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Hippocampal atrophy correlates with severe

cognitive impairment in elderly patients with
suspected normal pressure hydrocephalus

J Golomb, M J de Leon, A E George, A Kluger, A Convit, H Rusinek, S de Santi, A Litt,
S H Foo, S H Ferris

Abstract
Measurements ofhippocampal formation
atrophy using MRI have been useful in
distinguishing demented patients with a
diagnosis of probable Alzheimer's dis-
ease from cognitively normal controls.
To determine whether there is a similar
relationship between hippocampal size
and dementia in elderly patients sus-
pected ofnormal pressure hydrocephalus
(NPH), the authors obtained mini-mental
status examination (MMSE) scores and
MRI measurements of hippocampal size
and CSF volume on 16 elderly patients
whose severe ventriculomegaly and unex-
plained gait impairment made NPH a
probable diagnosis. Hippocampal size
correlated strongly with MMSE score (r
= 0 75, p < 0.001); no significant MMSE
correlation was found for ventricular
CSF volume or extraventricular/ventric-
ular CSF ratio. It was concluded that hip-
pocampal atrophy is associated with
severe cognitive dysfunction in many
elderly patients with a diagnosis of NPH.
As a hypothesis for further investigation,
the detection of such atrophy may help
identify cases where the presence of a
pathology of Alzheimer's disease compli-
cates the diagnosis ofNPH.
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Normal pressure hydrocephalus (NPH) is
often difficult to diagnose in older patients.
When elderly individuals exhibit dementia,
unexplained gait dysfunction, and excessive
ventriculomegaly as their only significant neu-
roradiographic abnormality, it may be unclear
whether NPH, a primary degenerative illness,
or a combination of these two processes, may
be the correct diagnosis.lA For example, the
extremely high prevalence of Alzheimer's dis-
ease as a cause of non-vascular dementia in
the elderly increases the likelihood that this
condition is present in many patients with
clinical and radiographic findings consistent
with a diagnosis of NPH. Conventional imag-
ing strategies for identifying ex vacuo ventricu-
lomegaly caused by degenerative brain disease
have emphasised appraisals of sulcal promi-
nence.5 Such assessments may be misleading
when applied to older patients for whom the
possibility of coexistent NPH and degenera-
tive disease exists. If Alzheimer's disease
occurs in a patient with NPH, the pattern of
sulcal widening which is characteristic of the

first condition may not be apparent. These
considerations emphasise the need to explore
other brain characteristics of potential specific
value in diagnosing neurodegenerative illness.

Recent neuroimaging studies demonstrate
that atrophy of the hippocampal formation is
a characteristic of Alzheimer's disease.67 The
authors speculate that this observation may
have implications for identifying cases where
Alzheimer's disease complicates the diagnosis
ofNPH. It is recognised that cognitive abnor-
malities are not always evident in NPH and
gait impairment may be the only symptom.48
If Alzheimer's disease explains the dementia
of many elderly patients with ataxia and ven-
triculomegaly consistent with NPH, such
patients would be expected to exhibit hip-
pocampal atrophy on clinical radiography in
excess of that in similar individuals with mild
or no evidence of intellectual dysfunction. In a
study designed to test this hypothesis, the
authors examined the relationship between
hippocampal size and cognitive performance
in a group of elderly patients whose unex-
plained gait instability, ventriculomegaly and
disproportionately narrow sulci made them
candidates for the diagnosis of NPH. The
findings indicate that radiographically
detectable hippocampal atrophy correlates
strongly with the presence of severe cognitive
symptoms in these patients. The possibility
that hippocampal atrophy may be a specific
marker for the pathology of Alzheimer's dis-
ease in patients with suspected NPH should
be the focus of future investigations.

Methods
During a 15 month period, 16 elderly patients
with a diagnosis of possible NPH were evalu-
ated at the New York University Aging and
Dementia Research Center (NYU-ADRC).
These patients (aged 78-87) were selected
consecutively on referral from neurologists
and neurosurgeons or on presentation to the
NYU-ADRC for the evaluation of cognitive
complaints. All patients evidenced prominent
signs of dyspraxic gait instability, symptoms of
urinary incontinence or urgency, and an MRI
or CT scan revealing severe ventricular
enlargement in excess of sulcal prominence,
as interpreted by a neuroradiologist who was
not aware of the patient's clinical condition.
These patients received a diagnosis of possible
NPH because neurological and medical evalu-
ations revealed no explanation for the gait
dysfunction other than the observation
of sulcal disproportionate ventriculomegaly.
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Figure 1 Tl weighted
coronalMR images (TR
516, TE 21) of two
patients with
ventriculomegaly and
unexplained prominent
gait instability: (A) non-
demented 80-year-old
female, MSE score =
29; arrow indicates the left
hippocampalformation;
(B) demented 87-year-old
female, MMSE score =
14; hippocampalformation
atrophy is evident ..S.bilaterally.

Specifically, the gait impairment could not
be attributed to rheumatological disease,
peripheral neuropathy, myelopathy, stroke,
Binswanger's disease, Parkinson's disease,
cerebellar disease, or intracranial mass in any

patient.
All patients had progressive gait dysfunc-

tion for over one year and none had symp-
toms of significant cognitive dysfunction
before the onset of the gait difficulty.
Ventriculomegaly could not be attributed to a

prior history of stroke, intracranial haemor-
rhage, meningitis, or head injury in any of the
patients. Of the patients, 15 consented to
indium- 111 lumbar cisternography and, in
each case, a pattern of radiolabelled isotope
reflux into the lateral ventricles which per-

sisted for 48 hours was detected. (The MRI
scan for the one patient who did not consent
to cisternography is presented in fig 1B.)

For reference purposes, the authors studied
all neurologically and cognitively normal
individuals (global deterioration scale9 < 2)
between the ages of 78 and 87 (n = 14) who
participated in a study of normal ageing at the
NYU-ADRC between July 1988 and April
1991.

All subjects received MRI scans and were

administered the mini-mental status examina-
tion (MMSE). The MMSE is a 30 point psy-

chological scale for assessing severe cognitive
impairment; a score of 23 or below has been
considered diagnostic of dementia.'0 Although
cognitive dissimilarities have been described
for NPH and Alzheimer's disease patients,' it is
uncertain whether psychological assessments
can effectively distinguish the two." As there
is no neuropsychological instrument specific
for the dementia of NPH available, and
because it is suspected that many demented
elderly patients meeting conventional criteria
for the diagnosis of NPH may have
Alzheimer's disease, the MMSE satisfies the
requirements of this study by providing a gen-

eral means for identifying individuals with and
without serious cognitive deficits.

Using a 1-5 tesla Philips Gyroscan
(Shelton, Connecticut, USA), two MRI

sequences were obtained: (a) a set of axial,
10 mm thick, contiguous, inversion, recovery
images (23 cm field of view (FOV),
5000/100/490/1 (TRITE/TI/excitations),
acquisition matrix 128 x 64) covering the
intracranial cavity from base to vertex; (b) a
set of coronal, 4 mm thick, contiguous, Ti
weighted, spin echo images (23 cm FOV,
516/21/2 (TR/TE/excitations), acquisition
matrix 204 x 256) through the temporal lobe
and angled 900 to the long axis of the hip-
pocampus, as determined on a Ti weighted
sagittal scout image. The NPH patients
received both sequences and the control sub-
jects received the TI sequences only.
The modulus images from the axial inver-

sion recovery sequence were used to measure
ventricular and extraventricular CSF vol-
umes. These images effectively suppressed
signal from all intracranial tissue except CSF
(CSF:brain contrast = 36:1). Using propri-
etary region analysis software and a mouse-
driven cursor, the authors defined the
intracranial margin and separated ventricular
from extraventricular CSF on each slice. In
addition, regions containing pure (non-partial
volumed) CSF were drawn at the centres of
the lateral ventricles. Using a modification of
the technique originally proposed by Condon
et al,12 the summed total signal intensity for
the ventricular and extraventricular regions
was then divided by the mean signal intensity
of the pixels containing pure CSF to calculate
total CSF volumes for both compartments.
This technique is insensitive to partial volume
related sources of error and permits volume
recovery accuracies in the range 3-5%.13
The coronal Ti slices depicting the body of

the hippocampus from just behind the hip-
pocampal head to the level of the posterior
pulvinar were used to measure the size of the
hippocampus. For each slice, the right and
left hippocampal formation (HF) was out-
lined using anatomical boundaries consistent
with those used by Jack et al7 (Ammon's
horn, subiculum, alveus, fimbria). The
intracranial supratentorial volume (SV) was
defined on each slice by tracing the inner table
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Table 1 Clinical and radiographic characteristics of
subjects

NPH Control
Characteristic (n = 16) (n = 14)

Male gender (%) 43-8 42-9
Age (years) 83-5 (2-9) 82-0 (2 8)
MMSE score 20-94 (6-52) 28-71 (1-20)*
Normalised hippocampal 5-80 (1-08) 7-35 (0-09)*

size x 103

Values are mean(SD). * p < 0 001.

of the calvarium and the tentorium cerebelli.
The mean HF pixel count per slice was
divided by the corresponding mean SV pixel
count to compute an index of hippocampal
size nonnalised for intersubject intracranial
volume variability. Mean SV was also used to
normalise the CSF volumes derived from the
inversion recovery data. All region analysis
was performed retrospectively without knowl-
edge of the subject's clinical status.

Results
As there were no significant differences
between right and left hippocampal sizes (t =
0-36, p > 0 80), the mean value for both
hemispheres combined is reported. Table 1
illustrates the sex, age, MMSE score, and
hippocampal size relationships among the
16 NPH patients and the 14 controls. As
a group, NPH patients had lower MMSE
scores and smaller normalised hippocampal
formation sizes than controls. Figure 2
demonstrates the relationship between nor-
malised hippocampal size (HF/SV) and
MMSE score for the entire sample. It can be
appreciated that hippocampi ofNPH patients
overlap in size with those of normal controls
only for individuals with high MMSE scores.
As suggested by this plot, normalised hip-
pocampal size in the 16 NPH patients corre-
lated strongly with MMSE score (r = 0 75, p
< 0-001). Correlations among MMSE score
and normalised ventricular CSF volume (r =
0-01, p = 0 97), normalised extraventricular
CSF volume (r = 0.01, p = 0 96), and extra-
ventricular:ventricular CSF ratio (r = 0-19, p
= 0A49) were not significant. There was no
significant correlation between the normalised
measures of ventricular CSF and hippocam-
pal size (r = 0-20, p > 0 47).

Figure 2 Relationship of
MMSE score to

normalised hippocampal
size (HFIS19 x 10'for
NPH patients and
cognitively normal
controls. Regression line is
based on NPH data only;
*, NPH; 0, control.
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Table 2 Radiographic characteristics ofNPH patients
MMSE MMSE
< 23 > 23
(n = 9) (n = 7) p

Age (years) 82-9 (3 3) 84-3 (2 4) 0-36
Normalised hippocampal 5-22 (1 00) 6-54 (0 67) < 0.01

size x 103
Normalised ventricular 0-88 (0 38) 0 94 (0 20) 0-71
CSF volume

Normalised extraventricular 2-12 (0-94) 2-21 (0 45) 0-81
CSF volume

Extraventricular: 2-20 (1-04) 2-44 (0-71) 0 61
ventricular
CSF ratio

Values are mean (SD).

Table 2 demonstrates differences in hip-
pocampal size, ventricular CSF volume,
extraventricular CSF volume, and extraven-
tricular:ventricular CSF ratios for NPH
patients with and without dementia as defined
by an MMSE score < 23. Of the four brain
characteristics examined, significant differ-
ences were seen only for the normalised mea-
sure of hippocampal size.

Discussion
In this report the authors have demonstrated
an association between hippocampal size and
severe cognitive dysfunction in a sample of
elderly patients with sulcal disproportionate
ventriculomegaly and gait impairment. As no
other explanation for the gait impairment
could be identified, NPH was considered a
plausible diagnosis. Although brain measures
of hydrocephalic severity such as ventricular
volume and extraventricular:intraventricular
CSF ratio were also examined, these were not
found to correlate with cognitive perfor-
mance. PatholQgical changes affecting the
hippocampus may explain the amnesic
deficits exhibited by patients with Alzheimer's
disease and other disorders.'415 The present
finding that hippocampal atrophy is associ-
ated with severe cognitive impairment in
patients suspected of having NPH suggests an
explanation for the dementia of some individ-
uals with this diagnosis.

Proposals concerning the pathogenesis of
hippocampal atrophy inNPH remain specula-
tive. Although the mechanical effects of
chronic ventricular dilatation cannot be
excluded as an aetiological factor, the authors
propose that hippocampal atrophy in elderly
NPH patients may represent the concomitant
presence of an independent neurodegenera-
tive process such as Alzheimer's disease. This
hypothesis is based on the following con-
siderations: (a) recent radiographic reports
demonstrate a strong association between
Alzheimer's disease and hippocampal atro-
phy6 7; (b) little evidence was observed for hip-
pocampal atrophy in patients with prominent
gait disturbance, severe ventriculomegaly, and
an absence of significant cognitive deficits-
such patients are believed to be unlikely to
have Alzheimer's disease'; (c) the present data
reveal that hippocampal atrophy is not an
invariable feature of severe ventriculomegaly;
(d) the very high prevalence of Alzheimer's
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disease as a cause of dementia in the elderly
makes it probable that many of the demented
patients in the present sample could be suffer-
ing from this diagnosis.

It is recognised that elderly patients with
dementia and gait impairment may have
Alzheimer's disease even if they also meet
conventional radiographic criteria for the
diagnosis of NPH.IA As NPH patients with
concomitant pathology of Alzheimer's disease
may respond less favourably to ventricular
shunting than patients with "pure" NPH, a
technique for accurately distinguishing
between these two conditions could signifi-
cantly facilitate clinical decision making.
Although postmortem validation is needed to
determine whether hippocampal size mea-
surements may provide such a technique, the
hypothesis that hippocampal atrophy can
identify the presence of Alzheimer's disease in
patients suspected of NPH may have implica-
tions that are amenable to clinical investiga-
tion. For example, such atrophy should be
rare in younger NPH patients who are at less
risk for Alzheimer's disease. Furthermore,
many NPH patients are believed to manifest a
"subcortical" profile of psychological abnor-
malities characterised by mental slowing and
apathy, rather than the more "cortical"
deficits of aphasia and dyspraxia commonly
noted in Alzheimer's disease.' NPH patients
with hippocampal atrophy might therefore
tend to exhibit features of "cortical demen-
tia", whereas patients without such atrophy
may more closely resemble the "subcortical"
pattern. Finally, shunt outcome studies would
be expected to reveal a poorer response for
patients with hippocampal atrophy. Future
investigations examining these and other

issues will help determine the clinical use of
hippocampal size measurements in the evalua-
tion of patients with NPH.
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