
Case Report

Multisystem Cranial Polyneurit is and Gangl ionit is in a Dog

K. Foss, R.C. da Costa, K. Wolk, P. Stromberg, L.T. Guo, and G.D. Shelton

A
4-year-old spayed-female Golden Retriever was

evaluated at The Ohio State University Veterinary
Medical Center for multiple cranial nerve deficits. Two
months previously, the dog presented to the referring
veterinarian for difficulty closing the jaw. A presumptive
diagnosis of trigeminal neuritis was made. No treatment
was initiated. Over the next 3–5 weeks, the dog was able
to close the jaw, but continued to have difficulty chewing
food. During this time mydriasis developed in both eyes
(OU) and the dog became light sensitive. A week before
presentation, the dog developed difficulty swallowing
and frequently would gag and produce a very thick, vis-
cous material throughout the day. No vomiting or
regurgitation was observed. Bilateral temporalis and
masseter muscle atrophy also was noted and progressed
over the previous 2 months. No medications had been
prescribed at the time of presentation, and the dog had
been otherwise healthy before the onset of clinical signs.
On physical examination, no abnormalities were noted

except for bilaterally symmetric atrophy of the temporal-
is and masseter muscles. The dog retched up a thick,
yellow foam during the examination and would make
several attempts when swallowing saliva. On neurologic
examination, an intermittent right-sided head tilt was
noted. The gait examination was normal with no ataxia
or weakness. Cranial nerve examination identified
mydriasis OU, absent direct and consensual pupillary
light reflexes (PLR), ventral strabismus of the right eye
(OD), absent nasal sensation bilaterally, absent sensation
of the medial and lateral canthi OU, absent sensation at
the base of both ears, and absent facial sensation except
at the upper lip margins. All other cranial nerve reflexes
including menace, oculocephalic, and gag reflexes were
normal. All postural reactions and spinal reflexes were
normal and no pain was elicited on spinal palpation.
The finding of a right-sided head tilt and ventral stra-

bismus OD was indicative of vestibulocochlear nerve

(sensory dysfunction) involvement, whereas mydriasis
OU and absent direct and indirect PLR OU suggested
involvement of the oculomotor nerve, more specifically,
an autonomic (parasympathetic) dysfunction. Both sen-
sory and motor components of the mandibular branch of
the trigeminal nerve, as well as the sensory component of
the maxillary and ophthalmic branch, were thought to be
affected because of absent nasal sensation bilaterally,
atrophy of the temporalis and masseter muscles, and
absent sensation at the medial and lateral canthi of the
eye as well as at the base of the ear. The lack of facial
sensation also was suggestive of dysfunction of the
maxillary branch of the trigeminal nerve, whereas diffi-
culty swallowing was indicative of dysfunction of the
glossopharyngeal, vagus nerve, or both. Based on the
neurologic examination, a cranial neuropathy affecting
the autonomic, sensory, and motor systems was sus-
pected. An ophthalmologic examination was performed
and revealed fixed and dilated pupils OU, confirming
parasympathetic involvement of the oculomotor nerve.
The Schirmer tear test was within normal limits bilater-
ally, indicating normal parasympathetic function of the
facial nerve.

A CBC, biochemistry profile, and thyroid function
tests were performed. Abnormalities on biochemistry
included hypophosphatemiam (2.6mg/dL; reference
range, 3.2–8.1), and hypokalemia (3.75mEq/L; reference
range, 4.2–5.4). Evaluation of CBC indicated increased
protein concentration (7.8 g/dL; reference range, 5.7–
7.2), mild leukocytosis (15.6�109/L; reference range,
4.1–15.2) with mature neutrophilia (14.0�109/L; refer-
ence range 3.0–10.4), and lymphopenia (0.6�109/L;
reference range, 1.0–4.6). These findings were consistent
with a stress leukogram. All thyroid function tests were
within normal limits.

Moderate megaesophagus involving the caudal cervi-
cal and entire thoracic esophageal regions was observed
on thoracic radiographs, and was judged to be caused by
vagal nerve dysfunction. Abdominal ultrasound examin-
ation was unremarkable. Electrodiagnostic testing,
including electromyography and measurement of motor
and sensory nerve conduction velocities, as well as nerve
and muscle biopsies were offered, but declined by the
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owners. No improvement was noted over the ensuing 3
days. The dog continued to have difficulty eating and
swallowing and was euthanized.
A postmortem examination was performed and no

gross abnormalities were observed except for the previ-
ously noted bilateral atrophy of the temporalis and
masseter muscles. Histopathology of the brain (frontal
cortex, parietal cortex, hippocampus, mesencephalon,
cerebellum, pons, and medulla) did not reveal any lesions

of the neuropil or neuronal cell bodies. All lesions were
confined to the nerve fibers. Samples of the optic, oculo-
motor, trochlear, trigeminal (mandibular, maxillary, and
ophthalmic branches), abducens, facial, vestibulococ-
chlear, glossopharyngeal, vagus, and hypoglossal nerves,
as well as sections from the sciatic and radial nerves, were
collected. Nerve specimens were either fixed in 10%
neutral-buffered formalin or unfixed and frozen in is-
opentane precooled in liquid nitrogen. Fixed specimens

Fig 1. Paraffin (a,b) and plastic embedded sections (c–e) from the mandibular branch of the trigeminal nerve (a,b), glossopharyngeal nerve

(c) and oculomotor nerve (d,e) are shown. Marked nerve fiber loss and fibrosis (b) is evident in all three nerves with diffusely scattered mono-

nuclear cell infiltrations within the endoneurium. As shown in (b) and (d), nerve fascicles can be variably affected with a fascicle containing a

subjectively normal density of myelinated nerve fibers (left in d) adjacent to a fascicle containing a marked depletion of myelinated fibers

(asterisk in b, on the right in d and shown at higher power in e). Electronmicroscopic examination of unmyelinated fibers from the oculomotor

nerve (f) showed they were unaffected (long arrow points to a Remak cell nucleus and shorter arrow highlights 2 small myelinated fibers).

Hematoxylin and eosin stain in (a), Masson’s trichrome stain in (b), toluidine blue-basic fuchsin stain in (c), and toluidine blue stain in (d,e).

Bar 5 0.53mm for (e).
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were embedded in both paraffin and plastic resin by es-
tablished procedures.1 Paraffin sections were cut (5 mm)
and stained with hematoxylin and eosin (H&E) andMas-
son’s trichrome, and plastic sections were cut (1 mm) and
stained with toluidine blue, for evaluation by standard
light microscopy. For ultrastructural evaluation, thin
plastic sections (60–90 nm) were cut with a diamond
knife and stained with uranyl acetate and lead citrate
before electron microscopic examination.
Specimens were collected from the temporalis, masse-

ter, and extensor carpi radialis muscles on the left and
right side of the body. Unfixed samples were flash frozen
in isopentane precooled in liquid nitrogen and then
stored at �801C until further processed by a standard
panel of histological and histochemical stains and reac-
tions.2 Additional muscle specimens were fixed in 10%
neutral-buffered formalin, processed, embedded in par-
affin, cut into 5 mm thick sections, stained with H&E, and
examined by light microscopy.
The predominant histopathologic changes in the nerve

specimens were marked, and in some fascicles variable,
including nerve fiber loss, endoneurial fibrosis, and mul-
tifocal to diffuse mononuclear cell infiltrations (Fig 1).
Nerve fiber loss was severe in the mandibular branch of
the trigeminal nerve (Fig 1a) with variable severity
among fascicles (Fig 1b). Fibrosis was identified by the
Masson trichrome stain (Fig 1b). Nerve fiber loss also
was marked in the glossopharyngeal (Fig 1c) and vagus
(not shown) nerves, and variably severe in the oculomo-
tor nerve with normal appearing fascicles adjacent to
fascicles with marked nerve fiber loss (Figs 1d,e). Un-
myelinated fibers were relatively spared (Fig 1f, oculo-
motor nerve). Longitudinal sections of the vagus nerve
revealed marked perivascular infiltrates primarily con-
sisting of lymphocytes and plasma cells, with fewer
mononuclear cells and macrophages. Cross-sectional ex-
amination of the ganglia of the vagus nerve also revealed
marked perivascular inflammation composed of lympho-
cytes and plasma cells along with central chromatolysis
(Fig 2). Although the density of myelinated fibers was
subjectively appropriate in the facial nerve and cellular
infiltrates not observed, 10–15 fibers per fascicle showed
active axonal degeneration (not shown). No abnormali-
ties were found in the remaining nerves, including the
optic, hypoglossal, and sciatic nerves. Moderate general-
ized myofiber atrophy without fiber type grouping was
observed in the temporalis and masseter muscles (not
shown). Cellular infiltrations were not observed in any of
the muscle specimens. Based on the histopathologic find-
ings, a diagnosis of a cranial polyneuritis and ganglionitis
of unknown etiology was made.
Immunohistochemical staining of frozen sections of

the trigeminal and glossopharyngeal nerves was per-
formed using previously characterized monoclonal
antibodies against canine leukocyte antigens including
CD3 for T cells, CD4 for major histocompatibility com-
plex (MHC) class II restricted cells, CD8 forMHC class I
restricted cells, and CD11c for macrophage and dendritic
cells (Fig 3).3 A monoclonal antibody against laminin a
24 was used to delineate Schwann cell basement mem-
branes for morphologic context. Antibody localization

was visualized by immunfluorescent staining with fluo-
rescein isothiocyanate or rhodamine. The predominant
cell type was CD11c1 macrophages and dendritic cells.
Scattered CD31 T lymphocytes also were evident with
approximately equal numbers that were CD81 or
CD41. These findings support an immune-mediated
process with an unknown trigger.

To our knowledge, this is the first reported case of mul-
tisystem cranial polyneuritis and ganglionitis in any breed
of dog. Golden Retrievers, however, are predisposed to
several breed-specific neurologic disorders, including my-
opathic, neuropathic, and neuronopathic diseases, and
many have been described.5–10 One of the most well-char-
acterized neurological diseases of Golden Retrievers is
muscular dystrophy.6,7 An inherited sensory ataxic neurop-
athy has been reported in 21 Swedish Golden Retrievers
with onset at 2–8 months of age.11 as well as a sensory neu-
ronopathy reported in 1 Golden Retriever.9

In this case, clinical signs and pathologic changes were
restricted to sensory, autonomic, and motor systems
involving only cranial nerves without involvement of spi-
nal nerves or roots. Although immunohistochemical
staining of cellular infiltrates supported an immune-me-
diated process, specific triggers remain unclear.
Infectious agents were not identified even with thorough
histopathological studies; however, not all infectious
agents can be identified histopathologically and addi-
tional infectious disease testing was not performed.
Experimental autoimmune diseases have been studied in
mouse models, including experimental autoimmune en-
cephalomyelitis (EAE) and experimental autoimmune
neuritis, which principally are mediated by CD41 T-cells
and macrophages.12 Dendritic cells (CD11c1) have been
shown to play a role in the suppression of EAE.13

Immune-mediated diseases of the nervous system are
commonly reported in veterinary medicine and have
been thought to be related to previous antigenic stimula-
tion from either a viral infection or other infectious
etiology such as bacterial or protozoal.14 However, no
etiologic agent has been identified in these autoimmune
disease processes, or in the case presented here.

Fig 2. Formalin-fixed hematoxylin and eosin stained sections of

the vagus nerve ganglion. There are marked perivascular inflamma-

tory infiltrates (arrows), most consistent with lymphocytes.
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The earliest clinical signs in our dog were similar to
those of a trigeminal neuropathy or neuritis.15,16 Trige-
minal neuritis is most commonly associated with an
inability to close the jaw. Other signs commonly noted
with trigeminal neuritis include difficulty eating and
drinking and hypersalivation. In addition to masticatory
muscle atrophy, sensory and autonomic deficits also can
be seen with trigeminal neuritis, such as the loss of facial
sensation in the distribution of the trigeminal nerve and,
less commonly, Horner’s Syndrome. Although our case
did have sensory, motor, and autonomic deficits, the
autonomic deficits supported a parasympathetic abnor-
mality based on the fixed and dilated pupils, whereas

Horner’s Syndrome is due to abnormal sympathetic
function. A case of isolated sensory trigeminal neuropa-
thy has been reported in 1 dog.17 Clinical signs included
hypersalivation, coughing, dysphagia, and bilateral sen-
sory loss over the distribution of the trigeminal nerve.
However, motor function of the trigeminal nerve was
preserved. Golden Retrievers also may be affected with
masticatory muscle myositis; however, in this case, the
clinical presentation differed and cellular infiltrates were
not observed in the muscle specimens.

Sensory neuropathies may be inherited and breed
associated, or can be acquired.18,19 Clinically, sensory
neuropathies are slowly progressive and patients present

Fig 3. Immunofluroescent staining of fresh frozen sections from the trigeminal and glossopharyngeal nerves with monoclonal antibodies

against canine leukocyte antigens localized T cells (CD31), major histocompatibility complex (MHC) class I restricted cells (CD41), MHC

class II restricted cells (CD81), and macrophage/dendritic cells (CD11c1). Infiltrating cells stain green with fluorescein isothiocyanate. A

monoclonal antibody against laminin a 2 was used to identify Schwann cell basement membranes (red stain, rhodamine). Nuclei are localized

with DAPI (blue stain).
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with sensory signs consisting of pelvic limb ataxia and
hypermetria, or dysmetria without paraparesis. Other
clinical signs may include dysphagia, regurgitation,
decreased to absent patellar reflexes, hyperesthesia, and
self-mutilation. Because the motor nerve axons are
intact, muscle atrophy is not a feature of this type of
polyneuropathy.18–21 The Golden Retriever described
here had some clinical signs that could be consistent
with a sensory neuropathy, including dysphagia and
regurgitation. However, temporalis and masseter
muscle atrophy also was present and indicated motor
dysfunction.
Another unique clinical finding in our case was dys-

function of the autonomic nervous system based on the
presence of mydriasis OD. The megaesophagus noted on
thoracic radiographs also may indicate autonomic in-
volvement, but is not pathognomonic. Dysfunction of
the autonomic nervous system occurs in several diseases
affecting multiple organ systems, including cardiovascu-
lar and nervous system disorders.22 Dysautonomia is a
rare neurodegenerative disorder that affects dogs, cats,
horses, and rabbits and is primarily characterized by au-
tonomic dysfunction, both of the parasympathetic and
sympathetic nervous systems.23 Clinical history and
physical examination findings reflect the severity of au-
tonomic nervous system damage and can include dysuria
with a distended bladder, mydriasis with absent PLR,
dry mucous membranes, weight loss, decreased tear pro-
duction, decreased anal tone, vomiting or regurgitation,
lethargy, elevated third eyelids, dysphagia, diarrhea,
weakness, and abdominal pain.22,23 Megaesophagus
may be noted on thoracic radiographs.22 Although our
case did show evidence of autonomic involvement (my-
driasis OU, absent direct and consensual PLR OU, and
megaesophagus), there also was sensory and motor in-
volvement, making an autonomic disorder as the
primary cause of the dog’s clinical signs less likely.
Pathologic findings of the autonomic ganglia in cases of
dysautonomia also include neuronal degeneration with
minimal inflammation,22 whereas our case displayed
marked inflammatory changes in the ganglia and nerves.
In summary, the clinical features of this case are indi-

cative of a unique presentation with dysfunction of the
sensory, autonomic, and motor components of several
cranial nerves. Such a multisystem cranial neuropathy
has not been reported previously, and based on the histo-
logical and immunohistochemical findings, an immune-
mediated etiology for this cranial polyneuritis and gan-
glionitis is suspected.

Acknowledgment

We acknowledge Professor Peter Moore from the
University of California at Davis for providing the anti-
bodies used for the immunohistochemistry in this case.

References

1. Mizisin AP, Nelson RW, Sturges BK, et al. Comparable

myelinated nerve pathology in feline and human diabetes mellitus.

Acta Neuropathol 2007;113:431–442.

2. Dubowitz V, Sewry C. Muscle biopsy. Pract Approach. 3rd

edition. 2007;21–41.

3. Pumarola M, Moore PF, Shelton GD. Canine inflamma-

tory myopathy: Analysis of cellular infiltrates. Muscle Nerve

2004;29:782–789.

4. Leivo I, Engvall E. Merosin, a protein specific for basement

membranes of Schwann cells, striated muscle, and trophoblast, is

expressed late in nerve and muscle development. Proc Natl Acad Sci

U S A 1988;85:1544–1548.

5. da Costa RC, Parent JM, Poma R, de Lahunta A. Multi-

system axonopathy and neuronopathy in Golden Retriever dogs.

J Vet Intern Med 2009;23:935–939.

6. Kornegay JN, Tuler SM, Miller DM, Levesque DC. Mus-

cular dystrophy in a litter of Golden Retriever dogs. Muscle Nerve

1988;11:1056–1064.

7. Shelton GD, Engvall E. Muscular dystrophies and other

inherited myopathies. Vet Clin North Am Small Anim Pract

2002;32:103–124.

8. Braund KG, Mehta JR, Toivio-Kinnucan M, et al. Con-

genital hypomyelinating polyneuropathy in two Golden Retriever

littermates. Vet Pathol 1989;26:202–208.

9. Steiss JE, Pook HA, Clark EG, Braund KG. Sensory neu-

ronopathy in a dog. J Am Vet Med Assoc 1987;190:205–208.

10. Matz ME, Shell L, Braund K. Peripheral hypomyelinizat-

ion in two Golden Retriever littermates. J Am Vet Med Assoc 1990;

197:228–230.

11. Jaderlund KH, Orvind E, Johnsson E, et al. A neurologic

syndrome in Golden Retrievers presenting as a sensory ataxic neu-

ropathy. J Vet Intern Med 2007;21:1307–1315.

12. Tran GT, Hodgkinson SJ, Carter NM, et al. Membrane

attack complex of complement is not essential for immune me-

diated demyelination in experimental autoimmune neuritis. J Ne-

uroimmunol 2010;229:98–106.

13. Li H, Zhang GX, Chen Y, et al. CD11c 1 CD11b 1 den-

dritic cells play an important role in intravenous tolerance and

the suppression of experimental autoimmune encephalomyelitis.

J Immunol 2008;181:2483–2493.

14. Schwab S, Herden C, Seeliger F, et al. Non-suppurative

meningoencephalitis of unknown origin in cats and dogs: An

immunohistochemical study. J Comp Pathol 2007;136:96–110.

15. Mayhew PD, BushWW, Glass EN. Trigeminal neuropathy

in dogs: A retrospective study of 29 cases (1991–2000). J Am Anim

Hosp Assoc 2002;38:262–270.

16. Panciera RJ, Ritchey JW, Baker JE, DiGregorio M. Trige-

minal and polyradiculoneuritis in a dog presenting with masticatory

muscle atrophy and Horner’s syndrome. Vet Pathol 2002;39:146–

149.

17. Carmichael S, Griffiths IR. Case of isolated sensory trige-

minal neuropathy in a dog. Vet Rec 1981;109:280–282.

18. Coates JR, O’Brien DP. Inherited peripheral neuropathies

in dogs and cats. Vet Clin North Am Small Anim Pract 2004;34:

1361–1401.

19. Cuddon PA. Acquired canine peripheral neuropathies. Vet

Clin North Am Small Anim Pract 2002;32:207–249.

20. Bardagi M, Montoliu P, Ferrer L, et al. Acral mutilation

syndrome in a Miniature Pinscher. J Comp Pathol 2011;144:235–

238.

21. Cummings JF, de Lahunta A, Braund KG, Mitchell WJ Jr,

Hereditary Sensory Neuropathy. Nociceptive loss and acral mutila-

tion in pointer dogs: Canine hereditary sensory neuropathy. Am J

Pathol 1983;112:136–138.

22. O’Brien DP, Johnson GC. Dysautonomia and autonomic

neuropathies. Vet Clin North Am Small Anim Pract 2002;32:251–

65, viii.

23. Harkin KR, Andrews GA, Nietfeld JC. Dysautonomia

in dogs: 65 cases (1993–2000). J Am Vet Med Assoc 2002;220:

633–639.

1165Canine Multisystem Cranial Neuropathy


