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e Wetreateda 62-year-old woman who de-
veloped a dramatic change In personality
and behavlor followlng a discrete left-sided
medlal thalamic Infarction Involving the dor-
somedlal nucleus. Neuropsychologlcal test-
Ing demonstrated severe Impairment of com-
plex executive behavlors that are usually
assoclated with frontal lobe function. Elec-
troencephalography and single-photon
emlssion .computed tomography strongly
implicated dystunction of the Ipsilateral fron-
tal lobe. Thls case further supports a func-
tional and physlologic thalamofrontal link-
age as part of a broader cerebral network
modulating complex human behavior.
(Arch Neurol. 1991;48:1300-1 303)

Lesions in the cerebral cortex and
thalamus can result in similar cog-
nitive deficits. The existing evidence,
obtained primarily from experimental
animals, suggests that lesions in a given
thalamic nucleus may produce cognitive
deficits similar to those seen following

" injury to the primary area of cortical
© connectivity. Associations have been

established between injury to specific

! thalamic nuclei and the development of

amnesia, aphasia, and hemispatial ne-

. glect. Muchlessis known about the rela-

tionship between the thalamus and com-
plex - executive behaviors associated
with' frontal lobe function. Because
there are.extensive connections be-
tween the -dorsomedial (DM) nucleus

. and prefrontal cortex, one would pre-
_ dict that injury to the DM nucleus could
- result in behavioral and personality

changes similar to those seen with pre-
frontal lesions, and perhaps even elec-
trophysiologic and metabolic changes
indieative of ipsilateral frontal lobe dys-

" function. Surprisingly few such cases

have been described in the literature.
" REPORTOF A CASE
A 62-year-old right-handed female execu-

: tive administrative assistant was noted by
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her family to have a sudden, dramatic change
in personality and behavior. She was previ-
ously described as gregarious, talkative, and
extremely interested in people and current
events. Initially, she became lethargic and
slept -excessively. The next day, she was
noted to be apathetic, quiet, forgetful, and
unconcerned, and showed a striking lack of
spontaneity and initiative. She was de-
scribed by her son as behaving “like she hada
lobotomy.” Neurologic consultation was ob-
tained on the fourth day. The patient had
been recently diagnosed as hypertensive and
diabetic. }

She was alert and oriented to person,
place, and time. She lacked any insight into
her condition and could not understand why
she was being evaluated. She did not initiate
any conversation and was very slow to re-
spond to questions. Digit span was six digits
forward and five digits backward. In a test of
verbal fluency,’ she could generate only two
words beginning with the letter “F” and
three words beginning with the letter “A” in
1 minute, She perseverated on a written test
of alternating sequences and was unable to

. complete the Trail Making Test, Part B.* She

made 10 errors of commission on the 50-item
Stroop Color Interference Test® and took ap-
proximately 2 minutes to finish. She had
great difficulty with Luria motor sequenc-
ing.! Interpretation of proverbs and similar-
jties was extremely concrete. Memory for
remote events was intact, but she could not
recall most current events. When given the
Three Words-Three Shapes Test,* she could
not recall any of three written words after
5 minutes but was able to correctly identify
all three words from a list. She was able to
correctly reproduce all three drawn shapes
after 5 minutes. Speech was sparse, fluent,
and mildly hypophonic. She named only 18 of
30 items correctly when given every other
item from the Boston Naming Test.® Com-
prehension, repetition, reading, and writing
were intact. Her clock drawing demon-
strated poor planning, and she had difficulty
constructing a cube in three dimensions. Per-
formance of simple calculations and left-right
discrimination were normal. There was no
evidence of neglect on a letter cancellation
test.!

An elementary neurologic examination
yielded normal findings, except for a mild
right-sided pronator drift and distal sensory
loss. Laboratory data included a serum glu-
cose level of 19.2 mmol/L and a fasting total
cholesterol of 12.55 mmol/L.

Cranial computed tomography (CT) on the
day of admission revealed a small area of
slightly decreased attenuation in the left me-
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by Kritcheksky et al,” the lesion was plotted
on sagittal plates from the Schaltenbrand
and Wahren® atlas. The lesion primarily in
volved the DM nucleus, as well as adjacent
internal medullary lamina, mamillothalamic
tract, and ventral lateral nucleus. For illus-
trative purposes, a magnified view of the
coronal MRI scan and corresponding coronal
model drawing from the Andrew and Wat-
kins® atlas are shown in Fig 2. Electroen--
cephalography (EEG) demonstrated fre-
quent periods of focal polymorphic delta
activity in the left frontal region. A single-
photon emission CT (SPECT) perfusion stu-
dy with technetium Tc 99m-labeled hexame-
thylpropyleneamine oxime, with a resolution
of 8.2 mm, " showed markedly decreased up-
take in the left thalamus and a 30% decrease
inthe left dorsolateral and anteromedial fron-
tal lobe compared with the right (Fig 3).
During the 3 months following discharge,
the patient's family noted that she showed
increased initiative and independence in per-
forming household chores but was still un- -
able to return to work. She had some re-
“newed interest in current: events “and’
reading. Spontaneous speech output was
more productive and no longer hypophonic.
She scored in the 92nd percentile on the Rav-
en’s Standard Progressive Matrices,” a test
of analogic reasoning skills. There was mod-
est improvement in verbal fluency, Trail ;
Making Test, Part B, Stroop Color Interfer-
-ence Test, Luria motor sequencing, Boston
Naming Test, and constructional tasks
(Table). . o
By 8 months following discharge, her fam-
ily felt that she was closer to her baseline
personality. She had returned to work full-
time, was driving without difficulty, and was
performing all of her prior household and
family responsibilities. However, they noted
that the patient still lacked her premorbid

" “feisty spirit” and was slow to react to her

surroundings. She had more difficulty com-
prehending complex ideas than before the
stroke and was less interested in her grand-
child. She was much more interactive and
engaging during the examination. She con-
tinued to exhibit modest improvement on
cognitive testing, but deficits persisted
(Table).
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commeNT" [T
we. describe a 62-year-old *
woman who developed a sudden change -

-in personality and behavior. Neuropsy- -

.chologic-testing -demonstrated three
types of deficits: (1) an impairment of
complex executive behaviors that are
most often associated with frontal lobe
function, (2) a naming impairment, and
.(3) a retrieval deficit for verbal materi- -

" al. Imaging studies demonstrated a dis- -
crete thalamic infarction predominantly -

involving the DM nucleus but probably
alsoincluding adjacent mamillothalamic
tract, internal medullary lamina, intra-
laminar nuclei, and ventrolateral nucle-
us; The lesion appeared to be primarily
in the distribution of the tuberothalamic
artery, also called the polar artery.™*
.Thelanguage and memory disturbances
in this patient are consistent with estab-
lished anatomic-behavioral correlates
associated with thalamic lesions. Apha-
sia has been associated with involve-
ment of the ventrolateral nucleus,’™*
while verbal memory dysfunction has
been: described following injury to ei-
ther the mamillothalamic tract or the
left DM nucleus.”*® Muchless is known
about the specific anatomic-behavioral
correlates associated with a disruption
in executive functions following thalam-
icinjury. The most salient and disabling
features in this case were decreased
spontaneity, initiative, insight, judg-
ment, -abstraction, perseverance, and
response -inhibition—a constellation of
behavioral disturbances that are com-
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. Fig 2.—Left, Magnitied view of the coronal magnetic resonance image. Right. The corre'sponding'u

coronal model drawing from the Andrew and Walkins® atlas illustrating the lesion and pertinent’.
anatomy. The shaded area indicates an approximation of the lesion; A, anterior nucleus; C, caudate’
nucleus; CC, corpus callosum; FC, fornix body; L, ventral lateral nucleus of the thalamus; Lam,
internal medullary lamina; M, dorsomedial nucleus of the thalamus; N Sub, subthalamic nucleus of

Luys; Pf, paralascicularis; Zi, zona incerta; and i, third ventricle. Modified (rom Andrew anq .

Watkins.? :

monly seen following prefrontal dam-
age.” We believe that this impairment
in complex behavioral functions re-
sulted from injury to the DM nucleus,
thereby disrupting an important sub-
cortical component of the frontal net-
works.™* This is supported by the fron-

. tal lobe dysfunction ipsilateral to the .

thalamic infarct documented by EEG
and SPECT.

The several small foci of increased T,
signal seen on this patient’s MRI scan

Frontal Lobe Dysfunction—Sandson et al

are unlikely to have made a major con-
tribution to her clinical presentation.
Unlike other cases in which multifocal
white-matter lesions were" associated’
with frontal systems dysfunction,” no
such lesions were noted on our patient’s
CT scan or T,-weighted MRI image cor-
responding to the foci of increased T,
signal. One or more such areas of in-
creased T, signal are identified in 92% of
patients older than 60 years,” and no
consistent correlation has been found
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‘ Neuropsychological Test Performance

%" " Test (Norms*®)

Acute

3 mo

8 mo

.. Digit span (mean dig-
-~ it forward
.. [DF} + digits back-

s

%, ward [DB) = 9.9 '

-DF(6) + DB(S) = 11 .

._DF(6) + DB(4) = 10

. DF(6) + DB(S) = 11

- Controlled Oral Word
*'Y“Assoclatlon Test-

st

-'.}4)

. 5,4, 6 (total

’(57413550’)-

. Lost set/unablato - -

.complete

: Mdntalned set/ 135 s

> §0-item Stroop Color,

" 10 errors of commise -

- 2 errors of commis.. -

PR

#2 3 (30-item: 28 =
T Tiv1/60-tem: T
. 53.3 +°4.6%) .

41/60

" Interference Test sion/=120 8 _'sion/85 s

i (mean, 82.5 ™) o - . -

Visual-verbal (catego- -, Not available . Unable to shift set on . , Categorized and

~ rize 4/5 and shift *. - L oanh . 5/5items. : - shifted set well on

861 4/53) .7 T v ' . - 6/5 items
. Luria sequencing ~; .. Verbal-molor d:ssocl- - Slow and cﬂortlul
PR euioherhill SO S by g - ‘t‘oﬂ s = [ TR T

Boston Naming Test 18/30

‘events "

‘~Racaﬂ of recent L -_: :

Unaware of recent
events

Aware of some re-
cent events ’

Aware of recent
events

: Three Words-Three
" * Shapes Test (inci-
+: . dental: >1 word, :

- >1 shape; study
periods: <2; re- .

Incidental: O words, 3
shapes; study peri-
ods: 1; retrieval: 0
words, 3 shapes;
recognition: all

Incidental: 1 word, 3 -

shapes; study peri-
ods: 1; retrieval: 0
words, 3 shapes;
recognition; all

incidental: 1 word, 3
shapes; study peri-
ods: 1; retrieval: 0
words, 3 shapes;

" recognition: all

trieval at § min: > 1 items items items
word, > 1 shape;
* recognition at 5 R "
min: 3 words, 3
shapes$)
. Benton Line Orienta- .. 3/10 correct 20730 correct Not available
" tion Test
Cube copy Mildly impaired improved Improved
Clock production Poor organization Well-organized Well-organized
Similarities /proverbs Concrete Concrete Concrete
" lnsight Very limited Limited - Limited

‘1302 ¢

~ *Norms are adjusted for age whare appropriate.
tNorms for 100-item Stroop Color Interference Test are divided by 2.
$Sandra Weintraub, PhD, oral communication, April 1991,
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_tion and the presence of white-matter
. hyperintensities in the. elderly.” Fur-

3 " thermore, the patient developed : a sud-

*den change in behavior that was clinical-
"1y "attributable to the new . thalamic
‘lesion. While the foci of increased T,

signal were small and - bilateral,: the
EEG and SPECT studies revealed fmn— _

- Studies mvolvmg humans and ot.her
mammals have shown that the DM nu-
cleus has reciprocal: connections with
prefrontal cortex* and is part of séver-
al' parallel thalamocortical circuits: in-
* volving different regions of prefrontal

’

; “#“cortex.” These pathways are orgamzed

# _such that the pars parvocellularis isre-
_ ciprocally interconnected with the dor-
- solateral prefrontal. cortex, while'the
pars magnocellularis is recxprocally in-’
t.erconnected with the orblt.ofronta.l cor-
tex.” The pars magnocellularis receives

ind addmonal afferents- from: limbic and

" paralimbic” structures;” mcludmg the

‘amygdala, “piriform- cortex,” hypotha-
" lamie nuclei,' and” the" inferotemporal
" cortex.®3 Lesions of the DM nucleus in
rats and monkeys may result in behav-
“joral sequelae’similar to those assocx-
ated with prefrontal lesions.”®
- =¥ The remote effect of tha.lamlc mJury
“" on prefrontal cortex has’ been’ demon-
" strated by several- functional ' neuro-
-“imaging studies.' Baron et al® arid Sze-
- lies et al* performed positron emission
tomography on patients with:thalamic "

-1+ ~strokes localized by CT.-Those patients -

“'with" medial - thalamic -lesions®demon--
" strated hypometabolism predommantly ‘
»y affectmg the ipsilateral frontal lobes.-
Posterior thalamic: lesions resulted in
metabolic depressmn affecting the tem-
poro-occipital régions ‘most’ severe]y'
.2 Neither study employed MRI'or a ster-.-
eotactic - method to _determine which
thalamic nuclei or other structures were
involved.  Hennerici- et ‘al*- described
_ four patients with abulia, memory dis-
turbances, a “premotor syndrome, -and
mild pure motor hemiparesis attributed
to lesions in the territory of the anterior
- thalamoperforating arteries. The posi-
tron- -emission- tomographic - scans -
showed hypometabolism in the frontal
‘and anterior regions ipsilateral to the
thalamic lesions. Similarly, -Bogous-
slavsky et al® described a patient with
manie delirium and frontal system dys-
function following a right thalamic in-
farction. The SPECT scan of this pa-
tient revealed hypoperfusion of the
overlying cortex, predommantly in the
frontal region.
Neurophysiologic studles have also
supported the predicted thalamocorti-
cal association. Stereotactlcally induced

" Frontal Lobe Dysfunction—_Sanqeen etal



thalamic lesions in cats have been shown
to result in focal delta slowing overlying
the cortical projection area of the de-

stroyed thalamic nucleus.® In himans,
Schaul et al* found focal or lateralized -

2. Reitan RM. Vahdxty of t.he Trail-Making Test

~- a8 an indication of organic brain damage. Percept

Mot Skills. 1958;8:271-276.
3. Stroop JR. Studies of interference in serial
: verbal reactions. J Exp Psychol. 1935;18:643-662,
4. Luria AR. Higher Cortical Functions in

EEG abnormalities in 58% of patients Ma’h New York, NY: Basic Books Inc; 1966.

- with diencephalic lesions. However, the:
“'exact location and types of lesions as”
well as the distribution of the focal EEG
abnormalities were not discussed. Most "
.case reports of thalamic infarction have ®
.noted ipsilateral or diffuse slowing on-_
‘EEG.%% . However, there has been at
least one prior report of focal delta ac-",
tivity corresponding to the projection :
area of a discrete medial thalarmc le-
. slon,* as wasseenin our case. . ;
During the 8 months following the
thalamic. infarction, ‘our patient pro-
gressively improved to a point at which .

her family believed she had almost re-.

-, turned. to her baseline” personality and

behaworal status. Serial evaluations re- -

- vealed unproved spontaneity, sustained
. behavioral” output, shifting of mental

set, and inhibition of inappropriate re-"

sponses. However, modest deficits per-.
. sisted. This improvement is in keepmg
with outcomes observed following uni-
lateral damage to prefontal cortex. Cur-;
rently, there are. insufficient data to.
determine whether injury to the sub-'_
.cortical components of the frontal net-:
“work results in-a more favorable
_prognosis. -

“The'case descnbed herem is notewor-~

thy because salient changes in personal- -

ity and behavior consistent with'a fron--
. tal lobe syndrome developed following a.
" discrete medial thalamic infarction. As
'might be predicted from established an-
.atomic : components and connectmg
“pathways of the frontal network, simi-*
lar disturbances in complex executive -
behavior have been described not only
in patients with frontal lobe injury but
also in association with lesions in the
caudate nucleus and with multiple sub-
.cortical lacunes.”™™* Qur case adds to .
. the literature supporting the possibility
of such a behavioral outcome following
injury to the medial thalamus. More-
‘over, it suggests that disruption of the
distributed frontal network at different
-points ean result in similar behavioral,
electrophysxologlc, and. metabolic dys-
functlon. v

. The luthon thank Margamt 0'Connor, PhD, for
‘performing . neuropsychological testing; Sandra
Weintraub, PhD, for assistance in obtaining normal
‘values for neuropsychological tests; and Rosalind
Segal, MD; PhD, and Elizabeth W:A!.erhouse, MD;
for caring’ for the pauent while she was in the
hosp:tal e R
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