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Fifteen drug-free patients with early to mid-stage Huntington's disease (HD) were evaluated with positron emission 
tomographic (PET) scans of 'sF-2-fluoro-2-deoxy-~glucose uptake and quantitative measures of neurological function, 
learning, memory, and general intelligence. In comparison with a group of normal volunteers, the HD patients showed 
lower metabolism in both caudate (p  < 0.001) and putamen (p < 0.001) on PET scans. A significant and positive 
relationship was found between neuropsychological measures of verbal learning and memory and caudate metabolism 
in the patient group but not in the normal group. Visual-spatial learning did not reflect a similar pattern, but 
performance intelligence quotient was positively related to both caudate and putamen metabolism in the HD group. 
Vocabulary level was unrelated to either brain structure. Discussion focuses on these and other observed brain- 
behavior relationships and on the implications of these findings for general behaviors such as those involved in coping 
and adaptation. 
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Huntington's disease (HD) is a dominantly inherited 
disorder that usually s t a r t s  about age 40 years and pro- 
gresses over a 10- to 30-year period [lb, 21). Early 
neurological signs of the disease include chorea, de- 
creased fine motor coordination, and slowed saccadic 
eye movements 17, 11, 23-25, 321. Behavioral signs 
that occur later in the progression of the disease in- 
clude dysarthria, rigidity, bradykinesia, and dystonia 

There is substantial evidence that as HD develops, 
there is corresponding and progressive neuronal loss, 
increased cognitive impairment, and worsening capa- 
city to perform the activities of daily living. Patho- 
logically, HD is characterized by marked neuronal loss 
in the caudate nucleus and putamen {5 ,  15, 30) but 
few or no cortical abnormalities {30). The general be- 
havioral decline in HD has been evaluated using stan- 
dardized rating scales of functional capacities 17, 11, 
23-25, 31, 32). Less is known, however, about the 
specific cognitive impairments that possibly subserve 
these more general disabilities. The documented cog- 

19, 11, 23-25, 32). 

nitive impairment in HD appears to proceed in a regu- 
lar fashion that mirrors the physiological deterioration 
I6, 71. 

Until recently, there has been little opportunity to 
study the relationships that might exist between ob- 
served behavior and underlying physiological pro- 
cesses. With the advent of positron emission tomo- 
graphic (PET) techniques, however, a direct comparison 
between behavior, metabolism, and structural integrity 
of the nervous system has become possible. Studies 
with PET have already revealed a significant reduction 
in caudate metabolism in patients with early HD who 
show little or no atrophy as measured structurally by 
computed x-ray tomography (CT) 112, 13, 31). Other 
studies have examined patients in various stages of 
their illness to investigate the relationship between 
brain aetabolism and neurological features 113, 14, 
191. In earlier work 1311, we demonstrated a relation- 
ship between metabolism and functional aspects of be- 
havior that, it was hypothesized, would be directly re- 
lated to the function of the area of the brain being 
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imaged. Using this approach, it was possible to demon- 
strate that reductions in metabolism could be detected 
with PET before structural changes in brain could be 
measured using CT. We also presented observations 
on general behavioral efficiency and neurological signs. 
The present work focuses on cognitive abilities such as 
verbal and visual learning and seeks to relate these 
variables to the metabolic function in regions of brain 
that are known to be affected in HD. 

- 

Materials and Methods 
Fifteen patients with the diagnosis of adult-onset HD were 
scheduled for 2 days of examinations. Diagnoses were deter- 
mined by family history and physical examination. Informed 
consent was obtained following a full explanation of the pro- 
cedures to be undertaken. All studies reported here were 
done at least 1 month after discontinuation of any medica- 
tions. During a 2-day period, each patient received a PET 
scan using '8F-2-fluoro-2-deoxy-D-glucose ( 18F-FDG). In ad- 
dition, each patient received a quantitative neurological ex- 
amination and evaluation for functional capacity, as described 
previously [ 3 11, and a neuropsychological evaluation using 
standardized psychometric techniques. 

Patients ranged in age from 25 to 60 years (mean age = 
40.5 years). Fourteen normal volunteers ranged from 25 to 
65 years (mean age = 37.5 years). Patients included in these 
studies were in stages 1(5 patients), I1 (9 patients), or I11 (1 
patient) of HD as defined by the Shoulson and Fahn scale 
1261. This scale characterizes patients in terms of symptom 
severity, with stage I being the least severe and stage 111 
being moderately severe. 

All patients were scanned on a Cyclotron Corporation 
PCT 4500A tomograph (a 3-ring, 5-slice, 96-detectorlring 
tomograph) according to previously described techniques 
[3 11. The spatial resolution of the scanner was 1 1 mm in the 
x-y plane and 8.8 mm in the z plane. Metabolic data from 
each scan were analyzed by a technique described in detail 
elsewhere 131). All patients were positioned in the scanner 
so that the slices were parallel to the canthomeatal line. 
Briefly, the slice corresponding to 0" section, number 8 or 9 
from the CT atlas of Matsui and Hirano [ 171, was analyzed in 
detail for each patient. In cases where two sections appeared 
equally to approximate this slice, data were obtained on both 
slices and averaged. Cross-sectional histograms were ob- 
tained as follows: (1) the caudate nucleus (halfway between 
the rostral edge of the thalamus and the frontal cortex ante- 
rior to the ventricles); (2) the putamen (halfway between the 
caudate cross-section and the rostral edge of the thalamus); 
and (3) the middle of the thalamus. By inspection of the 
cross-sectional histograms, it was possible to observe the 
maximum glucose metabolic rate over the head of the cau- 
date in all the normal volunteers and the HD patients. Al- 
though caudate metabolism in some of the patients was very 
low, there was an indication of a shoulder on the cross- 
sectional histogram that allowed the determination of cau- 
date metabolism at the inflection of the curve 13 l}. Values of 
caudate, putamen, and thalamus local cerebral metabolic rate 
for glucose (ICMRGlc) were taken as an average of data from 
1 X 3 pixel regions of interest (ROIs) on a 64 X 64 pixel 
matrix reconstruction of the PET scan data. Values associ- 

Pig 1. Positron emission tornograph ofa normal uolunteer. 

Pig 2.  Positron emission tornograph of a patient wi th  Hunting- 
ton's disease, stage II. 

ated with each of the ROIs were normalized to the cortical 
values at the same level as the ROI, as in our previous work 
[31]. Figures 1 and 2 show PET scans for a normal volunteer 
and for an HD patient, respectively. Four of the 15 patients 
had mild to moderate caudate atrophy on CT scan [3 13, but 
the method of estimating peak caudate metabolism by the 
histogram technique minimizes partial volume problems. 

The psychological test scores used in this work were 
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Table I. Comparison of Metabolic Activity and Psychological Test Scores for Huntington's Diseuse Patients 
and Age-matched Normal Controls 

HD Patients 
Normal 
Subjects 

Variable Mean (SD) Mean (SD) Significance" 

Age (yrs) 
~CMRGIC~ 

Caudatelcortex 
Putamen/cortex 
Thalamus/cortex 

WMS 
MQ 
Verbal learning (VII) 
Visual learning (VI) 

FSIQ 
PIQ 
Vocabulary 
Digit symbol 

WAIS-R 

40.5 

0.47 
0.59 
1.08 

94.00 
13.17 
7.60 

86.20 
84.58 
8.00 
4.90 

(10.30) 

(0.19) 
(0.2 1) 
(0.15) 

( 1 3.70) 
(3.30) 
(2.80) 

(10.60) 
(10.00) 
(1.50) 
(1.90) 

37.5 

0.91 
1.05 
0.97 

127.00 
19.83 
12.80 

116.18 
113.90 

12.08 
11.00 

(13.30) 

(0.10) 
(0.07) 
(0.1 1) 

(11.50) 
(1.30) 
(1.50) 

(13.20) 
(15.10) 
(2.30) 
(2.90) 

NS 

co.01 
co.01 
NS 

<0.01 
co.01 
<0.01 

co.01 
<o.o 1 
<0.01 
<0.01 

"Significance expressed as p values for t test of Huntington's disease patients versus normal controls. 
bValues of peak metabolic activity in the caudate, putamen, and thalamus were each normalized to cortical metabolism at the same level (as 
assessed by 1 X 3 pixel regions of interest on the histogram) 1311. 
HD = Huntington's disease; SD = standard deviation; lCMRGlc = local cerebral metabolic rate for glucose; WMS = Wechsler Memory 
Scale; WAIS-R = Wechsler Adult Intelligence Scale-Revised; FSIQ = full-scale intelltgence quotient; NS = not significant. 

derived from commercially available and standardized instru- 
ments and include the Wechsler Memory Scale-Form I 
(WMS) and the Wechsler Adult Intelligence Scale-Revised 
(WAIS-R). This work focused on aspects of learning and 
memory in patients with HD. Two subtests were chosen 
from the WMS for specific comparisons between the HD 
patients and normal controls-immediate recall on subtest 
VI as an index of visual learning and subtest VII as a measure 
of verbal learning. The WMS summary score, MQ, was also 
completed by employing a modified but standard system {20, 
291. The Full Scale Intelligence Quotient (IQ) from the 
WAIS-R was also estimated using a standard prorating for- 
mula 1271. Two scales of the WAIS-R were chosen for anal- 
yses. These were the age-corrected vocabulary score and the 
digit symbol subtest. These scales provided an additional 
measure of verbal performance and visual psychomotor per- 
formance, respectively. In all cases, tests were administered 
in standard fashion by trained technicians who were unaware 
of the patient's specific clinical or PET-metabolic classifica- 
tion. 

Data from scans, clinical evaluations, and psychometrics 
were entered into the University of Michigan's computer 
terminal system (MTS), and the system's Amdahl 5860 
was used in conjunction with the investigators' laboratory 
microcomputers for statistical analyses. In addition to sim- 
ple description, these analyses included Pearson product- 
moment correlations and standard t tests. The continuous 
and normally distributed nature of the psychometrically 
derived data in these studies allowed the use of these para- 
metric statistical procedures. 

Results 
As pointed out in previous work 1311, compared with 
normal control subjects, the HD group had signifi- 

cantly lower metabolic activity of "F-FDG in the cau- 
date and putamen nuclei but not in the thalamus (see 
Figs 1 and 2 and Table 1). Although the control sub- 
jects were younger as a group than the HD patients, 
the difference in age was not significant. The control 
subjects had significantly higher general intellectual 
ability as measured by the WAIS-R than the HD pa- 
tients. Approximately 30% of the HD patients and 
80% of the normal volunteers had received education 
beyond the high school level. Although eighty per- 
cent of the HD patients completed at least 12 years 
of schooling, the control subjects had higher educa- 
tion levels (mean = 14.8 years, SD = 2.2) than the 
HD patients (mean = 12.3 years, SD = 1.9) (t = 
3.09; p < 0.01). 

Correlational relationships between PET measures 
and neuropsychological test results are presented in 
Table 2. The relationship between '*F-FDG metabo- 
lism and MQ was significant only for the caudate nu- 
cleus in the HD patients. Although the magnitude of 
the relationship in the putamen and thalamus could be 
considered a trend in these patients, there appeared to 
be no functional relationship between these areas of 
brain and memory in the normal volunteers. 

The relationship between WMS scores and caudate 
metabolism was very strong for verbal (paired- 
associate) learning. No significant relationship was ob- 
served between visual-spatial learning on this test (i.e., 
WMS) and metabolism in the basal ganglia. No sig- 
nificant relationship was found between the vocabulary 
score on the WAIS-R (a measure of general verbal 
ability but one that is different from that reflected in 
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Table 2. Compa?-iron of Local Cerebral Metabolic Rates 
for Glucose for Huntington’s Disease Patients 
and for Normul Volunteers 

Table 3 .  Correlational Relationships between Behavioral 
Measures-Quantitative Neurological and Psychometric 

Comparison rX.V P 
HD Patients Normal Subjects 

Comparison r P r P 
Resting Chorea to 

Verbal Learning (VII) 
Visual Learning (VI) 

Vocabulary 
Digit Symbol 

Verbal Learning (VII) 
Visual Learning (VI) 

Vocabulary 
Digit Symbol 

Verbal Learning (VII) 
Visual Learning (VI) 

Vocabulary 
Digit Symbol 

WAIS-R, FSIQ 

Total Functional Capacity to 

WAIS-R, FSIQ 

Rapid Alternating Movement to 

WAIS-R, FSIQ 

<0.05 
NS 
NS 
NS 
<0.01 

-0.53 
+ 0.02 
- 0.02 
+ 0.07 
- 0.68 

~~~~~~ 

Caudate to 
WMS, MQ 
Verbal (VII) 
Visual (VI) 
FSIQ 
PIQ 
Vocabulary 
Digit Symbol 

WMS, MQ 
Verbal (VII) 
Visual (VI) 
FSIQ 
PIQ 
Vocabulary 
Digit Symbol 

WMS, MQ 
Verbal (VII) 
Visual (VI) 
FSIQ 
PIQ 
Vocabulary 
Digit Symbol 

Caudate to 
Putamen 

Caudate to 
Thalamus 

Putamen to 
Thalamus 

Putamen to 

Thalamus to 

NS 
NS 
NS 
NS 
NS 
NS 
NS (0.14) 

+ 0.67 
+0.73 
- 0.04 
+ 0.46 
+0.70 
+0.19 
+0.79 

<0.01 
<0.01 
NS 
NS 
c0.05 
NS 
<0.01 

- 0.07 
- 0.38 
+0.39 
-0.01 
- 0.12 
- 0.3 1 
- 0.45 

+ 0.67 
- 0.09 
+0.37 
+ 0.23 
+ 0.75 

<0.01 
NS 
NS 
NS 
co.01 + 0.50 

+ 0.50 
+ 0.02 
+0.38 
+ 0.66 
+0.30 
+ 0.85 

NS (0.07) 
NS (0.06) 
NS 
NS 
<0.05 
NS 
<0.01 

-0.13 
- 0.48 
+ 0.28 
-0.10 
-0.35 
-0.12 
- 0.68 

NS 
NS (0.11) 
NS 
NS 
NS 
NS 
<0.01 

-0.58 
- 0.20 
-0.37 
-0.21 
-0.76 

<0.05 
NS 
NS 
NS 
<0.01 

r = Pearson product-moment correlation coefficient; p = signih- 
cance level; NS = not significant; WAIS-R = Wechsler Adult Intel- 
ligence Scale-Revised; FSIQ = full-scale intelligence quotient. 

+0.41 
+ 0.47 
+ 0.20 
+0.33 
+ 0.06 
+ 0.02 
+0.02 
+ 0.91 

NS 
NS (0.09) 
NS 
NS 
NS 
NS 
NS 
<0.01 

-0.16 
+ 0.05 
-0.53 
-0.26 
- 0.25 
+0.18 
-0.07 
+0.70 

NS 
NS 
NS (0.07) 
NS 
NS 
NS 
NS 
<0.01 

oration of the neuroanatomical structures that sub- 
serve the affected abilities. The findings are more com- 
plex in their implications than they may at first seem, 
however. To the extent that these correlational obser- 
vations reflect actual structural changes, they suggest 
specific, as well as general, effects of disease progres- 
sion in HD. The HD patients as a group functioned 
below normal on all cognitive measures (in comparison 
with the normal control subjects in this study and in 
relation to published norms for the standardized tests). 
At the same time, different functional relationships 
appeared to exist between the structures of the brain 
that are affected in HD and the various abilities as 
measured here. For instance, the degree of hypome- 
tabolism of the caudate was found to have a strong 
correlation with performance on the verbal learning 
task but not with performance on the visual learning 
task. Furthermore, this relationship was specific to this 
structure of the basal ganglia, and no such relationship 
was evident for the thalamus or even the putamen. 
The absence of a significant relationship between the 
putamen and task performance is especially intriguing 
because metabolism itself was highly correlated be- 
tween the caudate and the putamen. One might an- 
ticipate that they would both correlate with behavioral 
function, or dysfunction, but they do not. 

If it is true that both general and specific abilities are 
adversely affected in HD, one might speculate that 
cortical, as well as subcortical, regions of brain are in- 
volved. From a neuropsychological point of view, 
Seidenberg and associates [ 22 )  have shown that gen- 
eral intelligence as measured by the WAIS-R corre- 

NS -0.21 NS -0.41 

- 0.32 NS -0.16 NS 

r = Pearson product-moment correlation coefficient; p = signifi- 
cance level; NS = not significant; WMS = Wechsler Memory Scale; 
WMS FSIQ = full-scale intelligence quotient. 

the WMS) and metabolism in these same areas of 
brain. 

A significant correlation was found between both 
normalized caudate and putamen lCMRGlc and per- 
formance on the digit symbol subtest of the WAIS-R. 
For the putamen, this relationship held for the normal 
subjects as well as the H D  patients. However, the 
nature of the relationship appeared to be quite differ- 
ent for the two groups. In HD patients there was a 
positive relationship between metabolism and accurate 
performance on this test, but in normal subjects there 
was an inverse relationship (i.e., higher relative metab- 
olism was associated with poorer performance). 

Table 3 presents additional relationships between 
quantitative neurological and psychometric observa- 
tions. 

Discussion 
These findings are consistent with the hypothesis that 
cognitive impairment in HD reflects functional deteri- 
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lates very highly with basic cognitive abilities, as 
reflected in tasks such as the Halstead Test Battery. 
Such correlations in functional aspects of behavior 
could sensitively reflect functional connections that ex- 
ist between the cortex and subcortical structures. From 
a direct functional metabolic point of view, Foster and 
associates [lo] and Berent and associates [21 have pre- 
sented data that support the hypothesis of cortical 
hypometabolism in subcortical dementia (progressive 
supranuclear palsy). Whether by way of structural 
changes or as a reflection of disorder on a functional 
level, it may be that diseased subcortical regions ad- 
versely affect cortical efficiency in these HD patients. 
It should be said, however, that whereas a disturbance 
of higher cortical functions might be invoked to ex- 
plain the impairment of general intellectual ability in 
the population under study, subcortical regions alone 
can probably account for disorders in many specific 
cognitive functions. 

The relationship between verbal learning and hy- 
pometabolism in the caudate nucleus was very specific. 
From a cognitive perspective, the abilities involved 
were not language or intelligence in general, since 
neither vocabulary level nor estimated full-scale IQ 
was found to show statistically significant correlations 
to regions of the basal ganglia. The finding was also 
specific to the HD group; no similar correlation was 
observed in the normal control group. Because verbal 
learning was found to correlate highly with other signs 
and symptoms of HD (e.g., decline in total functional 
capacity), one could query the role of this important 
cognitive ability (i.e., verbal learning) in these phe- 
nomena (see Table 3). There is an intimate relationship 
between basic cognitive abilities such as verbal learning 
and more complex behaviors such as coping and adap- 
tation [l). Such interactions may be reflected in the re- 
lationships that were observed between measures of 
functional capacity, choreic movements, and verbal ac- 
quisition. It is especially interesting that visual learn- 
ing, and even estimated full-scale IQ, failed to corre- 
late with any of these measures-functional capacity, 
chorea, or verbal learning-whereas each of the mea- 
sures was significantly correlated with hypometabolism 
of the basal ganglia. One could speculate that a primary 
disability in coping and adaptation, and even in general 
behavioral efficiency, is based on impairment of the 
specific kinds of verbal ability measured in these pa- 
tients. 

Depression and other behavioral disturbances are 
known to manifest in HD. These behaviors can also 
adversely affect performance on tasks such as those 
tested here. All patients were subjectively judged by 
the examiner to be cooperative and motivated to par- 
ticipate in the studies; however, there was a lack of 
formal quantified measurement of affect. Also, a dif- 
ference was observed between the HD and normal 

groups in terms of education. The generally lower per- 
formance of the HD patients in comparison with the 
normal subjects could theoretically be explained on 
the basis of differences in education or motivation, but 
such factors would seem not to explain easily the cor- 
relational findings that represent the primary focus of 
this work. Future effort will, nevertheless, be needed 
to approach these intervening variables directly. 

We recently presented data indicating that "F-FDG 
hypometabolism in cortical structures (e.g., the tempo- 
ral lobes), as opposed to hypermetabolism, is associ- 
ated with impaired cognitive ability 141. In this work 
also, it was relative hypometabolism in the regions of 
interest that was associated with lowered performance. 
However, the observed relationships differed between 
the HD and normal groups. There was no significant 
correlation between specific cognitive abilities and 
brain metabolism in the normal group. This was in 
contrast to some very strong relationships in the HD 
patients. Like the HD patients, the normal subjects did 
evidence a strong correlation between 18F-FDG me- 
tabolism in the caudate and in the putamen, but lacked 
such a relationship between caudate and thalamus or 
putamen and thalamus. It is interesting that in the one 
instance of a statistically significant relationship in the 
normal group-18F-FDG metabolism in the putamen 
and performance on the Digit Symbol subtest of the 
WAIS-R-the relationship was inverse and opposite 
to that found in the HD group. In the HD patients, 
relative hypometabolism of the putamen was found to 
correlate with less accurate performance on this sub- 
test, whereas in the normal subjects better perfor- 
mance was related to relative hypometabolism in the 
putamen. Could it be that normal functional relation- 
ships between cortical and subcortical regions of brain 
become disrupted in a disease such as HD? To answer 
this question, it will be necessary to increase our 
understanding of the functional relationships that 
might exist between structures in the human brain not 
only under abnormal disease conditions, but in the 
normal state as well. 
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