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Proton Chemical Shift Imaging in
Normal Pressure Hydrocephalus

Osamu Kizu, Kei Yamada, and Tsunehiko Nishimura

BACKGROUND AND PURPOSE: Differentiation of normal pressure hydrocephalus (NPH)
from other types of dementia and the selection of appropriate candidates for shunt surgery
remain a clinical challenge. The aims of this study were to assess the efficacy of cerebral
metabolites depicted by proton chemical shift imaging (1H-CSI) in distinguishing NPH from
other dementias and to examine the relationship between metabolite changes and the outcome
of shunt surgery.

METHODS: 1H-CSI measurements were obtained in nine patients with clinical diagnosis of
NPH; six patients with other types of dementia, including Alzheimer and Pick disease; and five
control subjects. The 1H-CSI sequence consisted of a double spin-echo sequence with imaging
parameters of 2000/135/4–2 (TR/TE/acquisitions). Volumes of interest were selected from a
section through the lateral ventricles. The peak areas and ratios of N-acetylaspartate, creatine,
choline, and lactate were calculated. In two patients, follow-up 1H-CSI and N-isopropyl (123I)-
p-iodoamphetamine brain perfusion imaging were available after treatment with continuous
spinal drainage.

RESULTS: Lactate peaks were observed in the lateral ventricles for all patients with NPH
(lactate/creatine, 0.23 6 0.14) but not for patients with other types of dementia or control
subjects. In all cases, we noted no significant differences in the peak ratios in the voxels located
at the white matter near the lateral ventricles. In one patient with NPH, intraventricular lactate
disappeared and regional CBF recovered after drainage.

CONCLUSION: The intraventricular lactate level may be useful in differentiating NPH from
other types of dementia.

Unlike Alzheimer disease or other types of demen-
tia, normal pressure hydrocephalus (NPH) is treat-
able (1). The diagnosis usually is established on the
basis of improved symptoms after shunting of CSF
(2, 3). Clinical symptoms of NPH are characterized
by mild memory impairment and apathy, ataxic
gait, and incontinence (4). Gait deficits commonly
are seen in NPH, but mental deterioration may be
subtle or even unrecognized. Incontinence appears
most often after the appearance of gait disturbance
and memory impairment.

Although radioisotope cisternography initially
appeared useful in assessing the CSF circulation in
NPH (5), several authors have reported that it is
unreliable (6). Several studies have measured CBF
with single-photon emission CT (SPECT) and xe-
non CT imaging, and they have revealed reduced
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CBF in patients with NPH (7–9). Decreased re-
gional cerebral metabolism also has been observed
on positron emission tomography (PET) with 18F-
2-fluorodeoxyglucose (10, 11). On CT or MR im-
ages, patients with NPH may present with sym-
metrical dilatation of ventricles that is out of
proportion to the sulcal enlargement, but these find-
ings are nonspecific. Several reports have described
increased velocity of the CSF through the cerebral
aqueduct, which can be observed as ‘‘CSF flow
void’’ on MR imaging (12, 13), but this finding too
has been found to be nonspecific (14). Despite
these extensive investigations using various neu-
roimaging studies, many patients with NPH do not
present with classic clinical or neuroimaging pat-
terns, and it remains a clinical challenge to distin-
guish NPH from other types of dementia in many
cases.

Furthermore, selection of the appropriate candi-
dates for shunt surgery is difficult. Although CT
metrizamide cisternography (15), intracranial pres-
sure measurement (16), and spinal taps (17) are re-
ported to be useful in predicting the response to
treatment, the reliability and reproducibility of
these tests are limited (18).
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FIG 1. Proton MR spectra (TR/TE, 2000/135) in the patient with
NPH. Upper left, axial T1-weighted MR image of the same pa-
tient. A box outlines volume of interest, which includes the bodies
of lateral ventricles in the hemisphere. Lower left corner shows
spectra from the body of the left lateral ventricle and surrounding
parenchyma. The spectrum from the voxel of the parenchyma
(black arrow) shows normal spectral pattern (upper right). The
spectrum from the voxel in the body of left lateral ventricle (white
arrow) shows the lactate peak (lower right). NAA, Cho, and Cr
peaks also are observed, suggesting that this intraventricular
voxel contains periventricular brain tissue.

Proton chemical shift imaging (1H-CSI) is a non-
invasive method that can depict various metabolites
in a wide area of the brain simultaneously. It has
been applied to many brain lesions (19–21). Me-
tabolites depicted by 1H-CSI also may aid in un-
derstanding the pathophysiology of NPH. The aims
of this study were to assess the efficacy of cerebral
metabolites detected by 1H-CSI in distinguishing
NPH from other dementias and to examine the re-
lationship between metabolite changes and the out-
comes of shunt surgery.

Methods

Participants

A total of 20 participants were evaluated with 1H-CSI: nine
patients (age range, 49 to 77 years) clinically diagnosed with
NPH, six patients with other dementias (four with probable
Alzheimer disease, one with Pick disease, and one with fron-
totemporal dementia; age range, 37 to 67 years), and five
healthy age-unmatched control subjects (age range, 24 to 48
years) with no history of psychiatric or neurologic disorders.
The diagnosis of NPH was made according to the following
criteria: 1) gait disturbance was the first sign of NPH and a
predominant symptom; 2) preoperative MR imaging showed
severe ventricular dilatation with no cerebral atrophy or diffuse
ischemic white matter lesions; 3) there was no identifiable
cause for hydrocephalus; 4) there was at least initial improve-
ment of clinical symptoms after continuous spinal drainage, or
urinary incontinence and mental deficits (such as memory im-
pairment) were present. The diagnosis of Alzheimer disease
was made according to the criteria of the National Institute of
Neurological and Communicative Disorders and Stroke-Alz-
heimer’s Disease and Related Disorders Association (22). The
diagnoses of Pick disease and frontotemporal dementia were
based on the criteria of the International Statistical Classifi-
cation of Disease and Related Health Problems, 10th revision,
and the criteria for frontotemporal dementia proposed by the
Lund and Manchester group (23).

MR Examinations

All patients were examined with a 1.5-T whole-body MR
imaging system (Magnetom H15 SP; Siemens, Erlangen, Ger-
many) operating at 63.67 MHz for 1H-CSI, using the conven-
tional cross-paralleled head coil.

From the transverse and sagittal T1-weighted spin-echo
brain imaging with parameters of 200/15 (TR/TE), an 8-mm
section thickness, and 2-mm intersection gap, we selected a
volume of interest (VOI) 15 mm thick from periventricular
regions. The anteroposterior and left-to-right dimensions of the
VOI (102–90 3 92–80 mm) were adjusted for each subject
according to brain size. This rectangular VOI was selected to
exclude contamination of signal from the skull and subcuta-
neous fat.

The magnet was shimmed on the 1H water signal of the
localized VOI to a line width of about 8 Hz (full width at half-
maximum). The 1H-CSI sequence consisted of a double spin-
echo sequence with parameters of 2000/135/4–2 (TR/TE/ac-
quisitions). Before data acquisition, we applied a chemical
shift-selective pulse with a dephasing gradient for water sup-
pression. We applied two-directional, 16 3 16 phase-encoding
steps over a field of view (160 3 160 or 180 3 180 mm) at
the level of the periventricular white matter. This resulted in a
nominal in-plane resolution of 10–11 mm, and a nominal 1H-
CSI voxel size of 1.5–1.9 mL before zero-filling. We measured
the 1H-CSI data without water suppression to correct for eddy-
current distortions. The entire examination took about 60
minutes.

The 1H-CSI data sets were processed with custom spectro-
scopic imaging software on a SPARC station 20 workstation
(Sun Microsystems, Mountain View, CA). The spatial dimen-
sions were zero-filled to 32 points, and the time dimension
was filtered with a gaussian filter. After a 2D Fourier transfor-
mation, we corrected the baseline by subtracting the fitted five-
dimensional polynomial curve. The phase was adjusted by an
N-acetylaspartate (NAA) peak by using a linear or constant-
phase angle.

The three major resonances in the spectra (NAA, choline
[Cho], creatine [Cr]) and lactate were curve-fitted, and peak
areas were obtained from all voxels. When we selected the
voxels from the periventricular region, T1-weighted MR im-
aging was used to exclude CSF space. Peak areas of NAA,
Cho, and Cr were used to calculate metabolite signal ratios.
We positively identified the lactate peaks only when they were
inverted doublet peaks at 1.3 ppm, with the peak level 1.5
times higher than the noise level, and only when similar peaks
were observed in the surrounding voxels. Lactate was esti-
mated by the lactate:Cr ratio, using Cr from the periventricular
voxels, which is relatively stable in adults. We verified the
calculation of periventricular peak-area without volume collec-
tion against MR images, which revealed that the chosen voxels
contained no CSF space.

Statistical Analysis

The metabolite ratios were summarized as means 6 SD.
One-way analysis of variance was applied to test for significant
differences in the metabolite ratios. Statistical significance was
set at P , .05.

In two patients, a follow-up 1H-CSI was available after con-
tinuous spinal drainage. In a single case, the data also were
compared with those from 123I iodoamphetamine brain perfu-
sion SPECT imaging.

Results
Lactate peaks were observed in the lateral ven-

tricles for all patients with NPH (lactate:Cr, 0.23 6
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FIG 2. Proton MR spectra (TR/TE, 2000/135) in two patients
with NPH. The spectra obtained from periventricular regions (up-
per row) with the intraventricular spectra (lower row) are shown.
Apparent inverted doublet peaks at 1.3 ppm are observed in the
intraventricular spectrum of one case (left side) and can be rec-
ognized as lactate peaks. In the other case (right side), good
qualities of lactate peaks are seen compared with the peaks from
the periventricular region in the upper row.

Peak ratios in patients with NPH, patients with other dementias, and control subjects

Periventricular White Matter

NAA/Cho NAA/Cr Cho/Cr

Lactate/Cr in Lateral Ventricles

Before* After**

NPH
Case 1
Case 2
Case 3
Case 4
Case 5
Case 6

2.11
1.46
2.26
1.75
2.50
2.36

1.66
1.28
1.55
1.62
1.94
1.63

0.79
0.88
0.69
0.93
0.78
0.69

0.15
0.18
0.10
0.55
0.21
0.12

· · ·
0.21
· · ·
· · ·
(—)
· · ·

Case 7
Case 8
Case 9

Other dementias
Alzheimer disease, Case 1
Alzheimer disease, Case 2

1.61
2.70
2.39

2.88
2.05

1.47
1.76
1.75

1.61
1.30

0.91
0.65
0.73

0.56
0.64

0.21
0.25
0.30

(—)
(—)

· · ·
· · ·
· · ·

· · ·
· · ·

Alzheimer disease, Case 3
Alzheimer disease, Case 4
Pick disease
Frontotemporal dementia

2.02
1.90
1.88
1.45

1.47
1.83
1.77
1.27

0.73
0.97
0.94
0.87

(—)
(—)
(—)
(—)

· · ·
· · ·
· · ·
· · ·

Control subjects
Case 1
Case 2
Case 3
Case 4
Case 5

2.04
2.94
2.02
1.78
2.11

1.49
0.87
1.67
1.63
1.91

0.73
0.29
0.83
0.92
0.91

(—)
(—)
(—)
(—)
(—)

· · ·
· · ·
· · ·
· · ·
· · ·

* Before continuous spinal drainage.
** After continuous spinal drainage.

0.14 [Figs 1 and 2]) but not in the control subjects
or patients with other dementias (Table). Peaks for
NAA, Cho, and Cr were found in the voxels of the
ventricles, which suggested partial volume artifact
from periventricular brain tissue.

In the voxels from periventricular regions, there
was no lactate peak or significant difference in peak

ratios among these cases (Fig 2, Table); for NAA:
Cho, the values were 2.13 6 0.43 for patients with
NPH, 2.03 6 0.47 for patients with other demen-
tias, and 2.1860.44 for control subjects (P 5
.851); for NAA:Cr, they were 1.63 6 0.19, 1.54 6
0.23, and 1.51 6 0.39, respectively (P 5 .694), and
for Cho:Cr, they were 0.78 6 0.10, 0.79 6 0.17,
and 0.74 6 0.26, respectively (P 5 .86).

Intraventricular lactate peaks had disappeared in
one patient (lactate:Cr decreased from 0.21 to
0.00), and regional CBF had recovered to normal
on spectra after continuous spinal drainage (Fig 3).
The patient’s moderate memory loss before the pro-
cedure (Mini-Mental Scale Examination score, 23/
30) was not improved significantly after treatment.
Gait disturbance and incontinence became worse.

In the other patient with a follow-up study, in-
traventricular lactate peaks were slightly increased
after continuous spinal drainage. The lactate:Cr ra-
tio had changed from 0.18 to 0.21. After treatment,
there was no change in symptoms such as gait dis-
turbance or incontinence. There had been only lim-
ited symptoms of dementia, and they also did not
change.

Discussion
The most striking point elucidated in this study

was the intraventricular lactate peaks, observed
only in the patients with NPH, not in the patients
with other dementias or in the control subjects. Al-
though clinical symptoms continue to play the main
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FIG 3. Proton MR spectra (TR/TE, 2000/135) before and after
continuous spinal drainage in the lateral ventricle of a patient with
NPH. The spectra were obtained from a intraventricular voxel
(black arrow in VOI). Before treatment, lactate peaks are ob-
served as inverted doublet peaks at 1.3 ppm from the intraven-
tricular voxel of NPH (upper middle). Cho, Cr, and NAA peaks
suggest partial volume artifact from periventricular brain tissue.
A metabolic image of lactate (upper right) before treatment
shows that lactate is confined to the lateral ventricles and sur-
roundings. After treatment, lactate is not observed clearly (lower
right). The reduced CBF (upper left) returned to normal after con-
tinuous spinal drainage (lower left) at SPECT.

role in diagnosing various types of dementia, it is
sometimes difficult to diagnose NPH by clinical
symptoms alone. Gait impairment remains the
characteristic symptom of NPH, but dementia and
incontinence may not be recognized. This classic
clinical triad may not be displayed at the same
time. Diagnostic imaging studies, such as CT and
MR imaging, also are helpful in differentiating de-
mentias. Dilatation of the temporal horns of the lat-
eral ventricles is one of the characteristics of NPH
(24), but this also is observed in patients with Alz-
heimer disease. There is a report that the degree of
dilatation of perihippocampal fissures is a useful
marker for differentiating Alzheimer disease from
NPH (25). Findings such as dilated sulci and ven-
tricles by CT and MR imaging are observed in
most patients with dementia, however, and they are
nonspecific. Reduced focal CBF and metabolic ac-
tivity observed by SPECT and PET are not pathog-
nomonic for dementia. In these situations, the lac-
tate observed by 1H-CSI helps differentiate NPH
from other types of dementia.

Hakim and Adams first described NPH (2, 26)
as symptomatic hydrocephalus with normal cere-
brospinal pressure. Hakim et al (26) hypothesized
that the pathophysiology of NPH that increased in-
traventricular pressure caused dilatation of the ven-
tricle with stretching of the periventricular paren-
chyma, which resulted in normalization of the
intraventricular pressure. Experiments in chronic,
communicating hydrocephalus in dogs have shown
that intraventricular CSF pressure increases at first
but later falls into the normal range after dilatation
of the ventricles (27). During the initial stage, in-

traventricular pressure may be elevated in NPH,
and this may cause periventricular ischemia with
arterial compression. On the other hand, continuous
recordings of intraventricular CSF pressure in hy-
drocephalic patients have revealed that the episodic
CSF pressure elevations mainly consist of so-called
B-waves (28). Elevation of intraventricular pres-
sure during sleep also has been reported (29).
These reports suggest slight elevations in intraven-
tricular CSF pressure and do not conflict with the
feasibility of periventricular ischemia.

Lactate is the end-product of nonoxidative me-
tabolism and suggests the presence of ischemic
changes. Lactate also is produced by increased gly-
colysis in tumors and inhibition of pyruvate dehy-
drogenase, one of the enzymes in the tricarboxylic-
acid cycle. There have been some reports
concerning lactate in experimental hydrocephalus
observed by MR spectroscopy (MRS) (30–32). In
these reports, proton MRS of a CSF phantom with
a normal lactate concentration revealed no lactate
peak, indicating that the in vivo detection of lactate
reflects elevated CSF lactate peaks. This could not
be explained by a prolonged T2 in CSF at normal
concentrations. It was assumed that, if anaerobic
conditions were restricted to periventricular brain
tissue, the elevated lactate in CSF could easily be
explained by regional lactate production, in view
of the proton MRS voxel localization. In hydro-
cephalus, ventricular enlargement has been report-
ed to cause displacement of primary cerebral arter-
ies and reductions in the number and caliber of the
microvessels, resulting in diminished CBF and ce-
rebral edema (33). The precise reason for the pres-
ence of intraventricular lactate is unclear. It is con-
ceivable that the lactate reflects ischemic changes
in the periventricular regions. In the patients with
NPH, the relative stasis of the CSF in the lateral
ventricles may have resulted in elevated lactate.
There were no intraventricular lactate peaks in the
control subjects or the patients with other types of
dementia. Because the distortion of the baseline
and the peak-to-peak noise in their spectra were as
same as those in patients with NPH, we considered
that we were able to observe lactate in the patients
with NPH because their lactate levels were higher
than those in the other groups.

There was no reduction in NAA concentration in
the cerebral parenchyma of patients with NPH. The
presence of intraventricular lactate suggests ische-
mic changes in the brain tissue, which usually are
associated with reduced NAA concentrations. It
seems paradoxical that there was a normal level of
NAA with detectable levels of intraventricular lac-
tate. Normal NAA concentrations have been re-
ported in hydrocephalus in infants (34); the authors
stated that the reduction in CBF might be insuffi-
cient to result in metabolic changes detectable by
1H-CSI.

The spectral patterns in the periventricular re-
gions also were normal in patients with other types
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of dementias, such as probable Alzheimer disease,
Pick disease, and frontotemporal dementia. Some
reports, however, have described reduced NAA
concentrations in the occipital cortex and hippo-
campi in patients with Alzheimer disease (35–37).
Patients with Alzheimer disease show general cor-
tical atrophy and reductions in gray matter with dis-
proportionate loss of volume in the temporal lobes
and hippocampi. In Pick disease and frontotempo-
ral dementia, cortical atrophy also is one of the
pathologic characteristics, but there may be less
metabolic change near lateral ventricles. One rea-
son for normal periventricular NAA levels in these
patients with dementia is that their NAA was mea-
sured from the periventricular voxels, which con-
tained small amounts of gray matter or cortical
regions.

Intraventricular lactate can be used to differen-
tiate NPH from other types of dementia. 1H-CSI is
especially important when NPH cannot be diag-
nosed by clinical symptoms, morphologic imaging,
such as CT or MR imaging, and functional imaging
studies, such as PET. 1H-CSI also may be useful as
a follow-up study after continuous spinal drainage;
in one of our patients, the intraventricular lactate
peaks observed before treatment had disappeared
after drainage.

Conclusion
Intraventricular lactate in NPH may be a key fac-

tor in differentiating NPH from other dementias.
This metabolite reflects ischemic changes in the
periventricular regions despite normal CSF pres-
sures in patients with NPH.
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