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A 12-year-old 21-kg castrated male Border Collie 
was examined because of acute-onset blindness, 

2 episodes of collapse, and nonambulatory tetra-
paresis. The first episode of collapse had occurred 
8 days prior to presentation and lasted 20 minutes. 
The dog acutely collapsed into lateral recumbency 
with tonic extension of all limbs and subsequently 
recovered fully. Blindness was noticed 2 days later. 
Five days later, a similar collapsing episode occurred 
that lasted 45 minutes. The dog was ataxic with in-
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Gait assessment was limited because of the dog’s lateral recumbency.

Bilateral mydriasis; 
bilateral xeromycteria; 
suspected bilateral 
keratoconjunctivitis 
sicca; bilaterally absent 
dazzle and pupillary 
light reflexes; bilaterally 
reduced vestibulo-
ocular reflex

Make your assessment, then continue reading.
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termittent circling in both directions thereafter. The 
dog’s condition deteriorated over the next day, with 
ambulatory paraparesis progressing to nonambu-
latory tetraparesis on presentation. Pain was not a 
presenting feature. The dog was noted to have bilat-
eral conjunctival hyperemia, a small amount of mu-
copurulent discharge, and xeromycteria bilaterally. 
The dog had previously been healthy with no other 
relevant medical history.

Assessment
Anatomic diagnosis

The rule-out location for the suspected neuro-
genic keratoconjunctivitis sicca was the parasympa-
thetic portion of cranial nerve VII (facial nerve) bilat-
erally. Rule-out locations for the blindness, mydriasis, 
and absent dazzle and pupillary light reflexes were 
both retinas, both cranial nerves II (optic nerves), 
the optic chiasm, and the proximal optic tract. Rule-
out locations for the reduced vestibulo-ocular reflex 
were the vestibular system (central or peripheral 
components), brainstem, cranial nerve III (oculomo-
tor nerve), cranial nerve IV (trochlear nerve), and 
cranial nerve VI (abducens nerve). Rule-out loca-
tions for the intermittent circling to both sides were 
the forebrain bilaterally and the peripheral (ie, recep-
tors in the inner ear or cranial nerve VIII [vestibulo-
cochlear nerve]) or central (ie, rostral portion of the 
medulla oblongata or cerebellum) vestibular system 
bilaterally. The nonambulatory tetraparesis with hind 
limb proprioceptive deficits was most likely a result 
of a focal or diffuse lesion affecting the C1-C5 spinal 
cord segments, brainstem, cerebellum, or cerebrum.

Likely location of a single lesion
The neurologic findings were most likely a result of 

multifocal brain lesions affecting the rostral and middle 
cranial fossa and cerebrum, cerebellum, and brainstem.

Etiologic diagnosis
The intermittent but overall progressive signs 

could have been a result of a single condition causing 
multifocal CNS lesions or, less likely, multiple condi-

tions. Differential diagnoses included recurrent cere-
brovascular events (eg, an acquired coagulopathy 
caused by, for example, Angiostrongylus vasorum; 
immune-mediated thrombocytopenia; a concur-
rent medical condition such as septic or neoplastic 
thromboembolism; endocrine disease; intravascular 
lymphoma; or hypertension), meningoencephalo-
myelitis (infectious or immune mediated), and neo-
plasia (primary CNS or metastatic).

Diagnostic Plan
The diagnostic plan included a CBC and serum 

biochemical panel, measurement of activated partial 
thromboplastin and partial thromboplastin times, 
testing for A vasorum infection, measurement of 
blood pressure, a full ophthalmologic examination 
(including Schirmer tear tests), and MRI of the brain 
with CSF analysis.

Diagnostic Test Findings
Schirmer tear testing confirmed bilateral kera-

toconjunctivitis sicca with tear production of 0 mm/
min in the right eye and 4 mm/min in the left eye. 
Intraocular examination revealed incipient equato-
rial cataracts and nuclear sclerosis, but the fundus 
appeared normal. Serum biochemical abnormali-
ties consisted of high alkaline phosphatase (412 
U/L; reference interval, 0 to 90 U/L) and aspartate 
aminotransferase (128 U/L; reference interval, 0 to 
20 U/L) activities. Results of CBC as well as blood 
pressure, activated partial thromboplastin time, 
and partial thromboplastin time were within refer-
ence limits. Results of an ELISA for A vasorum anti-
gen were negative.

Magnetic resonance imaging of the brain was 
performed with a 1.5-T unit (Signa HDe 1.5T MRI; GE 
Healthcare), with images obtained before and after 
contrast (gadolinium) administration. An oval, ex-
pansile, lytic mass was observed within the presphe-
noid bone, the rostral aspect of the basisphenoid 
bone, and the adjacent aspects of the pterygoid and 
palatine bones (Figures 1 and 2). There was diffuse 

Figure 1—Sagittal and parasagittal MRI 
images of the brain of a 12-year-old Bor-
der Collie with acute-onset blindness, 
bilateral xeromycteria, neurogenic kera-
toconjunctivitis sicca, nonambulatory 
tetraparesis, and hind limb propriocep-
tive deficits (A through E) and a sagit-
tal MRI image of the brain of a healthy 
dog for comparison (F). The sphenoid 
bone is isointense to the gray matter on 
a T1-weighted image (A) with mild het-
erogeneous, mainly peripheral contrast 
enhancement (B). On a sagittal view 
in subtraction, a hypointense mass ex-
panding from the sphenoid bone can be 
seen (C). The mass has mixed intensity 
on a T2-weighted image, and the cortical 

margins of the sphenoid bone are indistinct, with lysis and ventral extension of abnormal tissue into the nasophar-
ynx (D). There is a triangular hyperintensity in the rostral portion of the left cerebellum on a parasagittal saturation 
image (E). In the healthy dog (F), notice the normal presphenoid bone (asterisk) and basisphenoid bone (dagger).

Unauthenticated | Downloaded 08/02/23 11:08 AM UTC



1174 JAVMA  |  JULY 2022  |  VOL 260  |  NO. 10

effacement of the expected bone marrow fat sig-
nal of these bones. The lesion was heterogeneously 
hyperintense on T2-weighted and STIR images and 
hypointense on T1-weighted images with mild het-
erogeneous patchy contrast enhancement. Cortical 
margins of the sphenoid bone were indistinct, with 
a periosteal reaction, evidence of lysis, and abnor-
mal soft tissue extending into the nasopharynx. The  
adjacent pachymeninges showed marked contrast 
enhancement. In the rostral aspect of the left cer-
ebellum, there was a large, well-defined, triangular  
intra-axial lesion that was hyperintense on T2-weight-
ed and STIR images and isointense on T1-weighted 
images with mild, patchy contrast enhancement. 
This lesion demonstrated no mass effect. Additional 
smaller, well-defined, intra-axial lesions were noted 
in the rostral aspect of the right cerebellum and the 
periventricular white matter. Similarly, these lesions 
were hyperintense on T2-weighted and STIR images 
and isointense on T1-weighted images with mild 
patchy contrast enhancement. The MRI findings of 
the sphenoid bone were compatible with osteomyeli-
tis or neoplasia (eg, osteosarcoma, chondrosarcoma, 
or lymphoma). The lesions within the rostral cerebel-
lum and periventricular region were most consistent 
with ischemic infarctions. Analysis of a cisternal CSF 
sample revealed a slightly high total nucleated cell 
count (18 cells/μL; reference interval, < 5 cells/μL) 
consisting of 55% neutrophils, 30% monocytes, and 
occasional reactive lymphocytes. The CSF total pro-
tein concentration was 47 mg/dL (reference interval, 
< 25 mg/dL).

Results of thoracic CT, performed with a com-
mercial unit (Brightspeed 16 CT; GE Healthcare), 
were unremarkable. On abdominal ultrasonography, 
the liver was heterogeneous and irregularly margin-
ated. Multiple, round, well-defined hyperechoic nod-
ules (all < 1 cm in diameter) were detected in the 
spleen. Results of cytologic examination of fine-nee-
dle aspirates of the sphenoid bone obtained via the 
soft palate were nondiagnostic. Cytologic examina-

tion of fine-needle aspirates of the liver demonstrat-
ed a moderate degree of hepatocyte cytoplasmic 
rarefaction but no neoplastic cells. Cytologic exami-
nation of fine-needle aspirates of the spleen revealed 
an atypical round cell population that had multiple 
criteria for malignancy. A PCR assay for antigen re-
ceptor rearrangement indicated the presence of 
clonal B-lymphocytes, which was 95% specific for a 
diagnosis of lymphoma or leukemia.

Overall, the diagnostic findings were most 
consistent with lymphoma of the sphenoid bones 
and spleen.

Treatment
Owing to financial constraints and the guarded 

prognosis, palliative care was initiated. The patient 
was treated with prednisolone (2 mg/kg, PO, q 24 
h) at an immunosuppressive dosage. The neurogenic 
keratoconjunctivitis sicca was treated with artificial 
tears and 2% pilocarpine drops to increase tear pro-
duction. Although an initial improvement was seen, 
euthanasia was elected approximately 6 weeks later 
because of lethargy, vomiting, and a reluctance to 
move. At necropsy, histologic examination of the 
sphenoid bones and surrounding tissues revealed a 
malignant round cell neoplasm compatible with lym-
phoma or chronic lymphocytic leukemia with histo-
logic evidence of metastatic spread to the spleen, 
liver, and kidney.

Comments
Reports of skull-based tumors are rare in the 

veterinary and human literature, and, to our knowl-
edge, the present report represented the first report 
of lymphoma affecting the sphenoid bones in a dog 
and causing blindness and neurogenic keratocon-
junctivitis sicca. Only 2 case reports have described 
a similar presentation, with disease of the sphenoid 
bones caused by a disseminated mast cell tumor in a 

Figure 2—Transverse and dorsal MRI im-
ages of the brain of the Border Collie in 
Figure 1 (A through C) and similar trans-
verse and dorsal MRI images of the brain 
of a healthy dog of similar age and skull 
conformation for comparison (D through 
F). The transverse images were obtained 
at the most probable and perceived level 
of the pterygoid canal (inset; dotted 
line). The expansile lytic mass involving 
the sphenoid mass was isointense to the 
gray matter in a T1-weighted image (A) 
and had diffuse, mild contrast enhance-
ment (B). A dorsal view of the sphenoid 
bone shows marked contrast uptake with 
loss of the normal bone marrow fat signal 
and a central lack of contrast enhance-
ment on a postcontrast T1-weighted im-
age (C). The normal appearance (note 
the normal bone marrow fat signal of the 
sphenoid bone) is evident in T1-weight-
ed precontrast (D) and postcontrast  
(E and F) images of the healthy dog.
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dog in one report1 and by osteomyelitis in 2 dogs and 
a cat in the other report.2 Reported clinical signs in-
cluded decreased to absent visual and pupillary light 
reflexes and vestibulo-ocular reflexes.1,2 The dog de-
scribed in the present report also had dysfunction of 
the parasympathetic portion of the facial nerve char-
acterized by neurogenic keratoconjunctivitis sicca. 
In humans, primary skull-based lymphoma has been 
described with concurrent cranial nerve VII defi-
cits.3 However, other reported signs such as diplopia 
(double vision), trigeminal hyperesthesia, headache, 
fevers, night sweats, weight loss, and hearing loss3 
were not reported in our dog.

In our dog, the multiple cranial nerve dysfunc-
tion was caused by an expansile tumor affecting the 
sphenoid bones and adjacent structures leading to 
blindness (cranial nerve II), mydriasis (cranial nerves 
II and III), and a reduced vestibulo-ocular reflex (cra-
nial nerves III, IV, and VI). Anatomically, the afferent 
pathway of cranial nerve II travels through the op-
tic canal of the presphenoid bone, and the efferent 
pathways of cranial nerves III, IV, and VI exit through 
the orbital fissure, located between the basisphenoid 
and presphenoid bones.4 Cranial nerve VII leaves the 
brainstem together with cranial nerve VIII, entering 
the facial canal in the petrous temporal bone. Here, 
cranial nerve VII divides into motor and parasympa-
thetic branches. The motor branch emerges at the 
stylomastoid foramen located dorsolateral to the 
tympanic bulla and distributes to the muscles of fa-
cial expression and the caudal portion of the digas-
tric muscle. This branch was unaffected in our dog, 
resulting in a normal facial expression. The para-
sympathetic branch of cranial nerve VII gives rise to 
the major petrosal and chorda tympani nerves. The 
major petrosal nerve extends through the pterygoid 
bone in the pterygoid canal, exiting near the round 
foramen to synapse in the pterygopalatine ganglion 
and from there innervates the lacrimal glands and 
nasal mucosa (Figure 3).4 Bilateral involvement of 
the pterygoid canal by the expansile lesion in the 
dog described in the present report likely caused 
parasympathetic dysfunction of the major petrosal 
nerves bilaterally, resulting in bilateral neurogenic 
keratoconjunctivitis sicca.

The intermittent circling to both sides and re-
cumbency in this dog can be explained by vascular 
infarcts of the rostral cerebellum and periventricu-
lar region.5 The cerebellum is a common site for 
ischemic stroke.5 The infarcts in this dog were pre-
sumed to be secondary to neoplastic emboli; how-

ever, septic emboli or thrombi were also possible. A 
retrospective study6 investigating concurrent medi-
cal conditions in 18 dogs with brain infarcts found 
that only 2 had neoplasia. However, not all dogs in 
that study underwent complete imaging or medical 
investigations, and concurrent neoplasia may have 
been underdiagnosed.

When presented with an animal with blindness, 
mydriasis, and reduced vestibulo-ocular reflexes, 
practitioners should remember that the common 
anatomic exit points of the associated nerves may 
indicate a lesion affecting the base of the skull, with 
neoplasia as an important differential diagnosis. Fur-
thermore, purely parasympathetic dysfunction of 
the facial nerve can occur with extensive skull-based 
tumors, presenting as neurogenic keratoconjunctivi-
tis sicca with a normal facial expression.
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Figure 3—Photographs of the skull of 
a clinically normal dog. A—On a dorsal 
view following removal of the calvarium, 
the optic canal (asterisk), orbital fissure 
(dagger), round foramen (double dag-
ger), and oval foramen (silcrow) can be 
seen. The presphenoid (blue dotted line) 
and basisphenoid (red dashed line) bones 
are indicated. B—On a lateral view of the 
skull, the pterygoid canal (arrow) can be 
seen. Images provided by Drs. Elsa Bel-
tran (A) and Sabrina Gillespie (B).
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