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HI 1 NIR Spectroscopic Imaging of White 
Matter Signal Hyperintensities: Alzheimer 
Disease and Ischemic Vascular Demential 

PURPOSE: To investigate the associa- 
tion of white matter signal hyperhten- 
sities (WMSHs) with changes in hydm 
gen-1 metabolites. 
MATERIALS AND METHODS: TZ 
weighted magnetic resonance (MR) 
imaging and H-1 MR spectroscopic im- 
aging were performed in 21 elderly con- 
trol subjects without or with minimal 
WMSHs, eight elderly subjects with 
substantial WMSHs, 11 probable Alz- 
heimer disease patients with WMSHs, 
and eight ischemic vascular dementia 
(IVD) patients with WMSHs. N-acetyl- 
aspartate (NAA), choline-containing 
metabolites (Cho), and creatine-contain- 
ing metabolites (Cr) were analyzed. 
RESULTS: Differences in regional me- 
tabolite levels were found within the 
supraventricular brain of elderly con- 
trol subjects. In Alzheimer disease 
patients, extensive WMSHs showed a 
lower percentage of NAA and a higher 
percentage of Cho compared with 
contralateral normal-appearing white 
matter (NAWM); in IVD patients, 
extensive and large WMSHs were 
associated with a higher percentage 
of Cho and a lower percentage of Cr 
compared with contralateral NAWM. 
CONCLUSION: Regional metabolite 
ariation and the presence of WMSHs 

.ire important covariants that must be 
xcounted for in analysis of MR spec- 
troscopic data. 

Index terms: Brain, atrophy, 10 83 Brain, . [\eases, 10 781 Brain, ischemia, 10 781 
I ‘din, MR, 10 12145 Brain, white matter, 

’ 12145 Dementia, 10 781,lO 83 
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AGNETIC resonance (MR) imag- M ing of unselected patients over 
the age of 60 years shows regions of 
white matter with high signal inten- 
sity (ie, white matter signal hyperin- 
tensities [WMSHs]) in the periventric- 
ular areas and deep white matter of 
25%-50% of patients (1-6). Computed 
tomography shows similar lesions as 
areas of low attenuation, termed leu- 
koaraiosis (7-10). Because these WMSHs 
are found in the end and border zones 
of arterial perfusion, it has been sug- 
gested that they reflect an underlying 
ischemic process (11,12). WMSHs com- 
monly occur in apparently healthy, cog- 
nitively unimpaired elderly control 
subjects (13). However, the findings 
that WMSHs are more prevalent in 
patients with cerebral vascular disease 
or ischemic vasculardementia (IVD) 
(14,15) and Alzheimer disease (16-18) 
and depression (19-21) suggest that 
these lesions may represent a patho- 
logic process (11,12) and may be an 
important covariant in neurologic im- 
aging studies of dementia. 

Previously, this laboratory used MR 
spectroscopy together with MR imag- 
ing to investigate metabolic changes 
in the brain associated with WMSHs. 
By using a “single volume” phospho- 
rus-31 MR spectroscopy technique, 
Sappey-Marinier et a1 (22) found the 
ratio of adenosine triphosphate (ATP) 
to inorganic phosphate to be 26% 
lower and the ATP concentration to 
be 21% lower in white matter regions 
with extensive WMSHs compared with 
regions with no or minimal WMSHs. 
These results were consistent with the 
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view that WMSHs indicate an isch- 
emic process affecting cellular energy 
metabolism. In a subsequent study 
with a single-volume hydrogen-1 MR 
spectroscopy technique, Sappey-Ma- 
rinier et a1 found that WMSHs exhibit 
increased signal from choline-contain- 
ing metabolites (Cho) (23). No increase 
in lactate was detected, and there was 
no evidence of substantial loss of the 
neuronal marker N-acetylaspartate 
(NAA). However, a limitation of these 
two previous studies was the use of 
the single-volume MR spectroscopy 
technique to investigate a process that 
has a patchy distribution throughout 
white matter regions. MR spectro- 
scopic imaging (MRSI) uses phase en- 
coding for detection of metabolites 
from multiple regions over a wide 
field of view during a single set of 
measurements (24-26). Constans et a1 
(27) used H-1 and P-31 MRSI to inves- 
tigate changes in H-1 and phosphorus 
metabolites in WMSHs and normal-ap- 
pearing white matter (NAWM) of cog- 
nitively normal elderly subjects. These 
measurements demonstrated a statis- 
tically significant higher percentage of 
Cho in WMSHs, accompanied by a 
nonsignificant trend toward lower 
NAA levels. No statistically significant 
changes were detected for P-31 me- 
tabolites. The apparent discrepancies 
between our two P-31 MR studies of 
WMSHs (22,27) were discussed in ref- 
erence 27. 

The present study is a direct con- 
tinuation of previous work performed 
in this laboratory. The overall goal of 
this work was to determine the me- 
tabolite changes associated with 

Abbreviations: ANOVA = analysis of vari- 
ance, Cho = choline-containing metabolites, 
Cr = creatine-containing metabolites, IVD = 
ischemic vascular dementia, MMSE = Mini Mental 
State Examination, MRSI = magnetic resonance 
spectroscopic imaging, NAA = N-acetylaspar- 
tate, NAWM = normal-appearing white matter, 
PRESS = point-resolved spatially localized spec- 
troscopy, VOI = volume of interest, WMSH = 
white matter signal hyperintensity. 
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WMSHs, and  the changes associated 
with different diseases. The specific 
aim of the present study was to deter- 
mine the H-1 metabolite changes in  
WMSHs of patients with various 
types of senile dementia. Because pre- 
vious studies have suggested that 
there are regional changes in these 
metabolites in  normal brain (28,29), 
measurements were made of the re- 
gional distribution of H-I metabolites 
in brains of cognitively normal elderly 
subjects without WMSHs. These mea- 
surements were then used to  control 
for the regional differences in  the lo- 
cations of WMSHS in brains of patients. 

MATERIALS AND METHODS 
Subjects 

All subjects gave informed consent (ap- 
proved by the Committee on Human Re- 
search a t  the University of California, San 
Francisco) before the study, Thirty sub- 
jects from an elderly control population 
recruited from the community were 
screened by means of clinical examination 
and self-report and excluded if they had 
any evidence of cerebrovascular occlusive 
disease or neurologic, psychiatric, cogni- 
tive, respiratory, and alcohol or substance 
abuse disorders (one subject was excluded). 
Subjects with hypertension (four in the 
WMSH group), transient ischemic attack 
(one in the WMSH group), or diabetes 
(one in the WMSH group) were not ex- 
cluded. Twenty-three subjects with de- 
mentia were referred by the Alzheimer 
Center of the University of California, San 
Francisco. Diagnosis was based on criteria 
from the National Institute of Neurologic 
and Communicative Diseases and Stroke- 
Alzheimer's Disease and Related Disor- 
ders Association. IVD criteria (described 
by Chui et a1 (301) required impairments in 
at least two different areas of mental func- 
tioning and lacunar infarcts outside the 
cerebellum. The diagnoses and findings 
were as follows: 11 subjects with probable 
Alzheimer disease and WMSHs at MR im- 
aging, two with possible Alzheimer dis- 
ease, eight with IVD and WMSHs at MR 
imaging, and two with mixed IVD and 
Alzheimer disease. All subjects received a 
neuropsychologic work-up, including the 
Mini Mental State Examination (MMSE) 
(31), the Neurobehavioral Cognitive Status 
Examination (NCSE) (32), and the Blessed 
test (32,33). 

On the basis of the determination of 
WMSHs at MR imaging (grading scale in 
next section), the subjects were classified 
in to five MR imaging/MRSI study groups: 

1. The control group consisted of 21 el- 
derly subjects without dementia (12 men, 
nine women), without WMSHs (eight with 
grade 0 or 1) or with minimal WMSHs (13 
with grade 2). The mean age of this group 
was 68.0 years 2 6.2. Eight of these sub- 
jects had been included in a previous 
study (27). 

2. The WMSH group consisted of eight 
subjects without dementia (four men, four 
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women) with grade 3 or 4 WMSHs at MR 
imaging. The mean age of this group was 
72.4 years k 7.9. Six of these subjects had 
been included in a previous study (27). 

3. The A X 3  group consisted of five prob- 
able Alzheimer disease patients (two men, 
three women) with grade 3 WMSHs. The 
mean age of this group was 72.8 years f 
8.7. 

4. The A X 2  group consisted of six 
probable Alzheimer disease patients (two 
men, four women) with grade 2 WMSHs. 
The mean age of this group was 75.3 years * 
4.6. Two possible Alzheimer disease pa- 
tients were not included in the MRSI data 
analysis. 

5. The IVD group consisted of eight pa- 
tients (three men, five women) with grade 
3 or 4 WMSHs. The mean age of this 
group was 73.1 years 2 9.2. The two sub- 
jects with mixed vascular dementia and 
probable Alzheimer disease were not in- 
cluded in the MRSI data analysis. 

The mean age of the control group was 
4 years less than that of any of the demen- 
tia groups. Statistical analysis of subjects 
pooled from all disease groups and con- 
trols showed no significant effects of age 
on any of the variables. 

MR Data Acquisition 
MR Imaging.-All MR experiments were 

performed with a Gyroscan MR imag- 
ing/MR spectroscopy 2.0-T system (Philips 
Medical Systems, Shelton, Conn) operat- 
ing at 85.95 MHz for H-1. The same Philips 
H-1 head coil was used for both MR imag- 
ing and H-1 MRSI, which made it unnec- 
essary to reposition the patient between the 
MR imaging and MRSI parts of the study. 

Standard MR imaging of the brain in- 
cluded sagittal T1-weighted spin-echo im- 
aging (repetition time [msec]/echo time 
[msec] = 450/30, section thickness = 7 
mm, and intersection gap = 3.5 mm) and 
axial TZweighted double-spin-echo imag- 
ing (3,000/30,80, section thickness = 5.1 
mm, and intersection gap = 0.5 mm). The 
axial imaging plane was approximately 10" 
beyond the orbitomeatal plane toward 
coronal orientation to maximize Bo homo- 
geneity of the volume studied with H-1 
MRSI. MR images were interpreted by a 
neuroradiologist (D.N.) blinded to each 
subject's diagnosis, who graded both ven- 
tricular and sulcal atrophy (absent = 0, 
mild or suspicious = 1, moderate or defi- 
nite = 2, and marked = 3) and the extent 
of WMSHs (4) (no WMSHs = grade 0, 
WMSHs limited to the tips of the frontal 
horns of the lateral ventricles = grade 1, 
small WMSHs in the subependymal or 
subcortical region = grade 2, extensive 
subependymal and discrete separate 
WMSHs = grade 3, and large and coalesc- 
ing foci = grade 4). This scale is not con- 
tinuous in that there is a great difference 
between grades 2 and 3. Subjects with just 
a few punctate WMSHs in the white mat- 
ter, with maximum diameters of a few mil- 
limeters, were classified as having grade 2 
WMSHs. 

H-l MRS1.-The volume of interest 

(VOI) for H-1 MRSI was selected from the 
axial images and corioborated on the sag- 
ittal image. A 17-mm-thick axial MRSI sec- 
tion, corresponding spatially to a stack of 
three contiguous oblique MR imaging sec- 
tions (total thickness = 3 X 5.6 mm = 16.8 
mm) was selected. A rectangular VOI 
within the brain was selected to exclude 
acquisition of lipid signal from the scalp 
and subcutaneous fat. The anteroposterior 
and left-right dimensions of the VOI were 
adjusted for every subject according to 
brain size and were generally about 110 
mm in the anteroposterior direction and 
90 mm in the left-right direction (see su- 
perimposed blue rectangle within the 
brain on Figs 1 and 2). In all groups the 
VOI was centered at the level of the cen- 
trum semiovale, except in the WMSH 
group, in which the VOI was centered on 
the largest WMSHs, which were most fre- 
quently located just below the centrum 
semiovale. 

The magnet was first shimmed on the 
H-1 water signal of the entire head to a 
line width of about 15 Hz (0.17 parts per 
million [ppm] at 85.95 MHz) and then on 
the localized VOI to approximately 6 Hz 
(0.07 ppm). For H-1 MRSI (2,000/272), a 
two-dimensional version of an MRSI se- 
quence with point-resolved spatially local- 
ized spectroscopy (PRESS) VOI preselec- 
tion within the head was used (34) to 
exclude acquisition of lipid signal from the 
scalp and subcutaneous tissue. Before data 
acquisition, gradients were tuned and wa- 
ter suppression was optimized as desuibed 
previously (34). Phase-encoding gradients 
with 16 increments in each direction were 
applied over a field of view of typically 
180 x 180 mm, encompassing the entire 
head (see superimposed red square on 
Figs 1 and 2). This resulted in a nominal 
in-plane resolution of 11 mm and a nomi- 
nal MRSI voxel size of approximately 2.2 
mL. Four signals were averaged per 
phase-encoding step, so that the total ac- 
quisition time for one data set was 34 min- 
utes. The entire MR imaging and MRSI 
examination took 90-1 10 minutes. 

MR Data Analysis 
Data processing.-MR imaging and MRSI 

data were transferred to a MicroVAX 
workstation (Digital Equipment, Maynard, 
Mass) for further analysis with home-writ- 
ten spectroscopic image and display soft- 
ware (35). The H-1 MRSI data set was in- 
terpolated to 32 points in both spatial 
dimensions. Mild Gaussian smoothing was 
used in the spatial domain, which de- 
creased the nominal in-plane resolution of 
a voxel to approximately 13 mm, and an 
exponential line broadening of 1 Hz was 
used in the time domain. After multidi- 
mensional Fourier transformation, the H-1 
metabolite images were automatically spa- 
tially co-registered with the corresponding 
three summed oblique TZweighted MR 
imaging sections, and spectra were dis- 
played and analyzed in magnitude mode. 

Voxel selection.-For spatial selection of 
the H-1 MRSI voxels to be analyzed, the 
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Figure 1. 
tative control subject. The summed MR image covers approximately the same section thick- 
ness (16.8 mm) as the MRSI section (17 mm) from which the spectra were obtained. The red 
square identifies the field of view used for H-1 MRSI, while the blue rectangle corresponds to 
the PRESS VOI selected for MR spectroscopy. The squares and numbers superimposed on the 
MR image identify the size and position of individual H-1 MRSI voxels from which spectra 
(also numbered) were obtained. The six spectra from these regions were analyzed for the de- 
termination of regional metabolite distributions in elderly control subjects. 

Proton-density summed MR image (3,000/30) and H-1 MR spectra from a represen- 

B NAA 

3 2 1 PPm 
Figure 2. 
tom spectrum) and from a contralateral NAWM region (top spectrum) in a subject without 
dementia but with extensive WMSHs. Keys are as in Figure 1. The bottom spectrum reveals 
lower signal intensity from N-acetyl-containing metabolites (primarily NAA) relative to both 
Cho and Cr than the top spectrum. The group means for both of these ratios, however, were 
not significantly different from those of the control subjects. 

Proton-density summed MR image and H-1 MR spectra from a WMSH region (bot- 

summed MR image obtained from the 
three T2-weighted MR imaging sections 
corresponding to the MRSl section was 
used exclusively. The effective voxel size 
(after zero-filling of missing k-space points 
and after Gaussian smoothing) was ap- 
proximately 3 mL. Voxels were selected by 
a neuroradiologist (J.M.C.) and verified by 
another neuroradiologist (D.N.) for data 
analysis. 

To determine if there were regional dif- 
ferences in metabolites in brains of elderly 
control subjects with no or minimal 
WMSHs, we extracted and analyzed spec- 
tra obtained from one voxel each in the 
left and right hemispheres in anterior, 
middle, and posterior regions of the VOI. 
Since no left-right differences were de- 
tected, these values were averaged, yield- 
ing a mean value for thg anterior, middle, 
and posterior parts of the MRSI section. 
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For the patients with WMSHs (grade 3 
or 4), MRSI voxels were selected to include 
as much of a WMSH as possible. The larg- 
est lesions were most frequently in the 
posterior (parietal) region of the centrum 
semiovale (immediately above the corpus 
callosum), in the periventricular region for 
the WMSH group, in the anterior region 
for IVD patients, and in the middle region 
for the probable Alzheimer disease sub- 
jects. MRSI voxels from the WMSHs of the 
subjects without dementia were filled 
completely with abnormal-appearing 
white matter, voxels from WMSHs of the 
IVD group had a filling factor of approxi- 
mately 80%, whereas voxels from the 
ADGZ and ADG3 groups were filled to 
approximately 30% and 60%, respectively, 
with abnormal-appearing white matter. 
We also selected MRSI voxels contralateral 
to the WMSH in a location of NAWM that 

was exactly opposite to the WMSH or as 
close as possible to an exactly opposite 
position in the other brain hemisphere. 

Spectral analysis.-For further analysis, 
the extracted spectra were transferred to a 
Sun 3/60 workstation (Sun Microsystems, 
Mountain View, Calif) equipped with 
NMRl software. They were then fitted by 
an operator blinded to the origin of the 
spectra and the severity of the disease. 
After manual setting of the baseline mid- 
way through the noise, three Gaussian 
peaks were fitted to the three major reso- 
nances in the spectra (Cho, creatine-con- 
taining metabolites [Cr], and NAA). Con- 
vergence was usually achieved after less 
than 15 iterations. Individual signal inte- 
grals were used to calculate metabolite 
signal ratios and metabolite percentages 
(metabolite percentage [%metabolite] is 
defined as the signal intensity integral of a 
metabolite divided by the sum of all me- 
tabolite signal intensity integrals). 

Statistical Analysis 
Mean values and standard errors of six 

metabolite measures (%NAA, %Cho, %Cr, 
NAA/Cho, NAA/Cr, and Cho/Cr) were 
computed in each disease group for six 
brain subregions (anterior, middle, and 
posterior in the left and right hemi- 
spheres). Also, the following statistical 
analyses were performed. 

Effects of hemisphere, region, sex, age, and 
W M S H  grade.-To determine whether 
there were systematic differences in me- 
tabolite concentrations in the control 
group between hemispheres (left and 
right), between regions (anterior, middle, 
and posterior), or by sex, age, or WMSH 
grade, repeated-measures multivariate 
analysis of variance (ANOVA) was applied 
by using BMDP Program 4V (BMDP, Los 
Angeles, Calif'). The dependent variables 
were the six metabolite measures (%NAA, 
NAA/Cho, NAA/Cr, %Cho, %Cr, Cho/ 
Cr); side, region, and sex were grouping 
variables, and WMSH grade and age were 
covariants. 

Effects of WMSHs.-To determine 
whether in any of the disease groups 
there was a significant decrease in %NAA, 
NAA/Cho, NAA/Cr, and %Cr and a sig- 
nificant increase in %Cho and CholCr on 
the WMSH side compared with the con- 
tralateral NAWM side, nonparametric 
paired Wilcoxon tests were applied with 
the SPLUS statistical system (Statistical 
Sciences, Seattle, Wash). 

Group effects.-To determine whether 
metabolite levels on the WMSH side or the 
contralateral side in any of the disease 
groups were substantially different from 
those in the control group (we hypoth- 
esized that %NAA, NAA/Cho, NAA/Cr, 
and %Cr would be smaller and %Cho and 
Cho/Cr larger on both the WMSH and 
NAWM sides than in control subjects), re- 
peated-measures ANOVA with missing 
data was applied for each disease group, 
with BMDP Program 5V. Because BMDP 
Program 5V does not perform multivariate 
ANOVA, a separate repeated-measures 
ANOVA was done with each of the six 
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metabolite measures as the dependent 
variable and disease status (normal or ab- 
normal) and brain regions as the indepen- 
dent variables (thus, this analysis adjusts 
for regional differences). Missing-data 
methods (36) were used to adjust for the 
presence of more spectra for the control 
subjects than for the disease groups. For 
the control subjects, anterior, middle, and 
posterior spectra on both the left and right 
side were available, while for the patients, 
only a spectrum from the largest WMSH 
and a spectrum from the homologous lo- 
cation in the contralateral NAWM were 
present. 

A X' test with Yates correction was used 
to compare the MR imaging grades for 
ventricular dilatation and sulcal widening 
between groups. 

Standard correlations and linear regres- 
sion were performed to study the relation- 
>hip between metabolic values (%Cho, 
%NAA, and NAA/Cho), morphologic grades 
(ventricular dilatation, sulcal widening, 
and WMSH grades), and neuropsycho- 
logic tests (MMSE and NCSE scores). 

minus one standard error, and P < .OS 
was considered statistically significant. 

All values are expressed as mean plus or 

RESULTS 
MR Imaging and 
Neuropsychologic Data 

The results of the MR imaging and 
neuropsychologic tests are listed in 
Table 1. The mean WMSH grade for 
the control group was 1.4 -C 0.2. The 
mean grade for subjects without de- 
mentia but with WMSHs was 3.4 f. 
0.2. Subjects in the two Alzheimer dis- 
ease groups had grades of 2 and 3. 
The IVD group had a mean grade of 
3.5 t 0.2. 

Subjects with WMSHs but without 
dementia had considerable ventricu- 
lar dilatation (grade = 1.4 k 0.5). The 
ADG2 group had minimal ventricular 
dilatation (grade = 0.3 2 0.3), while 
the ADG3 group showed marked 
ventricular dilatation (grade = 1.4 f 
0.6). The ventricular dilatation grade 
in the Alzheimer disease group 
(ADG2 and ADG3 subjects together) 
correlated significantly with the 
WMSH grade ( r  = .5, P = .05). The 
IVD group also showed ventricular 
dilatation (grade = 1.0 ~f: 0.3). In most 
groups, the sulcal widening grade 
was similar to the corresponding ven- 
tricular dilatation grade. 

The neuropsychologic data show 
that subjects without dementia but 
with WMSHs had lower Blessed scores 
than control subjects without WMSHS. 
The ADG2 group had markedly di- 
minished MMSE and Blessed scores, 
and these scores were even lower in 
the ADG3 group. Scores for the IVD 
group were similar to those of the 
ADG2 patients. 

Table 1 
Description of Subjects: MR Imaging Grades and Neuropsychologic Test Scores 

MR Imaging Grade Neuropsychologic Scores 

Blessed Grouu WMSH V D  sw MMSE 
~ 

32.3 1c- 0.2 
25.5 2 0.9 
16.7 2 2.0 

Control (n = 21) 1.4 rt 0.2 0.2 2 0.1 0.6 5 0.2 29.4 2 0.2 
WMSH (n = 8) 3.4 rt 0.2 1.4 2 0.5 1.1 2 0.4 28.5 rt 0.4 
A m 2  (n = 6) 2.0 rt 0.0 0.3 2 0.3 0.3 rt 0.2 18.0 t 2.3 
A D G ~  in = 5j 3.0 rt 0.0 1.4k 0.6 1.4 rt 0.6 12.6 2 2.3 13.5 c 1.3 
IVD (n = 8) 3.5 rt 0.2 1.0 t 0.3 1.0 2 0.3 18.0 rt 2.4 16.4 k 2.7 

Note.-Values are mean -t standard error of the mean. IVD = patients with ischemic vascular de- 
mentia grades 3 and 4 with W M S H s  on MR images, SW = sulcal widening, VD = ventricular dilatation, 
WMSH = Patients without dementia with grades 3 and 4 WMSHs on MR images. 

Table 2 
H-1 Metabolite Percentages and Ratios from Spectra of Anterior, Middle, and 
Posterior Regions in 21 Control Brains in Elderly Patients with Grade 0, 1, or 2 
WMSHs 

Total H-1 
Signal 

(Arbitrary 
Region Units) %NAA %Cho %Cr NAA/Cho NAA/Cr CholCr . 

Anterior 0.50 2 0.04 55 rt 1' 29 +: It 16 rt 1' 1.93 rt 0.09+ 3.39 rt 0.12* 1.82 rt 0.09' 
Middle 0.53 2 0.05 58 rt 1 25 t 13 17 t 1 2.41 2 0.108 3.56 2 0.14 1.51 2 0.06' 
Posterior 0.48 -C 0.04 57 t 1 24 -T 1 19 rt 11 2.38-tO.08 2.96 rt 0.0711 1.272 0.05" 

Note.-Values are mean * standard error of the mean. 
P < .O1 between anterior and middle by repeated-measures multivariate ANOVA. 
P < ,001 between anterior and posterior by repeated-measures multivariate ANOVA. 

t P < .01 between anterior and posterior by repeated-measures multivariate ANOVA. 
5 P < .001 between anterior and middle by repeated-measures multivariate ANOVA. 

P < .05 betweendiddle and posterior by repeated-measures multivariate ANOVA. 
11 P < .01 between middle and posterior by repeated-measures multivariate ANOVA. 

Figure 1 shows an MR image and 
single-voxel H-1 MRSI spectra ob- 
tained from different brain regions of 
an elderly control subject. Figure 2 
shows an MR image and H-1 MRSI 
spectra from a subject without de- 
mentia but with extensive WMSHs. 
The single-voxel spectra displayed 
were from regions of WMSH and 
NAWM. 

(P < .001). NAA/Cr was lower in the 
posterior region (2.96 k 0.07) than in 
the anterior (3.39 f 0.12) and middle 
(3.56 -c 0.14) regions (P < .01). CholCr 
was highest in the anterior region 
(1.82 -c 0.09) and lowest in the poste- 
rior region (1.27 f. 0.05) (P < ,001). 
These results demonstrate that there 
were statistically significant regional 
differences in these metabolites in the 
control subiects. For this reason, the 

Regional Metabolite Changes in 
~~~i~~ of Elderly control Subjects 

analysis of changes in regions ire- 
sented below used repeated-measures 
ANOVA to adiust for renional differ- . _. 

H-1 metabolite percentage and ratio ences in brain'metabolit& 
data obtained from anterior, middle, 
and posterior brain regions of 21 el- 
derly control subjects with grades 
0-2 WMSHs are listed in Table 2. Per- 
centage NAA in the anterior region 
(55% f 1) was significantly less (P < 
.01) than in the middle region (58% -C 
1). In contrast, %Cho was significantly 
greater (P < .001) in the anterior re- 
gion (29% * 1) than in the middle 
(25% 5 1) or posterior (24% -C 1) re- 
gions. Percentage Cr was higher in 
the posterior region (19% 2 0) than in 
the anterior region (P < .01). NAA/ 
Cho was lower in the anterior (1.93 k 
0.09) than in the middle (2.41 -C 0.10) 
and posterior (2.38 -C 0.08) regions 

H-1 Metabolites in  WMSH and 
Contralateral NAWM Regions for 
Different Disease Groups 

Percentage metabolite and metabo- 
lite ratio data for WMSH and contra- 
lateral NAWM regions for the differ- 
ent patient groups are listed in Table 
3. For subjects without dementia but 
with WMSHs, there were no statisti- 
cally significant differences between 
the WMSH and NAWM regions. Simi- 
larly, for the ADG2 patients, there 
were no significant differences be- 
tween WMSH and NAWM regions. In 
contrast, ADG3 patients showed sta- 

Table 3 
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Table 3 
H-1 Metabolite Percentages and Ratios from Spectra of WMSH and Contralateral NAWM Regions in 
Different Diseases with W S H s  

% N M  %Cho %Cr NAA/Cho NAA/Cr Cho/Cr 

Group WMSH NAWM WMSH NAWM WMSH NAWM WMSH NAWM WMSH NAWM WMSH NAWM 

WMSH 54 2 1 5 5 2  1 282 1 27.c 1 1 8 2  1 1 8 2  1 1.97 2 0.10 206 2 0.14 3.12 2 0.25 3.09 .c 0.11 1.622 0.14 1.56 20.14 
ADG2 5 1 2 4 '  5 7 2 3  3 2 2  5t 2 5 2 2  174-2 1 8 2  1 1.86t0.37 2.4320.28 3.2520.32 32720.44 2.3220.68 1.36-cO.09 
ADG3 54 2 2* 58 2 2 27 2 1$ 23 2 2t 19 2 It 19 2 1 2.03 +' 0.16$ 2.64 2 0.26 2.92 2 0.15 3.16 2 027 1.47 2 0.10*$ 1.24 2 0.13 
ND 51 2 8  53.c 1 31 2 2 t t  2 7 2  1 1 7 2  1** 202 1 1.75 +' 0.20 2.0020.07 3.0920.25'' 2.6620.11 1 . 9 0 2 0 B t ~  1.342O.Ob 

Note.-Values are mean 2 standard error of the meam statistical sisruficances were adjusted for regional differences as stated in Materials and Methods. 

P < .01 between disease and elderly control groups (regional mean values in Table a) (repeated-measures ANOVA adjusted for missing data). 
P < .05 between disease and eldedy control group (regional mean values in Table 2) (repeated-measures ANOVA adjusted for missing data). * P c .05 between WMSH and NAWM regions (paired Wilcoxon test). 

4 P < .01 between WMSH and NAWM regions (paired Wilcoxon test). 

IVD = Patients with ischemic vascular dementia with grades 3 and 4 W H s  on MR images, WMSH = patients without dementia with grades 3 and 4 WMSHs 
on MR images. 

tistically significant changes in WMSH 
regions compared with NAWM re- 
gions: %NAA was lower (54% +- 2 vs 
58% +- 2) (P < .05), %Cho was higher 
(27% 5 1 vs 23% +- 2) (P < .05), NAA/ 
Cho was lower (2.03 f 0.16 vs 2.64 +- 
0.26) (P < .05), and Cho/Cr was higher 
(1.47 f 0.10 vs 1.24 2 0.13) ( P  < .05). 

Patients with IVD also had statisti- 
cally significant changes in WMSH 
regions compared with NAWM re- 
gions: %Cho was higher (31% +- 2 vs 
27% -C 1) (P < .05), %Cr was lower 
(17% 2 1 vs 20% f 1) (P < .05), and 
Cho/Cr was higher (1.9 2 0.2 vs 1.34 -e 
0.06) (P < .01). No statistically signifi- 
cant ratio differences between WMSH 
and contralateral NAWM regions 
were seen in the WMSH and ADG2 
patients. No lactate was detected in 
any of the spectra from WMSH or 
NAWM regons. 

Corn arisons of H-1 Metabolites in 
WM8H and NAWM Regions 
between Disease and Control 
Groups 

Tables 2 and 3 also show the statis- 
tical significance of comparisons be- 
tween WMSH and NAWM regions in 
disease groups and similar regions in 
control subjects without dementia. 
Statistical testing was performed with 
repeated-measures ANOVA (with 
disease status and region as the inde- 
pendent variables) adjusted for miss- 
ing data as described in Materials and 
Methods. When the WMSHs in sub- 
jects with disease were compared 
with similar regions in control sub- 
jects, significant differences were ob- 
served in the following groups: In the 
ADG2 group, WMSHs showed a sig- 
nificant reduction in %NAA (P < .01) 
and a significant increase in %Cho 
(P < .05); in the ADG3 group, WMSHs 
showed a significant increase in %Cr 

Volume 197 Number 2 

(P < .05) and a decrease in Cho/Cr 
( P  < .01). The WMSHs in the IVD 
group showed significant reductions 
in %NAA ( P  < .01) and NAA/Cr ( P  < 
.Ol), a significant increase in %Cho 
( P  < .05), a significant increase of 
Cho/Cr (P < .05), and a significant 
change in %Cr (P < .01) compared 
with the control subjects. In NAWM 
regions of the ADG3 group, %Cho 
was significantly decreased relative to 
the control subjects (P < .05). 

DISCUSSION 
The major findings in these experi- 

ments were the following: (a)  statisti- 
cally significant differences in re- 
gonal metabolite levels in elderly 
control subjects, (b) significant differ- 
ences in H-1 metabolite levels in 
WMSH regons relative to contralat- 
eral NAWM regions in the ADG3 and 
IVD groups, (c) no significant changes 
in metabolite levels in the large and 
extensive WMSHs of control subjects 
without dementia relative to their 
contralateral NAWM regions, and 
( d )  significant differences in metabo- 
lite levels between the disease and 
control groups. 

The results in Table 2 demonstrate 
that the distribution of metabolites is 
different in different brain regions of 
elderly control subjects with grades 
0-2 WMSHs. NAA and Cr signal in- 
tensity was greater in the posterior 
region of the brain, while Cho signal 
intensity was greater in the anterior 
region. These changes could not be 
due to 81 field inhomogeneities of the 
radio-frequency coil, because any coil 
inhomogeneity would affect metabo- 
lite resonances in a given voxel equally 
and thus could not explain the ob- 
served regional differences in metabo- 
lite ratios in the control subjects. Also, 

these differences in ratios cannot be 
due to partial-volume effects of cere- 
brospinal fluid and tissue, because 
these effects would change all me- 
tabolite values in the same propor- 
tion. Previously, this laboratory (28) 
and other investigators (29) have 
shown similarly different metabolite 
distributions throughout the brain. 
These results emphasize that regional 
effects must be accounted for in any 
comparison of brain metabolites be- 
tween a disease population and con- 
trol subjects. Therefore, to account for 
regional differences in this analysis, a 
repeated-measures ANOVA with 
missing data was applied to each pa- 
tient group. 

The second major finding of this 
study was that in the ADG3 and IVD 
groups, WMSHs were associated with 
statistically significant changes in me- 
tabolite levels relative to the contralat- 
eral NAWM region. In both groups, 
%Cho and Cho/Cr were higher in 
WMSHs than in the contralateral 
NAWM region. Also, in the ADG3 
group, %NAA and NAA/Cho were 
lower in the WMSHs than in the con- 
tralateral NAWM region. Findings in 
ADG2 patients showed a similar 
trend, which was not significant. 
Since NAA is considered to be a neu- 
ronal marker (3740), a reduced NAA 
level is consistent with the view that 
WMSHs in Alzheimer disease are as- 
sociated with decreased neuronal 
and/or axonal density. Presumably, 
an increased % Cho in WMSHs re- 
flects changes in membrane lipids 
(41). The importance of this finding is 
that WMSHs must be considered in 
the analysis of data obtained from 
brains of elderly subjects with demen- 
tia or other diseases. For example, if i t  
is found that in Alzheimer disease 
patient metabolite levels are signifi- 
cantly different than in control sub- 
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jects, it may be that the Alzheimer 
disease brains have more severe 
WMSHs, which correlate with the me- 
tabolite changes. The WMSHs in Alz- 
heimer disease may (or may not) be 
due to pathologic processes that are 
independent of the Alzheimer disease 
process. Therefore, it is necessary to 
control for WMSHs to determine with 
certainty whether Alzheimer disease 
or other disease processes are respon- 
sible for causing metabolic changes. 

Table 3 shows that there were no 
statistically significant metabolite &f- 
ferences between the WMSHs and the 
contralateral NAWM side in the group 
without dementia. These results con- 
firm our previous findings obtained in 
a smaller cohort of subjects (27). How- 
ever, the present data fail to confirm 
our previous finding of a statistically 
significant higher %Cho in WMSHs of 
the WMSH group and control subjects 
(27). The trends for reduced %NAA and 
NAA/Cho in the WMSHs of the WMSH 
group compared to NAWMs in con- 
trol subjects support our earlier find- 
ings (27). A study of a larger number 
of elderly subjects without dementia 
but with WMSHs may establish statis- 
tical significance for these trends, be- 
cause the magnitude of the changes is 
small. 

No statistically significant changes 
between WMSH and NAWM regions 
in the ADG2 group were found. How- 
ever, Table 3 suggests a statistical 
trend toward %NAA reduction and 
%Cho increase in the WMSHs of the 
ADG2 group. Therefore, statistically 
significant changes in the ADG3 
group represent a pattern similar to 
that of the ADG2 group and to that of 
elderly subjects without dementia but 
with WMSHs. 

The factors responsible for changes 
in metabolite levels in brain regions 
associated with WMSHs are uncer- 
tain. The most likely possibility is that 
WMSHs represent pathologic changes 
produced by ischemia and/or infarc- 
tion (3,11,12,42-47). Neuron loss, which 
has been reported in these regions 
(3,11,12,42-47), is likely responsible 
for diminished NAA levels. Changes 
in cell composition (eg, gliosis) or in 
cell metabolism may be responsible 
for changes in other metabolites. 
There are many reports of increased 
lactate in human brain regions associ- 
ated with stroke (34,48-50), and there 
was a recent report of increased lac- 
tate in five of 13 patients with WMSHs 
(see below) (47). In contrast, in two 
previous reports from this laboratory 
(23,27) and in the present study, lac- 
tate was not observed; this suggests 
that ongoing ischemia is not occur- 

r 

, 

ring in WMSHs. A second explanation 
for the metabolic changes in WMSHs 
is that WMSHs do not represent a 
specific pathologic process; rather, it 
is possible that WMSHs in patients 
with Alzheimer disease (16-18) are 
secondary to the underlying patho- 
logic process, while the WMSHs in 
IVD (14,15) are secondary to ischemia 
and/or infarction. For example, le- 
sions associated with multiple sclero- 
sis (which differ pathologically from 
WMSHs in elderly brain) are also as- 
sociated with diminished NAA levels 
and increased Cho levels (51,52). 
Therefore, the metabolic changes de- 
tected with H-l MRSI are not highly 
specific and do not necessarily iden- 
tify specific disease processes. 

Recently, Oppenheimer et a1 (47) 
reported an H-1 MR spectroscopy 
study of asymptomatic WMSHs. That 
study differed from the present work 
because none of the patients had de- 
mentia and four patients had experi- 
enced a previous stroke. Furthermore, 
that study used the single-volume 
PRESS method (47) to obtain spectra 
from the WMSHs. The results showed 
reduced NAA levels in the WMSHs 
relative to normal control brains, simi- 
lar to the results in the present study. 
In contrast to the present study and 
to previous work from this laboratory 
(23,27), Oppenheimer et a1 (47) found 
increased lactate in WMSHs of five of 
the 13 patients. This difference may 
be due to inclusion of patients with 
clinically significant carotid artery dis- 
ease (47). 

In addition to the partial-volume 
problems discussed above, there are 
several limitations to the present 
study. First, metabolite levels are re- 
ported as relative, not absolute, val- 
ues. Molar quantitation of H-1 MRSI 
data has been described, but its appli- 
cation to clinical studies has been lim- 
ited (48,49). It is therefore possible 
that WMSHs are associated with a 
global decrease in metabolite concen- 
trations. Second, the H-1 MRSI tech- 
nique that was used measured me- 
tabolite levels only in a single section, 
limiting the study of WMSHs to the 
region of the centrum semiovale. Re- 
cently, multisection echo-planar MRSI 
that increases the brain volume under 
observation and reduces data acquisi- 
tion times was reported (53). In the 
future, such multisection techniques 
should be useful for evaluating most 
of the brain in a single experiment. A 
third limitation is that in these stud- 
ies, an echo time of 272 msec was 
used. Other investigators have re- 
ported initial results with H-1 MRSI 
techniques at echo times as short as 20 

msec (54). Shorter echo times provide 
higher signal-to-noise ratios and al- 
low detection of metabolites other 
than NAA, Cho, and Cr (55). 

Notwithstanding these limitations, 
the results show that in Alzheimer 
disease patients with grade 3 WMSHs 
and in IVD patients with grade 3 and 
4 WMSHs, the WMSHs are associated 
with statistically significant H-1 me- 
tabolite changes. Therefore, the re- 
sults establish that the presence of 
WMSHs is an important Covariant 
that must be accotlnted for in the 
analysis of MR spectroscopy data ob- 
tained from elderly subjects. 
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