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Case REPORT

Severe Amnesic Syndrome and Collecting Behavior
After Surgery for Craniopharyngioma

Osamu lizuka, MD, Kyoko Suzuki, MD, and Etsuro Mori, MD

Abstract: Significant neuropsychologic sequelae were induced by
total removal of craniopharyngioma via a frontobasal inter-
hemispheric approach. A 50-year-old right-handed man devel-
oped severe amnesic syndrome and collecting behavior after
total removal of a craniopharyngioma. He had very poor results
on tests of learning, recall, and recognition for both verbal and
nonverbal tasks. Magnetic resonance imaging revealed damage
to the bilateral mammillary bodies and fornices, and N-
isopropyl-p-{'?*lJiodoamphetamine single photon emission com-
puted tomography showed decreased cerebral blood flow in the
bilateral frontal lobes, predominantly in the right, and regions
around the third ventricle. The present case suggests that
damage to the brain structures surrounding the third ventricle
associated with surgery for craniopharyngioma may result in
amnesic syndrome and collecting behavior. Generally, the
frontobasal interhemispheric approach is the optimum choice
for the removal of craniopharyngioma without significant
sequelae related to the surgical method, but the risk of neuro-
psychologic disturbances must be kept in mind.

Key Words: craniopharyngioma, surgical treatment, cognitive
sequelae, amnesic syndrome, collecting behavior

(Cog Behav Neurol 2007;20:126—130)

raniopharyngioma is a primary brain tumor arising

from the suprasellar region and usually occurs in the
first decades of life. Surgical treatment for craniophar-
yngioma carries the risk of damage to the memory-related
brain structures around the third ventricle, including the
thalamus, mammillothalamic tract, and basal forebrain.
Neuropsychologic studies in adult patients suggested that
surgical treatment could improve the memory and
executive dysfunction.! Memory and frontal function is
preserved in most patients except those treated via a
pterional approach.? A few studies in children have
reported cognitive sequelae after craniopharyngioma
surgery.> We treated a patient with severe amnesic
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syndrome and collecting behavior after total removal of
a craniopharyngioma.

CASE REPORT

A 50-year-old right-handed man with a 12th grade
education, a trustworthy city employee, was admitted to a
hospital because of headache. Computed tomography demon-
strated an intracranial tumor extending from the suprasellar
region to the third ventricle, which was removed totally via the
frontobasal interhemispheric approach 1 month later. No
postoperative radiation therapy was administered. The histolo-
gic diagnosis was squamous-papillary type craniopharyngioma.
Ventricular drainage was placed via the bilateral anterior horns
of the lateral ventricles for 12 days because of postoperative
hemorrhage in the third ventricle, which arose beside the
pituitary stalk and just beneath the optic chiasma, and
hydrocephalus. The hydrocephalus caused transtent semicoma,
but he was alert and no clinical signs associated with
hydrocephalus, such as slowing of mental capacity, frequent
falling, and incontinence, were detected despite removal of the

" drainage.* Panhypopituitarism as a sequela of the surgery was

199

treated with hormone replacement therapy. The patient was
soon discharged with marked disorientation, severe amnesia,
and confabulation. Confabulation disappeared about 1 year
later. However, he was admitted to our hospital because of
persistent and unchanging amnesia and behavioral problems
including hyperphagia and affective incontinence, which pre-
vented his reinstatement for 2 years.

On admission, the patient was alert and cooperative, but
demonstrated marked amnesia and collecting behavior. He
forgot having eaten immediately after meals, and insisted that
he had not had food. Confabulation was no longer present. He
brought back toilet paper each time he visited the toilets, and
collected the paper in his locker. Physical and neurologic
examinations revealed no abnormalities except for bitemporal
hemianopsia. The results of routine laboratory tests were within
the normal ranges. Pituitary hormone levels were well controlled
by replacement therapy. Detailed neuropsychologic examina-
tions were performed during the following month.

NEUROPSYCHOLOGIC ASSESSMENT (Table 1)

Attention

Digit span forward was 6, backward 5. Spatial span
forward was 6, and backward 4. General attention was
preserved.

General Intelligence

On the Wechsler Adult Intelligence Scale—Revised,
his full scale intelligence quotient (IQ) was 102, verbal IQ
107, and performance 1Q 95. His subtest scores except for

Cog Behav Neurol » Volume 20, Number 2, June 2007
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TABLE 1. Results of Neuropsychologic Tests

Full Patient’s

Test Score Score Normative Data*
Wechsler Memory Scale—
Revised
Logical memory 1 50 8 220 (7.1
Logical memory 11 50 0 16.8 (7.0)
Verbal Paired Associates | 24 10 16.7 (3.8)
Verbal Paired Associates 11 8 2 7.0 (1.2)
Figure Memory 10 6 6.5(1.3)
Visual Paired Associates 1 18 35 12.2 (4.0)
Visual Paired Associates 11 6 s 5.0(1.3)
Visual Reproduction | 41 22 36.6 (5.0)
Visual Reproduction 11 41 14 33169
Index for Attention — 103 101.59 (15.07)
Concentration
Recognition Memory Test
Words 50 23 (Definitely chance
level)
Faces 50 31 (Definitely chance
level)
Autobiographical Memory
Interview
Autobiographical Incidents
Childhood 9 9 (Acceptable range)
Early Adult Life 9 9 (Acceptable range)
Recent Lite 9 ! (Definitely
abnormal)
Personal Semantic
Childhood 2 21 (Acceptable range)
Early Adult Lite 21 19.5 (Acceptable range)
Recent Lite 21 8 (Definitelv
abnormal)
Wisconsin Card Sorting Test
Categories Achieved 6 bt RRDNY o)
Perseveration Errors of Q 3 12354
Nelson
Trail Making Test (seconds)
Part A — S6.4 208
Part B — 110.2 6.0 (279
Verbal Fluency ( I min)
Semantic Category (Animah)  — I 16.1 (3.6
Phonemic Categories (fu a — R 281 (9.0
ni)
*Number tn parentheses reveals SD.
digit svmbol subtest score were within 2 standard

deviations (SDs) of the age-corrected mean normative
standardized sample. Impaired digit symbol subtest score
indicates retardation of psychomotor speed. like the Trail
Making Test as described later.*

Language

His spontancous speech was fluent. and neither
dyvsprosody nor paraphasia were detected. Auditory
comprehension. repetition. confrontation naming. read-
ing. and writing were all intact. His aphasia quotient was
98 by the Western Aphasta Battery {Japanese edition).®

Frontal Function

Frontal executive function was slightly defective. as
shown by the following findings: 3 categories achieved on
the Wisconsin Card Sorting Test. slightly longer time on
the Trail Making Test Part A and Part B than the norms.

¢ 2007 Lippincotr Williams & Wilkins

56.4 seconds and 110.2 seconds, respectively, and verbal
fluency for animals of 11 words.”

Memory

The patient had severe anterograde amnesia with
preserved retrograde and procedural memory as follows.
The Wechsler Memory Scale—Revised showed general
memory index was 54, verbal memory index 64, visual
memory index 50, delayed recall index <50, and
attention/concentration index 105. Recognition memory
test for both faces and words did not exceed the chance
level. Retrograde amnesia was examined using the
autobiographical memory interview (AMI), which
showed that incidents recalled were 99, 9/9, and 1/9,
and personal semantic memory was 21,21, 19.5,21, and
821 for childhood, early adult life, and recent life,
respectively. His recall was impaired only for recent life.®
However. there is almost no doubt that retrograde
memory was preserved, because the recent life questions
in the AMI consist of almost premorbid episodes, and
additionally he sometimes recalled a traffic accident which
had occurred 2 months before the surgery. Procedural
memory was examined with the Tower of Hanoi test,
which revealed normal procedural learning. although he
had no recall of the task. Confabulations were never
observed in either spontanecus speech or the confabula-
tion battery.’

Others

Praxis and calculation were intact. No construc-
tional disorder or unilateral spatial neglect was noted.

NEUROIMAGING

Brain magnetic resonance (MR) imaging showed
a cystic structure of residual craniopharyngioma in the
third ventricle. which compressed the body of the fornix
(dashed arrow) and reduced its thickness, and presumably
induced the dilation of the anterior horns of the bilateral
lateral ventricles (Figs. 1A. D). However, this structure
had not enlarged after surgery. The bilateral crus of the
fornix were thinned and partially destroved on the left
(dashed arrow) (Fig. 1B). Cystic change was detected in
the right mammillary body and atrophy in the left farrow)
{Fig. 1B). No abnormal areas were detected in the
thalamic structures. the medial temporal lobe. or the
basal forebrain except for a small infarct in the right
thalamic polar artery territory (Figs. 1C. D). N-isopropyl-
p-[!-*Tliodoamphetamine single photon emission com-
puted tomography (SPECT) showed decreased cerebral
blood flow in the bilateral frontal lobes. predominantly
in the right. and regions around the third ventricle
(Figs. 2A-Cu.

DISCUSSION
Our patient showed amnesic svndrome character-
ized by marked anterograde amnesia and collecting
behavior after total removal of a craniopharyn-
gioma. However. he had no retrograde amnesia and
confabulation. Unfortunatelv. we have no premorbid
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neuropsychologic data, but he did not show any signs of
amnesia, and could perform his work without problems
before surgery, so we believe that his cognitive and
behavioral impairments developed immediately after the
surgical operation. MR imaging revealed no atrophy of
the hippocampus, amygdala, or entorhinal cortex, and
SPECT showed no reduction of cerebral metabolism in
the temporoparietal association cortices and the posterior
cingulate cortex, which are both well-established findings
in patients with Alzheimer disease. MR
also showed no atrophy or abnormal intensity in the
hippocampal formation, which are characteristics of
mesial temporal sclerosis.!®!? These findings indicate
that his symptoms were not induced by any degenerative
disease.

Surgical approaches to the removal of craniopha-
ryngioma depend on the location of the tumor. Intrasetlar
tumors located in the subdiaphragmatic portion can be
treated via a transsphenoidal approach. However, this
procedure is less suitable for pituitary adenoma; because
of the strong adhesion between the craniopharyngioma
capsule and the pituitary stalk or the diaphragma, or

FIGURE 1. Sagittai (A) and coronal (B) T1-weighted, and axial
(C) and coronal (D) T2-wighted brain MR images. MR images
showed a cystic structure of residual craniopharyngioma in the
third ventricle, which compressed the body of the fornix
(dashed arrow) and reduced its thickness, and presumably
induced the dilation of the anterior horns of the bilateral
lateral ventricles (A, D). However, this structure had not
enlarged after surgery. The bilateral crus of the fornix were
thinned and partially destroyed on the left (dashed arrow) (B).
Cystic change was detected in the right mammillary body and
atrophy in the left (arrow) (B). No abnormal areas were
detected in the thalamic structures, the medial temporal lobe,
or the basal forebrain except for a small infarct in the right
thalamic polar artery territory (white arrow) (C, D). L indicates
left side.
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both. Sellar and suprasellar tumors with extension into
the third ventricle can be treated via a pterional approach.
This approach allows access to the third ventricle through
the lamina terminalis to remove craniopharyngioma
tissue from the lower and anterior third ventricle, as well
as through the opticocarotid triangle and the prechias-
matic space. Tumors extending from the sellar and
suprasellar region to the third or lateral ventricle with
the risk of iatrogenic damage to the optic pathway and
the hypothalamus can be treated via a frontobasal
interhemispheric approach. The basal interhemispheric
approach combined with translamina terminalis provides
a good view of the structures of infundibulohypophyseal
axis, and tends not to require strong retraction of the
frontal lobes. Furthermore, the arteries and veins cour-
sing along the exposed dorsal and medial surfaces of the
frontal lobe and over the corpus callosum can be
preserved, in contrast to the pterional approach. Gen-
erally, the basal interhemispheric approach is a valid
choice for the removal of craniopharyngioma without
significant sequelae related to the surgical method, and is
rarely associated with transient mild memory disturbance
owing to infarction of perforating vessels.!*™'S MR
imaging revealed a right anterior thalamic lesion in our
patient, which was probably owing to occlusion of the
thalamic polar artery caused by the surgery. Right
anterior thalamus infarction of the polar artery territory
is characterized by anterograde visuospatial amnesia
without retrograde amnesia, anomia, low verbal fluency,
and frontal lobe dysfunction including impairment of
executive function, abulia, and depression. Although
these findings partially accord with the symptoms of our
patient, functional recovery of the polar artery occlusion
is generally good except for amnesia and abulia.'®
Therefore, the thalamic small lesion was not solely
responsible for his symptoms. The amnesia in our patient
may have involved effects on the basal forebrain that was
adjacent to the surgical approach. However, our patient
never- learned any of the features of his attending
physician, whom he met every day for a month. No cues
stimulated recall or recognition. Therefore, damage to the
basal forebrain was unlikely to account for his amnesia.'”

Our patient had . damage to the fornix and
mammillary bodies. Localized damage of these structures
in or adjacent to the hypothalamus may cause amnesia.
Damage to the unilateral or bilateral fornices can result in
severe anterograde amnesia with less impairment of
retrograde amnesia and recognition, indicating-that the
retrieval process of memory is preserved in amnesia
induced by fornix injury, which is not exactly similar to
our patient.'32% At the same time, whether damage to the
mammillary body can cause amnesia has been contro-
versial. There is a previous case of marked anterograde
amnesia without retrograde amnesia caused by cranio-
pharyngioma, but the presence or absence of recognition
memory impairment was not described.?! Another case of
marked verbal memory impairment included recognition
memory that followed a penetrating bilateral mammillary
bodies injury caused by a snooker cue, which entered

© 2007 Lippincott Williams & Wilkins
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FIGURE 2. N-isopropyl-p-['23I] iodoamphetamine SPECT
scans of regional cerebral blood flow (rCBF) on the anterior
surface (A), inferior surface (B), and axial slice (C) at the level
of the third ventricle. The SPECT data were collected in
64 x 64 matrices, and were reconstructed in sections parallel
to the anterior commissure-posterior commissure plane with
8-mm thickness. Z-score maps were produced with the easy Z-
score Imaging System (Daiichi Radioisotope Laboratory,
Tokyo, Japan) using SPM99 (The Wellcome Department of
Neurology, London, UK) to implement anatomic standardiza-
tion and smoothing algorithms. On the basis of rCBF images
of 20 healthy subjects, normative mean and SD images were
constructed. The voxel value of the patient was converted to a
Z score [Z=(individual value — mean in the healthy subjects)/
SD in the healthy subjects]. A Z-score map showing voxels
exceeding the threshold of Z score >1.7 (1-tailed P<0.05) was
plotted on the standardized anatomic space. The regions of
decreased rCBF included the bilateral frontal lobes, especially
in the right, and regions around the third ventricle. Right
column indicates the color bar of Z score. L indicates
left side.

through the left nostril.?> The retrograde amnesia was
very mild, and nonverbal memory was relatively pre-
served.?> We suppose that this apparent difference in
severity between verbal and nonverbal amnesia results
from the laterality of damage in the mammillary bodies.
The patient also had significantly increased appetite, just
like our patient, which suggested damage to the
ventromedial nuclei of the hypothalamus.?"2? For all of
these reasons, we think that the amnesia of our patient
was mainly induced by damage to the bilateral mammil-
lary bodies, and possibly also by the damage to the

bilateral fornices. Interestingly, the amnesia pattern of -

our patient differed from the memory deficits in children
that is characterized by good performance on recognition
tasks.3 Apparently, the difference may be related to the
damaged area. .

In contrast with the MR imaging findings, SPECT
revealed hypoperfusion of the thalamus surrounding the
third ventricle. This finding reflects both the dilation of
the third ventricle and the hypofunction of the medial
thalamic nucleus including the medial dorsal thalamic
nucleus (MD). The MD has strong reciprocal connections
with the prefrontal cortex. In particular, the medial part
of the MD is linked with the medial and orbital prefrontal
cortices. This lesion is likely to induce apathy, abulia, and

© 2007 Lippincott Williams & Wilkins
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disinhibition, resulting in failure to inhibit inappropriate
behaviors.?®> Lesions associated with collecting behavior
are located in the mesial frontal region including the right
polar sector and the anterior cingulate cortices.?* Though
collecting behavior caused by MD lesion has not been
reported, such a remote effect is presumably caused by the
hypoperfusion in the right mesial and dorsal prefrontal
regions, which may be involved in the development
of collecting behavior, as well as the mild executive
dysfunction in our patient.

The frontal dysfunction is unlikely to result entirely
from the operation procedure. Therefore, damage to the
structures surrounding the third ventricle caused by
the craniopharyngioma and the surgical procedure were
probably jointly responsible for the amnesic syndrome
and frontal dysfunction in our patient. Craniopharyn-
gioma surgery and third ventricle tumor surgery both
carry the risk of memory deficits.>?> The present case
suggests that damage to the brain structures surrounding
the third ventricle associated with surgery for craniophar-
yngioma may result in amnesic syndrome and collecting
behavior. Generally, the frontobasal interhemispheric
approach is the optimum choice for the removal of
craniopharyngioma without significant sequelae related
to the surgical method, but the risk of neuropsychologic
disturbances must be kept in mind.
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Abstract

A patient developed frontal-lobe syndrome and psychotic symptoms after infarction in the pontomesencephalic junction. Stereotaxic
lesion localization on magnetic resonance imaging and statistical analyses of regional cerebral blood flow (rCBF) disclosed an involvement
of the rostral brainstem dopaminergic nuclei and hypoperfusion in the frontal-subcortical circuit components. We suggest that the patient’s
cognitive and behavioral disturbances were associated with disruption of ascending dopaminergic projections to the frontal-subcortical

circuits.
© 2007 Elsevier B.V. All rights reserved.

Keywords. Frontal-lobe syndorome; Frontal-subcortical circuits; Hallucinations; Mesocorticolimbic dopaminergic system; Rostral brainstem

1. Introduction

Dopaminergic neurons in the rostral brainstem innervate
the frontal cortices, limbic structures, ventral striatum, and
thalamus, forming the mesocorticolimbic dopaminergic
system (MDS) [1-3]. Animal studies have provided
evidence of involvement of the MDS in cognition,
motivation, and the sleep—wake cycle. Although abnormal-
ities of the MDS have been implicated in psychoses,
schizophrenia, and cognitive and behavioral symptoms in
Parkinson’s disease and dementia with Lewy bodies [3,4],
human evidence of circumscribed damage to the rostral
brainstem dopaminergic nuclei or their projections to the
telencephalon is scarce [5].
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We performed stereotaxic lesion localization on magnetic
resonance imaging (MRI) and statistical analyses of regional
cerebral blood flow (rCBF) in a patient who developed
frontal-lobe syndrome and psychotic symptoms afier
infarction in the pontomesencephalic junction. The results
suggest that the patient’s symptoms are ascribable to
disruption of the ascending dopaminergic projections to the
frontal-subcortical circuit components.

2. Report of a case

A month before referred to our hospital, a 74-year-old
woman suddenly developed visual and auditory hallucina-
tions, visual illusions, and noctumal roaming. The patient had
no metabolic problems or medication history that may have
affected her behavior and cognitive function. She complained
of “floods pouring out from the bureau drawer,” that “the door
looks distorted,” and “I hear an old popular song about a sad
love affair playing all day”. She roamed around in her house in
the middle of the night and served cups of coffee to guests who
were not there. The visual hallucinosis and noctumal
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Table 1
Results of neuropsychological tests
Neuropsychological tests I month 2 months 4 months
[full score] after the onset
Mini mental state 21* 27 30
examination
WAIS-R VIQ/PIQ/FIQ 107/91/99
WMS-R verbal/visual/ 89/112/98/
general memory index / 91/94
attention/delayed recall
Category fluency (/min) 7* 10* 10*
Raven’s colored progressive 28
matrices
Trail making test A/B (sec) 195*/
gave up*
Color-form sorting initial/ Achieved/
altered sorting failed*
Porteus maze (years) 9*
Tower of Toronto 3 discs Gave up*
Wisconsin card sorting test 4/31

categories/perseveration

Asterisks indicate defective performance scores.
WAIS: Wechsler Adult Intelligence Scale-Revised; WMS-R: Wechsler
Memory Scale-Revised.

restlessness disappeared after a few days, but she lost
spontaneity and occasionally complained that she was useless.

On her first visit to our hospital, one month after the onset
of her symptoms, the patient showed evidence of apathy,
psychomotor retardation, and mild depression. Neurological
examination revealed hypophonia and postural instability.
There was no evidence of other parkinsonian signs, such as
rigidity and resting tremor, pyramidal signs, or cranial nerve
abnormalities. Her vision and hearing were normal, and she
scored 21 on the Mini Mental State Examination (MMSE).
One month later, she was admitted to our hospital for further
investigation.

On admission, the patient still had auditory hallucinations
and visual illusions, but her spontaneity and cooperation
were considerably improved, and the hypophonia and
postural instability had completely resolved. She achieved
27 on the MMSE and performed poorly on tests of executive
function, including color-form sorting, Porteus Maze, Trail
Making Test, and Tower of Toronto (Table 1). She had no
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impairment of memory, language, or visuospatial abilities.
Her residual symptoms subsided spontaneously without any
specific treatment, and she achieved a full score on the
MMSE 4 months after the onset of her symptoms.

3. Neuroimaging

MRIs revealed an infarct in the left upper pons and a small
previous infarct, which was already known about, with a
diameter of 0.5 mm in the dorsocaudal part of the left
external globus pallidus (Fig. 1A and B). A stereotaxic lesion
analysis was performed on 3D-SPGR images (256 %256
matrices, 220 mm field of view, 1.0 mm thick). Sections
reconstructed parallel to the plane through the mamillary
body and posterior commissure were superimposed over the
corresponding atlases at the levels of the middle and
lowermost margin of the inferior colliculus [6]. The lesions
involved the parabrachial pigmented nucleus (PBPG) and
the medial substantia nigra pars compacta (SNc) (Fig. 1C
and D). The corticospinal tract and cranial nerves and their
nuclei seemed to have been spared.

Regional CBF was assessed using N-isopropyl-p-['**1]
iodoamphetamine (IMP)-single photon emission computer-
ized tomography (SPECT) at 1 month and 4 months after the
onset. The SPECT data were collected in 64 x 64 matrices,
and were reconstructed in sections parallel to the anterior
commissure—posterior commissure plane with 8 mm thick-
ness. The count of each voxel was normalized to the average
voxel count of the whole brain. Z-score maps were produced
with the easy Z-score Imaging System (Daiichi Radioisotope
Laboratory, Tokyo, Japan), in which SPM99 (The Wellcome
Department of Neurology, London, UK) implements ana-
tomical standardization and.smoothing algorithms [7]. Based
on the rCBF images of 20 healthy subjects (mean age
65.6 years, SD=10.6), normative mean and standard
deviation (SD) images were constructed. Then each of the
patient’s voxel values was converted to a Z-score (Z=
[individual value—normative mean]/normative SD). A Z-
map showing voxels exceeding the threshold of Z-score>1.7
(one-tailed p<0.05) was demonstrated on the standardized
anatomical space. At the first session, the regions with
decreased rCBF included the dorsolateral and medial

Fig. 1. MRIs showing an upper pontine infarct (A and B). Sections reconstructed parallel to the plane through the mamillary body and posterior commissure were
indicated with the corresponding atlases at the levels of the middle (C) and lowermost margin (D) of the superimposed inferior colliculus. The colored areas
indicate the lesion (red), the substantia nigra pars compacta (green), and the parabrachial pigmented nucleus (blue).
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Fig. 2. rCBF images and Z-maps of the first (A) and second (B) SPECT sessions. The colored areas indicate regions with decreased rCBF of Z-score> 1.7 (one-tailed
p<0.05). The regions with decreased rCBF include the dorsolateral and medial prefrontal cortices, the anterior cingulate cortex bilaterally, and the left medial thalamus
and temporo-parietal junction at the first session (A). Hypoperfusion was substantially improved 2 months later, when the symptoms had resolved (B).

prefrontal cortices, anterior cingulate cortex bilaterally, and -

the left medial thalamus and temporo-parietal junction
(Fig. 2A). The second examination, which was performed
after the patient’s symptoms subsided, showed improvement
of rCBF in these structures (Fig. 2B).

4. Discussion

The patient described here developed apathy and executive
dysfunction after a rostral brainstem infarct. These symptoms
are similar to those of frontal-lobe damage and are often
observed in diseases involving subcortical structures, eg.,
striatal and thalamic vascular diseases, progressive supra-
nuclear palsy, and Huntington’s disease [8]. These types of
frontal-lobe-like syndromes associated with subcortical
lesions arise from disruption of the frontal-subcortical circuits.
The dorsolateral prefrontal cortex (DLPFC), orbitofrontal
cortex (OFC), and anterior cingulate/medial prefrontal cortex
(ACC/MPFC) form parallel closed circuits with the striatum,
pallidum, substantia nigra, and thalamic nuclei. Different types
of cognitive and behavioral syndromes emerge subsequent to
disruption of each circuit: (i) a dorsolateral prefrontal
syndrome with impaired “executive” cognitive function, (ii)
an orbitofrontal syndrome with personality changes charac-
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terized by disinhibition and imitability, and (iii) an anterior
cingulate/medial prefrontal syndrome with marked reduction
of spontaneity. Since these circuits share common subcortical
components, diseases affecting the subcortical structures result
in mixed symptoms of more than one distinct circuit [9,10]. As
with these cases, our patient, who suffered from rostral
brainstem infarction, developed “mixed-type” frontal-lobe
syndrome. Corresponding to the clinical features, such as
apathy and executive dysfunction, rCBF reduction was found
in both ACC/MPFC and DLPFC on SPECT.

Our patient developed psychotic symptoms, i.e. hallucina-
tions and delusions, and disturbance of the sleep—wake cycle
as well as a frontal-lobe syndrome. Hallucinosis associated
with rostral brainstem lesions was first described in the early
20th century and is known as “peduncular hallucinosis” [11].
Disruption of the ascending modulatory neurotransmitter
system has been proposed as a putative pathomechanism.
The lesion in our patient involved the PBPG and medial SNc in
the upper pons, which are the caudal extension of the dopami-
nergic nuclei of the ventral midbrain [6]. These structures
project to the prefrontal cortices, limbic structures, ventral
striatum, and thalamus, forming the MDS [1-3]. Besides the
rostral brainstem, hallucinations and delusions are observed in
damage to the ventral striatum and paramedian thalamus
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[12,13]. This constellation of anatomical locations suggests
that disruption of the MDS is a crucial factor in the emergence
of hallucinosis. Although serotonergic and cholinergic
dysfunction reportedly contributes to the emergence of
hallucinations, the serotonergic and cholinergic nuclei,
e.g., the supralemniscal nucleus, median raphe nucleus, and
pedunculopontine and dorsolateral tegmental nuclei, were not
involved in our patient.

We found rCBF reduction also in the left temporo-parietal
cortex at the first SPECT session. The projections arising
form the rostral brainstem dopaminergic nuclei dominate in
the frontal cortices but also terminate in the posterior cortical
regions [6,14]. Hypoperfusion in the temporo-parietal cortex
is explicable as a remote effect of the brainstem lesion.
Hypoperfusion in this region was circumscribed and transient
in contrast to wide-spread frontal hypoperfusion. These
SPECT findings are consistent with the patient’s symptoms,
i.e. predominant frontal-lobe symptoms and lack of parietal
symptoms such as alexia, agraphia, and constructive deficit.

Clinical observations and the results of neuroimaging ana-
lyses suggest that our patient’s frontal-lobe-like and psychotic
symptoms are ascribable to damage to the rostral brainstem
dopaminergic nuclei and its projections to the frontal-sub-

cortical circuit components. Our findings provide human evi-

dence of a significant role of the rostral brainstem dopaminergic

neurons in cognition and behavior and a functional relationship -

between the MDS and frontal-subcortical circuits: However,
there is a possibility to underestimate an involvement of the
other regions other than the frontal cortices because our SPECT
analyses were based on relative rCBF decrements not on
absolute ones. In addition, direct association between the
observed symptoms and SPECT findings is not clarified in this
case report. To confirm our findings, it is necessary to analyze
the relationship between neuroimaging findings and behavioral
characteristics in a greater number of the patients with the
rostral brainstem damage. Despite some limitations, we believe.
that the present results have -important implications for
understanding the pathomechanisms of psychoses, schizophre-
nia, and cognitive and behavioral problems in Parkinson’s
disease and dementia with Lewy bodies.
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