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Imaging features of a vertebral intra- and extramedullary arteriovenous
malformation causing cervical myelopathy in a mature dog
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ABSTRACT

A nine-year-old, female, spayed German shorthaired Pointer was referred with a one-week clini-
cal history of cervical hyperesthesia and mild ambulatory tetraparesis which did not improve
with corticosteroid therapy. A computed tomography scan revealed a severe cervical vertebral
arteriovenous malformation causing spinal cord compression and vertebral atrophy, as well as
an abnormal origin of the left subclavian artery. Additional magnetic resonance imaging con-
firmed the presence of an intramedullary component of the ectatic vessels.

SAMENVATTING

Een negen jaar oude, vrouwelijke, gesteriliseerde Duitse staande korthaar werd doorverwezen met
een voorgeschiedenis van nekpijn sinds één week en milde ambulatoire tetraparese die niet verbe-
terde met corticosteroidentherapie. Een computertomografiescan toonde een ernstige cervicale arterio-
veneuze malformatie aan die ruggenmergcompressie en wervelatrofie veroorzaakte, evenals een ab-
normale oorsprong van de linker arteria subclavia. Aanvullende beeldvorming met magnetische reso-
nantie bevestigde de aanwezigheid van een intramedullaire component van de ectatische bloedvaten.

INTRODUCTION

Vertebral arteriovenous malformations (AVMs)
are rare, mostly congenital anomalies that can cause
myelopathies in dogs and humans. Vascular malfor-
mations are classified based on histopathology, angio-
architecture and anatomical location. Vertebral AVMs
are apart of canine central nervous system vascular mal-
formations, which also include hamartomas, heman-
giomas, angiomas, meningocerebral hemangiomatosis
and hemangioblastomas (Sanders, 2002). The malfor-
mations consist of one or more aberrant arteries origi-
nating from radicular arteries along the nerve roots.
These arteries bypass a capillary bed, draining directly
into one or more veins, and connecting with veins on
the surface of the spinal cord (Cordy, 1979; Krings,
2010) leading to a chronic, low-resistance, high-flow

arteriovenous shunt that causes ectasia of the feeding
vessels and draining veins (Jellinger, 1986).

Chronic proximal occlusion, in cases of aberrant
subclavian artery, can lead to the development of
tortuous cervical collateral anastomotic arterial net-
works and vertebral artery dilation (Anazawa, 1969).
Although these anastomotic channels are typically be-
nign, they can compress adjacent nervous structures,
resulting in clinical symptoms (MacKillop, 2007; Bo-
zynski, 2012).

In the literature, only a few cases have been re-
ported in dogs (Anazawa, 1969; Cordy, 1979; Bozyn-
ski, 2012; De Freitas, 2020). The imaging methods of
choice for assessing AVMs are computed tomography
angiography and magnetic resonance angiography. Al-
though very rare, congenital vascular malformations
should be considered as a differential diagnosis in
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Figure 1. Computed tomographic postcontrast sagittal
(A), transverse (B) and dorsal (C) images at soft tissue
window of the spinal arteriovenous malformations. The
asterisk on the images indicates some of the distended
tortuous intra- and extramedullary radicular vessels af-
ter contrast administration.

dogs presenting with signs of myelopathy. The pres-
ence of abnormally dilated intramedullary vessels
along with widespread venous distension should raise
concerns about arterialization of the venous system
with the potential of underlying arteriovenous shunt-
ing.

CASE DESCRIPTION
History

A senior, nine-year-old, female, spayed German
shorthaired Pointer of 31kg was referred to the Small
Animal Department of the Veterinary teaching hos-
pital of Ghent University with a one-week history of
neck pain, hyporexia, and mild ambulatory tetrapare-
sis. Previous treatment with glucocorticosteroids only
resulted in temporary improvement.

General physical and neurological examination

Physical examination revealed no significant ab-
normalities. Neurological examination showed a nor-
mal gait, normal reflexes with subtle proprioceptive
deficits in the right pelvic limb. Cervical pain could be
elicited upon palpation of the cervical vertebral col-
umn and during lateroflexion of the cervical spine to
the left and the right. These findings were suggestive
of a C1-C5 myelopathy.

Figure 2. Computed tomographic transverse (A) and
sagittal images (B) at bone window showing the ventral
vertebral compression atrophy (white asterisk).

Medical imaging

The dog was premedicated intravenously using
midazolam (0.2 mg/kg) and dexmedetomidine (1.5
ng/kg). General anesthesia was induced with propofol
titrated to effect (total dose of 3.8 mg/kg) and main-
tained with isoflurane vaporized in oxygen.

Computed tomography (CT)

A computed tomography (CT) study of the cervi-
cal vertebral column was performed using a helical
scanner (320-row MDCT unit, Aquilion One, Toshi-
ba Medical Systems, Otawara, Japan) with the dog
placed in sternal recumbency.

The CT study of the cervical vertebral column

Figure 3. Postcontrast CT dorsal (A) and transverse (B)
images of the saccular aneurysm of the subclavian vein
(white asterisk) and the junction between the left sub-
clavian artery and left vertebral artery (black asterisk).
The left side of the patient is on the right of the image.
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Figure 4. Sagittal (A) and parasagittal (B) T2 weighted
MRI images of the spinal arteriovenous malformation
showing signal void of the ectatic vessels.

showed a marked dilation of the ventral internal ver-
tebral venous plexus with the additional presence of
a network of tortuous vessels in the vertebral canal
at the level of the 5th and 6th cervical vertebrae (Fig-
ure 1). These aberrant vessels exhibited pronounced
enhancement during the arterial phase, which dimin-
ished during the venous phase.

The dilated vessels were causing spinal cord
compression and pressure-induced vertebral atrophy
(Figure 2). The previously described enlarged ventral
internal vertebral veins were connected to tortuous
radicular arterial collaterals and to the left axillary
artery, which should have originated from the aortic
arch caudally to the brachiocephalic trunk. The right
subclavian vein showed a focal saccular aneurysm
(Figure 3).

Given the vascular abnormalities seen in the cervi-
cal vertebral column, a full body CT study was per-
formed thereafter. The extent of the vascular malfor-
mations was assessed with the acquisition of arterial
and venous postcontrast CT images using 2.0 ml/kg of
iodinated nonionic contrast medium (Omnipaque 350
mg/mL) followed by a saline flush via a dual-barrel
injector system.

The evaluation of spinal cord vasculature and the
distinction between extramedullary and intramedul-
lary enlarged vessels are limited on CT evaluation and
require magnetic resonance imaging.

Magnetic resonance imaging

Magnetic resonance imaging (MRI) using a low-
field 0.2-Tesla (VetMRGrande, Esaote, Genova, Italy),
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Figure 5. MRI (A) 3D SST1 dorsal, (B) FSE T2 trans-
verse and (C) 3D SST1 transverse images of the arte-
riovenous malformation showing the intramedullary
component (asterisk) with focal expansion of the spinal
cord on the dorsal view (arrow).

a magnetic resonance scanner was performed. The
patient was positioned in sternal recumbency and
maintained under general anesthesia following the CT
procedure. The following sequences were acquired to
assess the cervical vertebral column (C2 to C8 verte-
brae): fast spin echo T2-weighted sagittal and trans-
verse and T1-weighted 3D (precontrast sequences).

The MRI showed multifocal, small, well-defined,
highly tortuous tubular structures exhibiting signal
voids on both T1W and T2W series (Figures 4 and 5).
These structures were extensively distributed through-
out the subarachnoid space within the field of view
and caused focal expansion and compression of the
spinal cord (Figure 5).

TREATMENT AND OUTCOME

Conservative management consisting of pain man-
agement and activity restriction was implemented.
Pain management included gabapentin (25 mg/kg, PO,
q 12 h) for ten days, then reduced to half the dose
during ten days, meloxicam (0.1 mg/kg q 24 h, PO)
for fourteen days, paracetamol (10 mg/kg, PO, q 8 h)
for seven days, and omeprazole (1 mg/kg, PO, q 24 h)
for fourteen days. Physical activity was restricted for
four weeks, and the use of a harness was recommend-
ed to minimize further stress on the affected area.

A favorable clinical response characterized by a
marked reduction in cervical hyperesthesia, was ob-
served within five days after initiating treatment. Six
months after diagnosis, no recurrence of clinical signs
occurred according to the owner.
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DISCUSSION

Computed tomography and MRI of the cervi-
cal area in an adult dog that presented with cervi-
cal hyperesthesia, were suggestive of a compressive
myelopathy caused by an extra- and intramedullary
vascular malformation, being highly likely an arterio-
venous malformation (AVM).

Myelopathies in dogs caused by spinal vascular
malformations are rare in veterinary medicine with
only a few cases reported in the literature (Anaza-
wa, 1969; Cordy, 1979; Bozynski, 2012; De Freitas,
2020). According to the human literature, AVMs can
be congenital or secondary to trauma, irradiation, or
other injury (Zabramski, 1999). Although this is most-
ly a congenital process, reported canine cases usually
present clinical symptoms only at an adult age. The
symptoms depend on the neurological localization
of the lesion and may include progressive parapare-
sis, proprioception ataxia, delayed postural reactions,
interrupted or absent cutaneous trunci reflexes, fecal
and urinary incontinence, and spinal pain (MacKillop,
2007; De Freitas, 2021)

Histologically, AVMs are benign proliferations
of undetermined origin vessels with well-differenti-
ated vascular walls (Wells, 1987; Kloc, 2001; Schur,
2010). In the veterinary literature, proliferative vas-
cular disorders of the central nervous system have
been classified into reactive vascular proliferation,
vascular malformation including benign neoplasms
such as hemangioma or hamartomas, and neoplastic
processes (Marr, 2021).

Unfortunately, in the dog of the present case, his-
tological evaluation was not performed to investigate
the origin of the arteriovenous malformation.

In the presented case, the dog exhibited an extra-
and intramedullary AVM characterized by numerous
vessels originating from ventral spinal arteries. These
arteries formed an intramedullary glomus that also
had an extramedullary component before draining
into the venous plexus, allowing the blood to flow di-
rectly from arteries to veins.

In the literature, this intricate type of AVM is char-
acterized by its high-pressure, low-resistance flow of
blood. It stands apart from arteriovenous shunts or
fistulas, which typically feature only a single direct
connection between the arterial and venous systems
(Spetzler 2002). The presence of clinical signs in this
dog is supposedly due to focal hypertension of those
altered spinal vessels, venous plexus congestion and
spinal cord compression.

The concomitant aberrant left subclavian artery is
not a common finding in dogs presenting with con-
genital AVMs and may therefore indicate a concomi-
tant left subclavian-vertebral artery steal syndrome
(SSS), which is a very rare condition characterized
by a compensatory enlargement of the radicular ves-
sels due to a chronic lack of patency of the ipsilateral
subclavian artery, close to the vertebral artery. The
lack of patency is secondary to stenosis, occlusion,
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or an aberrant hypoplastic subclavian artery (Reivich,
1961). In this case, the left subclavian artery which
would typically arise from the aorta, caudally to the
brachiocephalic trunk, originated from the left ver-
tebral artery. A marked dilatation of the contralateral
subclavian artery was observed. This condition usu-
ally generates a retrograde blood flow from the verte-
brobasilar circulation to supply the front limb (Reiv-
ich, 1961) causing the development of tortuous cer-
vical collateral anastomotic arteries and dilatation of
the contralateral subclavian artery (Anazawa, 1969).
The aforementioned findings were also observed in
the present case rising the suspicion of a concomitant
SSS (Figure 3).

In the present case, vascular arterialization was the
most likely cause of the subarachnoid vascular bed
congestion, but a SSS may also be considered given
the presence of an aberrant left subclavian artery. SSS
is poorly documented in dogs with only a few cases
reported (Westworth, 2006; Shimbo, 2021). Clini-
cal signs of SSS differ and are secondary to transient
ischemia and forelimb hypoperfusion, including in-
termittent forelimb lameness or weakness, ataxia,
seizures, or head tilt. The occurrence of myelopathies
secondary to SSS is controversial in the literature. In
some cases, ligation of the left subclavian artery in the
context of a persistent fourth aortic arch do not lead to
myelopathies (Saunders, 2021), while in other clinical
cases, myelopathies secondary to aberrant stenotic, or
hypoplastic subclavian arteries leading to dilatation of
the radicular arteries causing clinical signs have been
reported (Westworth, 2006; Shimbo, 2021).

While direct causation between an aberrant left
subclavian artery and spinal AVMs is not commonly
reported, the abnormal hemodynamics in conditions
like SSS could contribute to the development of spi-
nal vascular anomalies (Anazawa 1969), including
AVMs. The precise nature of the vascular abnormality
in our patient remained obscure.

SSS diagnosis depends on the demonstration of a
retrograde blood flow in the ipsilateral vertebral ar-
tery using CT or MRI angiography (Shimbo, 2021),
which was in this case declined by the owner.

As reported in the present case, MRI characteris-
tics of AVMs typically include a focal, intramedullary
cluster of signal voids visible on T1-weighted images,
which can lead to focal expansion of the spinal cord,
abnormal vascular structures in the subarachnoid
space depicting a serpentine pattern of low signal on
both T1- and T2-weighted images indicative of di-
lated, tortuous, arterialized pial veins. Other findings
include localized intramedullary signal alterations due
to venous congestion, myelomalacia, edema, ische-
mia, hemorrhage, or a combination of these, and sub-
acute hemorrhages that may be present, characterized
by increased signal intensity on T1-weighted images
(Dichiro,1985; Krings, 2007).

In human medicine, the gold standard diagnostic
procedure to characterize arteriovenous malforma-
tions is digital spinal arteriography (Aminoff, 1974;
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Sood, 2015). This method provides superior spatial
and temporal resolution, offering comprehensive ana-
tomical details essential for guiding endovascular
therapy. It accurately delineates the malformation’s
type and precise location (Krings, 2007; Rodesch,
2003), clarifies the anatomical features of the AVM,
identifies the feeding arteries, and enhances under-
standing of the spinal cord’s normal vascular anatomy
(McDougall, 2005; Matsubara, 2008). The use of dig-
ital spinal arteriography is poorly documented in dogs
(Wang, 2021) as the equipment is rarely available
in veterinary hospitals. In the veterinary literature,
no significant differences have been observed in the
evaluation of vertebral arteries when comparing digi-
tal subtraction angiography with magnetic resonance
angiography (Sun, 1998). Magnetic resonance angio-
graphy can therefore be used to definitively diag-
nose canine AVMs and subclavian steal syndromes
(Shimbo, 2021).

No consensus exists regarding AVMs or SSS treat-
ments in dogs due to the rarity of this condition. In the
human literature, treatments include microsurgical re-
section (Bostrom, 2009), endovascular embolization
(Krings, 2010), radiation therapy (Ryu, 2001). The
optimal gold standard for treatment remains contest-
ed. Some researchers report that endovascular treat-
ment alone yields successful outcomes, while others
advocate for microsurgical resection as the initial ap-
proach or following endovascular therapy, based on
the lesion’s size (Ryu, 2001; Rangel-Castilla, 2014;
Gross, 2017). Surgical treatment has been associ-
ated with good outcomes (Sanders, 2002; Alexander,
2008).

In the present case, surgical resection of the AVMs
would have possibly caused substantial neurological
dysfunction postoperatively (Bostrom, 2009; Krings,
2010; Ye, 2026), given the extensive presentation
with an intramedullary component. Surgical ligation
of the radicular artery would have possibly resulted in
dilatation of the contralateral side and possible wors-
ening of the cervical myelopathy. The dog had a sur-
prisingly good response to medical treatment despite
the severity of the lesions with complete resolution of
the cervical hyperesthesia.

In conclusion, congenital vascular malformations
should be considered as a differential diagnosis in dogs
presenting with signs of a progressive, painful mye-
lopathy even at an advanced age.

To the authors’ knowledge, this is the first reported
case of an acute cervical myelopathy secondary to
spinal arteriovenous malformation in a senior dog that
successfully recovered with only medical treatment.
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