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SUMMARY

Eight patients are reported who shared the combination of bilateral basal ganglia lesions and a
frontal lobe-like syndrome. The main features were inertia and loss of drive, with preservation of
intellectual function. Some paticnts showed stereotyped activities with compulsive and obsessive
behaviour which were sometimes highly eluborate in pattern. Extrapyramidal clinical signs were
absent or mild. Brain dumage. reluted to anoxic or toxic encephalopathy, was demonstrated by CT
scans and MRIL The lesions appeared to be confined to the lentiform nuclei, particularly affecting
he pallidum. although there was generalized brain atrophy in 2 cases. Positron emission tomography
(PET) in 7 patients revealed hypometabolism of the prefrontal cortex relative to other parts of
the brain. The PET studies suggest dysfunction of the prefrontal cortex as a result of damage to
the lentiform nuclei. These clinical. anatomical and functional observations emphasize the role
of the circuits linking the prefrontal associative cortex and some specific areas of the ncostriatum,
including the pallidum. The existence of distinct nonoverlapping cireuits in the motor field or in the
associative field can explain the fuct that basal ganglia lesions may give rise to a clinical picture that
is cither purely motor. purely behavioural (as in some of our patients), or both. Similarities existed
between some symptoms found in our patients and certain features of major psychiatric illnesses
such as severe depression. catatonic schizophrenia, and obsessive-compulsive disorder. This raises
the hypothesis that some aspects of these psychiatric disorders could be related to structural and
physiological disturbances in the systems linking the frontal associative cortex and the basal ganglia.

INTRODUCTION
The symptoms reported in cases of damage to the lentiform nucleus generally
consist of motor disturbances (Marsden, 1982). We have previously reported
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instances where patients with bilateral lesions of the lentiform nuclei without
or with very mild extrapyramidal symptoms, presented unusual behavioural
abnormalities (Laplane er al., 1981, 1982, 1984). The symptoms, which were
summarized as a ‘loss of drive’, included a marked decrease in spontaneous
activity, a loss of affect, and a notable reduction of spontaneous thought content.
Also remarkable was the observation that their inertia was apparently reversible
by external stimulation, such as the incitement by a relative. Morcover, on
neuropsychological testing, intellectual capacities were largely preserved, except
for a memory defect in 1 of the 3 cases.

The attributability of these disturbances to lesions of the lentiform nuclei was
strongly suggested by the CT scan findings, but doubt remained as to the possibility
of diffuse or multifocal brain damage. in spite of the normality of EEG recordings
and the absence of other visible lesions on the scan images. In addition. the
question was raised as to how these limited subcortical lesions could induce such
behavioural changes. The hypothesis of a functional impairment of the prefrontal
cortex was made on the basis of strong clinical resemblances between our patients’
symptoms anda frontal lobe syndrome. This similarity, and the absence of motor dis-
turbance, led to the suggestion that the lesions might have affected the “association®
circuits linking some compartments of the basal ganglia and the prefrontal cortex.
Finally. the additional presence, in 2 of these 3 patients, of obsessive-compulsive
behaviour was noteworthy, representing a likely example, if confirmed by further
cases, of psychiatric symptoms being produced by focal brain impairment.

Since then, 2 other cases have been reported by Ali-Cherif et al. (1984) and we
have now been able to examine 5 new similar cases. It was possible to perform
magnetic resonance imaging (MRI) and positron emission tomography (PET) in
7 of our 8 cases, and in the light of this additional material. some progress can
be made towards the understanding of the clinical features.

MATERIAL AND METHODS

AIL'S patients were selected on the basis of symptoms of inertia, reversible under stimulution and
the presence of lesions of the lentiform nuclei on CT seans.
Newropsychological testing

Intellectual function and memory. The following tests were selected: the Wechsler Verbul Scale.
the Raven's 1938 Progressive Matrices (PM 38) and the Wechsler Memory Scale. Patients were
allowed unlimited time to perform these tests,

Frontal lobe function. The simplitied version of the Wisconsin Card Sorting test (Nelson, 1976),
tests of verbual fluency (names of animals in 1 min, words beginning with the letter M in | min)
(Benton, 1968), and a graphic series (Luria, 1966) were chosen because they were known to be
sensitive to frontal lobe dysfunction, Behavioural abnormalities (prchension, imitation and utiliza-
tion), observed in paticats with frontal lobe lesions (Lhermitte, 1983; Lhermitte et al., 1986) were
also evaluated.

Linguistic, gestural and drawing tests. These included the naming of objects, writing a sentence
on dictation, calculation, execution of symbolic gestures, and the copying of a cube or the Rey-
Osterrieth complex figure.
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The 15 ohjeets test (B. Pillon et al., unpublished). This visual discrimination task, consisting of
15 superimposcd images of objects, was chosen in order to evaluate cognitive slowing,

Objective personality tests. The Minnesota Multiphasic Personality Inventory (MMPI) or a self-
rating depression scale (Pichot et al., 1984) was used.

Muagnetic resonance imaging

In 7 patients (Cases 2-8), MRI was performed on a superconducting MR imager operating at
a field strength of 1.5 T. Coronal and horizontal (Virschow's plane) 5 mm slices were taken every
"5 mm. T1 and T2 weighted sequences were used, Real-size printed photographs were obtained
rom the films und were compared with atlases (Salamon and Huang, 1980, for CT. and Roberts
et al., 1987, for MRI) in order to delineate the lesions,

Positron emission tomography

In 7 paticnts (Cases 2-8) regional cerebral slucose utilization (rCMRelu) was measured using the
"F-luorodeoxyglucose (" FDG) technique us applied to PET using methods as described elsewhere
(Phelps ¢r al., 1979; Buron ef al.. 1982). Six PET studies were performed on the multiring LETI.
TTVOI time-of-fight tomograph. Seven plines parallel to the orbitomeatal (OM) line and located
respectively at 10, 25, 40, 55, 70, 85 and 100 mm above this line were obtained simultancously. The

vial and Luteral resolutions were equal to 13 mm FWHM with an undctected interslice of about
= mm. One study (Cuse 4) was performed on the single slice ECATII tomograph (lateral resolution
was about T6 mm and slice thickness aboul 19 mm) and only 3 plines were studied (OM line + 18,
38 and 38 mm, respectively). All imuges were corrected for attenuation using 68Ge-68Gu transmission
scans. The PET scans were acquired from 40-36 min  after the injection of about
7 mCi o ""FDG. The time course of the changes in plasma 'S FDG concentration was obtained by
means of serial arterial blood samples collected via a radial arterial catheter. The study was
performed on subjeets at rest with their eves closed but ears unplugged, without significant external
stimulation. Quantitative CMRglu images. in mg 100 g min were obtained from the raw SFDG
images using the in vivo “autoradiographic’ method developed by Phelps er al. (1979). This was
wecomplished using the operational equiation which contained the 4 FDG rate constants (including
ae dephosphorylation constant rate k4) meusured in 13 young healthy volunteers. the ‘lumped
constant” estimated at 0.42, the pixel ""FDG concentration at time of study (decay-corrected), the
time course of arterial plasma "*FDG concentration from injection time to acquisition time, and
the plasma glucose content (mean of § determinations during the study).

PET duata analysis. In order to compensate for the intersubject variability in head shape among
patients and controls. 5 typical brain planes out of the 7 original PET cuts were selected from each
study according to the atlas of the human brain of Matsui and Hirano (1978); these S typical pianes,
on which the ‘region of interest’ (ROI) positioning procedure was applied (see below), were the
‘eerebellur cut’, the *frentobasal cut’, the *basal ganglia cut’, the ‘low centrum semiovale cut’ and
the *high centrum semiovale cut’ (labelled planes I, IL, 1IL TV and V., respectively). In the present
‘eport, only the analysis for planes [1-V will be given (fig. 1). The rCMRglu of the cerebral cortex
was assessed by means of 3 em? circular ROIs positioned over the cortical rim for each of the 4
selected planes using a standardized method detailed elsewhere (Samson et al., 1986). The set of
ROIs, defined first for the right cerebral hemisphere, was then automatically mirror copied over the
left side with respect to the anteroposterior sagittal axis; in addition, one ROI was positioned in
the medial frontal cortex of each plane. This method of ROI positioning is widely used as an
objective procedure because the ROIs are positioned along the cortical rim, tangentially to one

“another (starting latcral to the medial Trontal ROT) (fig. T)." The original ROIs were subsequently

grotiped-within each one of the PET slices according to anatomical regions (Matsui and Hirano,
1978) as explained in the legend of fig. 1. After averaging the ROI CM Rglu values of each anatomical
region, this procedure yielded 13 cortical regions on each side, and 4 medial frontal regions, for a
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cular regions of interest (ROIs) used to define on the P

FiG. 1. Set of cin

ET images the “anutomical’ regions

over the cortical and subcortical structures on planes 11 (‘frontobuasal cut’), 11 (*basul ganglia cut'y, IV (low
centrum semiovale eut’) and V (*high centrum semiovale cut’). The cortical ROIs were pusitionad aver the
cerebral cortex tangentially o one another as well as to the computer-defined outer 30% isocontour (RO [,
On plane I the mediofrontal area (3) and on the left hund side (the right hemispherer: the laterofrontal (4, <
andthe temporal (7, dhareas (RO1 6 wus not used): on plane III:Y_h_; mediefrontu! (3 ind on the lett hand sic-

thq;:!crnr‘rm:lui (4. 5. 6).the temporal (7, 8), the lemporo-occipita

(30

T0, 113, the oedipital (12-26), the thalumic
AndthesTratal (23) areas; on plane IV: the mediofrontal (3}, and on the left: the Literofrontal (4, 3, 6), the

temporal (7, 8), the temporo-oceipital (9, 10, 1) und the oceipital (12-22) areas: on plane V: the mediofrontal
(3), the laterofrontal (4. 5, 6), the parictal (7, 8) and the paricto-oceipital (9. 10) areas. Symmeteic ROIs were
copied automatically on the left hemisphere with respeet to an anteroposterior sugittal axis defined visually in
such o way that the mirror 30% isocontour (ROI 2) wus roughly superimposed over the original 30%% isocontour

(RO 1).

total of 30 regions. For the ECATII data (Case ), only 2 cuts across the cerebra] hemispheres were
available (OM + 38 mm and OM <58 mm), providing a set of 12 regional CMRylu results,
The data analysis was carried out not only on the absolute rCMRglu values, but also on metabolic

ratios’ {or indices) which were calculated as rCMRglu divided by
MRalu (the mean of all ipsilateral cortical ROTs of the same plane excluding the medi:

the average ipsi

ral cortical
fronta

)2 tor the medial frontal RO, the metabolic index wus caleulated using the whole cortex mean

CMRglu.

In addition to the cortical ROIs. one ROI was positioned over the aren including the strintem
and unother over the thalumic area of the right hemisphere. and copied on the left side: these ROIs
were positioned on plane 11 (plane OM + 58 mm of ECATII data, Case 4). beeause these unatomical
structures are readily identifiable only on this planc (Kuhl er af., 1982},

Statistical analvsis

The patient data were compared with control values obtuined in

normal subjects using the same

methods for PET scan and data analysis (n = 13 and n = 6 for the LETI and ECATII cameras,

respectively) of similur age (40.5+ 159 and 50.2+10.0 yrs for
respectively, compared with 38+ 17.8 yrs for the LETI patients, and
first focused on individual data. by comparing each patient’s values

the LETI and ECATII data,
50 yrs for Case 4). The analysis
with the 95% confidence limits

(CL) defined for each brain region from the control data, using the equation CL = m +(t x SD),
where m is the mean control regional value, SD the standard deviation and ¢ the student t valuc

(two-tailed test, n—1 degree of freedom). Thus the caleulation of
number of control values. This method ¢enabled us to determine whe

the CL incorporates the small
ther significant deviations from
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normality occurred for any brain region in each individual putient. Following this initial analysis,
we also performed a comparison of mean regional data between patients and controls (exclusively
on the LETI camera derived data, as only I patient was studied with the ECATII camera), using
an analysis of variance.

CASE DESCRIPTIONS
| & ¢ e el .'A-Efla’ Fouh

0 [} "l»(_ -’5..'1-_'_.<\
Case ! (see Laplune et al., 1984, Case 1) 75y et v .

V. was examined in our unit in 1980 when he was aged 53 yrs. Twelve vears previously he had
heen s]um_: by a wasp) This was followed by convulsions and then coma. which lasted several days.
Bd‘o%ﬂﬂé"f iad been well. with no evideicg of psvchiatric symptoms. While recovering he had
developed choreiform movements which had partially resolved, leaving some tic-like movements of
the fuce and fingers. Gait was affeeted by a mixture of choreiform und parkinsonian-like disturbances.
He had been considered to be demented. and would spend the day in a state of impassive inactivity,
describing his own mental state as an “empty mind’. His affect seemed -normal when questioned
about personal events, and there were no features of depression. but he reverted to his habitual
state of indifference once left alone. Under stimulation he was able to perform complex tasks
correctly (to play bridge, for example) and this was reflected by his performance on testing, Two

cars alter the encephalopathy he began to develop stereotyped activities. The most frequent ol?
these involved counting, often puced by finger movements. He would also spend long periods of
time switching a light on and off, The faet that_he would need to reach a certain multiple in his
activities added to their compulsive character( *C'est plus fort que moi’.)he would say. When
interrupted he would become angry but not apparently anxicus ossuch ®n one occasion, when
kicking a stone along u street, he experienced difficulty as a result of his gait digorder and. apparently
unaware of the inappropriateness of his behaviour, went down on his knees(and bezan to push Ihe_
stone along with his hands, again in multiples. Ve T § e g

Standard and sleep EEGs were normal. CT scans were performed in the orbitomeatal plane apd C’r

slices were taken every 3 mm in the region of the basul ganglia. The lesions consisted of low density “ -2

.reus situated bilaterally in the internal part of the lentiform nucleus (fig. 2). The rostral part of the
nucleus seemed to be more aflected than its caudal part. Some other small low density areas could
be seen rostrally within the right putamen and in the head of the right and the left caudate nuclei.
Mild ventricular enlargement was present. The patient later died from the inhalution of food.
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FiG. 2. Case 1. CT scan at basal ganglia level,
in OM plane, showing small lesions in caudate
and putamen and large bilateral lesions in the
internal part of lenticular nuclei. (Left hemisphere
is presented on the right side of the picture.)
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{.‘: (e eines o Aol Cona e e
Cuse 2 (see Laplane ¢t al., 1984, Case 2) 177 : i ’

D. was aged 23 yrs when he suffered from accidental cirbon monoxide poisoning in 1979, There
had been no evidence of previous psychiatric disorder. He was initially severely affected mtellectually,
but improved over the following months. Two vears luter there sere no neurological sjigns,
Intellectual performunce was normal (Table 1), except tor Mmemoery and verbul Puency. As with Cuse

I, however, there wus an a apparent lack of spontiancous activit .llr.m,L_:_;l_\_ he could be stmulited
mpty mimj'\bul showed no

into action by his relatives. He also described his mental stite us ande
cotrped activities, which were purely

features of depression. His relatives were unawire of his st
mental. When alone. he would count 1o himsell. but he was able o stop t.ml\ without seeming 1.\
become anxious. There were no compulsive leatures in his personali tv. The EEG was normal,
CT scan (orbitomeatal plune, slice thickness 10 minshowed 2 low _density areus abmost \\..:‘nk[r,\‘.[ﬁ‘
placed in the internal pant of the lentiform nu ehel There were no other abnormalivies, Ti W patient
was lost to !'owi_lé'\f[:‘fa'unul 1987, when a .101.\!;‘\.d‘n|t"L i
(- MRI revealed symmetric clearly defined abnormul signals in 1 lus hifi
roslral halves, probably involving parts of both medial and huteral \cg:nu‘h ttig. %),
PET sean pcrtormcd 8 yrs after the onset revenled au’lnn e \IR;LU X

sithin normal rnges.
There was a significant decrease of 3 regionyl e Libw ||1\'. e mcdlvlrunl I.| o planes [ and TV

(P <002and P < 0.05, respectively). d“dq‘[‘ hl[w(\lrmll\.[‘ﬁn r‘|.'m. CTVTPZT.02), There was aiso
a significant increase in ll‘ln@l[u’l[ OLLIPI[‘H netabolic index of plane HI (P < 0.03%),

assessment showed similar results,

e globus pudl

crally in their

Co P‘,l.s;a.\.\j

é/f\ /C'J’f‘c-” 1:5' fof } v sted
wf W erP Fred F:

o d G‘; {gd‘(*/‘c e .
T Mg ia lof, vce,p.
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e ek Coapalsien £
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F1G. 3. Case 2. Bilateral pallidal dam: e on
d coronal MRI stice (T1 weighted sequence).

Case 3 (see Laplane et al.. 1984, Case 3) N

P. was aged 59 yrs when, in 1970, he was acciden ally poisoned mm 'I‘nr:\;;?».’ Other than

his having lived alone with his mother and h: BNy neser married, information concer

n
history was lacking, Following a brief perfod of o he sutfered several davs of e
confusion. After recovering he.tried (o recommence his Jub as o messenger. but
because of slowness. Akinesia, extrapyramidal rigidity and reduct
at that time, but ther¢ was improvement during the followin
slowed and there was an impression of mental deterioratio although he could perform complex
tasks on request. The most striking feature was his passivity

and L.L_\ of initiative. although his
motor and mental capucities were largely preserved (Tabie 1), The interpretation of the apparent

language disorder must betempercd by the fuct that he was of Russian origin, He was institutionalized,
spending most of his day inactive; he never attempted 1o leave hospital. His lack of initiative was
not total, however, since he did from time to i
television, read a newspaper and so on. He was able
same landscape. His affect was poor. Thé EEG wa

his past

che and
was Jismissed
al ueney were noted

nictectinn processes seemed

ol verh

ne help other patients (0 cat or shave, watch

0 paint pictures, but for vears he ptmu.d the
ormal.
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Fig. 4. Case J. Bilaterul cu
horizontal MRI shice (T w
of brain atrophy is present.

CT and MRI scans showed almost symmetric calcified lesions in the basal ganglia. oncuplxmal
most of the region ol the globus pallidus bilaterally (fig. 4). The dorsal parts of both pal I(..dl
sepments seemed more affecied, us seen on coronal sections, lh.m t‘u \cmral segments, Cortica

-.nmpht and LDlI’ILUl.lI’ enlurgement were present,

“The PET scan performed 14 vrs after the accident showcd regional CMRglu values within I?]L
normal runge. There was a sigmficant decrease of th{'mndiof‘rontﬂ‘]nelubotlu. index on planes

HL IV, V(P < 0.02, < 0.05. < 0.001. < 0.01, respectively), thqﬂgl*_.;_q_qc_i left Lttcro[‘ronﬁ‘?j:sg%:s;

on plane [1{£ < 0.01l.and_< 0.02. respectively). the lelt laterofrontal region on plane I\«b{{’ < -
and LhL\UUH striatal region OF < 0.01). There were also significant increases of the metabo ilu in u.e?
‘1 the right temporo-parieto-oceipital area of plane 111 (P < 0.001) and in the left occipital area o

olane [T (P < 0.01).

Cuse 4 - o .
D.. aged 32 vrs. was a former alcoholic who had been previously treated with d:su]hram] Me ]1:::.'1j
attention had been drawn to him because of his inactivity and lack of volition. He woul;i{ ie in ni;
all day, and tulked to no-one. I questioned, howew.r. he woluld answer approprllatelya1 if:}ie =
uppar;‘n!i}' bored with his lot, nor did h‘.: f'-.'r:'l sad. His past history did not reveal any depres
compulsive features. Neurological examination and :EEG wcrc. r}ormal. _p [g B
CT scans (October 1984) showed bilateral low density areas visible on one slice (o mm tF 2
only, These lesions projected onto the pallidal areas. Unexpgctcdly. MRI _abnormat_mes i(f mor:”ts
I;:Lc'r. in Murch 1985) were less marked, with apparently a right-sided lesion onlly, nwﬁo‘,\;;g—?hcse
of the putamen, of the lateral pallidal segment afnd of the he:llcl of the cauc'iale nuc eLés ( z al nese
lesions were attributed to intoxication by disulfiram which may have occurred several ¥

cviously. ’ . )
prtf\;w :’ET scun showed elevated rCMRglu values in all structures, but this increase r;:ach;d
statistical significance only in the lateral occipital cortex of both sides on plane III (£ < 0.02). The

left laterofrontal metabolic index on plane 11 was significantly decreased (P < 0.05).

Cuse 5 . . '
A. had at the age of 27 yrs suffered cerebral anoxia during general anaesthesia for appendlcegtomy
A had: age of 27 _ :

Before the accident she had been otherwise well. On recovery there was a pyramidal syndrome,

MRy in maeda Crantad | (R) $LI I F
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FiG. 5. Cuse +. Right-sided lesion, probubly
due o disulfirum intoxication, involving parts
of the putamen, of the itery) pallidal segment
and probably of the caudte, This MRIsection
(coronal plane, T weighted sequence) showed
less marked lesions thun did the CT scun,
where bilateral lucencies were present in the
pallidal areas. CT scan was perlormed, how-
cver. six months curlier than MR,

tremor, rigidity, and severe mental disturbunce. Six ¥ears later, in contrast to her moter function,
which had greatly improved, she was ‘cxlrcmcly inert. Housework was performed very slowly, and
she would spend many hours doing nothing, sometimes in front of the television, in contrast to her
premorbid behaviour, She felt sad, and was pessimistic about her future. In addition, she was subjec:
to obsessive-compulsive Behaviour. She was unable to restrain h ersell from timing her activitics,
and would schedule her tasks in detail. Some actions shared the
motor programs and those of compulsive behaviour, For instance, once 2
wis unable to stop spontancously, and had to ask someone to immobilize her arm, The same
phenoniciion would occur if she began to seratch a part of her body. -
Thé EEG was normal, CT scan and MRI showed small b
nuclei. Although very narrow in the mediolateral dimension,
almost the whole of the globus pallidus, involving both the
MRI slices were not obtained.

The PET scan performed 6 yrs after the

when stirri

2 50up, she

ilateral lesions within the lentiform
they extended rostrocaudully along
inner and outer segments (tig. 6). Frontal
onset showed no abnormality of the cortical CMRglu
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FiG. 6. Case 5. Horizontal MRI section (Ti weighted)
showing abnormal signals in both pallidal areas.

features of a lack of inhibition of
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wlvit WpC compula: T - 1w : I 00 4 e : ’{..1 bliged
:\ ] Il-l l1 noor ol vich light switeh he encountered. He would walk on the ?d\-elmt.n avor ] =
i [N RIS L g 3 : i \\. o 2 ent "avo o the
ll I‘ He rechecked his behaviour constantly, In counting, hL would avoid t 'l.C I .
e e recie In DOl ' I" C : d ; II'I..i.I[leI 3 alld
h\l ¥ \' I olten recite the alphabet. He did not seem (o be dis rbe_(Lby this be avio i 4
Wil 0l sl e aipia o ’ b ", o beh : ur sll'rld made no
\ L] ¥ SIS He used 1o say that he was dcnm. I _p .L A d5 prevente -
attempt Lo desist. He used 10 X ‘il I T Ir I . 12 W I‘SHV ¢ CI ted from
I[l. i |:| ing these acts, e would become ANYEry. but n. t apparently e ful. I mna IIC‘ had III\JIEUI
pertermmg Ndse duls, ! 4 : 0; ) _‘ ﬂ ’ ;
: nors ditticultes which interfered with his daily life. Neurological t[?x‘m‘ natio i+ Cre
M HH H 8 {0 i 3 ; : 3 > S ! g : “ ] ﬂlld l]l EEG WCIe
sarmal, The CUrOf ssehologieal examination 15 summarized in Tab < 1
7o e /1\‘4.L._ il'

L

.//iL{J’./ //: - t;?f c 5:_‘.' )

‘/l{\ié.f' _aL"f’vj{:. e é S L =}
PI»;’:"A-E mf{i/-t’r-:rl_/ "

4 § Se brovey ey
St S T wer,
& e r @R Tty
'?—‘;’éf'?. %'r:;é_ tal !\?ﬁ?sbclion show-
ing biluteral lesions which occupy predomi-
nantly the pallidum (nLﬂorﬁl_ part_of medial f{_
seumém) and the veniral part of the putamen
(Tul weighted sections). Some degree of brain
atrophy is present.

-

: lidus.
MR showed almost svmmetnie bilateral lcsiuns occupyin.g the do;sai PlarlioonflelilELOdz‘;’; S:lr::rally
:: ainly the lateral but also the medial segment ([15» 7). These les TR —
adectn [Thlml_ L s » parts ol the lentitorm nucleus, pallidum and putamen, situate Jus : .
. llwl:l}.lf:.‘:nntl'htl*[:‘“':‘"-::i-n.v' commissure. Some degree of cortical atrophy and ventricular
wohtteral part of the antenor o
ment was [rumd 2 wrs after the onset showed that the right striatal ;MRglu value \IW!S
L Ph? Sc:m [.m.:‘]:m};,.- E} E}\‘\r . No significant alteration of the metabolic indu:e_s was obscncd%
It wlmsl)\ L:LL:\‘:\LinI irc:c-a;czj Imcdicﬁ-onml CMRglu of planes III and IV which fell short o
EHIOUZTE TIerS WIS W Inereds

statisticn] signiticance,

31 yrs. was admitled because of unusual neurops.)fchiatric sequelae of se‘lif-lnd:;it:
ML, deed ,!_ F\‘”‘ ¥ “‘n‘lr‘" Her past history had included, since the age of ]? yrs, J'&l-:'e“ﬁéd'
U:H‘bnn 11!91!0‘“&..?’ ipuuttxpeb drug abuse. and alcoholism. Her marriage had failed and she
periods with suicide attempts, drug ab L.

R ETH o i ¥ i i be psy hOp thic and
i ! i L sonahit hdd been considered to
continued her lite as o hor ;Ohb.‘:ll.ll. Her person il o] a 4]
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FIG."8. Case 7. Fronm! MRPFsédlion (T
weighted sequence) showing symmetrie clear.
cut ubnormal signals which project upon the
rostral and dorsal parts of the globus pullidus.

impulsive by psychiatrists at the time. [n 1983, !’g__llg)ax-'ing_uggjﬁgn:gﬂ;_;l_rbgn
she began to cxhibit_new compulsive activiti

would repeatedly look at her watch and repes the
the number of words spoken by another person, and i the total w
would udd words, This habi usually induced y defay before she wy
poscd. The third type of compuylsion consisied ol the repetition of 4 mand
to the action in progrcssd

apparticnt au passé before drinking. Tn spite of the fact th
ol these actionsshe could not restrain herself from perform
against them, she would al once experience dnxiety and g compulsi
general slowing was noted. partly expluined by the time demanded by some of he
Neurological examination was otherwise normal.

CT and MR scans showed bilateral, well-delineated lesions of ¢
lesions involved the anterior part of the globus pallidus, from the anterior commissure rostrally, -
far as the anterjor thalamic nuclei caudaily, leaving unaffected the post
the nucleus. Lesions were primarily located in the lateral pallidal segment. although a part of the
medial segment was also probably involved. This lesion. as evaluated from the MRI datq. occupied
approximately onc-quarter of the volume of the globus pallidus. Lesions were roughly svmmetric,
although slightly more rostral on the left. A sligh encroachment on the anterior fimb of internal
citpsule could not be excluded,

The PET scan performed 3 yrs after the cvent showed no significant abnormality of rCMRglu
vitlues, With fespect 1o the metabolic indices, they significantly decreased in the mediofrontal area
ol plane 1V (£ < 0,05), the_right laterofrontal area on plane V (p < 0.05), the left laterofrontal
area o plane I (P < 0.05) and the right striatal area (P < 0.05). In addition, the metabolic index
of the left latero-oceipital arey of plane 111 was significantly increased (P < 0.00),

Cuse 8

K. a 22-yr01d, previously well, north Alrican woman, was admitted 1o
unit at the Hépital Beaujon unresponsive and stuporose following accidenta] carbon monoxide
intoxication. The injtial CT scan performed 2 days later showed bilaterally SYmmetric lucencics in
in the region of the internal segment of the globus pallidus, ARer progressive return of normal
consciousness, markc'adﬁ;},@]omqlor inertia remained. Whereas her family noted no intellectual
deterioration, g i‘ormaT_ﬁeuropsychofog[cai assessment was npot possible because of language
difficulties, Her condition remained apparently unchanged for the next 2 months, when MR] and
PET scans were performed. No obsessive or compulsive features were noted.

the intensive care

monoxide int oxication,
LThree types-of behaviour were noteworthy, She
1¢_to_herself, She would count in her ming
43 not a multiple of three, she
s ready 1o answer any question
atory sentence. uce ing
Je n'ai pas {;_l_l-_i__c_'i_:_l_:.l pour rien’_tvhen finishing a Cigarette, “Ceci,
at she was well aware of the absurdity
ing them, When she attempted to fight
On o exccute the action, A
r compulsions.

he lentiform nuclej (fig. 8). These

terior and ventry) parts of
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FiG. 9. Cuse 8. Frontal MRI shows sym-
metrically abnormal signals Iin mc'lmzern‘:il
segment of the globus pallidus bilaterally
(increased signal on Ti sequence).

i ini al glo alli sgments
The MRI scan showed symmetric punctate abnormal signals in internal globus fdllufjuscsngnd L
1 il b . el - elsewhere,
bil thHv {hypersignals on both T1 and T2 sequences). No lesions wlcu[ sc!::n rurm,”uni s A
oo oaont 7y i : ed (fig. 9). In spite of the lack of full ne vcho-
fenifi ic: subcortical utrophy wis noted (fig. 9). p ' :
stgnificant cortical or subcortica ¥ Wi nlils ofiticlask i
:uh ical assessment. this patient is included in the present series beeause it was poss
EIC] a850s . H

PE'l"l; hcP”I}ZT scan. performed 2 months after the accident. showed that the rCM Relu (plane IV was
e an, E

i ed statistical significs only in
aileble) values were low throughout but this decrease rc:lche.q statistical a:gnlgc;:jgidicc)s i
;-”JI“"[‘{J'[‘-“ 4; as (£ < 0.01 and 0.05 on the right and lelt, respectively), Th; n:;.u OOSLI 1dnd i
o i = . ere significantly decreased (P < 0.01 03,
faht and terofrontal areas of plane I11 were significantly : )
cpight and left laterofrontal areas of plane ] L 0,
:If:;pg:%;élﬁ E'"\véfl as of the right striatal arca (P < 0.02). 'll"hurc “rg'(;“?lgm“;?[n-: 1?; Eith s
i i I al are: ] P < 0.02) as well as i
ic indices | > right laterotemporal area of plane 11 { 0
metabolic indices in the right _ %
oclipil:li arcas of plane I (£ < 0.02 on the right and 0.001 on the left).

RESULTS

Newropsychological assessinent . ‘ -
Theimuin results of neuropsychological tesling. are given for each p?tilz?;rge;[‘.gzﬁi
Case 8 who was not testable) in Table 1. In spite of some dﬁgn:enti e
variability, several common _features Evte}fe fﬁiir:;' éllt)hg,ztjl :;;r;;,rmame e
mained within normal limits In most of the p X Va: i
have been affected by variability of at_tennon‘. Lgarxnr;g;lauon T
and 6. (2) Linguistic and gestural spemﬁc acn?"mes: calc R ol‘equy.acauired
intac ientation in space and time was preserved. (4_) et?a a e
Elei;l;rt;;l(i)ngfvledge and of old or recent persgnal memonelf \Jasfc?hrerec:l;eex;gpt - ,\)
E es 2 and 6, providing appropriate questrpn_s were asked o : pat ek
S as"sn;:;ous a,ctivi,ty was very restricted, but it improved gr.eatly with Sllm(l],l E(liaf]
’b\g’ot];:: examiner. (6 ,COE[IitiV:&' sloxvig?_@_hough it q_p_gj:tlﬁgrtlyaraltcflfescct)?né_t_iﬁl%)é
—ﬂ;’mg. varied during examination from one patient tctl) a ot i; and_sometinnes
Trom one test to another in the Same p:atlent.g_;?} g‘e_ uce %'“'Enc,es eSS
ackwards, and unexpected exhaustion or variability of per orma ¢
?et'ts(tjsbdrf:t;ﬁgd ,atlention disorders. (8) Mental control subtests using patterne




D. LAPLANE AND OTHERS

7
31
88
99

oy

Variability

LG
]

36

10
793

V=
4+
.f:

Ny sare

Altention
disorders

Shoe

{1

33

12

108

108

10

22

14

6

0

14

14

+

Details
L -+ 4

+

(22 s

-+

Rectangle
Writing
disorders

4{;: LT

ﬁﬂc:&{‘ ¥y

50
93
111
100
O
15
+
ails

+

—

De

Rectangle
(505 )
Micrographia

70
10

! 80}
100

Details
Micrographia

Nl;'URGFSY{‘H(}I,OGI(‘AI, RESULTS
* Case 8 \G’s—nut testable,

26
12
16
94

+

-+

|, Rectangle
Micrographiy

TARLE 1,
|

52
15
103
Ha
+

.-

+.

Writing
disorders

Details

L]
L}
o
o
Q

—

i

n’?}
Qlartsrm’ 7 ag-t

38(i¢

(-
tire
{time)
5 4
2L el

L‘} Abﬂcft\&v—)‘

mory Seale”
ning with M
N Motor series
g
anxiet
el

rbation i
mplex 15

onsin Card Sorting test
y Co

gits backward & -§
tegories

igits forward3-9 |
Logical memory A
gical memory B
erseverations )
Verbal fluency (60 s)

iﬁfon and

MQ ~ p/"o rafed Sy
oc)h

Mental control
Animel_ls
Words begin

Lo,
pr
yie

Wise,

P

e

Education (yrs)
WAIS verbal 1Q

Age (yrs)
—= Raven’s P
_ Di

Pertu

=

De
)

=% Wechsler Me:

Tos, f}f

e aay,

L2

W

A T

Bitat G PF

g L

-:é_ _,“J BEHAVIOUR AND BASAL GANGLIA DAMAGE 70
S § learned material were relatively well performed. (9) Verbal fluency for words of
<t 3the same semantic category (animals) was normal for most of the patients. (10)

?,?E f;é"lilf_”fhe listing of words beginning with M (which required more innovation and
-gﬂ | z@"thought)‘ was poor. (I1) Some patients had problems extracting a structure from
B 9%@1“3 Rey-Osterrieth complex figure. (12) Tests of reproduction of the same figure
i from memory indicated that attention was directed either towards the large central
o % “rectangle or towards the details, but that the overall synthesis was never performed.
X *13) The elaboration of a new strategy, the shifting of attitude in order to adapt
o> to a changing situation, and the sequential programming of activity were also
2 disturbed, as shown by the Wisconsin Card Sorting test, Luria's arithmetic
R problems or graphic and motor series. (14) No abnormal imitation. prehension,
*J*él or utilization behaviour was observed during testing, but for Case 6 the family
E"“ reported compulsive utilization behaviour at home. (15) Refusal behaviour was
Y never observed by investigators, but motivation decreased quickly in the face of
g difficulty or lack of success. (16) Personality, as evaluated by the MMPI, was
?5‘5 preserved. but affect was severely impaired. In 2 patients a depressive condition
was noted. It appeared before the brain damage in one, and afterwards in the case

e
1%
e fad

(+)
Buet ¢

5
L ¢ of the other.
(] S
5 Neurological examination
2 . ; s ;
S 33-(}?“_; [n contrast to the mgmﬁcanF neurop.sychqlog;cul abnormalities seen in the
A S _“.‘,\ﬁ patients, relatively few neurological physical signs were exhibited. Three patients
= éc}f’ €y had a mild parkinsonian-like syndrome, 1 of whom had tic-like movements: the
| ®= other § had a normal neurological examination.
3 EE Summary of PET findings
% :\J | -3.13 I. The cortical CMRglu valies were unremarkable, if Case 4, in whom the
g ¥ S~ occipital metabolism was significantly elevated. is excluded. In the striatal area.
| > however, the CMRglu was significantly reduced in 3/7 cases, while no changes
were seen in the thalamic area.
35 W 2. The analysis of individual cortical metabolic indices was remarkabie in the
% ;‘i gt‘; « following respects. (1) The occurrence of sigpiﬁcantly abnormal values (23 out of
S o -5(: ¥ 185 analysed regional \«'zlllue_s~ or 12%) was higher than expected by chance alone.
\ (2) Among the 23/185 significantly abnormal areas, 16 were frontal cortex areas
(out of a total of 75 frontal cortex values) and 7 nonfrontal areas (out of 110
nonfrontal areas), a statistically significant distribution (y* = 9.19, P < 0.01).
(3) Each of the 16 significant decreases were located within the frontal lobe, while
each of the 7 significant increases were outside the frontal cortex, a distribution
~——~ statistically significant by y* (x* = 18.94, P < 0.01) (see fig. 10),
‘\3' Among the 7 patients studied, 6 individually demonstrated at least one
< { ©  significantly decreased regional value in the frontal lobe, of whom 4 also showed
-5 }3 NC T significantly increased index in nonfrontal posterior cortex. Among the 16
- 4 \:} abnormally low frontal indices, 7 were located in the medial frontal cortex, 7 in
~ A
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FiG, 10. Individual frontal metabolic ind
Squares), calculated separately for brain levels 1 and IV and for 3 regions (the mediofrontal and the right and
left laterofrontal areas) in the 6 patients studied on the LETI camera (Cases 2, 3, 5. 6, 7 and 8; level IV was
unavailable in Case 8). The mean (18

D) corresponding values in control subjects are also shown (closed
circles). *P < 0.05; **P < 0.02; ***p < 0.01; ****P < 0.001.

ices (frontal CMRglu mean cortical CMRglu, closed circles in

the lateral prefrontal cortex, and 2 in the
“noticeable clustering either among these 3
the vertical (axial) direction. Of the 7 significant increases in nonfrontal cortex

metabolic indices, 5 were located in the occipital area and 1 each in the temporal
and the temporo-parieto-occipital cortices,

3. Subcortical metabolic indices. Amo
significantly abnormally low and none
in 4 of the 7 patients. No significant ab
thalamic metabolic indices.

For illustration, fig. 11 depicts the CMR
6 patients investigated with the LETI can
typical control subject.

laterobasal frontal cortex, without any
anatomofunctional subdivisions. or in

ng the 14 striatal metabolic indices, 6 were
abnormally high; these changes occurred
normality was found in the analysis of the

glu images (plane I1I) of each of the
1era (Cases 2, 3, 5-8), as well as for a

Mean regional metabolic data

Table 2 shows the mean rCMRglu and the mean regional metabolic indices for
all cortical areas analysed (after combining the right and left original cortical
regions as the individual results did not show any trend for lateralized metabolic

BEHAVIOUR AND
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effects). There was no significant abnormality of mean rCM Rglu values although
there was a trend for decreased rCMRglu in most frontal cortex areas. Of the 8
frontal regions analysed, 4 showed a significantly depressed metabolic index (the
laterofrontal cortex of planes II, III, and IV and the mediofrontal cortex of plane
I (P < 0.02, < 0.05, < 0.05 and < 0.02, respectively). In addition, the mean
metabolic index in the occipital cortex was significantly increased (P < 0.01).

Table 3 shows the mean rCMRglu and the mean metabolic indices for subcortical
dreas. In the striatal region. both the CMRglu and the regional metabolic index
were significantly decreased (P < 0.01 and 0.001, respectively). There were no
significant changes in the thalamic areuas.

DISCUSSION

Relationship to the frontal syndrone
Clinical studies

The first feature of note is the similarity of this syndrome to the frontal lobe
syndrome. although here the lesions are at basal ganglia level. in the lentiform
nuclei. It is difficult to find a neuropsychological definition of the frontal syndrome
which is accepted by all authors. Several features are, however. considered as
characteristic. Among the most significant is_the loss of drive. All our patients
had a decrease in spontaneous activity and drive. This was very marked in all
patients except Cases 3 and 7 and was readily reversible under stimulation by the
patients relatives and friends. This is also the case with *frontal’ patients (Stuss
and Benson. 1986). Consequently, this sign can be masked under test conditions.
As emphasized by Eslinger and Damasio (1983), these disorders are more marked
in day to day life than in artificial situations such as the neuropsychological
examination. The decrease in verbal fluency is also frequently encountered in the
‘frontal’ syndrome. The finding of words belonging to a given semantic group was
less altered than the listing of words beginning with a given letter. Such a
dissociation has also been described in the *frontal’ syndrome (Stuss and Benson,
1986). Attention disorder, another frontal sign, was also present although less
marked in our patients. Memory disturbances were marked in 2 patients (Cases
2 and 6). In Case 6, amnesia was a part of a global deterioration of cognitive
function, suggesting the possibility of more diffuse lesions.

Responses to the Wisconsin Card Sorting test, often thought as the most
sensitive test of frontal dysfunction, were markedly abnormal in most of our
patients, and especially in Cases 3 and@They were, however, normal in Case §.

ualitatively, results varied. Some of the patients exhibited severe perseverations,
whilst others (Cases 1, 7) showed better control, perhaps because they had better
insight into their disorder. Visuoconstructive tests primarily revealed difficulties
in understanding an image pattern as a whole. Finally, the presence of affective
disorder needs discussion. Patients showed a lack of concern regarding their own
problems and those of their relatives. The absence of foresight suppressed anxiety.
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Here also the severity of the disorder was variable, since for Cases S and 6, affect
Wwas not completely lost, and depressive thoughts and anxiety were present. The
neuropsychological findings are thus similar to those observed following fronty]
lobe damage, The question arises as to whether there were frontal lobe lesions,
associated with basa] ganglia damage, byt unidentified on morphological imaging
of the brain,

From a clinjcal point of view, frontal-like syndromes have been described in
basal ganglia disorders such as progressive supranuclear palsy (Cambier er o
1985) and Parkinson's disease (Taylor er al.. 1986; Gotham et al, 1988
The present observations of frontal-like syndromes with bi]
lentiform nuclei are more suggestive of this re|
function, which sometimes complicates the interpre

testing in the above mentioned diseuses was,
nild.

ateral lesions of the
ationship since motor dys.
tation of neuropsychological
in our cases, absent or only

PET studies

The PET studjes, performedin 7 of the 8 patients reported here,
noteworthy findings. First, there was evidence of unilaterally or bilaterally
decreased striatal glucose utilization (absolute valyes and/or relative metabolic
indices), in 5,7 patients, Secondly, the glucose utilization values in the cerebral
cortex were essentially normal. as compared with control subjects of similar age,
Thirdly, despite this lack of significant alteration in cortical rCMRglu, there was
a significant reduction in glucose utilization jn various parts of the front cortex
relative to the whole cortex in 6,7 patients taken individually, as well as in 4,8
frontal cortex subdivisions (namely, two laterofrontal, one Ialero-fronto-basal and
one mediofrontal areq) when the whole group of patients was analysed; as
corollary to this relative prefrontal cortex hypometabolism, there existed g
significant refative hypermetabolism of the occipital cortex in several patients
individually, as well as on average in the whole sample. These results establish the
occurrence in our patient sample of an imbalance between anterior and posterior
Cortex glucose use, resulting in an altered anteroposterior gradient of cortical
metabolism, which will pe referred to in what follows as a refarive prefrontal
hypometabolism.

The reduced glucose use in our ‘striatal” areas presumably reflects the inclusion,
within our ROIs, of the damaged part of the lentiform nucleus; due to the relatively
low spatial resolution of our PET device, this damaged area could not be directly
visualized, and in turn, could not have been excluded in the regional data sampling
procedure (see fig, 1). It remains possible, however, that part of this striatal
hypometabolism fepresents a remote effect of the actual lesion, for example, as a
result of retrograde dysfunction along striatopallidal pathways.

The relative prefrontal hypometabolism found in our patients may be due to
several mechanisims: a morphologically detectable loss of cerebral tissue, a neuronal
loss without gross morphological alteration, or a deafferentation process,

revealed severy!
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A morphological loss of frontal cortex tissue is an unlikely explanauo? fort;ilrﬁ
finding because all § patients in our group who _dld not show}r clear-cu ?)c;rﬁs};
atrophy on the MRI scan had a s_igmﬁcqm relative pr;f‘rontal hf/pomela ecm}\;
while c;nl)- I (Case 3) of the 2 patients Wth a substannf_d coruca‘ (r;olt espm ¢ur;l
frontal) atrophy exhibited this finding. Les10_n5 of the white matter o n;cle r{th
semiovale are known to occur in some instances of e}moxrc 'Ei;:ic'ep'f'd crpgemy
(Lapresle and Fardeau, 1966; Ginsberg, 198_3).and could poss;l .y. rl l}f)e MRI,
disconnect the frontal cortex; hfzjw:ever. no ts_1gﬁ:f1cant abnormality o i

hi atter signals was observed in our patients, N ‘

.}%[if'om;t‘uc;:lrsiaca;ltilni;t\s_;!:ase_s 4, 7) were former alcoholics, a condition associated

with relative mediofrontal hypometabolism of unclear mechun1sx11 (S‘am;or:hﬂ‘ji;
1986): however, the relative prefrontal h}ﬁp01netabo]1jm presen?t ni) oth wa
localized o the mediofrontal cortex in only 1 of these 2 cases (Case 7 ‘-grumml
A" microscopic neuronal loss in the frontal cortex without ,g'rrosshlatt 10@0:_1
damage cannot be formally excluded as i none of our pat:e{nts \lw.j ! s ;}q c:qsés
examination available. Published detailed accounts of ne.}lropdthoio..‘:}olr]l‘ :- [kh‘m
»f carbon monoxide encephalopathy, however, sho:wcr:f (in tf.lose n‘}m_:“ Ii;nm‘ce
«0 days after encephalopathy) I}R_(_)Ol'tig':l_l_ Qzl_n1:1g; in 5 9 minor .L%r‘u‘(.t[iﬂd }ﬁ ;}::is
in 39 and noticeable damage Tn only 1/9; in z'ldchu.on. it is no’tlm .1ca LL’l L
Eé'ﬁb”rf that these scanty cortical lesions prcdonpnule in the IfontLi C?IIEX {i ;Erbon
and Fardeau. 1967). In the neuropathoiogu::a] ‘ study of f.n;le C‘}Se. 0 hil;cmre
monoxide poisoning, Kobayashi el:r le @19554)'|Im|hcijlffnz};2[t; [;figgtr;al e
" the frontal cortex was unremarkable’. Similar v, damag S by :
K'Ealshr:oltr?lnfleitfj?e in the detailed puthc_)logicnl study per[‘orme_d b\ Gm}sl‘nlii!"ognerg;.
(1974) in 14 monkeys following expe:::mcnml carbon mono:vn_dgl}nrto}x.lc{.nlmr.onal
‘he whole, therefore, although it is difficult to exclude the pq>s1b| ity 11};1 qun‘ed
damage concentrated in the frontal cortex Cou;..d have cosnttrﬁzif?(;:li;?oiisrﬁ dlta "
stabolic a normality, particularly in some of our cases, the rz ogical d
?\T;ltlazillfheb neuropulhgfog[catl literature suggest it coul‘d hardl'y ?ﬁkt?ef;tl-:
consistency of our observation ‘.101"055‘6 subjects of our sample. Wel \youur pers o
favour a process of deafferentation of the prz?fr011tal cortex tgde,\p ain o gs,
as a result of bilateral lesions in the area _ot tl?t? globus palhl _us.l Foreselon &F
Such a mechanism has been generally |r1.1p110f1ted to explmn1 the ep Jgsron of
glucose utilization and oxygen consumptn:;n_ ;111: L};;czx;lecl;rgqrz?jrlel.\g%. pem;}
subcortic: ions in other grey matter nuclei (Fe y a aron, 61 Per:
ﬁi??‘f;cé‘:;)‘le;—l}iﬁlnic lesiongs of vas?ular or surgical origl_n o{ten reSLlltslrI;hd;?oji
ipsila'teml cortex hypometabolism_ which apparently underlies the ne:llzti{) ﬁ-o‘ection
cal impairment and has been ascnbeq to damage tp the_thalax}mﬁor 1u;le1:ils Jbasa]is
system (Baron et al., 1986). Following stereotqcu‘c lesions of the n Lt
of Meynert in the baboon, there is_ a mahr.ktl:ld_ 1;;51151t;;ai,of::li?églg?th A ax!e‘m,
ica ction of glucose utilization which is linearly .
Z?‘ré;crtlicr;flgho]inergi%: deafl‘ercntation_ as mf.:asured by ChOilrI]e _acritgicl;?;rsrf;;agie
activity (Kiyosawa et al., 1987). In patients with large left putaminal ha :
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Metter er al. (1986) observe
proportional to the severity of
disease results in a marked by
(Hawkins e af., 1987), in the
especially cortical lesions, may
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d temporal cortex hypometabolism which was
aphasic symptoms. Finally, symptomatic Wilson's
it diffuse reduction in cortical glucose utilization
development of which extralenticular pathology,
however play a role.

This is the first report of cerebral glucose utilization in patients with bilateral

lentiform lesions affecting pred
are not aware of experimental
autoradiography., Although the

ominantly or exclusively the globus pallidus. We
bipallidal lesions studied with 1 C-deoxyglucos .-
lesions in some of our patients also aflected part

of the putamen, it is interesting to note that striata] lesions in rats do not result
in significant frontal cortex hypometabolism (Kelly er al., 1982 Kelly and

McCulloch, 1984), suggesting

specifically ascribed to the pallidal lesions (it is possible. though, th

that our findings in patients can probubly be
at any

subpallidal extension of the lesion would have encroached upon the area innomi-

nata. and particularly the nuc

leus of Meynert, but the damage in our cases

apparently spared this area). The only example of a pathological entity studiec
by PET which consistently involves the glebus pallidus bilaterally, is progressive
supranuclear palsy (PSP). where 3 conspicuous prefrontal cortex hypometabolism

has repeatedly been demonstrat
(although lesions of other syster

ed (D'Antona er af., 1985; Leenders er af.. 1988)
NS are present in this degenerative disorder). The

pathways linking the globus pallidus to the prefrontal cortex that would most
likely be implicated in the development of the frontal dysfunction are the pallido-

thalamo-cortical systems (see be
this case would therefore occur

It is tempting to implicate
behavioural expression of bilate
of dysfunction of the frontal

low): the process of prefrontal deafferentation in
on a transneuronal basis.

the observed frontal hypometabolism in the
ral pallidal lesions, which. by itself, is suggestive
cortex (see earlier discussion), Similarly, the

intellectual impairment typical of PSP is characteristic of the frontal lobe syndrome

and, as discussed above, is assoc

fated with a marked prefrontal hypometabolism.

-\&.'-Wc searched for correlations between our frontal metabolic indices and the type

and severity of the behavioura

I symptoms: there was no association between

obsessive-compulsive features and or psychic inertia on the one hand and the
dccurrence of significant frontal cortex hypometabolism and its topographv withir’
 the frontal lobe on the other. For example, Baxter ef af. (1987) recently reported
a significantly increased glucose utilization in the left orbitofrontal cortex in
obsessive-compulsive disorder. In addition to its small sample size, our study is
made more difficult by the variability produced by the differing mechanisms of

initial damage, ages of onset, and

extensions of extrapallidal damage (Cases 3 and

6 had conspicuous cortical atrophy, and several cases showed putaminal damage).

At first sight, the dissociation between the severity of the behavioural impairment
in our patients and the mildness of the metabolic changes, which affected the
relative metabolic indices of the frontal lobe, may seem surprising. One hypothesis

would be that the dysfunction of

the cortical neurons, although present, had little

o
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o : |
onsequence on the overall measured glucose utilization, because different neslll;(i}trtlzr
COplﬂ’lliOI‘lS are affected in opposite ways or_becausel tl}e neur(;trair;m Ae?
Pmb'll'mt:e may not have disturbed the ionic gradients; a simlla_r IE:EC dan i 0]‘
explai : igni i bolism in the dementia
i : t cortical glucose hypometa :
xplain the lack of significan g _ tabol ! g
;{Entinﬂlon's disease (although a slight relative frontal h}fpolrr;;gbﬂll:? ?11?3@1\;
i ases; s 82; Young et al.. ! m Y,
advanced cases; see Kuhl e al., 1982; ; ’
S i ssion found here. although small, may
sianifice | metabolic depression fo - althoug : 2
the significant prefronta : lepre i L e
y s reflect a major disruption in the normal fun
evertheless reflect a major ! _ HALaIeS
ottween the prefrontal cortex and other interconnected cortical ﬁe!ds jsbl! S
o i akic d, in turn, in a bal:
i tice e ldman-Rakic. 1987«) and,
with subcortical nuclei (Go : - it I S
al f : haviour. A similar rationaliza : 3
ndamental for normal be alization wou 4 i0
?}Je repeated observation of frontal cortex hypometaboh:r_n IT. pauerliésle Iy
: k i ¢ : 1987). It is also possi :
i ic di for review, see Buchsbaum, : _
e e S ebral cortex metabolism.
ipalli sions initially induce much larger effects on cerebra 3
bipallidul lesions initially indu EEre] B i ok Sl
as oc i ilateral thalamic lesions, a progres : p!
but that, as occurs in unila ApIoRIESsIYE 2l i
recovery occurs thereafter (Cambon et «al., 1987). in hpdiral.el t\\Cllillrt{I‘:ju o
) | i 1 : west CMVRg
/ 5w sistent with the fact that the lo glu ve
ecovery, This would be consisten \ L Aue : ' ==
L'c:)e observed in the patient studied the earliest Kolewmg the alnf?,\lc eptsem
E‘;‘f 1onths. Case 8). The recovery of clinical impairment. however, apped
2 o [ED 5 y
imited in bipallidal lesions. _ o . -
thl)n the ot}I\er hand. it must be emphasized that thn lack of51gr1111ﬁc.ant rf-i?;n i
in cortical CMRglu in our patients is consistent \‘vnh the overa ptresehrvc oap!
slobal intellectu:;l function. For example, the rellam'e prefFomal clcl)r' e:;; e}ﬁnposed
Eolism characteristic of the “subcortical’ dementia of PSP, is actually S-'iple pgeey
on a '{gniﬁcunl depression of glucose utilization througho?tllhehw ;o SgiLieal
oy 5 > 988): while the form ay
: ae 1985; Leenders et af., | -
antle (D Antona et al., , LRI RIS
:.?nlderlic[the specific frontal lobe symptoms, th; latter may be a counterpart to.
global intellectual impairment found in this disease,

The prefrontal-basal gmigh'a-n’mkm:ocomm.ﬂ pathways e
There have been conspicuous a(_ivancdesfu;rtll;fl ﬂgg;?ﬁ&ieliiiﬂ . ‘the o
al eanaeli: al 5
e be[we?li‘i’Tgnﬁicli‘lllatglilnsll;jsf:ar;ogizal findings have reinforced the gex_leral
dcf:adle, Rec‘enl a *w lgrsal ganﬂlia' influences are transmitted _only to restnc_te‘d
prmgplc lhd[[ 50? m:ll lobe. Léeveral segregated basal gangim_-thalamocornccxl
i O-f ttl;.e dmcri(bed each of them including discrete, essentially nonoverlap-
pathways Cdnr : eiri-uun; pallidum or substantia nigra, ventral thalamus ancf
ping parts 0 lféeoseI :”l 1’986; Nauta, 1986). The ‘motor’ circuit, whose cortical
cortex.(r\lemﬂ e1r ment.:;ry motor area, is the best documented fronj. an anatomical
ol ol Sflllgp Zint of view, but the ‘association” circuits are likely to be the
and fun_cllogd 'pof our palie;lts' disorders. A dorsolateral prefrontal circuit has
S E«iislSThe neostriatal input terminates within the dorsolateral head of
ltDl;aen Iﬁgf&szn-d throughout a continuous rostrocaudal expanse that extends to
e caud:
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the tail of the caudate (Yeterian and Van Hoesen, 1978; Selemon and Goldman-
Rakic, 1985). These specific sectors of caudate nucleus project to the globus
pallidus and to rostral portions of the substantia nigra. With respect to the globus
pallidus, several experimental studies indicate that the ‘association’ sectors
correspond to rostral, medial and dorsal parts of the nucleus (Parent ef af., 1984;
Percheron et af., 1984). The pallidothalamic input of this association circuit
terminates in the different parts of the ventral anterior and mediodorsal nuclei of
the thalamus. Another circuit terminates in the lateral orbitofrontal cortex. [t
includes a ventromedial sector of the caudate nucleus and a dorsomedial secty -
of internal pallidal segment. The limbic circuit. which has been previously described
and which includes the ventral striopallidal system (Heimer and Van Hoesen,
1979). could also be implicated.

It should be emphasized that the functional correlations are rather well
documented for the motor circuits, but not yet for the associative circuits. It has
been shown that bilatera lesions in primates restricted either to the lateral
orbitofrontal area or to the portions of the caudate to which it projects appear to
resultin a perseverative interference with an animal's capacity to make appropriat
switches in behavioural set (Divac et al., 1967: Mishkin and Manning, 1978).

There was, however, an associated involvement of the motor systems channelled
by the globus pallidus in some of our patients. Cases |, 2 and 5 presented in
milder degree the sume extrapyramidal symptoms as those reported in the literature
in cases of pallidal damage (Grinker, 1926: van Bogaert, 1946; Martin. 1965;
Klawans e al., 1982 Jellinger, 1986).

The anatomicoclinical correlations of these observations present further difficul-
ties due to the fact that brain lesions of similar location may induce neuropsycho-
logical disorders that are somewhat variable from one patient to another, as showr
in Table . For instance, in Case 3 spontaneous activity was relatively preserved
but performance on the Wisconsin Card Sorting test was very poor, verbal luency
was altered, affect was decreased. and anxiety and depression were absent. In
contrast, in Case 5, activity was dramatically reduced, performance on the
Wisconsin Card Sorting test was normal, verbal fluency was intact and strong
anxiety and depressive elements were present. In spite of the fact that all the cuse
reports shared the same global pattern, a detailed analysis reveals obvious

differences. These facts might be explained by the modular organization of the
frontal cortex and by the interdigitation of these modules (Goldman-Rakic, 19875).
According to this functional concept, a slight displacement of the lesion could

produce a change in the modules under stimulation, and thus induce different
disorders,

Relationships with psychiatric diseases
It is certain that the inertia, akinesia, and slowness seen in major depressive
conditions can closely resemble the frontal-like syndrome following lesions of the
lentiform nuclei. Some of our patients, in fact, were thought for a time to be
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depressed and diagnostic confusion between certain frontal syndromes_ an_d
depressive states is well known. The strict application of the DSM III criteria _
without taking into account all clinical aspects may lead to such errors. The
principal difference between our patients (and, by extension, all cases with frontal
syndromes) and depressed patients is the subjective absence of sadness and of
anxiety. The clinical impression of similarity between depressive states and
‘Ientic[llur‘ syndromes is reinforced by some metabolic PET studies which have
shown. in endogenous depression, the existence of hypometabolism predominantly
in the frontal region of the left hemisphere which disappears as the patient
improves (Phelps et al., 1984). Equally. the similarities between negative forms of
schizophrenia and frontal syndrome have been underlined in the litcr_ature. and
PET studies have confirmed the existence of frontal hypometabolism in cases of
schizophrenia, in spite of occasional contradictory evidence (see Buchsbaum, 1198?,
for a review). The existence of obsessive-compulsive disorders. however. constitutes
the most novel of our observations. although it must be noticed that not all our
patients exhibited these. The occurrence of such abnormal behaviour after bEl.SL‘iI
zunglia damage has already been reported amongst the sequelae of encephalitis
fethéruicu (Jeliffe, 1929) and in Parkinson’s disease (Schwab er al.. 1951).
Fut'thgrmore. the obsessive aspects of some activities in Gilles de la Tourette
syndrome are well known (Frankel er af. 1986) and several arguments support
the hypothesis of basal ganglia lesions in this disease (Devinski, 1983). In spi‘le of
the similarities between our patients’ lesions, not all displayed such behaviour.
The behavioural disorder was marked in Cases 1. 5. 6, 7 and in the 2 cases of Ali-
Cherif er af. (1984), and fitted the DSM III definition of obs_ession?' and
compulsions. In Case 2 it_consisted of simple mental stereotypies, without
compulsive characteristics. Case 1, moreover. displayed abnormal movements very
similar to those observed in Gilles de la Tourette syndrome. Case 5 also showed
abnormal movements which were remarkable, in that once started, she was unable
to stop a repeated movement unaided. In this latter case. the disorder might E?c
attributed to a lack of motor program inhibition. as described by Luria (1965) in
‘frontal” patients whose lesions extended to the basal ganglia. 11 our obsery al{uns.
it would seem that patients were unable to inhibit some programs that were glther
purely mental or both motor and mental. There seems to be in ll_ns series of
patients a continuity between the motor stereotypies, some resemblu?g tics, the
mental stereotypies, and the obsessive-compulsive behaviours proper. Since motor
stereotypies can be clearly related to basal ganglia disor@er, this continuity
represents an additional argument for attributing the behavioural syndrome to
the lentiform nucleus lesions and not to other lesions undetectable on a\.raﬂable
imaging techniques. Finally it is worthy of note that frontal Io_be dysfunction has
also been found in obsessive-compulsive disorder by physiological (Malloy, 1987)
and PET metabolic studies (Baxter et al., 1987). To conclude, the findings re_ported
here constitute a model of well-defined cerebral lesions which seem able to induce
behavioural abnormalities mimicking some psychiatric symptoms. It may be
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hc_ux:istic to propose that they provide anatomical and physiological clues to the
origin of some of the clinical aspects of the major psychiatric disorders.
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