH

relationship.
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	Conclusions:  Given the findings of our study, we support the AD-NPH theory and posit that AD is a common pathological co-morbidity in the setting of NPH and may preclude cognitive improvement post-shunt placement.  This may have influence on selectio...

