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Abstract

Syringobulbia is a rare neurological disorder characterized by a fluid-filled cavity in
the brainstem. In this study, clinical signs, features on magnetic resonance imaging
(MRI), and the diseases present concurrently with syringobulbia were investigated
in 33 small breed dogs. Most dogs (97%) had concurrent syringomyelia, and some
dogs (24%) presented with vestibular or cranial nerve symptoms associated with
the medulla oblongata. MRIs revealed slit-like, bulbous, and vertical linear shapes
of the cavities on T2-weighted hyperintense and T1-weighted hypointense signals
similar to the cerebrospinal fluid. Chiari-like malformations were identified in all
dogs. This study highlights the association of syringobulbia with syringomyelia and
Chiari-like malformations in small breed dogs with or without brainstem-associat-
ed clinical signs.
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Introduction

Syringobulbia is a neurological disorder characterized by a fluid-filled cavity
within the brainstem. It is a very rare condition in humans and animals [1,2]. The
causes of syringobulbia in humans include hindbrain abnormalities, such as type 1
and type 2 Chiari malformations, tumors, trauma, meningitis, and hemorrhage
[3-8]. This condition may also occur in an isolated form. The cavitary lesions are
mainly located in the medulla but may extend to the pons, midbrain, and cere-
brum [9,10].

In humans, syringobulbia can be classified into 2 types: communicating and
noncommunicating. The communicating type is characterized by an increase in
cerebrospinal fluid (CSF) pressure in the fourth ventricle, which may extend to in-
volve the medulla. The noncommunicating type arises from disturbances in the
flow of CSF [6,11,12]. In humans, patients with syringobulbia display gradual and
progressive clinical signs, depending on the location of the cavity, damaged nerve
cells, and subsequent gliosis [3,5,13]. The clinical signs of syringobulbia can vary
from severe respiratory symptoms to mild signs of cranial nerve injury. Subclinical
syringobulbia has also been reported [5,14].

In veterinary medicine, there is a solitary study describing the clinical signs and
magnetic resonance imaging (MRI) features of syringobulbia in 8 dogs [1]. This
report demonstrated that clinical signs and symptoms of syringobulbia in dogs in-
clude vestibular symptoms and sensory deficits, as well as differences in the shapes
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of the syringobulbia. This previous study has some limitations,
including the small number of dogs included in the study and
the fact that half of them were from a single breed, Cavalier
King Charles Spaniel. Therefore, the current study was per-
formed to investigate clinical signs, MRI features, and concur-
rent diseases in cases of syringobulbia in a larger number of
dogs from different breeds.

Materials and Methods

This retrospective study reviewed clinical and imaging data
from 3 institutions (Chungnam National University Hospital,
Daekyung Animal Imaging Center, and Ian Animal Medical
Center, Korea) from August 2015 to September 2019 to identify
dogs diagnosed with syringobulbia based on their brain MRIs.
The inclusion criteria were dogs with a complete medical record
(signalments, clinical signs, results of neurological examination,
and blood test results) and CSF-like signals in the brainstem on
the T1- and T2-weighted transverse and sagittal images of MRI
from the midbrain to the medulla oblongata. If available, flu-
id-attenuated inversion recovery (FLAIR) images were addi-
tionally evaluated.

The breed, age, sex, and body weight of the selected dogs
were analyzed. The clinical signs and symptoms were analyzed
and classified based on their medical history and the results of
the neurological examinations.

MRI was performed at 3 hospitals with 3 different 1.5T MR
systems (Vantage Elan, Cannon Medical Systems Co., Ltd., Ja-
pan; Vantage Exerlert, Cannon Medical Systems Co., Ltd., Ja-
pan; Magnesium Essenza, Siemens Healthineers Co., Ltd., Ger-

many). T2-weighted (TR 2950-6400 ms, TE 76-90 ms),
T1-weighted (TR 450-725 ms, TE 14-17 ms), and FLAIR (TR
6900-9000 ms, TE 69-78 ms) images of the transverse and sag-
ittal sections were scanned with a slice thickness of 2.5 to 3 mm.
These MR images were evaluated with a commercially available
picture archiving communication system (PACS Zetta; TY Soft
Co., Ltd., Korea).

The MRI signals of the cavities in the medulla oblongata were
classified into hyperintense, isointense, and hypointense and
into slit-like, bulbous, vertical, and linear types depending on
the shape of the cavities (Fig. 1). In addition, the location and
number of cavities were also assessed.

The concurrent presence of syringomyelia, ventricular dilata-
tion, Chiari-like malformations, dorsal atlantoaxial bands, at-
lantoaxial instability, atlanto-occipital overlapping, medullary
kinking, and arachnoid cysts was evaluated. If possible, the se-
verity of the concurrent diseases was also evaluated. The syrin-
gomyelia was assessed on the T2-weighted transverse images of
the cervical spinal cord. The ratio of heights of the syrinx to the
spinal cord at the most severe level was recorded. If the ratio
was less than 0.33, it was set to grade 1; 0.33 or greater but less
than 0.6, was set to grade 2; 0.6 or greater, was set to grade 3
[15]. Ventricular dilatation was expressed by measuring the
height ratios of the ventricles and brain parallel to the falx cere-
bri on the T1-weighted transverse images at the interthalamic
adhesion. If the ratio was less than 0.22, it was set to grade 0;
0.22 or greater but less than 0.7, was set to grade 1; greater than
or equal to 0.7, was set to grade 3 [1]. Chiari-like malformations
were assessed for the cerebellar shape, cerebellar hernia, and
caudoventral cerebellar subarachnoid signal on the T2-weight-

Fig. 1. Transverse T2-weighted images on magnetic resonance imaging of the caudal brainstem. Note the 3 shapes of syringobulbia in-
cluding slit-like (A), bulbous (B), and vertical linear (C).
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ed mid-sagittal images [16-19]. Grade 0 was defined as the nor-
mal cerebellum; grade 1 as the cerebellum with deformities but
no hernias; grade 2 as the cerebellum with a hernia in the direc-
tion of the foramen magnum [20]. Atlanto-occipital overlap-
ping was evaluated on the T1-weighted sagittal images. Grade 0
was set if the dorsocranial lamina of the atlas did not touch the
extended imaginary line connecting the caudodistal side of the
supraoccipital bone with the posterior end of the basioccipital
bone; grade 1 if it reached the line, and grade 2 if the anterior
side was observed beyond the line [20]. The atlantoaxial band
was assessed on T2-weighted sagittal images [21]. The atlanto-
axial instability, medullary kinking, and arachnoid cyst were as-
sessed on T1-weighted sagittal images [15,21-23].

Results

Thirty-three dogs met the inclusion criteria, with a median
age of 5 years (range, 8 months to 15 years) and a median body
weight of 2.5 kg (range, 1.7 kg to 4.7 kg). The breeds included
23 Maltese, 3 Pomeranians, 3 Chihuahuas, and one each of Toy
Poodle, Miniature Pinscher, Yorkshire Terrier, and mixed breed
dogs. There were 15 spayed females, 9 intact females, 6 castrat-
ed males, and 3 intact males.

Clinical signs and symptoms included ataxia, generalized sei-
zure, head tilt, head turn, generalized tremor, nystagmus, senso-
ry deficit, dysphagia, circling, and neck pain (Table 1). Seven
dogs showed vestibular symptoms of head tilt, nystagmus, and
circling, and one dog showed dysphagia suspected to be due to
cranial nerve injury. Thus, 8 dogs had vestibular or cranial

nerve signs associated with the medulla oblongata.

A total of 35 cavities were observed on the MRI of 33 dogs
because multiple lesions were present in 2 dogs. The cavities
were hyperintense on the T2-weighted images and hypointense
on the T1-weighted images, consistent with the CSF signals
(Fig. 2). Two dogs did not undergo FLAIR imaging. On the
FLAIR images of the remaining 31 dogs, the lesions in 27 dogs
showed hypointense signal intensity, 3 hyperintense, and one
isointense. The shape of the syrinx was slit-like in 20 dogs, bul-
bous in 12 dogs, and vertical linear in 3 dogs. All the cavities
were located in the medulla oblongata, with 14 lesions on the
left side, 17 on the right, and 4 in the middle.

Syringomyelia was identified in 32 (97.1%) dogs, including
grade 3 in 24 dogs, grade 2 in 7 dogs, and grade 1 in one dog.
Ventricular dilatation was observed in 28 out of 33 (84.8%)

Table 1. Clinical signs and symptoms of dogs with syringobulbia

Clinical sings No. of dogs
Brain stem
Head tilt 4
Nystagmus 2
Circling 1
Dysphagia 1
Forebrain
Seizure 15
Head turn 3
Others
Ataxia 16
Tremor 3
Neck pain

Fig. 2. Transverse T2-weighted (A), T1-weighted (B), and fluid-attenuated inversion recovery (FLAIR) (C) images of the medulla oblongata
on magnetic resonance imaging (MRI) in a 9-year-old intact male Maltese (A-C). Note that the bulbous-shaped syrinx in the medulla
oblongata, and similar signal intensity to cerebrospinal fluid (hyperintense in T2-weighted image, and hypointense in T1-weighted and
FLAIR images).
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dogs, all of which were grade 1. Chiari-like malformations were
observed in all dogs, including grade 1 in 15 dogs and grade 2
in 18 dogs. Atlantoaxial overlapping was observed in 14 dogs
(42.4%), of which 10 dogs were grade 1, and 4 dogs were grade
2. Dorsal atlantoaxial bands were found in 24 dogs (72.7%),
medullary kinking in 12 dogs (36.4%), and arachnoid cysts in
18 dogs (54.5%). Atlantoaxial instability was not observed.

Discussion

A previous and sole study on this subject described the clini-
cal and imaging features of syringobulbia in 8 dogs [1]. All the
dogs in this study had concomitant syringomyelia. The present
study investigated syringobulbia in a larger cohort of 33 small
breed dogs, and like the previous study, most dogs (97.1%) had
syringomyelia, but some did not. This is believed to be due to
one of the causes for both conditions, namely, the disturbance
of CSF flow, or the breed predilection for the craniocervical
junction abnormalities.

In the present study, 8 of the 33 dogs (24.2%) had vestibular
or cranial neurological symptoms associated with the medulla
oblongata. Thus, it was different from the previous study, in
which all dogs with syringobulbia had vestibular or cranial
nerve signs [1]. In humans, symptomatic syringobulbia may
also be characterized by headaches, vertigo, voice disturbances,
paresthesia, dysphagia, tinnitus, hearing difficulty, nystagmus,
ptosis, diplopia, palatal palsy, accessory nerve palsy, hypoglossal
palsy, oculomotor palsy, etc. Respiratory disturbance has also
been reported with syringobulbia. However, there have also
been reports of patients with syringobulbia without any clinical
signs [3,9,10,13,14,24].

On MR, the cavities in the medulla oblongata showed CSF
signals on the T2- and T1-weighted images and 3 dogs showed
hyperintensities while one showed isointensity on FLAIR. This
may be due to a limitation of the MRI resolution because the
size of the most common slit-like type is very small. FLAIR im-
aging is generally not the first sequence necessary for the diag-
nosis of syrinx and is used to identify periventricular edema in
cases of acute hydrocephalus and to exclude inflammatory dis-
eases while diagnosing syrinx [25]. However, studies have found
that intra-tumoral cavities and post-traumatic chronic lesions,
the underlying mechanism of cavities in the medulla oblongata
of humans, were irrelevant to CSE and the features of these cav-
ities were not identical to CSF; a veterinary study has also re-
ported similar results of chronic lesions after trauma within the
spinal cord [26]. Therefore, the FLAIR sequence can also help
identify the causative diseases of cavities in dogs. In humans,
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syringobulbia has been reported to be well observed on
T1-weighted images as well as on T2-weighted images [2]. In
this study, as the most common slit-like form was thin, it was
more difficult to identify syringobulbia on T1-weighted and
FLAIR images compared to T2-weighted images. This was be-
lieved to be due to the MRI resolution, and because this type
was spread outward from the center, it was best evaluated in the
transverse T2-weighted images.

In addition to the slit-like and bulbous-shaped cavities that
had been reported in the earlier study in dogs [1], this study
also found a vertical linear shape in 3 dogs. This type could be a
new form of syringobulbia or it may be a preceding stage to the
slit-like or bulbous type. This is because, in the previous study, a
bulbous type syringobulbia in a dog had increased in size on
subsequent MRIs [1]. Further research is required to determine
the clinical presentation and progression of the vertical linear
type syringobulbia.

In humans, the causative diseases of syringobulbia are hind-
brain abnormalities such as type 1 Chiari malformations, tu-
mors, inflammatory diseases, and trauma [4]. Among these, sy-
ringobulbia is mainly caused by a hindbrain abnormality asso-
ciated with the blockage of CSF flow [4]. In this study, all the
dogs with syringobulbia were identified with a Chiari-like mal-
formation, and 97.0% of the dogs had syringomyelia. Chiari-
like malformations result from a condition where the caudal
fossa is smaller than the size of the hindbrain. This condition
narrows the foramen magnum, resulting in disruptions to the
flow of CSE, thus causing cervical syringomyelia [16-19,25].

This study has some limitations. Of the 2 male dogs out of
the 8 with vestibular or cranial nerve signs associated with
medulla oblongata, one had meningoencephalitis of an un-
known etiology and the other had moderate hydrocephalus.
Therefore, we could not completely exclude the possibility that
causes other than syringobulbia generated the clinical signs.
Moreover, a histopathological examination of the syrinx was
not performed.

In conclusion, syringobulbia was observed in small breed
dogs and was found to be slit-like, bulbous, and of the vertical
linear type in the medulla oblongata. It did not necessarily ac-
company the clinical signs associated with brainstem abnormal-
ities and may also be closely associated with syringomyelia and

Chiari-like malformations.
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