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MR Differential Diagnosis of Normal-Pressure
Hydrocephalus and Alzheimer Disease:
Significance of Perihippocampal Fissures
Andrei I. Holodny, Robert Waxman, Ajax E. George, Henry Rusinek,
Andrew J. Kalnin, and Mony de Leon

PURPOSE: In the older patient with dilated ventricles, it is often difficult to differentiate
normal pressure hydrocephalus (NPH) from cerebral atrophy caused by Alzheimer disease
(AD). This study was undertaken to see if dilatation of the perihippocampal fissures (PHFs)
could be used as a distinguishing characteristic of these two disorders.
METHODS: MR images of 17 patients with AD were compared with those from an equal
number of patients with NPH who improved after ventriculoperitoneal shunting. The PHFs,
lateral ventricles, third ventricle, and temporal horns were graded subjectively. Objective,
computer-aided volumetric measurements of the PHFs and lateral ventricles were obtained.
The preshunt images of the NPH patients were evaluated.
RESULTS: Significant differences between the two groups were found for the PHFs and
lateral ventricles by both the subjective and objective methods, with a high degree of correlation
between the two methods.
CONCLUSION: The degree of dilatation of PHFs appears to be a sensitive and specific
marker for differentiating AD from NPH by both subjective and objective means, with a very
small overlap between the two groups. This observation may have relevance in day-to-day
practice.
In elderly patients with dilated ventricles, it is often
difficult to differentiate normal pressure hydrocephalus (NPH) from cerebral atrophy caused by Alzheimer disease (AD). The difficulty in distinguishing
between these two disorders has been recognized
since NPH was first described by Hakim and Adams
in 1965 (1, 2) and continues in the era of CT and MR
imaging (3–7). The distinction is, nevertheless, important, because NPH may respond dramatically to the
placement of a ventriculoperitoneal shunt (8 –14).
AD, on the other hand, is not a surgically treatable
condition.

Patients with AD almost invariably present with
atrophy of the hippocampus and resultant dilatation
of the fissures that surround it, the perihippocampal
fissures (PHFs) (15–20). The PHFs include the lateral
aspect of the transverse fissure of Bichat and the
choroidal and hippocampal fissures (21). Dilatation
of the PHFs has not been described in NPH. This
study was undertaken to see if dilated PHFs, as seen
on routine MR images, could be used to differentiate
patients with clinical AD from those with shuntproved NPH. The bodies of the lateral ventricles, the
third ventricles, and the temporal horns were also
compared between the two groups. Computer-aided
volumetric analysis was performed on the PHFs and
the lateral ventricles. The objective results were compared with the subjective evaluation to see if timeconsuming volumetric analysis was necessary to accurately define the degree of dilatation of the PHFs or
whether simple visual inspection of the PHFs was
sufficient.
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Methods
The records of all patients who underwent ventricular shunting at our institution during a 21⁄2-year period were reviewed
retrospectively. Patients who met the following criteria were
selected for the NPH group: 1) Clinical diagnosis of NPH; 2)
preshunt MR study of adequate quality; 3) no identifiable
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cause for hydrocephalus; and 4) at least initial improvement
after shunting, as documented in the medical chart. Seventeen
patients met the above criteria. The mean age 6 SD was 72 6
6 years.
For the control group, we selected an equal number of age(70 6 11 years) and cognition-matched AD patients who were
diagnosed according to DSM-IV and NINCDS-ADRDA (22)
criteria and who did not have a gait disorder. All patients were
being followed up at the aging and dementia clinic at our
institution, and all underwent initial and follow-up neurologic,
psychiatric, neuropsychiatric, neuroradiologic, and medical examinations. To obtain as pure a sample of AD patients as
possible, we excluded those with other diseases that could
affect brain function. Conditions that warranted exclusion were
neuroradiologic evidence of cerebral infarction or any significant cardiac, endocrinologic, hematologic, hypertensive,
gastroenterologic, pulmonary, immunologic, metabolic, or
neoplastic disorder. In addition, all patients underwent psychometric evaluation and were rated according to the Global
Deterioration Scale (GDS) (23). Only patients who scored 4 or
5 on the GDS scale were included in the study. A 4 corresponds
to the late confusional phase, a 5 corresponds to the phase of
early dementia, and stages 6 and 7 are defined as the middle
and late phases of dementia, respectively (23).
Many patients at the AD clinic at our institution met the
above criteria. We therefore further selected those with the
largest lateral ventricles, since these patients would presumably
present the greatest diagnostic dilemma for the interpreting
radiologist.
In all cases, MR imaging was performed at 0.5-T or 1.5-T,
and a minimum of axial proton density–weighted (2000 –
2500/30 [TR/TE]) and T2-weighted (2000 –2500/70 – 80) sequences and sagittal T1-weighted (550 –700/20 –30) sequences
were obtained. Section thickness varied from 5 to 8 mm, with
an intersection gap of 0.7 to 2.4 mm. The axial images were
obtained parallel to the plane of the hippocampus.
Findings in the two groups were compared both subjectively
and objectively. Initially, two blinded, fellowship-trained neuroradiologists reviewed all the images and graded the lateral
ventricles, temporal horns, third ventricle, and PHFs for size as
follows: 0 5 normal, 1 5 mildly dilated, 2 5 moderately
dilated, 3 5 markedly dilated.
Next, computer-quantified objective measurements of the
volumes of the PHFs and the lateral ventricles were obtained
using a method that corrects for partial volume averaging. Only
the patients whose images were in digitized form on an optical
disc were evaluated objectively. This included 13 patients from
both groups. The method used here is a slight modification of
the method described by Rusinek and Chandra (24).
In a voxel consisting of two types of tissue (A and B), the
partial volume of each of the tissues (a and b) can be determined by solving the following two equations for two unknowns:
1)

pa 1 pb 3 b 5 s

2)

a1b5v

This is provided one knows the following values for the
region of interest (ROI) being studied: pa and pb represent the
signal intensity of an ROI of “pure tissue” A and B, respectively, s is the signal intensity, and v is the volume of the ROI
being studied.
An ROI was drawn around the structure under investigation
(either the PHFs or the lateral ventricle) on every section in
which that structure was present. For the PHFs, the ROI was
defined as follows: the lateral border of the ROI was the
medial-most aspect of the temporal horn, which corresponded
to the lateral-most edge of the hippocampus. This demarcation
was always well seen. The medial border of the ROI was
defined as the medial-most extent of the hippocampus, which
corresponded to the lateral-most extent of the perimesence-

FIG 1. Objective measurement of the volume of the PHFs in
patients with Alzheimer disease (AD) and normal pressure hydrocephalus (NPH). The mean volume of the PHFs for the AD
group is 1503 6 720 mm3; for the NPH group, it is 423 6 179
mm3.

phalic cistern. Even in cases of severe hippocampal atrophy,
the lateral-most extent of the perimesencephalic cistern was
definable. The anterior aspect of the ROI of the PHFs was
defined as the anterior border of the hippocampus. The posterior border of the ROI of the PHFs was defined as a line
drawn 1 cm posterior to the posterior-most extent of the pons.
This work was performed on a Sun 3/180 workstation using
our proprietary software. To improve the accuracy of the ROIs,
the digital images were enlarged three times and displayed on
a 1023 3 767 computer monitor. The signal intensity, s, and the
volume of the ROI, v, were determined. For every image, an
ROI of “pure CSF” and “pure brain” were obtained, thereby
determining pa and pb. Using equations 1) and 2), one is able to
determine the volume of the CSF-filled structures on every
section. The volume obtained for each section was summed to
obtain the total volume of each structure. The ROI measurements were obtained from the axial images, using either the T1or T2-weighted sequence, depending on such factors as motion
artifacts or better approximation of the long axis of the hippocampus. The T1-weighted sequence was used in four of the
13 cases of NPH and in seven of the 13 cases of AD. A previous
study using a phantom and the method described here found
no difference in the accuracy of determining the volume of CSF
(or water in the phantom model) whether a T1- or a T2weighted sequence was used (25). Significance was calculated
by means of Student’s t-test.

Results
A significant difference in the size of the PHFs was
found between the NPH and the AD groups. This
distinction was seen in both the subjective (Fig 1) and
objective (Fig 2) data. By using the subjective data,
P 5 .0001. In addition, all the patients in the AD
group had enlarged fissures and 13 (77%) of 17 had
moderate (Fig 3) or marked (Fig 4) enlargement.
Most of the NPH patients (nine, or 53%, of 17) had
normal-sized fissures (Fig 5), seven had mildly dilated
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fissures (Fig 6), only one had moderate enlargement,
and none had marked enlargement. If the patients in
whom the PHFs were normal or mildly enlarged were
considered to have NPH, and if those with moderate
of marked enlargement were considered to have AD,
by this criteria alone, the positive predictive value of
this test would be 86%. By comparison, the subjective

FIG 2. Subjective evaluation of the size of the perihippocampal
fissures in patients with Alzheimer disease (AD) and normal
pressure hydrocephalus (NPH). 0 5 normal, 1 5 mildly dilated,
2 5 moderately dilated, 3 5 markedly dilated.

PERIHIPPOCAMPAL FISSURES

815

evaluation of the difference in the size of the temporal horns of the lateral ventricles was much less striking (P 5 0.153) (Fig 7).
In terms of the objective analysis, the mean volume
of the PHFs for the AD group was 1503 6 720 mm3.
For the NPH group, the value was 423 6 179 mm3
(P 5 .0001). There was no overlap between the two
groups; nevertheless, the two largest values for the
NPH group were within 10% of the lowest value of
the AD group. There was a high degree of correlation
between the subjective and objective evaluations
of the size of the PHFs (correlation coefficient,
r 5 .835).
With respect to the lateral ventricles, the findings
were also significant in both the subjective (Fig 8) and
objective (Fig 9) evaluations (P 5 .0001). Using the
objective data, there was an overlap of seven patients.
Using the same criteria as for the PHF patients (if
those with normal or mildly dilated ventricles were
considered to have AD and if those with moderately
or markedly enlarged ventricles were considered to
have NPH), the positive predictive value of this test
would be 79%. For the objective data, the mean
volume for the AD group was 40.1 6 20.7 cm3; for the
NPH group it was 158.1 6 75.2 cm3. There was an
overlap of one patient. Again, there was excellent
correlation between the two methods of evaluation
(r 5 .824).
FIG 3. Reverse-angle axial T1-weighted
(550/20) MR image in a woman with clinical AD (GDS score 5 5). Note decreased
signal intensity between the temporal
horns and the perimesencephalic cistern
(arrows), representing dilatation of the
PHFs and atrophy of the structures of the
medial temporal lobe, including the hippocampus. The size of the PHFs was assessed as moderately dilated.
FIG 4. Reverse-angle axial T1-weighted
(640/20) MR image in a 78-year-old
woman in the AD group (GDS score 5 5).
Note marked dilatation of the PHFs on the
left (arrowheads). There is significant
asymmetry between the degree of dilation
of the PHFs on the two sides.
FIG 5. Reverse-angle axial T1-weighted
(700/30) MR image of an 80-year-old man
with the clinical diagnosis of NPH who
improved after placement of a ventriculoperitoneal shunt. There is no abnormally
decreased signal intensity of the structures of the medial temporal lobes (arrows); therefore, there is no dilatation of
the PHFs or atrophy of the structures of
the medial temporal lobe, including the
hippocampus. The size of the PHFs was
graded as normal, in contrast to the patients from the AD group in Figures 3 and
4. The degree of dilatation of the temporal
horns is similar to that in patients from the
AD group.

FIG 6. Reverse-angle axial T1-weighted
(700/30) MR image in a patient with NPH. Note mild degree of decreased signal intensity of the structures of the medial temporal lobes
(arrows). Therefore, the size of the PHFs was graded as mildly dilated.
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FIG 7. Subjective evaluation of the size of the temporal horns of
the lateral ventricles in patients with Alzheimer disease (AD) and
normal pressure hydrocephalus (NPH). 0 5 normal, 1 5 mildly
dilated, 2 5 moderately dilated, 3 5 markedly dilated.

FIG 9. Objective measurements of the volumes of the bodies of
the lateral ventricles for patients with Alzheimer disease (AD) and
normal pressure hydrocephalus (NPH). The mean volume for the
AD group was 40.1 6 20.7 cm3; for the NPH group, it was
158.1 6 75.2 cm3.

FIG 8. Subjective evaluation of the size of the bodies of the
lateral ventricles in patients with Alzheimer disease (AD) and
normal pressure hydrocephalus (NPH). 0 5 normal, 1 5 mildly
dilated, 2 5 moderately dilated, 3 5 markedly dilated.

Subjective evaluation of the size of the third ventricle also showed a difference between the two
groups (P 5 .0009) (Fig 10). There was an overlap of
seven patients. Using the same criteria as above, the
positive predictive value of the third ventricles was
79%. Significant asymmetry of the PHFs was noted in
four (23%) of the 17 AD patients (Fig 4) and in none
of the NPH patients.

Discussion
NPH was first described by Hakim and Adams (1,
2). Their first reports, based on pneumoencephalography, pointed out that it is often difficult to differentiate NPH from cerebral atrophy. This difficulty
continues in the present day. Nevertheless, the distinction is of paramount importance in that patients
with NPH can improve after the placement of a ventriculoperitoneal shunt.

FIG 10. Subjective evaluation of the size of the third ventricles
in patients with Alzheimer disease (AD) and normal pressure
hydrocephalus (NPH). 0 5 normal, 1 5 mildly dilated, 2 5
moderately dilated, 3 5 markedly dilated.

The radiologic criteria for AD on both CT and MR
studies are now becoming established. AD patients
present with some degree of cerebral atrophy exemplified by sulcal and ventricular dilatation. This finding, however, is seen in a number of conditions, including normal aging (26, 27). Several investigators
have reported that a much more sensitive and specific
radiologic marker for AD on both CT and MR examinations is atrophy of the hippocampus and resultant enlargement of the PHFs (15–20): the lateral
aspect of the transverse fissure of Bichat and the
choroidal and hippocampal fissures (21). This radiologic indication of AD is in agreement with current
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understanding of the pathogenesis of this disease
(28). Pathologic studies have shown that atrophy of
the hippocampal formation is the earliest finding in
AD and that it is present universally in patients with
this disorder (29 –31). A number of radiologic studies
have found that atrophy of the hippocampus is an
early and reliable sign of AD, which can be used
reliably to differentiate AD patients from those with
other forms of dementia when the clinical diagnosis is
in question (15, 17–19, 32, 33). A study by de Leon et
al (34) showed that dilated PHFs and the associated
hippocampal atrophy can successfully predict which
elderly patients with minimal cognitive impairment
will progress to AD.
The diagnosis of hydrocephalus resulting from
known causes, such as physical obstruction of the CSF
pathways, appears to be well established (35). In
terms of the temporal lobe structures, dilatation of
the temporal horn is one of the earliest signs of
hydrocephalus in the adult; however, the radiologic
diagnosis of NPH is more elusive. This is especially
true when one attempts to predict from the radiologic
data which patients will improve with the placement
of a ventriculoperitoneal shunt. A number of authors
have reported that the outcome of ventricular shunting in patients who apparently fulfill the available
clinical and radiologic criteria for NPH has been
disappointing (36 – 40). Such results in large-scale
clinical trials indicate a need for better radiologic
criteria in defining those patients who will respond to
shunting. Conversely, and perhaps even more important, it is necessary to define the radiologic criteria for
patients who will not benefit from shunting.
One of the characteristics of NPH appears to be
dilatation of the temporal horns of the lateral ventricles (6). Dilatation of the perimesencephalic cistern
and its extensions, the PHFs, has not been described
in nondemented patients with NPH. Since dilatation
of the PHFs appears to be a radiologic marker for
AD, it was thought that it might serve to differentiate
AD from NPH. We therefore undertook this comparative study between a group of AD patients and a
group of NPH patients, with special attention to the
PHFs. The results of our study show that there is a
significant difference in the size of the PHFs in patients with clinical AD and those with shunt-proved
NPH. The difference was evident by either computerassisted volumetric maps or subjective visual inspection. Nevertheless, there was a small overlap between
the two groups.
The high degree of correlation between the subjective and objective findings raises an important point.
Volumetric analysis is time-consuming, difficult to
perform, and requires special equipment, making it
impractical to perform in routine clinical practice.
Nevertheless, the difference between AD and NPH is
a question that is often raised in such a setting. The
data presented here show that simple visual inspection is almost as good as volumetric analysis when it
comes to determining whether there is dilatation of
the PHFs, provided one understands the radiologic
features. This point has been stressed by others. De
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Leon et al (34) found a high degree of correlation
between visual inspection of the PHFs on reverseangle CT scans and detailed volumetric analysis of
coronal MR images. A number of recent studies have
emphasized the importance of visual inspection of
this area in temporal lobe epilepsy (41– 44), another
disorder that is known to cause hippocampal atrophy.
These findings underline the importance of understanding the anatomy of the PHFs and the necessity
of routine inspection of this area on MR images of
the brain.
It is well established that dilatation of the temporal
horns is a defining characteristic of hydrocephalus.
Therefore, a question can be raised as to why the
PHFs appear to differentiate AD from NPH better
than the temporal horns do. The answer lies in understanding the specific atrophic changes that develop in the hippocampi of patients with AD.
The part of the hippocampus that atrophies most in
AD is the CA1 region (44); that is, the part of the
hippocampus that projects into the temporal horn.
The parts of the hippocampus that project into the
PHFs (the CA2, CA3, and CA4 regions) also atrophy,
but to a lesser degree (44). Therefore, the temporal
horn should dilate proportionally more than the
PHFs in patients with AD. This finding was recently
confirmed in a study by Frisoni et al (45), who determined that a linear measurement of the size of the
temporal horns was a better discriminator between
patients with AD and healthy subjects than was a
linear measurement of the choroidal fissure. Therefore, it appears that there should be dilatation of the
temporal horns in both NPH and AD patients, although to different degrees and for different reasons.
On the other hand, only patients with AD should
have dilatation of the PHFs. Dilatation of the PHFs
has, to our knowledge, never been described in patients with NPH, except in those with concurrent
dementia (5). It is for this reason that the PHFs
appear to discriminate well between patients with AD
and NPH.
Another reason for the discriminating attributes of
the PHFs may be the way that the interpreting radiologist views the films. In healthy subjects, the PHFs
are very small. Therefore, a small degree of atrophy
of the hippocampus creates a large percentage of
change in the size of the PHFs, which is easily perceived radiologically. The temporal horn, on the
other hand, is much larger than the PHFs. Therefore,
atrophy of the CA1 region creates a much smaller
percentage of change in the volume of the temporal
horn, which is more difficult to perceive radiologically, even if it represents a larger volumetric change.
In evaluating an MR image of an elderly patient
with dilated ventricles, the referral often is directly
from the primary care physician or from the emergency department (46). In such a setting, the radiologist assumes the important role of raising the possibility of certain diagnoses and suggesting further
workup. Based on the results of the present investigation, we think it is prudent for the radiologist to
comment on the size of the PHFs in an elderly patient
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with dilated ventricles, thereby suggesting the possible origin of the patient’s malady as well as the need
for further testing to confirm this diagnosis. It should
be pointed out that even in the ideal setting, AD and
NPH are often difficult to distinguish on the basis of
clinical presentation alone (3, 4, 6, 7). The classical
clinical triad of NPH, described as gait impairment,
incontinence, and dementia, is also frequently seen in
patients with AD.
A number of nonradiologic tests have been described that appear to be sensitive and specific for
AD. These include apolipoprotein E4 (47, 48) and
neural thread protein (49). In the era of cost containment, one may be tempted to forgo a neuroradiologic
examination in an elderly patient with dementia, but
this may not be advisable. It is axiomatic that even a
100% sensitive and specific test for AD would not
exclude other disorders that can contribute to a patient’s dementia, disorders that can be treated and
that can only be diagnosed by a neuroradiologic examination. Examples include chronic subdural hematomas, both intra- and extraaxial tumors, and
NPH (5–7).
In a study such as ours, it is important to establish
criteria to differentiate the populations being compared (NPH versus AD, in this instance) and to construct as pure a sample as possible. Since AD is rather
prevalent in the elderly population, it was important
for us to avoid inclusion of patients in either group
who might be afflicted with both conditions concurrently. To be included in either group, patients had to
fulfill the set of criteria described earlier. For the AD
group, lack of a gait disorder presumably eliminated
subjects with concurrent AD and NPH, since patients
with NPH usually evince this sign first (6, 13, 50). Of
the three clinical characteristics that define NPH, it
has been shown that after shunting, the one that is
most likely to improve is the gait disorder; the degree
of dementia is rarely improved to a significant degree
(6). Consequently, neurosurgeons are reluctant to
operate on patients who are more than mildly demented. Therefore, to eliminate the population bias
that might arise from this factor, only those patients
who were in the early stages of dementia (GDS score
of 5 or less) were included in the AD control group.
The size of the PHFs increases with the severity of
dementia (5, 51). By including only patients in the
early stages of dementia in the AD group, we created
a bias against the theory being explored in this study.
For the NPH group, a positive response to ventricular shunting according to the patient’s chart was
used as a criterion for inclusion. A number of reports
have emphasized that the long-term improvement
rate for patients in whom shunts had been placed for
NPH is less than the initial improvement rate (40).
Since this study was concerned with the establishment
of criteria for diagnosing NPH, it was decided to use
initial rather than long-term improvement after
placement of an intraventricular shunt as an entry
criterion. Long-term failure after initial response may
be related to a number of factors not related to the
actual diagnosis of NPH, such as shunt failure, devel-
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opment of subdural or subarachnoid hemorrhage, or
development of other medical or neurologic problems.
A number of comments should be made regarding
the objective analysis. The “pure CSF” ROI was obtained from a ventricle in which visual inspection of
the sections above and below eliminated any possibility of partial volume averaging or flow artifacts. The
ROI of “pure brain” presented somewhat of a dilemma, since the structures of the mesial aspect of the
temporal lobe, including the hippocampus, the parahippocampal gyrus, and the subiculum represent a
conglomeration of both white and gray brain structures, the percentage of which is difficult to determine. This is compounded by the fact that in both AD
and normal aging, the gray and white structures atrophy at different rates (52). We tested a number of
brain structures that contained elements of both gray
and white matter without any partial voluming from
CSF. In the final analysis, when measuring the size of
the PHFs, no significant difference was observed irrespective of which area of “pure brain” was used.
None of the P values were affected. The numerical
data presented were derived from the basis pontis as
the ROI of “pure brain.”
A number of the images had intersection gaps as
high as 30%, which can potentially result in a large
error when calculating something as small as PHFs.
In the calculations presented, the intersection gap
was treated the same way for both populations. The
section thickness for the purpose of the calculations
was made to be equal to the actual section thickness
plus the intersection gap. However, even if one assumes the maximum degree of error to go against the
proposition being explored in this paper (ie, if one
includes only the thickness of the actual section in
calculating the volume PHFs for patients with AD
and includes both the height of the section and the
intersection gap for the same calculation in patients
with NPH), the significance remains unchanged (P 5
.0001). The same is true when determining the significance of the lateral ventricles.

Conclusion
This study has shown, by both subjective and objective means of evaluation, that there is a significant
difference in the dilatation of PHFs and in the size of
the lateral ventricles in patients with NPH versus
those with AD. Patients with NPH had dilated ventricles and small PHFs, whereas patients with AD had
dilated PHFs and ventricles that were enlarged but
significantly smaller than those in patients with NPH.
The findings regarding the PHFs appear highly sensitive and specific, with very small overlap between
the two groups.

Acknowledgment
Special thanks to Martha Helmers, Anthony Jalandoni, and
the personnel in the Department of Medical Photography at
the National Hospital, Oslo, Norway, for their expertise in the
preparation of the figures.

AJNR: 19, May 1998

PERIHIPPOCAMPAL FISSURES

References
1. Hakim S, Adams RD. The special clinical problem of symptomatic
hydrocephalus with normal cerebrospinal fluid pressure observations on cerebrospinal fluid dynamics. J Neurol Sci 1965;2:307–327
2. Adams RD, Fischer CM, Hakim S, Ojemann RG, Sweet WH.
Symptomatic occult hydrocephalus with “normal” cerebrospinal
fluid pressure: a treatable syndrome. N Engl J Med 1965;273:117–
126
3. Vassilouthis J. The syndrome of normal-pressure hydrocephalus.
J Neurosurg 1984;61:501–509
4. St Laurent M. Normal pressure hydrocephalus in geriatric medicine: a challenge. J Geriatr Psychiatry Neurol 1988;1:163–168
5. Golomb J, de Leon MJ, George AE, et al. Hippocampal atrophy
correlates with severe cognitive impairment in elderly patients with
suspected normal pressure hydrocephalus. J Neurol Neurosurg Psychiatry 1994;57:590 –593
6. George AE, Holodny AI, Golomb J, de Leon MJ. The differential
diagnosis of Alzheimer’s disease. Neuroimaging Clin N Am 1995;5:
19 –31
7. Holodny AI, George AE, Golomb J, de Leon MJ. Neurodegenerative disorders. In: Edelman RR, Hesselink JR, Zlatkin MB, eds.
Clinical Magnetic Resonance Imaging. Philadelphia: Saunders; 1996:
911–927
8. Salmon JH, Armitage JL. Surgical treatment of hydrocephalus ex
vacuo: ventriculoatrial shunt for degenerative brain disease. Neurology 1968;18:1223–1226
9. Ojemann RG. Normal pressure hydrocephalus. Clin Neurosurg
1971;18:337–370
10. Shenkin HA, Greenberg J, Bouzarth WF, Gutterman P, Morales
JO. Ventricular shunting for relief of senile symptoms. JAMA
1973;225:1486 –1489
11. Adapon BD, Braunstein P, Lin JP, Hochwald GM. Radiologic
investigations of normal pressure hydrocephalus. Radiol Clin North
Am 1974;12:353–369
12. Jacobs L, Conti D, Kinkel WR, Manning EJ. Normal-pressure
hydrocephalus: relationship of clinical and radiographic findings
to improvement following shunt surgery. JAMA 1976;235:510 –512
13. Fisher CM. Hydrocephalus as a cause of disturbance of gait in the
elderly. Neurology 1982;32:1358 –1363
14. Raftopoulos C, Massager N, Baleriaux D, Deleval J, Clarysse S,
Brotchi J. Prospective analysis by computed tomography and longterm outcome of 23 adult patients with chronic idiopathic hydrocephalus. Neurosurgery 1996;38:51–59
15. Seab JP, Jagust WS, Wong SFS, Roos MS, Reed BR, Budinger TF.
Quantitative NMR measurements of hippocampal atrophy in Alzheimer’s disease. Magn Reson Med 1988;8:200 –208
16. de Leon MJ, McRae T, Tsai JR, et al. Abnormal cortisol response
in Alzheimer’s disease linked to hippocampal atrophy (letter).
Lancet 1988;2:391–392
17. George AE, de Leon MJ, Stylopoulos LA, et al. CT diagnostic
features of Alzheimer disease: importance of the choroidal/hippocampal fissure complex. AJNR Am J Neuroradiol 1990;11:101–
107
18. Kesslak JP, Nalcioglu O, Cotman CW. Quantification of magnetic
resonance scans for hippocampal and parahippocampal atrophy in
Alzheimer’s disease. Neurology 1991;41:51–54
19. Jack CR Jr, Peterson RC, O’Brien PC, Tangalos EG. MR based
hippocampal volumetry in the diagnosis of Alzheimer’s disease.
Neurology 1992;42:183–188
20. Jobst KA, Smith AD, Szatmari M, et al. Detection in life of confirmed Alzheimer’s disease using a simple measurement of medial
temporal lobe atrophy by computed tomography. Lancet 1993;340:
1179 –1183
21. Narkiewicz O, de Leon MJ, Convit A, et al. Dilatation of the lateral
part of the transverse fissure of the brain in Alzheimer’s disease.
Acta Neurobiol Exp 1993;53:457– 465
22. McKhann G, Drachman D, Folstein M, et al. Clinical diagnosis of
Alzheimer’s disease: report of the NINCDS-ADRDA Work Group
under the auspices of Department of Health and Human Services
Task Force on Alzheimer’s disease. Neurology 1984;34:939 –944
23. Reisberg B, Ferris SH, de Leon MJ, Crook T. The Global Deterioration Scale for assessment of primary degenerative dementia.
Am J Psychiatry 1982;139:1136 –1139
24. Rusinek H, Chandra R. Brain tissue volume measurement from
magnetic resonance imaging. Invest Radiol 1993;28:890 – 895
25. Chandra R, Rusinek H. Segmentation of brain tissue from mag-

26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.

50.
51.

52.

819

netic resonance images. Medical Imaging V: Image Processing. SPIE
1991;1445:133–144
Cala LA, Thickbroom GW, Black JI, et al. Brain density and
cerebrospinal fluid space size: CT of normal volunteers. AJNR
Am J Neuroradiol 1981;2:41– 47
De Leon MJ, George AE, Ferris SH, et al. Positron emission
tomography and computed tomography assessments of the aging
brain. J Comput Assist Tomogr 1984;8:88 –94
Wisniewski HM, Wegiel J. The neuropathology of Alzheimer’s
disease. Neuroimaging Clin N Am 1995;5:45–57
Ball MJ. Neuronal loss, neurofibrillary tangles, and granulovacuolar degeneration in the hippocampus with aging and dementia.
Acta Neuropathol 1977;37:111–118
Hyman BT, Van Hoensey GW, Demasio AR, et al. Alzheimer’s
disease: cell-specific pathology isolates the hippocampal formation. Science 1984;22:1168 –1170
Ball MJ, Fishman M, Hachinski V, et al. A new definition of Alzheimer’s disease: a hippocampal dementia. Lancet 1985;1:14–16
Convit A, de Leon MJ, Golomb J, et al. Hippocampal atrophy in
early Alzheimer’s disease: anatomic specificity and validation. Psychiatr Q 1993;64:371–387
Lehericy S, Baulac M, Chiras J, et al. Amygdalohippocampal MR
volume measurements in the early stages of Alzheimer disease.
AJNR Am J Neuroradiol 1994;15:929 –937
de Leon MJ, Golomb J, George AE, et al. The radiologic prediction of Alzheimer disease: the atrophic hippocampal formation.
AJNR Am J Neuroradiol 1993;14:897–906
El Gammal T, Allen MB Jr, Brooks BS, Mark EK. MR evaluation
of hydrocephalus. AJNR Am J Neuroradiol 1987;8:591–597
Messert B, Wannamaker BB. Reappraisal of the adult occult hydrocephalus syndrome. Neurology 1974;24:224 –231
Stein SC, Langfitt TW. Normal-pressure hydrocephalus: predicting
the results of cerebrospinal fluid shunting. J Neurosurg 1974;41:
463– 470
Greenberg JO, Shenkin HA, Adam R. Idiopathic normal pressure
hydrocephalus: a report of 73 patients. J Neurol Neurosurg Psychiatry 1977;40:336 –341
Clarfield AM. Normal-pressure hydrocephalus: saga or swamp.
JAMA 1989;262:2592–2593
Vanneste J, Augustijn P, Dirven C, Tan WF, Goedhart ZD. Shunting normal-pressure hydrocephalus: do the benefits outweigh the
risks? Neurology 1992;42:54 –59
Jackson GD, Berkovic SF, Duncan JS, Connelly A. Optimizing the
diagnosis of hippocampal sclerosis using magnetic resonance imaging. AJNR Am J Neuroradiol 1993;14:753–762
Jack C. MRI-based hippocampal volume measurements in epilepsy. Epilepsia 1994;35(Suppl 6):14 –19
Bronen RA, Fullbright R, Kim JH, Spencer DD, Spencer SS. MR
signal changes associated with pathology proven hippocampal sclerosis. Epilepsia 1994;35(Suppl 8):22
Jackson GD. The diagnosis of hippocampal sclerosis: other techniques. Magn Reson Imaging 1995;13:1081–1093
Frisoni GB, Beltramello A, Weiss C, Geroldi C, Bianchetti A,
Trabucchi M. Linear measures of atrophy in mild Alzheimer disease. AJNR Am J Neuroradiol 1996;17:913–923
Huckman MS. Spring cleaning. AJNR Am J Neuroradiol 1995;16:
425– 426
Higgins GA, Large CH, Rupniak HT, Barnes JC. Apolipoprotein E
and Alzheimer’s disease: a review of recent studies. Pharmacol
Biochem Behav 1997;56:675– 685
Strittmatter WJ, Roses AD. Apolipoprotein E and Alzheimer’s
disease. Annu Rev Neurosci 1996;19:53–77
Chong JK, Cantrell L, Husain M, et al. Automated microparticle
enzyme immunoassay for neural thread protein in cerebrospinal
fluid from Alzheimer’s disease patients. J Clin Lab Anal 1992;6:
379 –383
Fisher CM. The clinical picture of occult hydrocephalus. Clin
Neurosurg 1977;24:171–180
Frisoni GB, Beltramello A, Bianchetti A, Trabucchi M. Hippocampal atrophy as detected by width of the temporal horn is greater in
Alzheimer dementia than in nondementing cognitive impairment
(letter). AJNR Am J Neuroradiol 1997;18:1192–1193
Rusinek H, de Leon MJ, George AE, et al. Alzheimer disease:
measuring loss of cerebral gray matter with MR imaging. Radiology
1991;78:109 –114

