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A Case of Congenital Left Internal Carotid Artery Defect Associated with Partial Epilepsy
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Fig. 1 Axial T 2-weighted cranial MRI shows
no flow void of left internal carotid
artery at the level of cavernous portion.
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Fig. 2 Skull base CT scan shows absence of the
left carotid canal.

Fig. 3 Cranial MR angiography reveals com-
plete lack of left internal carotid artery
from cervical to cavernous segment (<},
Also, A1 segment of left anterior cere-
bral artery is not seen (&),
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Fig. 4 EEG findings shows intermittent focal sharp waves from the
right centro-temporal and occipital regions on awakening.
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Abstract

We present an autopsy case of omithine transcarbamylase (OTC) deficiency with grumose degeneration in the dentate nucleus of the
cerebellum. The patient had intractable neonatal convulsions and hyperammonemia from the 3rd day after birth. Diagnosis of OTC
deficiency was made based on null activity of the enzyme and four-base deletions in exon 9 of the OTC gene. Death was due to sepsis
as well as disseminated intravascular coagulation at 1 year and 2 months of age. Neuropathology showed multiple cystic changes and
ulegyria in the bilatera! frontal and parictal lobes. Multiple cysts were associated with the region, which was infiltrated with macrophages
surrounded by astroglia showing palisading pattern. Ferrugination was marked in the thalamus and severe neuronal loss with astrogliotic
change in the CAl-2 area of the hippocampus. Grumose degeneration was noted in the dentate aucleus of the cerebellum. This is the first

report of grumose degeneration in OTC deficiency. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Omithine transcarbamylase (OTC), a mitochondrial
enzyme, catalyzes the conversion of orithine and carba-
moyl phosphate to citrulline. The deficiency of this enzyme
is inherited as an X-linked trait, and most hemizygous males
die from severe ammonia intoxication during the neonatal
period [1]. The survivors over the neonatal period have
severe neurological disabilities and intractable convulsions.
Common neuropathological findings have been reported as
cerebral atrophy with ventricular enlargement, and cystic
degeneration [2-4]. We present here the neuropathological
study in a case of OTC deficiency diagnosed enzymatically
and genetically. In addition to-common neuropathological
features, grumose degeneration was found in the dentate
nucleus of the cerebellum.

* Corresponding author. Tel.: +81-282-861111; fax: +81-282-862947,
E-mail address: yhideo@dokkyomed.ac.jp (H. Yamanouchi).

2. Patient and methed
2.1. Case report

This boy was delivered after 37 weeks normal gestation.
Apar score was 9 at 1 min and 10 at 10 min. Severe convul-
sive seizures developed at 53 h after birth. Laboratory
studies showed that plasma ammonia level was elevated
to over 1000 pM. Computed tomography at the 3rd day
after birth showed mild cerebral edema, whereas magnetic
resonance image at the 46th day disclosed multicystic
changes predominantly in the bilateral frontal and parietal
lobes of the cerebrum (Fig. 1A). The diagnosis of OTC
deficiency was made on the basis of the enzymatic assay
using a liver biopsy specimen, which presented an undetect-
able level of OTC. Four-base deletion corresponding to
three bases of codon 297 and the first base of codon 2938
(GACT) in exon 9 of OTC gene were elucidated, using the
polymerase chain reaction (PCR)-single-strand conforma-
tion polymorphisms technique and sequence method [5].
The patient was treated with sodium benzoate, carnitine
and high-dose arginine. In his stable state, plasma ammonia
was successfully controlled within the normal range. At 12
months of age, he frequently vomited, when metabolic
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Fig. L. (A) Coronal MR (FLAIR 6500/1800/150) on the 46th day after birth shows multicystic changes in the bilateral frontal, parietal lobes and superior
temporal gyrus, but not in the middle and inferior temporal gyri. (B) Coronal secticn of the autopsy brain corresponding to the MR image in (A), presents
multiple cysts and ulegyria predominantly in the frontal and parietal lobe. Hippocampus is bilaterally atrophied, and ventricular systems are dilated.

acidosis and hyperammonemia (over 200 pM) progressed.
Sepsis and disseminated intravascular coagulation devel-
oped, and he died at 1 year and 2 months.

Autopsy was done soon after the patient’s death. Liver
weighed 530 g (expected weight: 304 g), and was yellow.

Histologically, hepatic cells were swollen and had micro- .

droplets, which were stained with oil red O. The lung was
congested and collapsed. Thromboemboli were shown in
the bilateral pulmonary arteries and superior vena cava,
Other general organs showed no pathological features,

2.2. Neuropathology (Figs. 1B, 2 and 3)

The brain weighed 455 g (expected weight: 944 g). On
the surface of the brain, thrombotic emboli were seen in the
bilateral superior cerebral veins. Cerebral hemispheres
showed symmetrical shrinkage with wide sulci and narrow
gyri. On the coronal sections of the cerebrum, multiple cysts
and ulegyria were seen predominantly in the bilateral frontal
and parietal lobes, but temporal and occipital lobes were
relatively spared (Fig. 1B). Third and lateral ventricles
were markedly dilated. Caudate nuclei, thalamus and hippo-
campus were atrophied. Brain stem and cerebellum showed
no definite changes on macroscopic view. Histopathologi-
cally, the white matter in the frontal, parietal and occipital
lobes was poorly myelinated and bore markedly astrogliotic
changes. The cortex showed neuronal loss with spongy
changes as well as astrogliosis. In the region adjacent to
multiple cystic formations, there was macrophage infiltra-
tion surrounded by astroglia, which were arranged in pali-
sading pattern and separated by a region with scant
cellularity (Fig. 2). Marked ferrugination appeared in the
thalamus. The hippocampus showed severe neuronal loss
with astrogliotic change in the CAl-2 area, and spongy
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changes were seen in the granular cell layer in the dentate
gyri. In the cerebellum, dentate nuclei showed degenerated
neurons surrounded by ill-defined clumps of eosinophilic
granular structures, which were intensely stained with
Boedian silver stain (Fig. 3), and immunchistochemically
positive for synaptophysin and phosphorylated neurofila-
ment.

3. Discussion

Commonly reported neuropathological features include
severe cerebral atrophy with various degrees of ulegyria,
ventricular enlargement and delayed myelination [2-4].
Histopathological studies have shown extensive neuronal
loss and spongiform degeneration with cavitation in the
frontal and parietal lobe {2—4). Clinically complicated and
devastating situations, including cardiorespiratory arrests,
prolonged bouts of seizure activity, coagulopathy and infec-
tion, make it difficult to address which pathological feature
is primarily responsible for OTC deficiency. Alzheimer type
I1 astrocytes may be a characteristic but not a specific
feature of OTC deficiency [2,4]. These can also be encoun-
tered in patients with hepatocerebral degeneration and
hyperammonemia. =

From the studies using sparse fur (spf) mice, congenital
OTC deficiency mice, two major possible pathogeneses for
neuronal cell death in OTC deficiency have been suggested
[6,7]. One is that neuronal energy deficit is caused by an
inhibitory effect of ammonia on a-ketoglutarate dehydro-
genase, critical enzyme for pyruvate oxidation, leading to
losses of adenosine triphosphate (ATP) production in the
brain [6]. The other relates to the excitotoxic effect of meta-
bolites. The tryptophan-oxidized metabolite, quinolinic
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Fig. 2. Histopathological findings of white matter in parietal lobe. H&E (A.B) and 'immunohistochemistry of Ki-M1P (C) and GFAP (D). In addition to the
apparent cystic changes (asterisk), the region with macrophage infiltration surrounded by astroglia with palisading pattern are separated by regions with scant
cellutarity (x200).

Fig. 3. Grumose degeneration in the dentate nuclei of the cerebellum. Bodian silver stain {x800).
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acid, is elevated in spf mice [7]. The level of this metabolite
is also high in affected children with OTC deficiency {8].
This metabolite acts on NMDA receptor, thus its overpro-
duction may lead to NMDA receptor-mediated excitotoxi-
city and neuronal cell death {9]. These mechanisms may
give, at least in part, an explanation for neuronal loss in
OTC deficiency in humans.

In multicystic encephalopathy, cystic formation is
commonly distributed in the territories of anterior and
middle cerebral arteries, whereas the temperal lobes
below the superior temporal gyri are usually spared {10].
Most of the reported evidence suggests that cyst formation
develops toward the end of gestation or during the early
postnatal period, and results from a severe disturbance of
cerebral circulation [10]. The location of cystic lesion in our
case is similar to those characteristic distributions in mulu-
cystic encephalopathy. It is suggested that frequent seizure
as well as circulation failure in the neonatal periad, at least
in part, lead to the multicystic change. One of the character-
istic features in this case was persistent macrophage infiltra-
tion surrounded by astroglia, showing a palisading pattern
separated by areas with few cells. These pathological
features represent early changes leading to cyst formation,
and suggest that cyst formation was developing even in the
terminal state, and that damage varies even in the same
region of the brain.

As for the cerebellar changes, atrophy of the cerebellar
granule cell layer associated with dendritic enlargement of
Purkinje cell processes has been reported [3]. A novel find-
ing in the cerebellum of this case is grumose degeneration in
the dentate nucleus. Grumose degeneration in the dentate
nucleus was first described in a patient with progressive
supranuclear palsy (PSP), and later reported in certain
other neurodegenerative disorders, such as dentatorubro-
pallidoluysian atrophy (DRPLA), Ramsay-Hunt syndrome
and juvenile Alzheimer’s disease with myoclonus [11]. This
term has been used for degenerative appearance of the gran-
ular materials surrounding the neurons in the dentate
nucleus. Tt is characterized by the appearance of eosinophi-
lic granular or amorphous material around dentate neurons
with dendritic swelling. Ultrastructural studies revealed that
these eosinophilic materials represent the degenerate axon
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terminals from the Purkinje cells. They are rich in lamellar
bodies, multivesicular bodies, neurofilaments and mito-
chondria, and usually show strong immunoreactivity for
synaptophysin and neurofilaments [11]. Although the
precise etiology for grumose degeneration in this case
remains unknown, the pathogenesis of grumose degenera-
tion may be shared with other neurodegenerative disorders.

References

f1] Michalak A, Butterworth RF. Omithine transcarbamylase deficiency:
pathogenesis of the cerebral disorder and new prospects for therapy.
Metab Braia Dis 1997;12:171-182.

[2] Harding BN, Leonard JV, Erdohazi. Omithine carbamoyl transferase
deficiency: a neuropathological study. Eur J Pediatr 1984;141:215-
220.

[3] Komfeld M, Woodfin BM, Papile L, Davis LE, Bernard LR. Neuro-
pathology of omithine carbamy! ransferase deficiency. Acta Neuro-
pathol 1985;65:261-264.

{4] Dolman CL, Clasen RA, Dorovini-Zis K. Severe cerebral damage in

omithine transcarbamylase deficiency. Clin Neuropatho! 1988;7:10~

15,

Matsuura T, Hoshide R, Setoyama C, Shimada K, Hase Y, Yanagawa

T, et al. Four novel gene mutations in five Japanese male paticnts with

neonatal or late onset OTC deficiency: application of PCR-single-

strand conformation polymorphisms for all exons and adjacent
introns, Hum Genet 1993;92:49-56.

[6] Ratnakumari L, Qureshi [A, Bunterworth RF. Regional amino acid

neurotransmitter changes in brains of spf/Y mice with congenital

omithine transcarbamylase deficiency. Metab Brain Dis 1994;9:43~
5L

Robinson MB, Hopkins K, Batshaw ML, McLaughtin BA, Heyes MP,

Oster-Granite ML, Evidence of excitotoxicity in the brain of the

omithine carbamoyltransferase deficient sparse fur mouse. Brain

Res Dev Brain Res 1995;90:35-44,

Batshaw ML, Robinson MB, Hyland K, Djali S, Heyes MP. Quino-

linic acid in children with congenital hyperammonemia. Ann Neurol

1993;34:676-681.

Schwarcz R, Whetsell Jr WO, Mangane RM. Quinolinic acid: an

endogenous metabolite that produces axon-sparing lesions in rat

brain. Science 1983;219:316-318,
[10] Friede RL. Developmental neuropathiology. 2 ed. Berlin: Springer,
1989,

[11] Arai N. ‘Grumose degeneration’ of the dentate nucleus. A light and
electron microscopic study in progressive supranuclear palsy and
dentatorubropallidoluysial atrophy. J Neurol Sci 198%:90:131-145.

5

—

{7

ot

{8

—_—

9

—



448 Journal of Child Neurology / Volume 17, Number 6, June 2002

Congenital Bilateral Perisylvian
Syndrome Associated With Congenital
Constriction Band Syndrome

ABSTRACT

We report a 7-year-old boy with congenital bilateral perisylvian syn-
drome and congenital constriction band syndrome. The former is
a congenital neurologic syndrome characterized by pseudobulbar
palsy, mental retardation, epilepsy, and bilateral perisylvian polymi-
crogyria. The latter is a malformative disorder with digital ring con-
strictions and amputations, probably caused by early amnion
rupture resulting in entanglement of fetal parts by amniotic strands.
We believe that the combination of these two malformative dis-
orders was not coincidental; instead, fetal circulatory disturbance
related to chronic abruptio placentae could account for this com-
bination. (J Child Neurol 2002;17:448450).

In 1926, Foix et al' described acquired faciopharyngoglossomas-
ticatory diplegia caused by bilateral anterior opercular vascular
insult. Graff-Radford et al2 documented a clinically similar entity
resulting from developrental disturbances in identical twins and
proposed the term “developroental Foix-Chavany-Marie syndrome.”
Subsequent pathologic study disclosed a bilateral perisylvian cor-
tical malformation consistent with polymicrogyria. Kuzniecky et
al¥ reviewed this congenital malformative entity and renamed it con-
genital bilateral perisylvian syndrome, which has become the most
widely accepted term. Familial cases, referred to as familial peri-
sylvian polymicrogyria, usually result from X-linked transmission.*
This syndrome is characterized by pseudobulbar palsy, mental
retardation, epilepsy, and perisylvian polymicrogyria ?

Congenital constriction band syndrome is a congenital defor-
mative disorder causing disfigurement and disability.* Synonyms
inciude (1) amniotic band syndrome; (2) amniotic deformity, adhe-
sion, and mutilations complex, and (3) the éa.rly amnion rupture
spectrum. Deformities vary widely, from digital ring constrictions
to major craniofacial and visceral defects. Early amnion rupture
with subsequent entanglement of fetal parts by amniotic strands
is the most accepted causal theory, although debate persists.?

We report a 7-year-old boy with both congenital bilateral peri-
sylvian syndrome and congenital constriction band syndrome and
suggest that the combination of these disorders was not coinci-
dental. Rather, we conclude that fetal circulatory disturbance was
a plausible etiology for both.

Cuase Report

A T-year-old boy had been under treatment for dysarthriz and epilepsy in
the outpatient department at Shimotsuga General Hospital. He was the
product of 37 weeks' gestation, delivered by cesarean section because of
chronie abruptio placentae and fetal distress, Birthweight was 2298 g, and
Apgar scores were 6 at 1 minute and 7 at 10 minutes. His head circumfer-
ence at birth was 32.1 em. His parents were not consanguineous, and the
family history was negative for mental retardation and epilepsy. Ring con-
striction and amputation with acrosyndactyly of the index, middle, and ring
fingers on both hands were noted at birth, as were constriction of the dis-
tal part of the left thigh and hypeplasia of the left great toe. He had no cleft

lip or palate and no visceral anomaly. The patient underwent reconstruc-
tive surgery for his hands and left thigh at 1 year and 3 years of age (Fig-
ure 1). Early developmental motor milestones were normal: head control
at age 4 months, sitting unaided at age 7 months, tuming over at age 8 months,
standing unaided at ! year, and walking unaided at age 18 months. In
infancy, he had difficulty swallowing and sometimes choked. He could
understand simple commands at age 2 years, but he could not speak in
phrases of several words until 3 years, when he was noted to be dysarthric.
At age 4 years, several episodes of sudden unconsciousness occurred, and
electroencephalography (EEG) revealed focal spikes in the right parietal
region. He was diagnosed with localization-related epilepsy, and valproic
acld was administered with good control of seizures. His karyotype was nor-
mal. On neurologic examination at 7 years of age, he had difficulty protruding
his tongue and was unable to move it from side to side. The gag reflex was
absent. Saliva pooled in his mouth, and he often drocled. Vocalizations were
sparse and difficult to comprehend. Other cranial nerve functions, muscle
strength, sensory examination, and gait were normal, Deep tendon reflexes
were normal, and no pathologic reflexes were noted. His head circumfer-
ence was 50.3 cm. Magnetic resonance imaging (Figure 2) showed symmetric
maldevelopment in the region of the sylvian fissure compatible with polymi-
crogyria; the cortex was dysplastic with a thickened appearance forming
broad gyri and shallow sulei, and the junction of cortex with white matter
was indistinct. The corpus callosum was well preserved, and no heterotopic
gray matter was noted.

The patient's hands (A} and foot {B) 7 years after recon-
structive surgery. Amputation of the index, middle, and ring fingers
is seen, as is hypoplasia of the left great toe.

Figure 1.
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Figure 2. Magnetic resonance images demonstrating dysplastic and thickened cortex bilaterally in tha region of the bilateral sylvian figsure.
Spin echo 500/15 (4, B, C}; spin echo 2500/80 (D, E F).

Discussion

In a review of clinical and radiologic features in 31 patients with
a congenital neurologic syndrome characterized by pseudobutbar
palsy, mental retardation, and bilateral perisylvian cortical mal-
formattons, Kuzniecky and colleagues® proposed the designation
congenital bilateral perisylvian syndrome. Essential criteria for
this syndrome are oropharyngoglossal dysfunction, moderate to
severe dysarthria, and bilateral perisylvian malformation apparent
from imaging. Additional criteria are delayed milestones, epilepsy,
mental retardation, and abnormal EEG.? Clinical features and radi-
ologic results in our patient fulfilled the essential criteria for con-
genital bilateral perisylvian syndrome. The neurologic examination
showed congenital dysphagia, dysarthria, and mild mental retar-
dation. He had localization-related epilepsy, which was well con-
trolled by valproic acid. Magnetic resonance imaging showed a
thickened, dysplastic cortex bilaterally in the region of the sylvian
fissure.

The exact mechanism for the development of polymicrogyria
remains controversial, but two theories are commonly proposed:
interference with early neuronal migration® and postmigrational
necrosis.” The former is suggested to give rise to the unlayered type
of polymicrogyria and the latter to the four-layered type.® Accord-

ing to cases that were informative concerning the critical period
in utero, polymicrogyria has been suggested to occur between the
third and fifth months of gestation.** Whatever the mechanisms
and timing, hypoxia/ischemia represents the most widely accepted
etiology.® Timing of catastrophic intrauterine episodes such as
maternal bleeding or carbon monoxide poisoning, 2 predominant
lesion location in the distribution of the middle cerebral artery, and
frequent location adjacerit to perencephalic lesions are the strongest
arguments for a hypoxic/ischemic pathogenesis of polymicrogyria.

A unique aspect of this patient is that aside from having con-
genital bilateral perisylvian syndrome, he showed congenital defor-
mation of the fingers and toes. The essential triad for congenital
constriction band syndrome includes distal ring constrictions,
intrauterine amputations, and acrosyndactyly.® The parts most
often affected are the index, middle, and ring fingers and the great
toe® Thus, our patient showed features of limb deformity that are
typical for congenital constriction band syndrome. Although the
details of the mechanism for congenital constriction band syn-
drome are still under debate, external constriction by amniotic
bands is the most generally accepted theory.® Early amniotic rup-
ture leads to the formation of mesedermal fibrous strands that con--
strict, entangle, and amputate distal portions of limbs. The eticlogy
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of amnictic rupture is heterogeneous, including infection, poor nutri-
tion, smoking, and genital bleeding. Chronic abruptio placentae is
thought to be one cause for genital bleeding, leading to increased
uterine irritability and intrauterine pressure, asscciated with pre-
mature contractions and placental separation.'® The evidence of rel-
atively low birthweight for gestational age supports a chronic and
multisystemic condition in utero in our patient. These mecha-
nisms can compromise fetal circulation and lead to polymicrogyria.
Thus, chronic abruptio placentae was likely to have been related
to both congenital bilateral perisylvian syndrome and congenital
constriction band syndrome in our patient.
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