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Porencephaly in dogs and cats: relationships between magnetic resonance imaging 
(MRI) features and hippocampal atrophy
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ABSTRACT. Porencephaly is the congenital cerebral defect and a rare malformation and described few MRI reports in veterinary medicine. 
MRI features of porencephaly are recognized the coexistence with the unilateral/bilateral hippocampal atrophy, caused by the seizure 
symptoms in human medicine. We studied 2 dogs and 1 cat with congenital porencephaly to characterize the clinical signs and MRI, and to 
discuss the associated MRI with hippocampal atrophy. The main clinical sign was the seizure symptoms, and all had hippocampal atrophy 
at the lesion side or the larger defect side. There is association between hippocampal atrophy or the cyst volume and the severe of clinical 
signs, and it is suggested that porencephaly coexists with hippocampal atrophy as well as humans in this study.
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Porencephaly and hydranencephaly are recognized as the 
congenital cerebral cavities, filled with cerebrospinal fluid 
(CSF), usually connecting the ventricles to the subarachnoid 
space [2, 12, 13, 17]. Porencephaly and hydranencephaly are 
described similar morphological findings, but porencephaly 
is defined focal and less extensive defect in the cerebral 
walls compared with hydranencephaly [2, 12, 13, 17]. Poren-
cephaly is caused by fetal or perinatal brain destruction, and 
the cerebral parenchyma defects can follow developmental 
or encephaloclastic disorder [2, 17]. Developmental poren-
cephaly is based on neuronal migration disorder in the 
developing cerebral hemisphere, while enceohaloclastic 
porencephaly is associated with cerebral injury result-
ing from ischemia, toxicity, trauma and infection (usually 
virus) during fetal stage [12, 13, 17]. In particular, there is 
frequently porencephaly following virus infections in cattle, 
sheep and goats; Akabane virus, bovine viral diarrhea virus 
and schmallenberg virus [6, 8, 9, 12, 16]. On the other hand, 
there are few reports of porencephaly in dogs and cats [13]. 
Especially, magnetic resonance imaging (MRI) reports of 
these defects are less in veterinary medicine [17]. MRI is the 
most sensitive method for the detection of intracranial le-
sion, and it is suggested that porencephaly is often observed 
with the hippocampal atrophy in MRI features in humans 

[7, 10]. Hippocampal atrophy is the remarkable findings in 
MRI, because the atrophy often causes medically refrac-
tory temporal lobe epilepsy (mesial temporal lobe epilepsy: 
MTLE). MTLE is different from other types of seizures in 
signs, symptoms and treatment [20]. MTLE tends to cause 
focal seizure, and the patients who underwent surgery for 
temporal lobe had significantly fewer seizures than the 
patients who had medical therapy [20]. Therefore, the hip-
pocampal findings in MRI are necessary to decide treatment 
in humans [1, 7, 10]. In veterinary medicine, it is revealed 
that hippocampus would have damage after seizures in cats 
[5, 19]. Especially, in familial spontaneous epileptic cats, 
the visual hippocampal asymmetries are seen in MRI, and 
the significant asymmetry of hippocampal volume indicates 
hippocampal atrophy as well as humans [15]. However, 
hippocampal atrophy is controversial in epilepsy in dogs 
[11]. Thus, the purpose of this study was to characterize the 
clinical signs and MRI features of porencephaly in dogs and 
cats, and to discuss the associated MRI with hippocampal 
atrophy.

The cases included 2 dogs and 1 cat which were diag-
nosed with porencephaly at Rakuno Gakuen University 
Veterinary Teaching Hospital between 2005 and 2013. All 
cases were searched for breed, age, sex, body weight, clini-
cal signs and MRI findings. The case summary is shown in 
Table 1. All animals were examined MRI of the brain un-
der anesthesia. The MRI was a 0.2 Tesla open type (Signa 
Profile Open Spirit, GE Medical Systems, Tokyo, Japan). 
Images included transverse T2-weighted (First spin Echo, 
TR: 3500–4000, TE: 90–130, slice thickness 4.0–5.0 mm), 
T1-weighted (TR: 280, TE: 16) and T2-fluid-attenuated 
inversion recovery (T2-FLAIR) sequences. The MRI evalu-
ated the presence of porencephaly, hippocampal atrophy and 
signal alterations (signal hyperintensity on T2-weighted and 
T2-FLAIR sequences) [10, 11]. In volumetric analysis, the 
cyst and hippocampus were outlined using a Dicom Viewer 
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(AZE Vartual Place Lexus, Tokyo, Japan), and the volumes 
were multiplying the area of each slice (mm2) with the slice 
interval. We evaluated cyst ratio as cyst volumes divided by 
total intracranial volume, and asymmetric ratio as the differ-
ence between right and left hippocampal volume divided by 
the larger hippocampus [10, 11]. In asymmetric ratio, 6% or 
more was regarded as the pathologic hippocampal atrophy 
according to Kuwabara et al. [11].

Although there was no considerable overlap with the 
breeds and age in dogs, there was generally a great prepon-
derance of young age (Table 1). All cases were presented 
seizures without consciousness; dog 1 had secondary gen-
eralized seizures as focal seizures, dog 2 had complex focal 
seizures, and cat 1 had generalized tonic-clonic seizures 
(Table 2). Dog 1 had abnormal behavior, such as chewing 
and excitement, before generalized seizures, and the dog 
showed “fly-biting” after the seizures for 5–6 min. On the 
other hand, dog 2 had no generalized seizures, but had 
abnormal behavior, such as aggression. The behavior was 
thought as complex focal seizures like altered mentation. In 
addition, the dog was observed facial paralysis at the right 
side. Cat 1 had no neurological signs before generalized 
seizures, but the cat became excited for a period of time after 
seizures. The cat showed an increasing frequency of the sei-
zures despite of treatment. The seizures were uncontrolled 
with phenobarbital (1.28 mg/kg twice per day). Also, the cat 
had reduced right vision in neurological examinations, since 
the cat was 6-month-old. In MRI features, the presence of 
porencephalic defect was cortical-subcortical cavitation at 
the left side in all animals (Table 3). The main extent of cyst 
was unilateral in all cases (Fig. 1). Cat 1 had the extended 
lateral ventricle like hydrocephalus, because the left cortical-
subcortical defect at the temporal lobe connected with right 
lateral ventricle. There was also no preponderance of the 
location in all cases, but there was association with cyst ratio 

and asymmetric ratio (Table 3). Hippocampus was visually 
detected in all cases, but the left hippocampus in cat 1 was 
not described. The less hippocampal volume or hippocampal 
loss was recognized at the main cyst side, and the asymmet-
ric ratio had relevance to cyst ratio in all cases. In another 
matter, the right middle ear cavity in dog 2 had abnormal 
signals (Fig. 2).

Porencephaly is an unusual intracranial defect in dogs and 
cats, which described few reports in veterinary literature. In 
humans, it is recognized that the patients with congenital 
porencephaly have amygdalar-hippocampal atrophy and 
MTLE is secondary to the atrophy [10]. In this study, the 
seizure symptoms were striking. Dog 1 and dog 2 had focal 
seizures, whereas cat 1 had generalized seizures, which was 
uncontrolled. These abnormal neurological findings seem 
temporal lobe epilepsy [10]. It is reported that the main 
clinical sign in porencephaly is vestibulo-cerebellar sign 
[2–4, 12, 17]. However, there was no vestibulo-cerebellar 
sign in all cases, and compared with MRI, the clinical signs 
corresponded to the lesion: focal/generalized tonic-clonic 
seizures showed a forebrain disorder, in particular, reduced 
vision at oculus dexter in cat 1 was consistent with the left 
occipital lobe lesion. Though dog 2 had facial paralysis at 
the right side, otitis interna which was unrelated to poren-
cephaly was observed as incidental findings in MRI. In addi-
tion, the otitis inflammation was located in part of tympanic 
bulla, so vestibular signs could have not been observed. In 
hippocampal volumetric analysis, we found a high preva-
lence of asymmetric hippocampus. All cases had the less 
hippocampal volume or hippocampal loss at the lesion side 
or the larger defect side. Furthermore, the severity of seizure 
symptoms was attributed to cyst ratio and asymmetric ratio; 
cat 1 had uncontrolled and increasing frequency of the sei-
zures that were most serious, and the asymmetric ratio was 
the highest in all cases. In a recent report, it is suggested 

Table 2. Seizure and neurological findings

Case number Seizure symptoms Neuological findings
dog 1 Secondary generalized seizures Chewing, excitement, fly-biting
dog 2 Complex focal seizures Aggression, facial paralysis at the right side
cat 1 Generalized tonic-clonic seizures Reduced vision (oculus dexter)

Table 3. MRI features

Case number Location Cyst ratio Asymmetric ratio
dog 1 Left temporal, parietal, occipital lobes 0.17 32.5
dog 2 Left rostral, frontal, parietal lobes 0.1 15.5
cat 1 Left rostral, frontal, parietal,temporal,occipital lobes, 

connected with the right lateral ventricle
0.53 100

Table 1. Case summary

Case number Breed Age/Sex BW (kg)
dog 1 Cavalier King Charles spaniel 9m/F 5.80
dog 2 Toy Poodle 6m/F 3.20
cat 1 Mixed breed cat 2y2m/M 5.85
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that the seizure symptoms have relevance to hippocampal 
atrophy, but not the porencephalic location or morphology 
[10]. However, both cyst ratio and asymmetric ratio had cor-
relation with the seizure symptoms in this study. In humans, 
the focus of seizures could be identified by electroencepha-
lography (EEG), but the cases in this study did not undergo 
EEG because EEG studies with animals have needed seda-
tion, which can affect cognitive processing [18]. Thus, we 
are required to suspect the lesion by the pattern of seizures. It 
is not possible to identify the focus of seizures in only MRI, 
but the cases in this study showed focal seizures and uncon-

trolled seizures like MTLE. It suggests that mesial temporal 
lobe in the cases with porencephaly may cause the focus of 
seizures. In humans, the cause of mesial temporal sclerosis is 
not revealed, but it is indicated that hippocampal atrophy oc-
curs due to ischemic or/and cerebral vascular occlusion [10]. 
Actually, cyst ratio had relevance to the asymmetric ratio as 
well as the severity of seizure symptoms. It means that the 
atrophy or loss may be caused by the cyst or seizures. The 
signal abnormalities were recognized in hippocampus after 
seizures, but there was no correlation between hippocampal 
atrophy and the damage of focal seizures in the patients with 
porencephary [10]. In veterinary medicine, it is cleared that 
frequent seizures tend to cause necrosis of hippocampus 
and piriform lobe in cats with idiopathic epilepsy, but the 
lesions in the study were observed in bilateral, in contrast to 
the lesions of porencephaly [5]. Furthermore, it is revealed 
that the cats with typical limbic seizures have hippocampal 
atrophy [15]. However, the left hippocampus in cat 1 was 
not described completely in MRI, so it is suggested that 
the cat had congenital hippocampal loss in connection with 
porencephaly. According to Ho et al., it is suggested that 
the reduced cerebral blood flow may damage the washed 
area [10]. In this study, the defect side corresponded with 
the hippocampal atrophy side, and the defects in all cases 
were located in the area, where the middle cerebral artery 
provides the blood supply [3]. Hippocampus is supplied the 
blood by the rostral choroidal artery, which is the branches 
of the middle cerebral artery [3]. Therefore, the reduced 
blood supply can cause porencephaly and the atrophy or 
loss like humans. We discussed few cases in this study, so 
we have to need evaluate hippocampal volume in more ani-
mals with porencephaly. Also, we used a spin-echo method, 
but we may have described the hippocampal atrophy more 

Fig. 1. MRI of cases with porencephaly. a, b; The lesion on transverse T2-weighted image in dogs 1–2, 
respectively. c; The lesion on transverse T2-weighted image in cat 1. d, e: The hippocampus (arrow) on 
transverse T2-FLAIR image in dogs 1–2, respectively. f: The right hippocampus (arrow) on transverse 
T2-FLAIR image in cat 1. The left hippocampus was not described, and it was suggested hippocampal loss.

Fig. 2. T2-weighted MRI in dog 1. The lesion (arrow) was 
hyperintense on T2-weighted, T2-FLAIR and T1-weight-
ed images at the right middle ear cavity. The enhancement 
was not seen.
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clearly [14]. Unfortunately, the MRI volumetric analysis of 
the hippocampus is not measured generally by a gradient-
echo method, because the importance of the hippocampus 
is controversial in veterinary medicine [10]. A gradient-echo 
method enables the measuring of the hippocampus in detail 
[14]. Furthermore, the pathogenesis may ensure whether the 
severity of the clinical sign has correlation with hippocampal 
atrophy or loss.

In conclusion, it is suggest that porencephaly coexists 
with the hippocampal atrophy as well as humans. We should 
evaluate carefully the hippocampal volume and asymmetry 
in MRI, because the atrophy may have relationships with 
porencephaly-related seizures.
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