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This paper is aimed to present a corpus callosum and cerebellar anomaly with
pathological findings in a 40-day-old, male, Golden Retriever puppy. It was stated
that the dog rapidly deteriorated and died. On necropsy, after opening the skull, it was
observed that the brain and cerebellum hemispheres were separated. In the detailed
macroscopic examination, it was observed that the corpus callosum, interthalamic
connections, which connect the brain hemispheres, were completely separated from
each other. It was observed that the corpus callosum was more prominent in the right
hemisphere but the anatomical structures of the left hemisphere were not evident.
It was also observed that the hemispheres of the cerebellum were almost completely
separated from the vermis region. It has been observed that brain connections can
be achieved only by attachment between the midbrain and pons and continuing with
the pons. Microscopic examination revealed no inflammatory reactions in the brain
and cerebellum. Corpus callosum and cerebellar vermis anomalies in dogs have been
reported before. However, split brain syndrome characterized by the loss of almost all
connections of the brain and cerebellum in such severity that was observed in this case
has not been previously reported.
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INTRODUCTION

The brain is a paired organ composed of the right and left hemispheres which are
connected with a nerve tissue isthmus called corpus callosum (CC). CC agenesis was
described in humans firstly in 1812 [1]. CC agenesis can be clinically asymptomatic
and can be recognized as a malformation in nervous system radiographies or during
autopsy. Generally, this entity exists with other developmental anomalies in both the
central nervous system (CNS) and other organ systems. Mental retardation, seizures,
motor dysfunction, cerebellar dysfunction (hypotonia, spastisity etc.) or ocular
anomalies could be observed in patients with CC agenesis. These findings are generally
nonspecific and are found with many other defects in the CNS, peripheral nervous
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system or other organ systems [2]. In a study, ocular anomalies (chorioretinal lacuna,
strabismus, colobomata etc.) were often seen and medial orofacial anomalies were
concurrent to CC agenesis in 705 cases. In the same study, hydrocephalus in 23% of
cases and costovertebral anomalies in 6% of cases were observed. Pathologically gyral
anomalies in 32% of cases and heterotopias and/or polymicrogyria in cases of 23%
were observed [2].

CC is formed during embryogenesis and typically consists of four segments which
include the rostrum, genu, body and splenium [2,3]. Damage during eatly embryogenesis
causes complete callosal agenesis. Subsequent injuries (e.g. tumors, cysts and toxic or
metabolic causes that affect CSF flow) cause complete or partial (posterior) agenesis
and hydrocephalus. In rare cases, only a posterior residue is present and damage of the
anterior cerebral artery and the branches of this vein is uncertain [2].

Sporadic cases of CC anomalies have been reported in veterinary medicine. These
case reports have been started to be presented more often recently due to the use
of advanced imaging techniques in veterinary medicine [4-7], however, these
malformations are pootly understood for this species [8].

The hemispheres of the cerebellum are also connected with each other through the
vermis in the middle part. Cerebellar vermis anomalies can occur because of various
infectious and hereditary conditions. Hereditary syndromes have been reported in
cattle [9], sheep [10], horses [11], and dogs [12].Hypoplasia, aplasia and partial agenesis
of the cerebellum and hypoplasia and aplasia of the cerebellar vermis have been
reported previously [10,12,13].

In this case report, we aimed to present the split brain syndrome characterized by CC
hypoplasia and partial cerebellar vermis agenesis in a dog.

CASE PRESENTATION

It was stated that the 40-day-old male, Golden retriever dog rapidly deteriorated
and died. Adequate information about the dog’s history and clinical picture has not
been provided by the owner. On necropsy, swelling was observed in the abdominal
region, and when the skin was lifted, an abscess, approximately 1 ¢cm in diameter,
was seen subcutaneously in the mandibular region. Subcutaneous fluid accumulation
was observed in the abdominal region, and when the abdominal cavity was opened,
approximately 100 ml of yellowish liquid accumulation was noticed. It was observed
that the liver was diffusely pale and contained petechial hemorrhages, and a large
amount of blood came from the section. When the chest cavity was opened, it was
observed that the lungs were diffusely edematous and a large amount of foamy liquid
came from the cut surface.

When the skull was opened, it was observed that the brain and cerebellum hemispheres
were separated. In the detailed macroscopic examination, it was pointed out that the
corpus callosum and interthalamic junction areas that provide the connection of the
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brain hemispheres are completely separated from each other. It was noteworthy that
the splenium region of the CC, especially in the left hemisphere, was indistinct, and
the body, genu, and rostrum regions were hypoplastic. Additionally, flattening on the
cerebral cortex above the corpus callosum and fusion with CC were observed. In the
right hemisphere, it was noted that the anatomical structures of the CC can be clearly
observed, yet the cerebellum is completely separated from the vermis region. It was
observed that brain connections can only be achieved by the junction between the
midbrain and the pons and continued pons (Fig.1).

Figure 1. Separation of brain and cerebellum hemispheres. It is seen that the rostrum, genu,
trunk and splenium (arrowhead) sections of the CC, which are evident in the right hemisphere,
are hypoplastic (arrows) where they should be in the left hemisphere. There is no any
connection between cerebellar hemispheres. There is flattening on the cerebral cortex above
the CC (asterisk).

Tissue samples for microscopic examination were fixed in 10% formaldehyde. After
routine follow-up the tissues were embedded in paraffin and 5 pm cut sections were
stained with hematoxylin-eosin and examined under light microscope. No inflammatory
reaction was observed in the brain and cerebellum (Fig.2). Microscopical morphology
of the cerebellum was normal and there were not any hypoplastic and dysplastic
changes present. The only lesion present was diffuse hepatocellular vacuolizations
(Fig.3) and no any other lesions in other organs were observed.
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Figure 2. Microscopical view of the junction of brain hemispheres. No lesions were observed.
H&E. x400.

Figure 3. Diffuse vacuolar degeneration in the hepatocytes. H&E. x400.

CC abnormalities are common brain malformations in humans and estimated
prevalence is 0.3-0.7% in patients undergoing brain imaging [14]. Classically, CC
abnormalities are partial agenesis (hypogenesis) or complete agenesis [3]. The first type
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is more common and the caudal part of the CC is most commonly affected [3,15].
Recently, a more detailed classification has been made, accordingly, the classification
includes anomalies in the form of hypoplasia (all major anatomical components are
present but decreased in size), dysplasia and hypoplasia (formless and small CC) and
agenesis (absence of CC) [15]. The condition observed in our case was classified as
hypoplasia.

The etiology of CC agenesis is heterogeneous and multifactorial. CC agenesis is
formed in people with fetal alcohol syndrome, possibly due to the teratogenic effects of
alcohol. As in Andermann’s syndrome [16], hereditary or familial predisposition-related
conditions and recently identified chromosomal-related conditions for X-associated
dominant Aikardi syndrome can be found [2]. In our case, an inflammatory reaction
was not observed to suggest an infectious agent, but unfortunately no analysis could
be performed genetically.

In a study [8], CC anomalies observed in 15 dogs were discussed. Affected dog breeds
include Staffordshire Bull Terrier (5/15), Miniature Schnauzer (3/15), Miniature
Schnauzer hybrid, Affenpincher, Border Collie, Cairn Terrier, Pug, Rottweiler and
Tibetan Spaniel. Clinical symptoms were hypernatremia associated adipsia / hypodipsia
(12/15), tremors (6/15) and seizures (6/15). In our case, no information about any
nervous system symptoms was given in the anamnesis. This suggested that the case
was asymptomatic or that good observation was not made. According to MR images
of the mentioned study [8], rostral CC was absent and the caudal part was hypoplastic
in 10 dogs, diffuse hypoplastic and dysplastic CC was observed in 4 dogs, and CC was
diffusely hypoplastic in a dog [8]. In our case, it was noteworthy that the splenium
region of CC was not distinct in the left hemisphere, and the body, genu and rostrum
regions were hypoplastic. In the right hemisphere, the anatomical structures of CC
were clearly seen. It was observed that the connections of the brain hemispheres can
only be observed on the midbrain and continued pons regions.

Gongalves et al. also reported abnormal cortical development with fusion of ventral
frontal lobes and diencephalon in 14 cases [8]. We observed that the cerebral cortex
above the left CC was partially flattened and fused with dysplastic and hypoplastic CC.
This finding is also similar to partial lissencephaly. Lissencephaly is characterized by
a lack of gyral formations [17]. This anomaly is associated with a mutation of DCX
on X chromosome and LIS1 gene on chromosome 17 in humans [18]. In veterinary
medicine lissencephaly has been reported in dogs [17,19,20]. In our case, the etiology
of this anomaly remained elusive, but all malformations may be due to a genetic defect.

In studies in which cerebellar vermis anomalies were reported in dogs, it was reported
that the caudal region of the cerebellum was absent and mostly the pyramis, uvula
and nodulus lobes were affected, and in addition to vermis anomalies, conditions
characterized by hypoplasia and partial absence of cerebellar hemispheres were
reported [10,12,13]. In our case, it was observed that the cerebellar hemispheres were
completely separated without any hypoplasia or dysplasia in the hemispheres of the
cerebellum.
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As a conclusion, according to the authors’ knowledge, a split brain condition in which
both brain and cerebellum hemispheres are separated has not been reported previously
in dogs. Further research is needed to clarify the etiology of this syndrome that can
be observed in dogs.
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ANOMALIJE CORPUS CALLOSUM I
CEREBELUMA KOD STENETA

IPEK Volkan, KAPLAN Oguzhan, CINAR Aynur

Cilj studije je bio da predstavi anomaliju Corpus callosum i cerebeluma zajedno sa pato-
loskim nalazom kod $teneta starosti 40 dana, rase zlatni Retriver. Prvi nalaz je bio da
je pas brzo slabio i ubrzo uginuo. Prilikom obdukcije, posle otvaranja lobanje, uo¢eno
je da su hemisfere velikog mozga 1 cerebeluma bile odvojene. Detaljnom makroskop-
skom analizom, uoceno je da su Corpus callosum, intertalamicne veze koje povezuju
hemisfere mozga, potpuno odvojene jedna od druge. Zapazeno je da je Corpus callosum
nagladen u okviru desne hemisfere, ali i da se anatomske strukture u okviru leve he-
misfere ne uocavaju. Isto tako su hemisfere cerebeluma bile skoro potpuno razdvojene
od regiona medijalnog lobusa. Uoceno je da su veze u okviru mozga ostvarene samo
prihvatanjem izmedu srednjeg mozga i ponsa uz nastavak duz pons-a. Mikroskopskim
pregledom nisu uocene bilo kakve zapaljenske reakcije u mozgu i u cerebelumu. U
literaturi su opisane anomalije Corpus callosum-a i srednjeg lobusa cerebeluma kod pasa.
Medutim, do sada nije opisan u takvom obimu sindrom podeljenosti mozga, koji se
karakterise gubitkom povezanosti segmenata mozga i cerebeluma.
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