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Development of Mind

Prefrontal Lobe

Symptoms of ADHD Dysfunction
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Abstract

A cognitive bias task (CBT) delineates two different cognitive selection mechanisms in the prefrontal cortex. To identify functional
anatorny of context-dependent reasoning, we used technetium->*"hexamethyl- propylencamine oxime (**™Tc HM-PAO) single photon
emission computed tomography (SPECT) and statistical parametric mapping. Twelve right-handed men 20-24 years old were instructed to
look at a target card and then select the choice card (among two) that they preferred (modified CBT; mCBT). They also selected a choice card
2 weeks later without prior presentation of a target card (control task). [n both tasks, 9mTe HM-PAQO was injected intravenously about 15 s
after initiation of the mCBT or control task. Brain images were obtained using a gamma camera and reconstructed by a UNIX-based
warkstation. Statistical analysis compared all activated images to control images. Results associated with P values of less than 0.01 (Z score
>2.36) were depicted on T-weighted magnetic resonance images. All subjects preferred choices more similar to the target. SPECT
activation occurred bilaterally in the dorsolateral prefrontal cortices and middle temporal gyri during performance of the CBT. Additionally,
the left inferior prefrontal cortex and left fusiform gyrus showed significant activation compared with the control task. A neural network
linking the temporal and prefrontal cortices prominently seen in the left hemisphere participates in context-dependent reasoning. Knowledge
of such neural systems is essential for understanding prefrontal lobe function and dysfunction.
© 2003 Elsevier B.V, All rights reserved.

Keywords: Cognitive bias task; Context-dependent reasoning; Activation study; Single-photon emission computed tomography (SPECT); Statistical
parametric mapping {SPM); Frontal lobe; Prefrontal lobe

1. Introduction frontal lesion showed context-dependent reasoning. The
shift accompanying routinization in the intact brain offers a
The prefrontal cortex has two cognitive selection dynamic view of lateralization of the frontal lobe. A‘ihara
mechanisms. One processing mechanism carries out etal. haw_a revealed that among r.ight—handed male subjelcts,
exploratory processing of novel cognitive situations {con- young children showed contex?-mdependent Tesponses in a
text-independent reasoning), while the other carries out modified CBT (mCBT), while adolescents and adults
processing based ‘on-pre-existing representations (context- Sho“’e‘_i Conlexl-depfendent fesponses [5]. Thus, the locus
dependent reasoning) [1=3]. Goldberg et al. [4] recently of cortlc‘a! control shifts from the.: right to the left fronta} lobe
described context-dependent and context-independent @S cognitive-contextual-reasoning develops. Accorfimg‘ly,
selection as respectively associated with the left and right the CBT would be a highly informative cognitive activation
frontal fobe, in right-handed male adults. Patients with left task for imaging to lateralize function in the frontal lobes.
frontal lobe lesions showed context-independent reasoning providing a dynamic‘ view of ht?mispher ic specialization in
in a cognitive bias task (CBT), while those with a right terms of both l.aterahly and region. However, t.he CBT has
: not been used in functional neuroimaging studies.
« Corresponding author, Tel.: +81-55-273-9606; fax: +81-55-273-6745. Functional neuroimaging has revealed much concerning
“  E-mail address: maihara@res.yamanashi-med.ac.jp (M. Aihara). brain function in perception and cognition [6,7]. Atthe same

0387-7604/03/% - see front matter © 2003 Elsevier B.V. All rights reserved.
PII: S0387-7604¢03)00092-5
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time, the frontal lobe has been implicated increasingly in
developmental disturbances such as autistic disorder and
attention deficithyperactivity disorder (ADHD) [8-10]. In
this study we sought to identify the functional anatomy of
context-dependent reasoning, using technetium-""" hexam-
ethyl-propyleneamine oxime (**™Tc HM-PAO) single-
photon emission computed tomography (SPECT) and
statistical parametric mapping (SPM99).

2. Methods
2.1. Subjects

Twelve volunteers (all male; ages, 20-24 years) partici-
pated in this study. All subjects were right-handed [1 1], and
had no history of psychiatric or neurologic illness. Informed
consent was obtained from all subjects after the details of
the study had been explained. The design of this study was
approved by the ethical committee of the University of
Yamanashi.

2.2. Task design

Goldberg et al. [4] proposed the CBT as a way (o
discriminate between left and right frontal lobe function.
We used mCBT designed for children. The mCBT cards
showed four characteristics: shape (circle or square),
number (one or two), color {red ot blue), and shading
(unshaded outline or filled). At first one target card was
presented. Two choice cards then were presented below the
target card after 2 s. The subjects were instructed to look at
the target card and then select a choice card according to
their own preference. The 30 trial sequences that followed
were the same for all subjects. As a control task, the subjects
selected one of the two choice cards at random without prior
presentation of a target card.

The mCBT raw score for each choice could range from
0 to 4 points. For example, if shape, color, and number but
not shading were matched between the target card and the
choice card, the raw score was 3 points. The overall mCBT
raw score was the sum of similarity indices across trials,
ranging from 30 to 90 points. High or low raw scores
implied consistently similar choices (target-driven selection
bias), while a middle-range score (around 60) implied that
the choices were unrelated to the target (indifferent selection
bias).

2.3. Imaging procedures

. All subjects underwent both mCBT and control SPECT
studies separated by an interval of 2 weeks. In both studies,
technetium->"" HM-PAO (370-740 MBq) was injected
intravenously about 15 s after initiation of the mCBT or
control task.

Brain images were obtained using a whole-bedy annular

crystal gamma camera (Toshiba GCA-9300A/DI; Tokyo,
Japan) equipped with low-energy, high-resolution three-
head collimators. SPECT studies were acquired for 10 min
in a 128 X 128 matrix with four degrees per second of
continuous angular increment. These image reconstructions
were performed at a UNIX-based workstation (Toshiba
GMS-5500A Workstation; Tokyo, Japan).

2.4. Swatistical parametric mapping

Analysis of data was performed by a personal computer
with a Windows 2000 Professional Operating System using
Statistical Parametric Mapping 99 software (SPM99;
Institute of Neurology, University College of London,
UK) [12]. The SPECT data reconstructed with attenuation
and scatter collection were reformatted into the Analyze
header format (Mayo Foundation, Baltimore, MD}. SPECT
images of each subject were co-registered between the
activated and resting condition images. The data were then
normalized to a high-resolution T1 ternplate (Montreal
Neurological Institution or MNI template) in lieu of our
99mMYM-PAO SPECT template to remove variation caused
by differences in size and shape of individual brains, and
smoothed with 8 mm full width at half maximum (FWHM)
prior to SPM statistical analysis in order to improve
statistical power by removing noise of the data. Statistical
analysis was performed to compare all activated scans with
all control scans. The results of  statistics were transformed
to Z scores. The results were rendered on the reference
T,-weighted magnetic resonance images when P values
were less than 0.01 (Z score, >2.36) with multiple
comparison correction. For presentation, activated sections
were rendered as hot-color maps on a three-dimensional
surface view of the brain and also depicted on transverse
slices.

3. Results
3.1. Behavioral data

All subjects performed the tasks well. Scores for each
subject in the mCBT task exceeded 80 points (range,
82-90), which indicated that subjects responded in a highly
context dependent-manner. The score for each subject in the
control task was approximately 60 (range, 56-63), which
reflected a context-independent mode of response.

3.2. SPECT activation data

CBT induced increased activation in a network system
including right and left dorsolateral prefrontal cortices, right
and lefi middle temporal areas, and the left insula and post-
temporal area (Fig. 1). Exact locations as determined with '
Talairach coordinates are shown in Table 1.

Compared with the control task, CBT bilaterally
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Fig. 1. Stalistical parametric mapping (SPM). (A) Areas of significant activation (7 < 0.01, corrected) are shown as 4 projection onto the glass brain. Coronal.
viewed from behind; transverse, viewed from above; sagittal, viewed from right. (B} Surface SPM (Z) rendering images are superimposed upon three-
dimensional magnetic resonance images. Activated regions are displayed in 1 “hot’ color.

activated the dorsolateral prefrontal cortices (BA 9/10/46)
and the middle temporal gyri (BA 21/22); (Table 1;
Fig. 2A,B). Activation also was signilicant m the left
inferior prefrontal cortex (BA 45/47); (Table 1. Fig. 2B}, the
feft premotor cortex (BA 6/24); (Table |; Fig. 2C), and the
left fusiform gyrus (BA 37); (Table 1; Fig. 2D).

4, Discussion

Traditional intelligence tests measure convergent think-
ing in the sense that a question usually has oaly one correct
answer [13]. Tests of divergent thinking, in contrast,
emphasize number and variety of answers to a single
question. As CBT in our study requires divergent thinking,
CBT was a multiple-choice response selection paradigm
where preference rather than accuracy was examined. This
mode of thinking has been reported Lo be particularly
compromised by frontal lobe injury [13]. Performance of
CBT by right-handed men with right prefrontal lesions
showed an extreme response bias [4]. A group with lefl-
sided lesions showed an opposile response bias. These
findings suggest that left and right prefrontal systems exhibit
different response selection biases: those guiding behavior
according to internal context-based principles. and those
using external environment-based principles [4]. In our
mCBT study. all subjects preferred the choice most similar
to the target, Therefore, we believe that our subjects selected
one of the two choice cards based on internal context

ordering hypothesized to involve the left prefrontal cortex in
right-handed males.

Podell et al. [14] proposed that a CBT olfers distinct
advantages as a cognitive activation task for functional
neuroimaging of the frontal lobes, since CBT discriminates
well between the effects of left and right [rontal lesions but
still requires less time to administer, is easier to understand,
and is better lerated by subjects than the Wisconsin card
sorting test (WCST), the current “gold standard’ for testing
frontal lobe function. For functional neuroimaging, we
chose a control task omitting presentation of a target card as
an appropriate subtraction task for use with the CBT. This
control task does not require the subject to make any ‘most
similar’ or ‘most different’ choice. Operationally, the con-
trol task is identical to the CBT except for the presentation
of the larget card and subsequent divergent thinking, which
are removed. With these task designs we could isolate
response selection strategies and relate them (o brain
structures through SPECT activation imaging.

In this study the dorsolateral prefrontal cortices and
middle temporal gyri were activated bilaterally as right-
handed men performed the inherently ambiguous CBT. The
left inferior prefrontal cortex and left fusiform gyrus also
were significanily activated. Though clinical evidence has
shown two functionally and neurally distinct cognitive
selection biases {1,2], this study apparently is the first to
show lunctional neuroimaging evidence of a neurai system
for context-dependent reasoning by healthy volunteers in a
CBT.

According to CBT studies by Goldberg et al. [4.151,
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Table 1
Arzas showing activation

Location Brodmann area Talairach coordinates Z-seore
X ¥ <

L. tempeoral lobe. 2122 -44 -35 -5 344
middle temporal gyrus

R. temporal fobe 41422122 5t . ~17 17 3.35
transverse temporal gyrus

L. lronal lobe. precentral gyrus 624 -24 -12 41 297

L. frontal lobe. superior 6 —~ 46 ' -14 32 282
[romal gyrus

L. frontal lobe. superior 10 —38 55 17 295
frontal gyrus

L. frontal lobe. middle 1046

fromal gyrus .

L. frontal labe. inferiot 45 46 47 —44 29 6 2.7
frontal gyrus

L. frontal lobhe, middle : 9 —36 34 28 2.69
frontal gyrus

I.. frentat lobe. superior 9
frontal gyrus

R. frontal lobe. superior 9 12 44 5 2,63
frontal gyrus

L. temporal lobe. . 37 —5i -73 -17 2.58
fusiform gyrus

R. frontal fobe, superior 10 26 51 3 2,58
frontal gyrus

R. frontal lobe. middle 10
frontal gyrus

R. frontul lobe. middie 46 9 53 23 26 247
frontal gyrus

R. frontal lobe, inferior 9
frontat gyrus

R. trontal lobe. middle 10 34 56 1 235

frontal gyrus

lateralized prefrontal lesions in right-handed males differ-
entially alter performance: right frontal lesions produce
context-dependent responses, while left-sided lesions result
in context-independent response. Whether there is a right-
to-left shift of frontal advantage as the function of learning
remains to be determined in this SPECT activation study. In
our recent electrophysiologic study, however, the EEG
spectral power increased in the gamma frequency bands
(30-40 Hz) from the right to the left prefrontal regions as
the CBT became familiar [16). Recent investigations have
reported that synchronization in the gamma band reflects a
processing mode or working cortex {17,18]. In addition, this
dual phenomenon was dramatically demonstrated by Gold
et al. [19]. Using PET, they studied changes in blood fow
patterns in the course of performing complex ‘delayed
alternating response’ task. At the early learning stage the
activation was greater in the right prefrontal regions than in
the left. At the late stage the pattern was reversed: there was
more activation in the left than right prefrontal regions [20].
Therefore, our results suggest that context-dependent
reasoning in a CBT requires not only activation of both
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prefrontal lobes, but also dynamic changes of activation
from the right to the left prefrontal lobes: the right prefrontal
lobe (BA 9/10/46) is activated during the early portion of
30-CBT trials, followed in later trials by left prefrontal lobe
(BA 9/10/46) activation associated with working memory.
All subjects responded in an extremely context-dependent
manner. These findings also support the hypothesis that the
locus of cortical control shifts from right to left prefrontal
over the course of cognitive skiil development [15], as seen
for cognitive contextual reasoning development [3].
Ongoing investigation of these issues in our laboratory
includes analysis of transient shifi-related signals in a CBT
by using the temporal resolution of event-related functional
magnetic resonance imaging method.

Our mCBT cards differed dichotomously in four
respects: shape, color, number, and shading. Thus, subjects
were required to discriminate 16 different visual objects as
they preferred. In this respect, the CBT is a visual categor- -
ization task. In a previous investigation, Sigala and
Logothetis ¢xamined neural mechanisms of categorization
learning in macaque monkeys, finding that neural activity in
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Fig. 2. Transverse statistical parametric mapping (Z) maps are superimposed upon magnetic resonance image. Coordinates are described with reference to the

Talairach system, The kocal maximum within the activated volume is defined by the b’ color corresponding 1o (A) the left superior frontal gyrus (v = — 38,
v=35z= TP <001, comected: Z-score = 2751 (A) the right superior frontal gyrus (x = 26,y = 51, 2= 3; P < 0.01, corrected; Z-score = 2 58x (Bithe
left middte lemporal gyrus (v = — 44, y= =33 := -5 P <00k corrected: Z-score = 3 -H) (B} the nght transverse temporal gyrus (x =5l y = — 17,

== |7: P < .01, corrected; Z-score = 3,351 (C) the left middle frontal gyrus (v = — vy =

12,z = 41; P < 0.01. comected:; Z-score = 2.97); and (D) the

left fusiform gyrus (x = — 5.y = ~73. 2= —17; P < 0.01, corrected: Z-score = 2.58).

the inferior temporal cortex was significantly enhanced
during calegorization in combined psychophysical and
electrophysiologic experiments [21). In humans. fine-
grained categorization is selectively impaired alter lesions
that include the fusiform gyrus [22,23]. These findings
indicate that activation of the temporal lobes. especially the
fusiform gyrus, is critical for a visual categorization task
such as CBT. Just after mCBT, on the other hand, all
subjects had easy answering questions that probe the
information of both target and choice cards presented lastly.
In addition, it has been well known that the patients with
damage to left-fusilorm gyrus-aré impaired at naming and
retrieving information about visual objects [24.25]. These
findings could provide an explanation why the left (not
right) fusiform gyrus was activated by mCBT.

Prefrontal activation also has been correlaled closely
with a categorization tlask [26-28]. Hasegawa und
Miyashita postulated that conceptual categorization is likely
1o depend on a newral network distributed between
prefrontal and posterior association cortex, possibly includ-
ing linguistic: areas [221.- Activations in the left ferior

prefrontal cortex (BA 45/47) and the left premotor cortex
(BA 6/24) might be part of a language-related process in
CBT. The present data indicate first that context-dependent
reasoning in mCBT requires activation of a distributed
network and second that the location of these sites are not
symmetrically distributed, but rather prominently distrib-
uted in the left hemisphere, evidenced by the selective
activation of the left fusiform, premotor and inferior frontal
regions. Thus, contexi-dependent reasoning in mCBT
would require activation of both retrieving visual infor-
mation and internal speech [29,30]. Studies showing
seleclive activation of left frontal cortex for naming and
retrieving information about objects provide additional

“support for this view 2931 The likely mechanism can be

inferred from our experiment Lhat demonstrated reciprocal

“interactions~ between-temporal and prefrontal -cortices

prominently seen in the left hemisphere along boltom-up
and lop-down connections in CBT including memory recall.
retrieval [32-34). categorization {21, performance moni-
toring [35}, decision making [36], and contextual updating
{34].
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5. Conclusion

Using PmMUM-PAO SPECT and SPM99, we identified a
neural network between temporal and prefrontal cortices
prominently seen in the left hemisphere linked to context-
dependent reasoning in mCBT. More detailed knowledge of
such neural systems is essential for understanding frontal
lobe function and dysfunction.
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Abstract

In patients with subacute sclerosing panencephalitis, clinical stages defined according to Jabbour correlate strongly with fronial lobe
dysfunctions. Nonguantitative radiologic investigations in these patients have confirmed cerebral atrophy without ideatifying predominantly
affected regions. We addressed this issue over an 8-year-old boy’s course using volumetry based on three-dimensional T1-weighted gradient
echo magnetic resonance imaging. Seven normal 6-12-year-old subjects served as controls. Whole-brain volume declined as Jabbour stage
advanced from I to ITI. Frontal lobe volume and frontal-to-whole-brain volume ratios fell significantly as clinical stage progressed.

Thus, cerebral atrophy in this SSPE patient was predominantly frontal, and paralleled clinical progression.

© 2004 Elsevier B.V. All rights reserved.

Keywords: Subatute sclerosing panencephalitis (SSPE); Three-dimensional magnetic resonance imaging; Brain volumetry; Frontal lobe atrophy; Jabbour

clinical stage

1. Intreduction

Subacute sclerosing panencephalitis (SSPE), a rare,
progressive, and frequently fatal infectious nervous system
disease that affects children and young adults, is caused
by an aberrant response to measles infection [1].
SSPE commonly is characterized by insidious onset of
behavioral changes, emotional instability, and mental
deterioration, followed by ataxia, mycclonic jerks, and
focal neurologic signs [2]. A multidisciplinary study by
Jabbour and coworkers [3} suggested a four-stage clinical
classification that is used to evaluate disease progression.
Clinical signs of SSPE such as emotional instability,
behavioral changes, motor disturbances and myoclonic
jerks correlate strongly with frontal lobe dysfunction.

Radiologic investigations using computed tomography
(CT) and magnetic resonance imaging (MRI) in patients
with SSPE confirmed cerebral atrophy (4,5], which is diffuse
in the final stages of the disecase [6]. However, the regions
most severely involved were not identified in these
qualitative studies.

* Cormresponding author. Tel.: +81-55-273-9606; fax: +81-55-273-6745.
E-mail address: maihara@ res.yamanashi-med.ac.jp (M. Aihara),

0387-7604/$ - see front matter © 2004 Elsevier B.V. All rights reserved.
doi: 10.1016/.braindev,2004.05.001

We encountered a patient with SSPE who showed
disturbance of motor function, lack of spontaneity, and
emotional instability in his course. Marked improvement
concerning emotional state and spontaneity occurred with
long-terrn combined therapy with oral isoprinosine and
intrathecal o-interferon. We serially measured total
and frontal cerebral volumes by three-dimensional (3-D}
MRI-based volumetry, correlating cerebral atrophy with
clinical and laboratory data over time.

2. Case report

An 8-year-old boy was admitted to our hospital in
November 1999 for evaluation of gait disturbance,
dysarthria, and myoclonic jerks of the right upper limb.
The second child of nonconsanguinous parents, he was born
after an uneventful pregnancy and delivery and had normal
motor and mental development up to the age of 8 years.
Whether he had been infected with measles was unknown,
but he had not received measles vaccine.

He showed lack of spontaneity and emotional instability.
On neurologic examination he had myoclonic jerks of the
right upper limb. Cranial nerve function was unremarkable.
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Fig. 1. Clinical course of a patient with SSPE. Symptoms rapidly progressed from Tabbour stage I to 131, but improved to stage Il by 6 months after initiating
combination therapy. Measles titers in serum and cerebrospinal fluid showed no significant change throughout the course, but the 1gG index changed in parallel
with the clinical state. SSPE, subacute sclerosing panencephalitis; HI, hemagglutination inbibition.

Cogwheel rigidity was noted in the right limbs, where deep
tendon reflexes were brisk. Results of routine hematologic
and blood chemistry tests and urinalysis were normal.
High measles antibody titers were found in serum (1:256)
and cerebrospinal fluid (1:16). IgG was significantly
elevated in the cerebrospinal fluid, as was the IgG
index. Oligoclona! IgG bands were present in the
cerebrospinal fluid. An electroencephalogram revealed
periodic high-amplitude sharp- and slow-wave complexes.
High-signal lesions were seen in the right parietal and
occipital lobes on T2-weighted images. The patient was
diagnosed with SSPE, and treatment was initiated
immediately with combined oral isoprinosine and
intrathecal a-interferon.

The patient’s clinical course is shown in Fig. 1. He
showed rapid progression from Jabbour stage I to IIL
followed by slow improvement from stage III to I Initially
ambulating unaided, he was wheelchair-bound or bedridden
2 months after onset of symptoms. He had not regained
speech or responsiveness to stimuli at 3 months after
initiation of therapy, and the Jabbour stage remained III. He
regained responsiveness fo stimuli and some speech &
months after beginning combination therapy. Myoclonic
jerks decreased in frequency, and emotional state was
stable; improvement represented clinical stage IL
Ambulation did not improve despite medical therapy and
rehabilitation. Measles titers in cerebrospinal fluid
showed no change throughout the course. On the other
hand, the IgG index had changed from 2.6 at onset t0 2.9 4
months later in association with clinical disease progression,

but was 1.8 in association with clinical improvement at
6 months after onset. Routine MRI showed mild progression
of brain atrophy and high signal intensity in subcorticat
white matter.

3. Serial 3-D MRI volumetry

Volumetric 3-D MRI evaluation was performed in the
patient four times, at onset of symptoms and 2, 4, and 6
months after onset (Fig. 1).

A control group consisted of seven age-matched
children, including five boys and two girls who ranged in
age from 7 to 12 years (mean 9). Clinical indications for
MRI included suspected speech delay, brain trauma, brain
tumor, short stature, and migraine. No neurologic,
cognitive, or emotional disorder was present in controls
during 2-4 years of subsequent follow-up. No control
subject had abnormal findings by routine MRL

MRI was performed using a 1.5-Tesla system
(GE, location). The 3-D MRI data were acquired by fast
spoiled gradient recalled echo in a steady state with 3-D
Fourier transformation. Images of the entire brain surface in
3-D were cbtained from the 124 sections using an
Advantage Windows RP 3-D analyzer (General Electric,
Wisconsin, MW). Then frontal lobe was determined and
confirmed using the same method as our previous report [7].
Finally we measured whole-brain and frontal lobe volumes
using the volume measurement function of the analyzer
workstation, based on the 3-D images.
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Fig. 2. Three-dimensional surface views of the left hemisphere 4 months after onset in a patient with SSPE (A) and in an age-matched normal contrel (B). SSPE,

subacute sclerosing panencephalitis.

Fig. 2A depicts 3-D surface views of the patient’s left
hemisphere in comparison o those of a normal subject
(Fig. 2B). The patient’s frontal lobe was clearly atrophic to
simple inspection. Serial MRI findings revealed increased
signal on T2-weighted images in subcortical white matter,
enlargement of lateral ventricles, and slowly progressive
cerebral atrophy.

Measured volumes for whole brain and frontal lobe,
and ratios of frontal lobe to whole-brain volume are shown
in Fig. 3. Whole-brain volumes declined with progression of
Jabbour stages from I to 11l remaining essentially unchanged
thereafter during clinical improvement from stage 11l to I1
(Fig. 3A). Frontal lobe volume declined significantly
with progression of clinical stage, then remaining constant
(Fig. 3B). The frontal lobe to whole-brain volume ratio fell
significantly with progression of clinical stage, and restored
slightly during clinical improvement {Fig. 3C).

4. Discussion

Quantitation of volume is useful in characterizing normal
brain growth as well as disturbances of growth caused by
various diseases. Volumetric analysis of the brain may
predict functions associated with the region measured.
Using volumetry based on 3-D MR, we investigated frontal
and prefrontal normal growth during childhood and
adolescence [7]. Reliability of MRI-based volumetric
analysis reflects both image quality and the power of the
analysis {8}, as confirmed by comparison of direct and MRI
volumetric measurements in cadaver brains. Furthermore,
intra- and inter-rater variations were comparable to those in
other studies [9].

Neuroimaging in the patients with SSPE is not absolutely
required for diagnosis, but it offers important clues for
clinical assessment. Reported distributions of MRI
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Fig. 3. Serial changes of whole brain volume {A), fronta) lobe volume (B, and the frontal lobe to whole-brain volume ratio (C). Whole-brain volumes declined
with progression of clinical stage according to Jabbaur. Frontal labe volume and the frontal lobe-to-whole-brain volume ratio ulso declined significantly with
progression of clinical stage. Bars indicate the range for age-matched control patients who proved to have no neurologic disease.

=774 —



H. Kanemura et al. / Brain & Development 27 (2005) 148-151 151

abnormalities have varied between series [6,10,11].
Kulczycki et al. [12} found the inflammatory process to
begin in accipital white matter and proceed toward the frontal
region. As the disease progresses, lesions showing demye-
lination, necrosis, gliosis, and cerebral atrophy become
increasingly prominent [10], as is best appreciated in
T2-weighted images. However, correlations between clinical
state and MRI findings have not been clear in previous reports
14,6,10]. Previous MRI studies performed at different stages
of the disease [1,4,10,13,14] have suggested that SSPE can
involve cortical gray matter, white matter, and basal ganglia,
leading to atrophy. In previous reports mild atrophy was seen
as early as 6 months, with subsequent progression [1]. In other
reports, cerebral atrophy was observed in patients with a
rapid disease course or an advanced disease stage [14].
Atrophy appears to result from postinflammatory tissue
damage, and may occur earlier in patients with a relatively
rapid course. Thus, the pattern of cercbral atrophy in apatient
with SSPE can vary with clinical stage and duration of
symptoms.

Symptoms of SSPE characteristically include an
insidious onset of behavioral changes and emotional
instability. Patients with frontal lesions also demonstrate a
range of social impairments related to changes in
personality and irresponsibility. Previous investigations
have underscored the importance of the frontal cortex,
especially the orbitofrontal cortex, in social interactions and
emotional responses. On the basis of PET swudies in SSPE,
Huber et al. [15,16] hypothesized that inflammation
associated with excessive metabolism in the basal ganglia
interferes with connections between frontal, temporal,
and parietal areas, resulting in Jabbour stage II symptoms.
On the other hand, PET findings included decreased
cerebral blood flow and oxygen metabolism in the frontal
lobes [17], suggesting that frontal lobe function had a
particularly strong correlation with clinical stage in SSPE.

To the best of our knowledge, no attempt. has been made
to measure individual cerebral lobes in patients with SSPE.
Our study therefore may be the first to quantitate atrophy of
the whole brain and frontal lobes in a patient with SSPE.
Frontal lobe volumes, especially when considered as a ratio
to whole-brain volume, decreased in association with
advances of clinical stage and increases of the 1gG index,
and restored slightly with clinical improvements.
Thus, cerebral atrophy in SSPE, particularly frontal lobe
atrophy, might correlate with clinical and laboratory
progression and improvement.

Clinical stage did not significantly reflect MRI findings
when a heterogeneous group of SSPE. patients was
considered, althongh imaging findings correfated with
clinical stage during the first year after onset [5].
Furthermore, serial MRI and clinical examinations carried
out by Akdal et al. [18] exhibited little correlation between
MRI findings and clinical stage. However, our patient
showed a close relationship over time between frontal lobe
atrophy and both the clinical state and the IgG index.

Our investigation is the first to use quantitative and regional
analysis based on 3-D MRI. In the future, investigations of
the frontal lobe by serial 3-D MR may have importaat role
in clinical evaluation in SSPE.

In conclusion, our findings suggested that cerebral
atrophy in a patient with SSPE occurred mainly in the
frontal lobes and this technology may be a useful tool for
understanding clinical dysfunctions of SSPE.
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Abstract

We present a very rare case of a craniopharyngioma
showing intracranial ectopic recurrence after the total
removal of recurrent craniopharyngioma arising at the
primary site accompanied by Ommaya reservoir implan-
tation. A 2-year-old boy underwent a bifrontal cranioto-
my and tota! removal of the adamantinomatous cranio-
pharyngioma via the interhemispheric translamina ter-
minalis approach. Four months later, he underwent total
removal of recurrent craniopharyngioma and implanta-
tion of an Ommaya reservoir via the same approach. Ten
months later, total removal of the ectopic recurrent cra-
niopharyngioma following the placement of the Om-
maya reservoir cannula, which was placed within the

surgical route, was performed via the same craniotomy.
Caopyright © 2004 5. Karger AG, Basel

Introduction

Craniopharyngioma is a benign neoplasm that ac-
counts for approximately 2-3% of all intracranial tumors
and arises from the squamous epithelial nests of Rathke’s
pouch [1-3). Complete tumor excision is difficult due to
the peripheral structure. The recurrence of craniopharyn-
gioma is not rare and often occurs at the primary site or in
an adjacent area. However, the ectopic recurrence of cra-
niopharyngioma is very rare, and to date, only 12 cases
have been reported [4-15). The authors present a case of
craniopharyngioma showing intracranial ectopic recur-
rence after the total removal of recurrent craniopharyn-
gioma arising at the primary site.

Case Report

A 2-year-old boy presented at the Pediatrics Department of his
local hospital on Aprit 5, 2000, with headache, nausea and lethargy
persisting since the middle of March 2000. Computed tomography
{CT) demonstrated a suprasellar mass extending to the third ventri-
¢le and acute hydrocephalus. The patient was referred to our hospital
and was admitted the same day. No remarkable abnormal neurologi-
cal findings were detected. On magnetic resonance imaging (MRD),
the mass measured 2.0 x 2.0 x 4.0 cm, with both solid and cystic
components {fig. 1). The solid component was heterogeneously en-
hanced and included calcification. The cyst wall was well enhanced.
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Fig. 1. Axial T|-weighted gadolinium-enhanced (A) and coronal (8)
MR images demonstrated a well-enhanced suprasellar mass extend-
ing to the third ventricle, and acute hydrocephalus. The mass mea-
sured 2.0 % 2.0 x 4.0 cm, with both solid and cystic components.
The solid component was heterogeneously enhanced and included
calcification. The cyst wall was well enhanced.

Fig. 2. Photomicrograph indicating a typical craniopharyngioma of
the adamantinomatous type. Stratified squamous epithelium sur-
rounding a loose ‘reticulate’ hypocellular region with multiple cysts
and calcifications can be seen. HE. x200.

Acute hydrocephalus was demonstrated, causing a mass on the third
ventricle. We diagnosed craniopharyngioma and performed a bifron-
tal craniotomy with total removal of the tumor via the interhemi-
spheric translamina terminalis approach on April 1 1. Histopatholog-
ical examination confirmed the diagnosis of an adamantinomatous
craniopharyngioma (fig. 2). MRI, 20 days after the first operation,
revealed no residual tumor (fig. 3A). Postoperatively, the patient
developed panhypopituitarism and diabetes insipidus. Thyroid hor-
mone, an adrenal cortical hormone and an antidiuretic hormone
were administered. No postoperative radiotherapy was adminis-

Ectopic Recurrence of Craniopharyngioma

Fig. 3. Axial Ti-weighted gadolinium-enhanced MR images (A), 20
days after the initial surgery, revealed no residual tumor. Axial T -
weighted gadolinium-enhanced MR images (B), 4 months after the
initial surgery, revealed a recurrent tumor at the primary site and a
trzil of enhancement along the initial surgical tract {white arrow).
This multilocular cystic mass measured 3.0 x 3.0 x 3.0cm.

tered. The patient was discharged without neurological deficits. Four
months later, on August 28, the patient’s mother noticed signs of
visual impairment in her child. There had been no previous signs of
visual impairment and he had not complained of this symptom until
that time. He was extremely nearsighted, able to see only about
30 ¢m. MRI demonstrated recurrent suprasellar craniopharyngioma,
a multilocular cystic mass measuring 3.0 x 3.0 x 3.0 cm (fig. 3B}.
The patient underwent total removal of the recurrent craniopharyn-
gioma via the same approach. At this time, an Ommaya reservoir was
implanted and the tip of the cannula was inserted into the extraction
cavity for the management of future recurrence, for aspiration of the
cystic component and reduction of the tumor mass. The histopatho-
logical examination was similar to that previously performed. Post-
operatively, his visual impairment improved by degrees. However,
CT on the sixth postoperative day demonstrated minute calcifica-
tions around the Ommaya reservoir cannula that had not been seen
the day after surgery (fig. 4A, B). MRI after about 2 months demon-
strated a cystic mass surrounding the Ommaya reservoir cannula in
the center of the frontal base in the subdural space under the crani-
otomy bone flap (fig. 4C). After 6 months, CT revealed au enlarged
well-enhanced cystic mass involving minute calcifications around
the cannula (fig. 4D). On June 26, 2001, 10 months after the previous
aperation, total removal of the tumor was performed via the same
craniotomy since this cystic lesion had grown gradually (fig. 5). The
Ommaya reservoir cannula was removed from the recurrent tumor
during the surgical procedure. There was no adherent tumor tissue,
including calcification, and the histopathological features of the
tumor were identical to those of the adamantinomatous craniopha-
ryngioma that had been removed previously. There was no evidence
of histological malignancy such as nuclear atypia, high mitotic activi-
ty or necrosis. The postoperative clinical course was good with no
neurological deficits. Routine follow-up MRI 2 years and 7 months
after the third operation revealed no evidence of recurrent tumor.
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Fig. 4. Plain CT, the day after the previous {second) surgery (A),
showed total removal of the tumor and no minute calcification
around the Ommaya reservoir cannula. However, plain CT, 6 days
after the previous {second) surgery (B), demonstrated minute calcifi-
cation around the Ommaya reservoir cannula {white arrows). Axial
T,-weighted gadolinium-enhanced MR images, 2 months after the
previous (second) surgery (C), demonstrated a cystic mass surround-

Fig. 5. Axial T,-weighted gadolinium-enhanced {A) and coronal (B)
MR images, 10 months after the previous (second) surgery, demon-
strated a well-enhanced cystic mass. The enhanced lesion followed
the Ommaya reservoir cannula. A Enhancement along the Ommaya
reservoir cannula was noted (white arrow). B The wall of the cystic
mass involving the cannula (white arrow).

Discussion

The ectopic recurrence of craniopharyngioma is a very
rare postoperative-complication-and, to our knowledge,
only 12 such cases have been reported [4-15]. Eight
reports in the literature have described ectopic recurrence
after the dissemination of residual tumor cells along the
tract of the previous surgical route [4, 5,7, 10-12, 14, 15].
Among these cases was | patient with an epidural mass
[12] and 2 with masses in the sylvian cistern [10, 14]. In

232 Pediatr Neurosurg 2004;40:230-233

ing the Ommaya reservoir cannula in the center of the frontal base in
the subdural space under the craniotomy bone flap. Enhancement
along the Ommaya reservoir cannula was noted (white arrow).
Enhanced CT, 6 months after the previous (second) surgery (D},
demonstrated a multilocular cystic mass involving minute calcifica-
tion surrounding the Ommaya reservoir cannula in the center of the
frontal base.

4 other reports, ectopic recurrence was considered remote
metastasis of the primary tumor by cerebrospinal fluid
(CSF) dissemination because the site of the recurrent
tumor was andtomically separate from both the primary
site and the previous surgical route [6, 8, 9, 13]. One of
these cases involved the spinal canal [9]. Nomura et al.
[13] reported a case that clearly demonstrates CSF dis-
semination based on positive CSF cytology.

In our case, the ectopic recurrence was considered the
dissemination of residual tumor cells along the tract of the
previous surgical route, because the recurrent tumor was
located along the line of the previous surgical approach.
However, it presented unique aspects differing from the
12 previously reported cases. First, this patient was very
young: in previous reports, the patients’ age at presenta-
tion ranged from 10 [4] to 73 years [6], while age was not
reported in 1 patient [15]. Second, the time to seeding was
very short, only 2 months. In the 12 reported cases,
remote recurrence was detected from 20 months [13] to
21 years [12] after the previous surgical intervention. In 1
of these cases, malignant transformation was detected
[13]. Third, the tumor recurred along the Ommaya reser-
voir cannula, surrounding it and grew gradually. Bleyer et
al. [16] presented a patient treated for meningeal Burkitt’s
lymphoma, and the cause of death was a large mass of
tumor cells growing around the cannula. These authors
considered that Burkitt’s cells disseminated along the can-
nula track deeply into the brain parenchyma. In our case,

unfortunately, the Ommaya reservoir cannula was acci-
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